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FOREWORD
The following conditions and notes on site investigafion procedures should be read in conjunction
with this report.

General

The ground investigation works have been carried out in accordance with BS 5930 (1990) and the
IE} Specification & Related Documents for Ground Investigation in Ireland (2008). No responsibility
can be held for conditions which have not been revealed by exploratory work, or which occur
between exploratory hole locations.

Whilst the report may suggest the likely configuration of strata, both between exploratory hole
locations, or below the maximum depth of the investigation, this is only indicative, and iiability cannot
be accepted for ifs accuracy. Unless specifically stated, no account has been taken of possible
subsidence due fo mineral extraction below or close fo the site.

Boring Procedures

Unless otherwise stated, the ‘Shell and Auger' technigue of soft ground boring has been employed.
All boring operations sampling and/or logging of soils and in-situ testing complies with the
recommendations of the British Standard Code of Practice BS 5930 (1981), 'Site Investigation’ and
BS 1377:1980, 'Methods of test for soils for civil engineering purposes'.

Whilst the technique allows the maximum data to be obtained in soft ground, some disturbance and
variation of soft and layered soils is unavoidable. Attention is drawn to this condition, whenever it is
suspected. Where cobbles and boulders are recorded, no conclusion should be drawn concerning
the size, presence, lithological nature, or numbers per unit volume of ground.

Where peat has been encountered during siteworks, samples have been logged in accordance with
the Von Post Classification (ref. Von Post, L. 1992, Sveriges Gologiska Undersoknings
torvinventering och nogra av dess hitlils vunna resultat (SGU peat inventory and some preliminary
results) Svenska Mosskulturforeningens Tidskrift, Jonkoping, Swedden, 36, 1-37 & Hobbs N, B. Mire
morphology and the properties of some British and foreign peats. QJEG, Vol. 19, 1986).

Routine Sampling

Undisturbed samples of soils, predominantly cohesive in nature are obtained unless otherwise
stated by a 104mm diameter open-drive tube sampler. In granular soils, and where undisturbed
sampiing is inappropriate, disturbed samples are collected. Smaller disturbed samples are also
recovered at intervals to aliow a visual examination of the full strata section.

In-Situ Testing

Standard penetration tests, utifising either the standard spiit spoon sampler or solid cone and
automatic trip-hammer are conducted unless otherwise where required by instruction. Subsequent
fo a seating drive of 150mm, a summation for the number of blows for 300mm penetration is
recorded on the boring records together with the blow count for each 75mm penetration. In cases
where incomplete penetration is obtained, the number of blows for the depth of penetration are
recorded. In coarse granuiar soils, a cone end is fitted to the sampler and a similar procedure
adopied.

Groundwater

The depth of entry of any influx of groundwater is recorded during the course of boring operations.
However, the normal rate of boring does not usually permit the recording of an equilibrium level for
any one water strike. Where possibie drilling is suspended for a period of twenty minutes to monitor
the subsequent rise in water isvel.
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Groundwater conditions observed in the borings or pits are those appertaining to the period of
investigation. It should be noted however, that groundwater levels are subject fo diurnal, seasonal
and climatic variations and can alsc be affected by drainage condition, tidal variation or other
causes.

Retention of Samples

After satisfactory completion of alf the scheduled laboratory tests on any sample, the remaining
material will be discarded. Unless a pericd of retention of samples is agreed, it is our normal practice
to discard all soil samples one month after submission of our final report.

Risclaimer

This report has been prepared for Project Management Group / Indaver Ireland and the information
should not be used without prior approval or written permission of either party. IGSL Ltd accepts no
responsibiiity or liability for this document heing used other than for the purposes for which it was
infended.
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INTRODUCTION

At the request of Project Management (PM) and Indaver Ireland, IGSL has undertaken a programme
of geotechnical investigation works for a waste to energy facility at Carranstown, Duleek, Co. Meath.
The works were performed as directed by PM Group, consutting engineers for the project. The site
is located at Carranstown, Duleek, Co. Meath and encompasses an area of approximately 25 acres.
The site is bounded to the south by the R150 Duleek fo Navan Road, to the east by the Platin
Cement Works and farmland to the west and norih.

Itis understood that the proposed development will involve the construction of a waste management
facility and include a waste handling area (bunker & fumace), emissions stack, ash bunker,
workshop, office and administration buildings and general site infrastructure (i.e. roads, drainage,
service utilities, culverts etc). The waste handling area will require a basement type structure
(bunker) with a proposed dig depth of the order of 7m helow existing ground level {i.e. formation of
c23m OD). Site enabling works were completed prior to IGSL commencing the geotechnical
investigations and produced a platform level of 30.5m OD. It is nofed that a programme of
geotechnical investigations were originally caried out in 2007 and details are presented in a report
prepared by Byrme Lochy Pariners (B580 May 2007).

The geophysical and geotechnical fieldworks works for this phase were carried out in accordance
with BS 5930, Code of Practice for Site Investigations (1999) and the IEI Specification & Related
Documents for Ground Investigation in Ireland (2006). The fieldworks included geophysical
surveying, rotary core drillholes and percolation tests. Core drillholes GC 1 to GC 5 were positioned
at the footprint of the bunker (note the tocation of this structure was subsequently aftered) while RP
1, 2 and 5 were located at a zone where karst weathering was identified in the original
investigations. The geophysical surveying was performed by Apex Geoservices and inciuded
seismic refraction spreads and surface wave analysis (MASW) to determine small strain stiffness.
Geotechnical soil and rock laboratory testing was performed on selected samples in accordance
with BS 1377 and [SRM.

The primary objectives of the investigation were as follows:

¢ Evaluate rock quality, weathering profile, strength and fracture state of the bedrock at the
proposed bunker & emissians stack

*  Recover samples for geotechnical laboratory testing (soil & rock)
¢ Assess percolation characteristics of the upper soils at designated locations

This report presents the factual geotechnical data obtained from the exploratory locafions and
laboratory testing. A separate geotechnical interpretative report (GIR) has been prepared and
includes a discussion of the ground conditions, engineering properties of the soits and bedrock and
recommendations developed on the key geotechnical issues impacting on the proposed
development. The locations of the exploratory holes are presented on & site plan in Appendix 7. It is
noted that sampling of the glacial till from the waste bunker and stockpiles were scheduled by PM in
March 2009 and this information is included in Appendix 8 {addendum to the finai report issued on
30 March 2009).
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2. FIELDWORK
2.1 General
The fieidworks were carried out during the period February 2009 and comprised the following:

o  Rotary core driliholes (9 No.)
o Percolation tests (2 No )
o Geophysical surveying

2.2 Rotary Driilholes

Rotary drilling was undertaken at nine locations using a fop drive Knebel rig. Geobor core drilling
methods were utilized at six locations {denoted GC 1 to GC 8) with conventional air mist drilling
employed at three locations (RP 1, 2 & 5). The Geobor drilling system used polymer get flush and
recirculation tanks, with the emphasis on high quatity recovery in the glacial soils and upper bedrock
zone.

The Geobor coring produced 102mm diameter cores while the conventionat coring produced 80mm
diameter cores using air mist flush, Recovery in the Geobor holes was excellent with 100%
recovery in the majority of the runs. The Geobor drillholes achieved depths of between 11.80 and
15.10m while each of the conventional holes terminated at depths of 10.50m. Each of the core
drillholes were backfilled with cement/bentonite grout (remmied) as directed by PM.

The rock cores were placed in 3m capacity timber boxes and logged by an IGSL engineering
geologist. This included photography of the cores with a digital camera. The core log records are
presented in Appendices 1 and 2 and include engineering geological descriptions of the rock cores,
detaits of the bedding / discontinuities and mechanical indices (TCR, SCR and RQD's) for each core
run.

Where rock core was recovered, a graphic fracture log is also presented alongside the mechanical
indices. This illustrates the fracture state of the rock cores and allows easy identification of highly
fractured / non-intact zones and discontinuity spacings. It should be noted that no correction for dip
of the joints has been made and that the spacings shown are successive joint / core intersections
within the core.

2.3 Percolation Tests

Percolation or soakaway fests were performed at two locations to evaluate the infiltration potential of
the upper soils. The tests were conducted in accordance with BRE 365 guidelines and the data
sheets are presented in Appendix 3. The infiliration rate values (F Values) were calculated using the
field data and are shown on each of the logs.

2.4 Geophysical Surveying

Geophysical surveying was carried out by Apex Geoservices and included resistivity profiling,
seismic refraction spreads and multi-channel analysis of surface waves to assess soil stiffness
(GMax v depth). Details of the methodologies used, x-sections / profiles and maps are presented in
a separate report by Apex Geoservices.

2.5 Trial Pits & Bulk Sampling for Stabilization Testing

Samples of the glacial till were taken from the footprint of the waste bunker and stockpiles to
facilitate earthwork and stabilization testing. Two trial pits were excavated at the waste bunker
footprint and both extended to a depth of 4m bgl. Large bulk disturbed samples were recovered (¢
30 kg) and piaced in heavy duty polyethene bags and returned to Naas for testing. The trial pit logs
and associated laboratory test data are presenied in Appendix 8.
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3. LABORATORY TESTING
Geotechnical soil labotatory testing was performed on selected Geobor core samples in accordance
with BS 1377 (1990). The soils testing included the following and results are presented in
Appendices 4 and 8.

Moisture content

Particle size analysis

Atterberg Limits {Liguid & Plastic Limits)

Consolidated quick undrained triaxial

Consolidation (oedometer)

oH & sulphate

California Bearing Ratio {CBR)

Moisture Condition Value (MCV)

CBR, MCV & sulphates following the addition of lime or cement binders

¢ 00 00O 0o 000

Rock testing was undertaken on representative core samples and focused on Point Load Strengfh
Index (PLSI)) and unconfined compressive strength (UCS) tests in accordance with ISRM. The
results of the rock testing are presented in Appendix 5.
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KEY TO EXPLORATORY RECORDS

Cable Percussion Boreholes

EC—Hwo
[
<>

w o

FHT
RHT

Smali Disturbed Sample

l.arge Disturbed Sample

Tub Sample (for meisture content profiling)
Undisturbed Sample (driven tube sample)
Groundwater Sample

SPT N-Value {Seiid Cong)
SPT N-Value {Spiit Spoon / Open Shoe)

Falling Mead Permeability Test
Rising Head Permeability Test

Rotary Core Driltholes

TCR
SCR
RQD
FS
NI
ECL

Trial Pits
B
T
VT
H

p
W

Total Core Recovery (%)

Sotid Core Recovery (%)

Rock Quality Designation Value (%)

Fracture Spacing (mm) Presented as Graphic Fracture Log
Non-intact {where rock core is highly fractured)

Estimated Core Loss

Bulk Disturbed Sample

Tub Sample

Vane Test (KPa) Using Genor H-70 Hand Vane
Hand Penetrometer Test (KPa)

Groundwater Sample

Groundwater Instailations

SP
Piez

Standpipe {uPVC 50mm diameter with 1mm slots)
Casagrande Piezometer (19mm diameter)

Strata Legends / Symbolic Logs

Strata legends / symbolic logs are in accordance with BS 5930 (1999). Legend codes

are selected from Holebase / GINT fo reflect stratum.

1
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Appendix 1

Rotary Core Drilihole Records (Geobor Holes)




GEOTECHNICAL CORE LOG RECORD

REPORT NUMBER

14039

CONTRACT

indaver Waste Management Facility, Duleek

SHEET

CO-ORDINATES

306,263.87 &
270,830.70 N

CLIENT
ENGINEER

Indavar
P Group

GROUND LEVEL {m)
CORE DIAMETER (mm)
INCLINATION

FLUSH

DRILHOLE NO

RC GC1
Sheet1of 2

30.10
102

DATE STARTED
DATE COMPLETED

1710212009
17/02/2009

-90
Polymer Gel

DRILLED BY
LOGGED BY

Petersen
A. Mahony

Core Run Depth {m)

TCR%

SCR%
RQ.D.%

Fraciure
Spacing
(mm;

0 280 5on
JJ._L.IJJLLLLU..L[LM

Non-intact zones

Strata description

Depth {m)

Discontinuities

Elevation
Standpipe Details
SPT {N Vaiug)

“! Downhaole Depth (m)

0.80

-

86

1.50

%]

80

(]

o
=
=

100

P

OPEN HOLE
DRIELING: Observed
by dritier as returns of
brown sity, very sandy
gravelly clay

0.80

Soft brown sandy
gravelly CLAY, Gravel is
sub-angular and
medium grained.

1.50

Brown clayey gravelly
fine SAND. Gravelis
rounded fo sub-angufar
and fine fo medium
grained.

3.16

Brown SILT

3.40

o

100

6.00

o

93

-

27

Brown slightly stity
gravelly fine SAND.
Gravel is rounded fo
anguiar and fine to
coarse grained.

4.25

Firm to stiff brown
sandy gravelly CLAY.
Gravel is sub-angular to
sub-rounded and fine to
coarse grained,

4.95

7.50

[><]

00

81

@

&«
=3
=

106

R A T I I B T T T e e e R A B I R R

99

REMARKS

Brown silty very gravelly
fine SAND with
occasional cobbles
(5.3m-5.8m, Gravel is
sub-angular to
sub-rounded and fine to
coarse grained.

5.80

6.20

8.60

29.30

28.60

26.94
26.70

25.85

25.15

2430
23.90

Firm to stiff brown

sandy very gravally

CLAY. Gravel is

sub-angular to

sub-rounded and fine to
arse grained.

Firm brown clayey
sandy gravelly SILT
{sand layer at 6.4m).
Gravel is sub-angular to
sub-rounded and fine to
coarse grained.

Discontinuities are rough

Apertures are open with
local clay sand
smearing/infill (non intact
zones). Dips are
commonly sub-45° with
variabie fractures
throughout.

and undulose to irregular.

23.50

Strong to very strong,
lncally moderately
strong, medium to

21.55

WATER STRIKE DETAILS

7 Core boxes, 10.7m Core liner used. No groundwater
encountered. Grout 0.0m-12.0m. 50% flush loss from 7.5m,
100% fiush loss from 11.8m.

Water
Strike

Casing
Depih

Rise
To

Sealed
Al

Time
{min)

Comments

No water strike recorded

GROUNDWATER DETAILS

INSTALLATION DETAILS

Date

Hole
Depth

Depth to
ater

Casing
Depth

Comments

Date

Tip Bepth

RZ Top |RZ Base

Type

IGSL RC NEWLOG 16M PER PG 14039.0PJ 1GS8E.GDT 30/3/09




REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14039
CONTRACT  Indaver Wasle Management Facility, Duleek DRILLHOLE NO RC GC1
SHEET Sheet 2 of 2
CO-ORDINATES 306,263.87 E GROUND LEVEL {m) 30.10 DATE STARTED 17/02/2600
270.930.70N CORE DIAMETER {min) 102 DATE COMPLETED  17/02/2008
CLIENT indaver INCLINATION -80 DRILLED BY Petersen
ENGINEER Pt Group FLUSH Polymer Gel | LOGGED BY A, Mahony
ElE
— w
ol s
o B & =
2 § Fracture 2 a i
ol = Spacing 5 Strata description - Discontinuities o ‘>°
Sl g2 R {mrm) ol T E 5| 2
Zl & > ) : g e a bra
Elp & & g g | £ £ g | ¥ —
5O = : [
88 ¢ @ ep M oso | g5 8 @ | & %
- 10 R - thickly bedded, blue Discontinuities are rough
- | I grey, medium grained and undulese. Aperiures
- lo.s0 T LIMESTONE (s#icecus are open with clay sand
- T and fossiliferous). smearing surfaces. Dips
- | are sub-10° with
E I sub-vertical fractures
- 10078 78 ] I ety strong, 1ocaly (10.0-10.4m,
£ =l strong, thickly bedded, 10.5-16.97m). (continued)
k- T biue grey, fine to coarse
- i grained LIMESTONE 12.00!
T azt2.00 (siliceous and 18.10
- fossiliferous). Freshto
- locally slightiy
- weathered, {continued)
- End of Corehole at 12
- 15 {m)
- 14
- 15
s
-7
=18
o
]l
aF 10
=
-
.
o
g REMARKS WATER STRIKE DETAILS
& 7 Core boxes, 10.7m Core iiner used. No groundwater Water %asing 59;"33 R}'_Se Time | o ments
| encountered. Grout 0.0m-12.0m. 50% flush loss from 7.5m, Strike epth o {min}
QO
i 100% flush loss from 11.8m. No water sirike recorded
i
g
é GROUNDWATER DETAILS
S Hele Casing | Depthto
; INSTALLATION DETAILS Date Depth Deoth ater | COmMments
It Date Tip Depth] RZ Top | RZ Base Type
7
a




REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14039
- !
CONTRACT Indaver Waste Management Facility, Duleek PRILLHOLE NO RC GC2
SHEET Sheel1of 2
CO-ORDINATES 306,286.09 E GROUND LEVEL (m} 30.00 DATE STARTED  11/02/2009
270.892.72N CORE DIAMETER (mm) 102 DATE COMPLETED  12/02/2009
CLIENT indaver INCLINATION -80 DRILLED BY Petersen
ENGINEER PM Group FLUSH Polymer Gel | LOGGED BY A. Mahony
EE
~— o
a2 Fracture @ » _ o a e
el & Spacing & Strata description —_ Discontinuities - 8
IR IR (mm) o | E s | & Z
T S A 51 £ g 5 -g £
8l 0 C 250 = @
88| E | s g og a m | o @
o0 L35 ) OPEN HOLE
o :"—é DRILLING: Observed
r P by driller as returns of
- 75X brown stity, very sandy
- g é gravelly clay
= %
» T
- e 1.50
- 150 ——: Brown very sandy, very 28.50
- b - gravelly CLAY with
— —@":2 occasional cobbles
- wel o lo aw (sandy gravel at
- e 2.95m-3.05m).
- 553
T3 300 g
- 001 O 0 Q:"'l 3.40
- 350 kel Brown very clayey, very 2660
F ; sandy GRAVEL with
o occasional cobbies.
- 4 oo _@g‘pf Gravet is angular to
- o x4 I rounded, predominantly
C o laso <> fine grained.
- -g@“
- wel oo R )
ES [eey 5.30
- 1530 L7 <°d Strong fo very strong, Discontinuities are rough  124.70
- qo0l 10 o ‘ L2 7§ Jocally moderately and undulose. Aperiures
- 150 A strong, medium to are fight to open with local
6 16.00 4 thickly bedded, blue clay sand smearing/infil
F i grey, fine to medium {5.3m-6.0mg.31-6.33m,
F 100 i grained LIMESTONE 6.73-6.9m, 7.69-7.72m,
. — {sificeous and 8.09-8.1m, 9.22-9.3m,
- [P fossiiferous). Freshto 10.46-10.61m,
-, 6.90 I locally slightly 11.55-11.75m,
- 100 [ weathered. 14.13-14.28m), and locai
C _JT 3 slight iron oxide stained
£ |7.50 I surfaces (2.22-2.3m,
- i 14.69m}. Dips are
. 100 i sub-0°-20° locally 45° and
-8 I local sub-vertical fractures
- | {5.3-6.0m, 7.35-7.64m,
Lo |8.40 ‘ i 9.2-9.67m).
aF 100 ;
@l
S I
Fr 9 (900 |
i 1 I 'a:g;
Q- g 0
#r 700 ;
£/ REMARKS WATER STRIKE DETAILS
2! 8 Core buxes, 13.6m Core liner used. No groundwater Water | Casing | Sealed ; Rise Time |~ ments
% encountered. Grout 0.0m-16.0m. 50% fiush loss from 5.0m, Strike Depth At To {min}
:)
9 100% fush loss from 7.5m. Move & Setup 1hr. No water strike recorded
i
a2
=]
2
8 GROUNDWATER DETAILS
Hole Casing | Depthio
% INSTALLATION DETAILS Date | gof | Gt | e | Comments
I Date Tip Depthi RZ Top |RZ Base Tvpe
7
]




GEOTECHNICAL CORE LOG RECORD

REPORT NUMBER

\lesn/ 14039
CONTRACT  Indaver Wasie Management Facility, Duleek DRILLHOLE NO RC QC2
SHEET Sheet 2 of 2
CO-ORDINATES 306,286.09 £ GROUND LEVEL (m) 30.00 DATE STARTED 11/02/2009
270.892.72 N CORE DIAMETER (mm) 102 DATE COMPLETED  12/02/2009
CLIENT Indaver INCLINATION -90 DRILLED BY Petersen
ENGINEER PM Group FLUSH Polymer Gel | LOGGED BY A. Mahony
EE
£l = 8
ol B B —
a 2 Fracture a = S
W] Spacing § Strata description - Discontinuities ® 5
2l g || - E s1&8] 2
Sl e L AN 5| E & T g
slu|lelg 250 <0 & 2 i g
alSie|la|xpP 500 212 & T &
- 10 ] Strong to very strong, Discontinuities are rough
T 1030760 [ {ocally moderately and undulose. Apertures
- 10.50 —L—I—I‘s 1 strong, medium to are tight to open with locat
- I thickly bedded, blue clay sand smearing/infill
- I grey, fine o medium (5.3m-6.0m6.31-6.33m,
- 11 i grained LIMESTONE 6.73-6.9m, 7.69-7.72m,
- 100 - (sificeous and 8.09-8.1m, 2.22-9.3m,
- —-— fossiliferous). Fresh fo 10.46-10.61m,
- 2o focally slightly 11.55-11.75m,
- weathered. (continued) 14.13-14.28m), and local
[~ 12{12.00 slight iron oxide stained
C surfaces {8.22-9.3m,
. 2 14.68m). Dips are
n 100 & sub-0°-20° locally 45° and
- . local sub-vertical fractures
13 (5.3-6.0m, 7.35-7.64m,
C 9.3-8.67m). {continued)
C 135
:_ P00z
14
- 100
- 15.10
- (150 End of Corehole at 15.1 14.90
» (m}
- 16
=17
- 18
g
%Tm
e
[0
(_f}._
°r
#e
o
% REMARKS WATER STRIKE DETAILS
&! 8 Core boxes, 13.6m Core liner used. No groundwater Water | Casing | Sealed | Rise Time | o ments
F| encountered, Grout 0.0m-15.0m. 50% flush loss from 6.0m, Strike Depth At Jo (rnin)
Q,
) 100% flush loss from 7.5m. Move & Setup 1hr. No water strike recorded
i
[
Z
2 GROUNDWATER DETAILS
9 Hole Casing | Depthto
% INSTALLATION DETAILS Date Depth Depth ateer Comments
) Date Tip Depth] RZ Top |RZ Base Type
"
@
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REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14039
CONTRACT  Indaver Waste Management Facility, Duleek DRILLHOLE NO RC GC3
SHEET Sheet 1 0f 2
CO-ORDINATES 306,299.12 GROUND LEVEL (m) 30.14 DATE STARTED 12/02/2009
270,802.06 N CORE DIAMETER (mm) 102 DATE COMPLETED  13/02/2009
CLIENT indaver INCLINATION -80 DRILLED BY Petersen
ENGINEER PM Group FLUSH Poiymer Gel | LOGGED BY A. Mahony
EE
£z g
2 § Fracture P 2 E
el = Spacing £ Strata dascription — Discontinuities - o g
HAEAEIRE {mm) o | 3 £ sz =
E S oo 5|3 £ siel 7
5o d o | & @ 5
88 |w g 20 o sw g8 & o @ %
-0 A OPEN HOLE
C - DRILLING: Chserved
n y ] by driller as retuns of
o loTo %— = brown silty, very sandy 9.70 29 44
c " gravelly clay ;
1 1001 0 | O x Firrn brown (soft
C ¥ 0.7-0.85m) clayey very
L1580 x ", sandy (occasionally
- N gravelly layers) SILT.
- 601 0| 0 L X Gravel is sub-angular to | 2.00
-2 ] sub-rounded and fihe to 28.14
it -
" | coarse grained.
- [240 ral Firm brown
- 5 A
- i sandy/gravelly (fine
- 0o 010 - gravel, mostly sand
-3 e from 2.25m) SILT/CLAY
- g with cccasional cobbles
- ja40 b 365
o 100 0 | @ e Brown silty fine SAND  A3.75 26.49
;4 x '><_ﬂ> with occasional gravel / 415 26.38
c A0 i Firm brown very sand :
» 5l vy i .
s oo [ gravelly SILT with 2599
- (480 e occasional cobbles
- oy Flrm brown very sandy
—s g~ gravelly SILT/ACLAY 5.15
" 1001 10 | 10 o {flocal sand layer at 5.40 24 99
C = 4 28m & 5.02m r o474
e [E-"‘"—i . .
[~ e Brown silty fine SAND 24 59
E e COBBLE
5 |6800 % - Brown silty very sandy 8.25
C oL GRAVEL 6.45 23.80
- *@“ {predominantly fine to 23 .69
» w06 |0 ¥ medium) with
. “ “é oocasional cobbles.
-7 }@ a Dark brown, graveily,
- o sifty, fine to medium
Coi7.80 SIS SAND
- 92 Q: & 2E Brown silty clayey sandy
- Lo < crevely-coBOLES | H00
3 ol L
- 100! 31 ] 31 T caoang {possible highly 2.4
- [ 15, o} weathered upper
- - I ] bedrock)
- I
9 1900 i
= ] s
- I ﬁﬁ‘f?bﬂ
” E 2 o O
- 100] 15115 e
= o=
REMARKS WATER STRIKE DETAILS
7 Core boxas, 11.4m Core iiner used. No groundwater Water | Casing | Sealed Rise Time | o ments
encountered. Grout 0.0m-11.8m. 100% flush loss from 7.0m. Stike | Depth At Te (min)
No water strike recorded
GROUNDWATER DETAILS
Hole Casin Depth to
INSTALLATION DETAILS Date | {00 | Dant | Water | Gomments
Date Tip Depthi RZ Top_{RZ Base Type




GEOTECHNICAL CORE LOG RECCRD

REPORT NUMBER

CONTRACT Indaver Waste Management Facility, Duleek DRILLHOLE NO RC GC3
SHEET Sheet 2 of 2
CO-ORDINATES 306,299.12 E GROUND LEVEL (m) 30.14 DATE STARTED 12/02/2008
270,902.06 N CORE DIAMETER (mm) 02 DATE COMPLETED  13/02/2009
CLIENT Indaver INCLINATION 90 DRILLED BY Petersen
ENGINEER PM Group FLUSH Pelymer Gei | LOGGED BY A, Mahony
gz
gl 2 2
2 §' Fracture 8 A 3
@l = Spacing § Strata description — Discontinuities c © g
815 i 2| e E 5|8
% izl d 5| 2 £ €| 2 s
Zl5iujuid 250 ©| £ Q. | g b
88iv|u ) soa | BB 8 m| » &
- 16 i [ Strarg to moderately
- loao ;] strong, medium bedded,
o (2o #) blue grey medium
- I 7 04 grained LIMESTONE
- [ 104 2} {fossiliferous and
-1 00| 15 4 11 [ Poo"d silicecus). Heavily
- L0274 infilled witn
- 11254 claysand/gravel (esp.
- R I 9.4m-10.03m) (possible  [11.80
C 18 variably weathered 18.34
-1z upper bedrock
= {continued)
- End of Corehole at 1.8
- (m)
:—13
L 14
-5
- 16
17
;‘\B
o
"’..
A
a-
i n
ar
£| REMARKS _ _ ___ WATER STRIKE DETAILS
&| 7 Core boxes, 11.1m Core fner used, No groundwater Water | Casing | Sealed | Rise Time 1~ ents
¥ encountered. Grout 0.0m-11.8m. 100% flush ioss from 7.0m. Strike | Depth At To {min)
i No water strike recorded
i
a.
g
o GROUNDWATER DETAILS
I+ -
Hal Casin
%! INSTALLATION DETAILS Date | pon | G| iy | Comments
5 Date Tip Depthi RZ Top {RZ Base Type
2
o




HGEL RC NEWLOG 19M PER PG 14039 GPJ IGSL.GDT 30/3/09

GEOTECHNICAL CORE LOG RECCRD

REPORT NUMBER

14039

CONTRACT Indaver Waste Management Facilily, Duleek

CO-ORDINATES 30627513 E
270,938.38 N

CLIENT Indaver
ENGINEER PM Group

GROUND LEVEL (m)
CORE DIAMETER {imm)
INCLINATION

FLUSH

36.02
102
-96

Polymer Gel

DRILLHOLE NC RC GC4
SHEET

Sheet 1of 2

DATE STARTED 16/02/2009
DATE COMPLETED  17/02/2009

DRILLED BY
LOGGED BY

Peiersen
A. Mahony

Fracture
Spacing
(mm)

B! 250 500

!
IRLERAELE) REDRLLILES

Core Run Depth {m)
TCR%
S.CR.%

©| Downhele Depth (m)
R.Q.D.%

Non-intact zones

Sirata description

Depth {m)

Discontinuities

Elevation
Standpipe Details
SPT (N Value)

0.70

g7 i 0 o

3 13.00

87| ¢ 0O

4.50
10000 ;0

5.10

100 17 117

1001 0 | 0

00| 60 | 53

100 66 | 40

1007 15 | 15

!i)iiIIIk!lE!!IYJiIlEI]IlilIlE!lEI!llk}[li!ll‘lll'iFllliilli\llilllillllrllllll!i!ll{llli?ll!!lii\l
o

1 T

Il Legend

t

F_E/E ]

s

I
1l

¥

o

.:il’.‘

i

i
ol

LYY
M

"

IN

1

»F 1
S
X %
ot

el
o

X X o X
x
iAo

OPEN HOLE
DRILLING: Observed
by drier as returns of
hrown silty, very sandy
gravelly clay

Soft brown maottled
cream/black/dark
brown, very sandy, very
gravelly CLAY with
occasional cobbles.
Gravel is sub-angular to
sub-reunded and fine to
coarse grained.

Firm reddish brown,
very sandy, very gravally
CLAY {locally slightly
soft 1.5m-2.0m).

Gravel Is sub-angular
and fine fo coarse
grained.

Firm yeliow brown,
slightly gravelly(fine)
Jcoarse sandy SIiLT

COBBLE

T
.('.x[;

Firm dark brown sandy
gravelly SILT/CLAY
Very graveily (fine to
medium), dark brown
fine to coarse SAND

o ¥ - 8]
[!.x.‘).x,

!

Pyl
iy

¥
.0
E

f}l

\COBBLE

Brown clayey/silty
gravelly, medium SAND
with occasicnat cobbles,
Gravel is rounded to
sub-angular and fine to
medium grained,

20.32

28.52

28.72

2582
2542
2512
24.92
2477

24.02

2312

Firm brown sandy
gravelly CLAY with
accasional cabbles
{becoming sandier
towards 6,9m)

Dark brown, silty/clayey,
ravelly, medium SAND

Strong to very strong,
iocally moderately
sirong, medium fo
thickly bedded, biue
grey, medium grained

Discontinuities are rough
and undulose to irregular.
Apertures are opan with
tocal clay sand
smearing/infill (non intact
zones). Dips are
commonly sub-45" with
variable fractures
ihroughoud.

22.87

REMARKS

WATER STRIKE DETAILS

encountered. Grout 0.0m-12.1m.

7 Core boxes, 10.85m Core liner used. No groundwaier

Water | Casing
Strike Depth

Sealed
At

Rise
To

Time
{min)

Comments

No water strike recorded

GROUNDWATER DETAILS

INSTALLATION DETAILS

Date

Depth

Casing
Depth

Depth io
ater

Commenis

Date Tip Bepthi RZ Top |RZ Base




GEOTECHNICAL CORE LOG RECORD

REPORT NUMBER

CONTRACT  Indaver Waste Managerent Faciiity, Duleek DRILLHOLE NO RC GC4
SHEET Sheet 2 of 2
CO-ORDINATES 308,275.13 € GROUND LEVEL (m) 30.02 DATE STARTED 16/02/2009
270,938.38 N CORE DIAMETER (mm) 102 DATE COMPLETED  17/02/2000
CLIENT Indaver INCLINATION -80 DRILLED BY Petersen
ENGINEER PM Group FLUSH Polymer Gel | LOGGED BY A. Mahony
g —
- 2
2 € 3
2 z Fracture ¥ 2 g
@ = Spacing & Strata description — Discontinuities © g
FIEARIERE (rmim) w5 E 5§ & =
Sl s s 212 <
EElgjluig 250 o B =1 g I
B Ok |wle] 500 3 2 0 | & 73]
- 10{10.00 S | LIMESTONE {siicecus Discontinuities are rough  20.02
n 00 | 100 | 100 ! E and fossiliferous). and undulose. Aperiures
r 1050 i Fresh to slightly are open with clay sand
- : T weathered. smearing surfaces. Dips
- i secosoapoet | Very strong, locadl are sub-10° with
- 11 100 98 | 98 : ! I Sgg]g, mifk;y be@éed, sub-vertical fractures
o T biue grey, fine to coarse {11.6-12.07m).
L 1.5 (o1 grained LIMESTONE
I I (sificeous and
r 0028 18 ] 5 fossiliferous). Fresh to
- 12 12.4 ] locally slightly 12,15
Z ' weathered. 17.87
- End of Corehole at
" 1215 (m)
- 13
-4
- 15
F 18
17
o
of
S
3 1e
5F
oF
@
i
5 REMARKS WATER STRIKE DETAILS
& 7 Core boxes, 10.85m Core liner used. No groundwater Water | Casing | Sealed | Rise Time |~ ents
¥ encountered. Grout 0.0m-12.1m. Strike Depth At To {min)
£ No water strike recorded
i
[N
g
é GROUNDWATER DETAILS
e Hole Casing | Depthto
% INSTALLATION DETAILS Date Depth Depth Ster. | Comiments
Q Date Tip Depthl RZ Top |RZ Base Type
@
Q




REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14039
CONTRACT  Indaver Waste Managemeni Faciity, Duleek DRILLHOLE NO RC GC5
SHEET Sheet 1 of 2
CO-ORDINATES 306,280.57 E GROUND LEVEL {m) 30.08 DATE STARTED 13/02/20069
270.916.06 N GORE DIAMETER (mm) 102 DATE COMPLETED  16/02/2009
CLIENT Indaver INCLINATION -90 DRILLED BY Pstersen
ENGINEER P Group FLUSH Polymer Gel | LOGGED BY A Mahony
EE
= &
5 £ t g
A2 Fracture 2 o _ o a E
@l o Spacing 5 Strata description — Discontinuities Q 3
IR (mm) o |3 E § | 2 Z
€5l AR g s|g| =
5le|lola 250 | g 2 | ®
BlS|e|aig B EIE 8 S8 5
- 0 ] OPEN HOLE
- S DRILLING: Observed
- y ] by driller as retums of
- lo70 % = brown silty, very sandy 0.79
- e gravelly clay 29.38
- 8|0 |0C = Brown mottled
» = black/dark brown, sandy | 4 5n
C 1150 = gravelly CLAY with : 58 58
o == occasional cobbles ’
=, o] o]0 3 Brown very sandy
- o gravelly SILT/CLAY with 1220
- - — occasional cobbles 27.88
- 280 — Brown SILT/CLAY
Z 1001 O 0 p——
?3 3.00 L 3.20
- o] Brown mottied 26.88
r 100 ¢ | 0 gl yeliow/dark brown,
r = slightly sandy gravelly 190
- s {fing), CLAY with T e
-4 | 400 o] ocoasional cobbles 430 %ggg
e W00 R Dark brown fine SAND [ 9578
; 450 ;"ﬁ with occasional gravel 460 95 68
- wﬁxo Qark brown gravelly, 25.48
e 0o 0|0 & slighily silty fine SAND
- Raxmg Dark brown silty,
- 550 Py gravelly SAND.
- o X
- ) o Brown very sandy 880
E_ 100 58 | 58 1 graveiviy SILT/CLAY with Discontinuities are rough 2498
-6 |6.00 E | poccasional cobbles and undulose to irregular.
- i °e o7 | Brown silty, very sandy Apertures are open with
- [ B, w84 \GRAVEL {very clay/sandfgravel smeared
- 00} 20 | 20 [ oo ¢} sittyclayey 5.5m-5.8m) and infilled, slightly fron
- I RS Strong to moderately oxide stained. Dips are
-7 E [ [ g| StrONgG and iocally very sub-0° with sub-vertical
- I ﬂa‘ oaﬁ sirong where intast, fractures commorn.
- 750 I__5%+4 blue grey, medium to
- [ coarse grained
- E I LIMESTONE (sficeous
i [ Fas"d and fossiliferous).
- 100 53 1 53 I Slightly to moderately
- I weathered.
2 -
=
é: ¢ 19.00
i
[} Y
@i .
d o 76 899309989809
= B Mol A - |
5 REMARKS i WATER S$TRIKE DETAILS
' 7 Core boxes, 11.2m Core finer used, No groundwater Water | Casing | Sealed Rise Time | rents
¥ encountered. Grout 0.0m-12.2m. 100% flush foss from 6.5m, Strike | Depth At To {min)
5, Mo water strike recorded
§
g
g GROUNDWATER DETAILS
g Hole Casing | Depth fo
é INSTALLATION DETAILS Date Depth Desth Ster. | Comments
3 Date | Tip Depthl RZ Top | RZ Base Tvpe
5
77
<)




{G5L RC NEWLOG 10M PER PG 14032.GPJ 16SL.GDT 30/3/09

REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14039
CONTRALT  Indaver Waste Management Facility, Dulesk DRILLHOLE NO RC GC5
SHEET Sheet 2 of 2
CO-ORDINATES 306,280.57 E GROUND LEVEL {m) 30.08 DATE STARTED 13/02/2009
270,916.06 N CORE DIAMETER (mm) 102 DATE COMPLETED  16/02/2009
CLIENT Indaver INCLINATION -90 DRILLED BY Petersen
ENGINEER P Group FLUSH Polymer Gel | LOGGED BY A. Mahony
B
= n
2 5 B —
2 2 Fracture a A g
sl Spacing g Strata description —_ Discontinuities @ F
el IR 8| = {mim) 5 £ 51 &
sl : ; : ° = [+% Zz
[= [V v ] [ £ Fus ® =] =
2 Elojulg 250 &1 =3 =i E =
alc|r-|wlgl 504 52 0 w | o
- 10 : ! Strong to moderately Discontinuities are rough
o I E &~ e strong and locaily very and unduiose to iregular.
o 1 "™ strong where intact, Apertures are open with
- 1C.60 i biue grey, medium to clay/sand/gravel smeared
- ! coarse grained and infilled, slightly fron
- 11 ! LIMESTONE {shiceous o¥ide stained. Dips are
C 1001 90 ] ! and fossiliferous). sub-0° with sub-vertical
- ] Slightly to moderately fractures common,
- ! weathered. {confinued) {continued)
- T
T2 L 12,20
- |12 End of Corehole at 12.2 17.88
- {m)
13
:- 14
15
:_16
17
- 18
REMARKS WATER STRIKE DETAILS
7 Core boxes, 11.2m Core liner used. No groundwater Water | Casing | Sealed | Rise Time | e ents
encountered. Grout 0.0m-12.2m. 100% flush loss from 6.5m, Strike | Depth At To {rmir)
No water strike recorded
GROUNDWATER DETAILS
Hole Casing | Depthto
INSTALLATION DETAILS Date Depth Depth ater Comments
Date | Tip Depthy RZ Top [RZ Base Type




REPORT NUMBER
[ o ) GEOTECHNICAL CORE LOG RECORD
JE S/ 14039
CONTRACT  indaver Waste Management Facility, Duleek DRILLHOLE RO RC GC6
SHEET Sheet 1 of 2
CO-ORDINATES 308,325.72E GROUND LEVEL (m) 30.27 BATE STARTED 18/02/2008
270,960.26 N CORE DIAMETER {mm} 102 DATE COMPLETED  18/02/2009
CLIENT indaver INCLINATION -90 DRILLED BY Pelersen
ENGINEER PM Group FLUSH Polymer Gel | LOGGED BY A. Mahony
EE
= =
= E: =
2 g Fraciure @ a 5
o = Spacing £ Strata descripfion — Discontinuities o ®
sl Ei= 2|8l om 3 E s| & =
| F SN : B g = [=3 b
gl | 2lg 5 | 2 £ sl ¢
| O Q ) 250 2 : 9
B8 8|F|a|e] RE: 3 i | o %
0 = OPEN HOLE
— [ DRILLING: Observed
Y by driller as retumns of
S— brown silly, very sandy | 0,80
.80 B gravelly clay 29.47
' 1000 6|0 -3 Brown very sandy,
i graveily CLAY/SILT 150
ir.x s o -
1,50 P {Gravel is fine to coarse, 0877
L X sub-rounded to angular) :
5 Wil o | ¢ Zmi - . Brown silty ﬂr.ua SAND 2.00 28 27
© Brown very silty, -
N gravelly fine to medium | 2.50

3%
2
i

grained SAND. {Gravel 27.77
is fine to coarse,
sub-rounded to angular)
Brown silty, sandy,
gravelly CLAY. (Gravet
is fine to coarse,

W00 0| ¢

|
X

3
liﬁ'ﬂ?

- Em;: sub-rounded to
=4 |4.00 i sub-angulat)
- wel o | o _‘5:_3
- 450 X
- P
-, 100 ¢ 10 i
- (e &
- |50 Bk
z 10ef 0o T
Cs [6.00 e
o —
" };‘Q
- 00 919 et s
- L&
5“7 .
- o Discontinvities are rough
- (7400001 G (D - and unculose. Apertures
- 740 T are wide to very wide with
- T sandy/clayeylgravelly
-8 ﬁm‘g 825} smeared surfaces and
o w7 |7 T * infiling. Dips appear 2202
- I sub-40° with variably :
o I dipping fractues
s [ l throughout.
SF e 19.00 [
& L
' | I
a 100} 18 | 18 l
g REMARKS WATER STRIKE DETAILS
%! & Core boxes, 12.2m Core liner used. No grolndwater Water | Casing | Sealed | Rise TiMe |~ ents
I encountered. Grout 0.0m-13.5m. 50% flush loss from 9.0m. Strike | _Depth At To {min)
1 - i 3 H
o l/oz(tl;t(ii:nyworks laid 60m of Geogrid to improve access to No water stike recorded
o )
I
a4
=
=
g GROUNDWATER DETAILS
= Hole Casing | Depthto
% INSTALLATION DETAILS Date Depth Depth ater. | Comments
o Date Tip Depth| RZ Top |RZ Base Type
b
o




REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD
14039
CONTRACT Indaver Waste Managemeni Faciity, Dudeek DRILLHOLE NO RC GC6
SHEET Sheet20f 2
CO-ORDINATES 306,325.72 E GROUND LEVEL (m) 30.27 DATE STARTED 18102/2009
270,560.26 N CORE DIAMETER (mm) 102 DATE COMPLETED  18/02/2008
CLIENT Indaver INCLINATION -90 DRILLED BY Petersen
ENGINEER PM Group FLUSH Polymer Gel | LOGGED BY A Mahony
ElE
" &0
L = =3
al =’ 5 —_
S § Fracture o K] g
ol = Spacing 8 Strata description —_ Discontinuities @ g
FIIEAEIEEES (mm} ol = E s |5 %
HEREE 5| £ BlE ¢
500l Q 250 e 5| =
8iSiF|a|el® 500 3] 3 8 I &
B 10 I Strong to maderately Discontinuifies are rough
E [ E strong, medium bedded, and undulose. Apertures
o oHos [&, &) grey. medkum fo coarse are wide to very wide with
- T - 5] grained LIMESTONE sandy/clayey/gravelly
- ] =] {fossiliferous and smeared surfaces and
-1 i o] SHiceous). Heaviy infiling, Dips appear
- - 2o infilled with sub-40° with variably
- ol 13 | 13 r7¢ 2t daysandigravel. dipping fractues
- 72 (10.5m-10.9m, throughout. (continued)
o [FFe's"d4 11.17m-11.76m, marly,
T2 ] ¢ °1 sandy clayey highly
3 ] ' 2= A weathered rock -
- (e ﬂ"uo structuse locadly
- 1280 T B, 84 preserved) {confinued)
- LYY
™3 1001 42 I e N
- L, 13,50
- 13.50 End of Corehole at 13.5 16.77
- (m}
;14
- 15
T 16
47
C— 18
2t
g‘ 19
N
(a3
ar
F
ar
L REMARKS WATER STRIKE DETAILS
gl 8 Core boxes, 12.2m Core liner used. No groundwater Water | Casing | Sealed | Rise Time | ~omments
§ encountered. Grout 0.0m-13.5m. 50% flush loss from 9.0m. Stke | Depth At To {min)
o l‘gz{r;arlt?[?nyworks - laid 60m of Geogrid to improve access to No water strike recorded
b .
T
4%
g
a GROUNDWATER DETAILS
5 Hole Casing | Depihto
§ INSTALLATION DETAILS Date Degth Dapth ater. | Comments
) Date Tip Depth] RZ Top : RZ Base Type
2
¢




Meath Waste Management Facility, Duleek Factual Geotachnical nvestigation Report

Appendix 2

Rotary Core Drillhole Records (Conventional P Drillholes)




IGSL RCNEWLOG 10M PER PG 14039.6PJ 1GSL.GDT 9/3/88

REPORT NUMBER
GEOTECHNICAL CORE L.OG RECORD
14039
CONTRACT  indaver Waste Management Faciity, Duleek DRILLHOLE NO RC RP1
SHEET Sheet 1 of 2
CCO-ORDINATES( }  306,24651E GROUND LEVEL. (m) 29.94 DATE STARTED 10/02/200¢
270.514.34 N CORE DIAMETER (mm) 80 DATE COMPLETED  10/G2/2008
CLIENT Indaver INCLINATION st DRELLED BY Petersen
ENGINEER PM Group FLUSH AdriMist LOGGED BY A, Mahony
BT
=l = =
B B 3 v
1 2 Fracture 2 2 ki
Y Spacing 5 Strata description —_ Discontinuities o g
AR {mm) s | 1 E 5| & -
HAHEE 5 £ g2 £
W O|a o | & 2 a
8|8 F &g, = smo &5 3 il iy
L0 ASavas OPEN HOLE
R Lo DRILLING: Observed
- by driller as refums of
F - brown silty, very sandy
C @{ gravelly clay
r i
o b
= -
3 _Q___
: it
L4 }_—;
“ 5
s Q
: b
L6 “,3—:‘
- QF 6.40
- ! OPEN HOLE 23.54
- — DRILLING: Observed
i T by drifier as angular 6.50
- f gravel size returns of .
REMARKS
1 Core box. No groundwater enceuniered. 2hrs dayworks - laid | INSTALLATION REMARKS
150m of Geogrid to improve access io location.
GROUNDWATER DETAILS
Hole Casing | Depthto
Date Depth Depth ater Comments
{INSTALLATION DETAILS
Date Tip Depth] RZ Top | RZ Base Type




IGSL RC NEWLOG 10M PER PG 14039.GPJ 1GSL.GDT $/3/09

REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14039
CONTRACT  iIndaver Waste Management Facility, Duleek DRILEHOLE NG RC RP1
SHEET Sheet 2 of 2
CO-ORDINATES( ) ggg,gig.gl E GROUND LEVEL (m) 29.94 DATE STARTED 10/02/2008
e CORE DIAMETER {mm} 80 DATE COMPLETED  10/02/2008
CLIENT Indaver INCLINATIGN -90 DRILLED 8Y Petersen
ENGINEER PM Group FLUSH Adr/Mist LOGGED BY A. Mahony
EE
sl = 2
§ §' Fracture g § §
ol . Spacing § Strata description —_ Discontinuifies © K
SRR {rm) S E g | 2
€| @id 51t & g g =
o o P £ >
SEHEEE R EIE 8 sla| &
el
L7 I 1 limestone (probable 23.04
: I variably weathered
. bedrock)
250 : L, | OPERTHOLE LA R ——
] l DRILLING: Observed Biscontinuities are rough 22.44
3 i o]} by Griller as angular and undulo_se‘ Apertures
- M g gravel size refurns of are open with local clay
g ! limestone (probable smearing {7.79m-7.88m,
L 57| 75 | 79 ‘ l bedrock) {continued) 8-%4§"9-5§7"?= 2-?2'99%”‘)'
5 I Strong to very strong, and focai slig it iron oxide
_ I thickly bedded, blue f‘éagﬁ’ oes
r E LI grey, medium grained Sub-0°-20° wqux ioéapls are
- ] | LIMESTONE (siliceous sub-vertical fractures
3 T s o°q and fossiliferous). (8.84m-9.57m
9 19.00 125 9} Fresh to locally slightly 0.79.9 91.m) '
L ! ! ¥ “: weathered. Cavity e ’
L L @ .1 cbserved by driller at
; L 224 87Tm89m)
i L. 165 2
L g7 | 21 | 2t [l
- ] ] (J'o.Aﬂo
B
. I
3 I :
3 : 18,50
L |10.50 {En? of Corehole at 10.5 19.44
- m
11
412
13
REMARKS
1 Core box, No groundwater encountered. 2hrs dayworks - laid | INSTALLATION REMARKS
150m of Geogrid to improve access to location.
GROUNDWATER DETAILS
Hole Casing | Depth to
Date Depth___| Depth ater | Comments
INSTALLATION DETAILS
Date Tip Depthl RZ Top |RZ Base Tyvpe




IGSL RC NEWLOG 10M PER PG 14039.GPJ IGSL.GDT 9/3/08

GEOTECHNICAL CORE LOG RECORD

REPORT NUMBER

CONTRACT  Indaver Waste Management Facility, Duleek DRILLHOLE NG RC RP2
SHEET Sheet 1 of 2
CO-ORDINATES({ )  306,241.74E GROUND LEVEL (m) 30.03 DATE STARTED  10/02/2009
210,906.39 N CORE DIAMETER (mm) 80 DATE COMPLETED  10/02/2009
GLIENT Indaver INCLINATION -90 DRILLED BY Petersen
ENGINEER PM Group FLUSH AdrfMist LOGGED BY A. Mahony
EE
oE
2 § Fracture 2 2 g
ol = Spacing s Strata description —_ Discontinuities - @ g
AR {mim) - | = E 5| & Z
El e o g 5| 2 =3 E ] g
ud 'S [8) ¥ o 2 @ b
Bl r|lgm M os0 | &) F 3 n| @ 5
Lo ] OPEN HOLE
N [ DRILLING: Observed
L y by driller as retums of
F [ o] brown silty, very sandy
r @L: gravelly clay
r Fos
[ I
2 =4
: T
3 MQM'
o -4
L4 EJT
L5 @‘:
- &5 5.70
s } OPEN HOLE 24,33
- - DRILLING: Observed
s i by driller as anguiar
3 T gravel size returns of
" I lirnestone (probable
i I variably weathered
L 1 ' bedrock)
L I
- L 7.00
REMARKS
4 Core box. No groundwater encountered. INSTALLATION REMARKS
GROUNDWATER DETAILS
Hole Casing | Depthto
Date Dentl Derth Qler | Gomments

INSTALLATION DETAILS

Date Tip Depth

RZ Top {RZ Base

Type




IGSL RC NEWLOG 10M PER PG 14038.GP3 IGSL.GDT 8/3/08

GEOTECHNICAL CORE L.OG RECORD

REPORT NUMBER

CONTRACT  Indaver Waste Management Facility, Duleek DRILLHOLE NQ EC RP2
SHEET Sheet 2 of 2
CO-ORDINATES(_}  308,241.74E GROUND LEVEL (m) 30.02 DATE STARTED 10/02/2009
270,906.39 N CORE DIAMETER (mm) 80 DATE COMPLETED  10/02/2009
CLIENT Indaver INCLINATION -90 DRILLED BY Petersan
ENGINEER B Group FLLESH Air/Mist LOGGED BY A. Mahony
EE
== 2
2R i —
2 2 Fracture 2 2 E
o = Spacing & Strata description — Discentinuities © ®
HERRRIE: {mm) o | B E 5| 2 Z
gl €| g S| £ £ 5l e =
E G100 250 o B & 5 | § e
88 Flaiep s0 | &5 8 0| 3 %
-7 l | OPEN HOLE 2303
3 I DRILLING: Observed
. by driller as angular 750
- 7.50 i gravel size returns of - - oy
A . E fimestone (probable Discontinuities are rough 22,53
N 5 Sedrock) and undulose. Apertures
I I are open with logal clay
- T ‘ ﬂo/\ §] Streng o very strong, smearing (7.84m-8.06m,
L 8 I locally moderately 8.28m). Dips are
1 100 | 78 ! strong, medium 1o SUb-0%-10° with local
3 I E P thlchly beddt_ad,c?rey, sub-vertical and 45°
3 e EQEUS?S?ES ” fraciures.
3 T {siliceous
A i and fossiliferous).
- I Fresh to slightly
g 880 ; &4 weathered.
3 I 7o &
: f i 4 [
- I
r l L festd
L 97 | 63 : !
"0 ] N
L I
- |
- - 10.50
L [teso (En;:l of Corehole at 10.5 19.53
- m
{11
L2
[ 13
REMARKS
1 Core box. No groundwater encountered. INSTALLATION REMARKS
GROUNDWATER DETAILS
Hole Casing | Depthto
Date Depth Denlh aler Coraments
INSTALLATION DETAILS
[Date Tip Depthi RZ Top |RZ Base Type




IGSL RC NEWLOG 10M PER PG 14039.GPJ 135L.GDY 9/3/08

REPORT NUMBER
GEQTECHNICAL CORE LOG RECORD
14039
CONTRACT  Indaver Waste Management Facility, Duleek DRILLHOLE NO RC RPS
SHEET Sheet 1 of 2
CO-ORDINATES( ) 30825543 F GROUND LEVEL (m) 30.18 DATE STARTED 19/02/2009
270,916.86 N CORE DIAMETER {mm) 80 DATE COMPLETED  19/02/2009
CLIENT Indaver INCLINATION -90 DRILLED BY Petersen
ENGINEER PM Group FLUSH Air/Mist LOGGED BY A. Mahony
EE
S 74
a8 5 o
a8 Fracture 4 . . o a =
ol = Spacing & Strata description —_— Discontinuities ) 8
IR (mm) & E § | 2
£t ol ; ; 1 e & ko o Z
Elg 2|z 5 % £ S I
510 Q ' 250 & E o
88| Fia|e s | 5| g 8 | @ i
(¢ = OPEN HOLE
i [ — DRILLING: Observed
L —] by driller as retumns of
3 ] brown silty, very sandy
r @{ gravelly clay
L L—-E
i b
g o
2 —{
T3 “gw"
T4 j::{j
L5 Q
6 }—:'
r - 6.70
L E 23.48
i T
REMARKS
1 Core box. No groundwaler encountered. Giout 0.0m-10.5m. | INSTALLATION REMARKS
.| GROUNDWATER DETANLS
Hole Casing | Denth to
Date Depth Denth aler. | Comments
INSTALLATION DETAILS
Date Tip Depth RZ Top |RZ Base Type




IGSL RC NEWLOG 10M PER PG 14038.GPJ IGSL.GDT 9/3/09

REPORT NUMBER
GEOTECHNICAL CORE LLOG RECORD 14039
CONTRACT Indaver Waste Management Facility, Duleek DRILEHOLE NO RC RP5
SHEET Sheet 2 of 2
CO-ORDINATES{_}  308,25543E GROUND LEVEL (m} 30.18 BATE STARTED 19/02/2008
27081696 N CORE DIAMETER {vim) 86 DATE COMPLETED  19/02/2009
CLIENT Indaver INCLINATION -0 DRILLED BY Petersen
ENGINEER P Group FLUSH AlriMist LOGGED BY A. Mahony
EE
&= z
R i 0
& g Fracture P 3 3
o = Spacing 5 Strata description —_ Discontinuities @ &
Slole|e|® {mm) s E §| & >
€%l |ad €| 3 £ w5 | 9 Z
g Eldlaig o B0 g ot & 5 | & F
6 0|~ ]|u ¢ -2 Q w | & &
-7 l OPEN HOLE
- n DRILLING: Observed
] T by driller as clayey 750
1750 i sl angular gravel size :
- 4 0“57 returns of limestone 22.68
3 "o, .o (probable variably
B [ 124 o] iweathered bedrock)
s 8410 0 [ 2 =4 \(continued)
- 20 /1 Moderately strong to
3 12 Y A moderately weak, gray,
L [ _to,7 o} medium io coarse
1880 za-a} grained LIMESTONE 885 . N
i i {silicaous and Discontinuities are rough 21.53
r T fossiliferous). and undulose. Apertures
9 ] Moderately weatherad. are wide with sandy
L 91| &3 1 .. 1 Non intact throughout surfaces. Variably dipping
- [ I°2 &"g Lwith clayey {dry) sandy fractues and locally
5 I [ 284 | oravel and cobble size sub-vettical fractures
. ' fetums. o 4y and sub-45
- a0 \ Strong to locally -c<M-J.5%1m) and su
] I J - maderately strong, planar break at 9.86m.
1o medium fo thinly
3 100 84 [ T bedded, grey, medium
- | to coarse grained
- I o4 LIMESTONE {siliceous [10.50
- {10.50 and fossiliferous). 19.688
- Fresh to slightly and
3 locally moderately
i1 weathered,
L End of Corehole at 10.5
- (m)
(12
13
REMARKS
1 Core box. No groundwater encountered. Grout 0.0m-10.5m. | INSTALLATION REMARKS
GROUNDWATER DETAILS
Hole Casing | Depth to
Date Depth Dextn ater | Comments
INSTALLATION DETAILS
Date Tip Depth| RZ Top |RZ Base Tyvpe




Meath Waste Management Facility, Dulsek Factual Geotechnical Investigation Report

Appendix 3

Percolation Test Records




Soakaway Design  f -value from field tests IGSL

Contract: Indaver lreland Contract No. 14039
Taest No. PP2
Engineer  PM Group
Date:
Summary of ground conditions
from 5] Description Ground water
0.C0 0.20  |Soft brown SILT/CLAY with some organic matter
0.20 1.20  |Firm brown sandy gravelly CLAY with sub-angular and angular cobbles None
1.20 Stiff brown sandy gravelly CLAY with pockets of sandy SILT and many
2,00 sub-angular and angular cobbles
Notes:
Field Data Field Test
Depth to ;. Elapsed Depth of PiL (D) 2.00 m
Water Time Width of Pit (B) 0.40 m
{m) {min} Length of Pit (L) 1.20 m
0.300 0.00 fnitial depth to Water = .30 m
0.310 1.00 Final depth to water = 0.80 m
0.325 2.00 Elapssd time (ming)= 90.00
0.335 3.00
0.345 4.00 Too of permeable soll m
0.365 5.00 Base of permeable soil m
(0.405 7.50
0.430 10.00
0.480 15.00
0.515 20.00
0.580 30.00 Base area=
0.630 40.00 i*Av. side area of permeable stratum over test periodd
0.670 50.00 Total Exposed area =
0.690 £0.00
0.740 70.00
0.800 90.00  jinfiltration rate {f) = Volume of water used/unit exposed area / unit time
f= 0.00052 m/min or 8.6806E-06 m/sec
Depth of water vs Elapsed Time (mins)
100.00
90.00 N
& 80.00
€ 70.00 .
B 60.00 @
E 50.00 - ®
B 40.00 + &
8 30.00 - »
© 20.00 +— P
10.00 A P %
0.00 = pe® .
0.000 0.200 0.400 0.600 0.800 1.000

Depth to Water (m)




Soakaway Design  f -value from field tests

IGSL

Depth to Water {m)

Contract: Indaver lreiand Contract No. 14039
Test No. PP3
Engineer PM Group
Date:
Summary of ground conditions
from ig Deascrintion Ground water
0.00 0.30 | Soft brown slightly sandy CLAY with some organic matter
0.3C Soft brown slightly gravelly, sandy CLAY with occasional rounded None
1.10 cobbles _
1.10 Firm brown slightly gravelly, sandy CLAY with occasional sub-angular
1.85 |and angular cobbles
Notes:
Field Data Field Test
Daepth to | Elapsed Hepth of Pit (D) 1.80 m
Water Time Width of Pit (B8) 0.45 m
{ry) {rmin) Length of Pit (.} 1.710 m
0.270 0.00 fnitial depth to Water = 0.27 m
0.270 1.00 Final depth to water = 0.43 m
0.275 2.00 Elapsed time {mins)= 70.00
0.280 3.00
0.285 4,00 Top of permeable soil m
0.290 5.00 Base of permeable soil T—m
0.295 7.50
0.305 10.00
0.320 15.00
0.335 20.00
0.360 30.00 Base area=
0.385 40.00 [*Av. side area of permeable stratum over test period
0.395 50.00 Total Exposed area =
0.410 £0.00
0.430 70.00
Infiltration rate {f) = Volume of water used/unit exposed area / unit time
f= 0.00023 m/min or 3.779E-06 m/sec
Depth of water vs Elapsed Time {(mins)
80.00
70.00 %
£ 60.00 ¢
é .
g 50.00 %
= 40.00 %
% 30.00 »
= 20.00 &
i @
10.00 rag
0.00 ‘ ; ol
0.000 0.100 0.200 0.300 0.400 0.500
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Appendix 4

Geotechnical Soil Laboratory Test Records




Plasticity Chart - Summary of Liguid & Plastic Limit Tests
BS1377:Part 2:1990, clauses 3.2, 4 & 5
Chart in accordance with B55930:1999, fig.18
Coniract No. 14039 Contract: INDAVER WASTE MANAGEMENT FACILITY, DU
Low (L) intermediate (1) High (H) Very High (W} Extramely High Plasticity (£)
70
>
/
60 va
yd
50 4
7
Ead
@
k= /
=
4 o
= el /
@ 30 b
o /
@
e
20 AT /
L}
& /P/
1Q v
........... 0
O
O 10 20 30 40 50 60 70 8 90 100 110 120
Liquid Limit %
Code|l BH/TP § Sampie {Depth ) MC% | LL% PL% Pi% |%<425um|Description
& GC1 AH2B27 260 23 il 19 12 88 Crangish brown slightly sandy slightly graveily CLAY
B GC2 AH2529 2.50 1.3 34 19 15 28 Grey brown silty very sandy GRAVEL
@ GC2 0 450 8.1 35 23 13 13 |Grey brown silty sandy GRAVEL
& GC3 AH2525 2.00 20 45 21 25 95 Crangish brown siightly sandy slightly graveily CLAY
X GC3 0 4.50 13 25 Ni 0 69 Light brown slightly sandy slightly gravelly SILT
4+ GC4 AH2526 320 196 39 20 19 98 luight brown slighily sandy stightly gravelly CLAY
& GCs AHZE28 3.00 187 37 18 19 79 Brown slightly sandy siightly gravetly CLAY
g GCG+ AH2524 2.50 10.8 23 15 8 56 Crangish brown shightiy sandy slightiy gravetly GLAY
Q
&
A
[}
e
%
X
+
AN
NP denctes specimen is non-plastic.
Issued By, Date Page
iGS L 27032008




Summary of Classification Tests
BS1377:Part 2:1990, clauses 3.2,4.3,5.3& 54

BH/TP No.| Sample | Depth | Sample | Moisture Liguid Plastic Plasticity | <425um | Preparation |Description Classification
No. {m) Type | Content% | Limit% Limit % Index %
GC1 AM2527] 260 GCS 23 31 19 12 88 WS Orangish brown slightly sandy sfightly gravelly CLAY CL
GC2 AH2529| 250 GCS 11.3 34 19 15 28 WS Grey brown silty very sandy GRAVEL
GC2 4.50 GCS 8.1 36 23 13 13 WS Grey brown silty sandy GRAVEL Cl
GC3 AH2525] 2.00 GCS 20 46 21 25 95 WS Orangish brown slightly sandy slightly gravelly CLAY cl
GC3 4.50 GCS 13 25 NP 69 WS Light brown slightly sandy slightly gravelly SILT ML
GC4 AH2526| 3.20 GCS 19.6 39 20 19 98 WS Light brown slightly sandy slightly gravelly CLAY Cl
GC5 AH2528| 3.00 GCS 18.7 37 18 19 79 WS Brown stightly sandy slightly gravelly CLAY C|
GCe+ | AH2524| 2.50 GCS 10.9 23 15 8 56 WS Orangish brown slightly sandy slightly gravelly CLAY CL
Notes: NAT - tested as received WS - Wet sieved (425um) NP - Non Plastic
Contract| -7 INDAVER WASTE MANAGEMENT FACILITY, DULEEK Contract No. 14030
IGSL Issued By~ ’ ‘g//i P Date Page
S AT 27/03/2009 of




Determination of Particle Size Distribution
B31377:Part2:1990 , clauses 9.2

particle] % Contract No: 14039
size passing] Contract; INDAVER WASTE MANAGEMENT FACILITY, DULEEK
75 100 {COBBLES BH/TP No: GCA1
63 100 SAMPLE No.. AH2527 SAMPLE TYPE: GCS
50 100 DEPTH (m): 260
375 100 TEST METHOD: Wet sieve and hydrometer
28 100 DESCRIPTION: Orangish brown slightly sandy, slightly graveily, CLAY
14 95 =] = Og O O ey O 0o OO0
[ < Qo O — N UXD v — O OO~
10 93 100 ; ; ; ' "“'
6. E A | 3 = :
3 o1 90§ ) AL REEIEE B )
5 91 T ;
335 | 90 80 A
2 90 g\; 70 4 S
118 | 89 o 50 3
0.6 88 SAND @
0.425 88 o 50 _EE 4 /
2 P : :
0.3 87 *g 40 b / ;
015 | 85 8 /
0.063 | 82 & 30 )
0.037 | 72 20 va
o -~
0.027 | 65 10 3 4
00171 50 SILTICLAY |
0.010| 36 0 ‘ '
0.007 28 0.0001 0.001 0.1 0.1 1 10 100
0.004 19 CLAY SILT Sieve size (mm) SAND GRAVEL
0.002 13
E GSL {ssued By Date. Page no:
D Connolly 27/03/2008 10f1

[GSL LIMITED, UNIT F, M7 BUSINESS PARK, NAAS, CO.KILDARE. PSD V3.1 12.01




Determination of Particle Size Distribution
B81377:Part2:1990 , clauses 9.2

particlel! % Contract No: 14039
size [passing Contract: INDAVER WASTE MANAGEMENT FACILITY, DULEEK
75 100 ICOBBLES BH/TP No: GC2
63 100 SAMPLE No.: AH2529 SAMPLE TYPE: GCS
50 89 DEPTH (m): 2.50
37.5 89 TEST METHOD: Wet sieve and hydrometer
28 89 DESCRIPTION: Grey brown siity, very sandy, GRAVEL
20 82 e e et e et -1 e £ 4 <t 1111 e £ st et st et
GRAVEL ) 7o)
14 | 74 E 2 a¥e ¥ 8 ooeomrom
O o oo o0o T N UKD v v N OO O
10 65 100
6.3 57 00 b
5 52
335 | 47 80 - /’
2 | 42 g 70| /
118 | 37 o
£ 60 /
0.6 3 SAND & /
0.425 28 o B0 : s
o g
0.3 26 £ 40 e
015 | 22 8 Pt
0.063 | 17 g 30 Ead
I
0.038 12 20 ¢— L
0.02 | A
0 81: 170 10 /
: SILTICLAY BRI by
0.011 4 0 e : :
0.008 3 0.0001 0.001 0.01 0.1 1 10 100
0.004 2 CLAY SILT Sieve size (mm} SAND GRAVEL
0.002 L .
IGSL Issued By Date: Page no:
D Connolly 27/03/2009 10f1

IGSL LIMITED, UNIT F, M7 BUSINESS PARK, NAAS, CO KILDARE. PSD V3.1 12.01




Determination of Particle Size Distribution
BS1377:Part2:1990 , clauses §.2

patticle; % Contract No: 14039
size Ipassing] Contract: INDAVER WASTE MANAGEMENT FACILITY, DULEEK
75 100 [COBBLES BH/TP No: GC2
63 100 SAMPLE No.: 0 SAMPLE TYPE: GCS
50 100 DEPTH (m): 4.50
375 94 TEST METHOD: Wet sieve
28 81 DESCRIPTION: Grey brown silty, sandy, GRAVEL
GRAVEL jo¢] L
14 56 8 = mgm b g Wovowgo«m
(] o [ W = N UNO v~ v (OO KO
10 49 100 -
6.3 40 a0 i ' ...... 1 :
5 37 = il 1l
335 | 31 80 af
2 25 T 70 b L , 1
118 | 20 & ; ' '
06 | 15 5 80} | — _ _ s
: SAND &
0.425 13 3 50 ! ; i d : o : .......... /
g : R i /
03 1t % 40 - S E—— g . R /f
0.15 8 3 3 5 i P A
T 30 Bomin : LB b4
0.063 5 o o e
0.043 | #N/A 20 § —- : S RS >
0.030 | #N/A R Pl
: SILT/CLAY : RN : il
0.011 | #N/A Y ' '
0.008 | #N/A (.0001 0.001 0.01 0.1 1 10 100
0.005 | #N/A CLAY SILT Sieve size (mm) SAND GRAVEL
0.002 | #N/A _
E G SE__ Issued By Date: Page no:
D Connolly 27/03/2009 10f1

IGSL LIMITED, UNIT F, M7 BUSINESS PARK, NAAS, CO KILDARE. PSD V3.1 12.01




Determination of Particle Size Distribution

BS1377:Part2:1990, clauses 8.2

particle] % Contract No: 14039
size [passing Contract: INDAVER WASTE MANAGEMENT FACILITY, DULEEK
75 100 jCOBBLES BH/TP No: GC3
63 100 SAMPLE No.: AH2525 SAMPLE TYPE: GCS
50 100 DEPTH (m): 2.00
375 100 TEST METHOD: Wet sieve and hydrometer
28 100 DESCRIPTION: Orangish brown slightly sandy, slightly gravelly, SILT
20 100 -
GRAVEL o] to]
14 100 8 = “"g@ (‘2 g “".oq—omﬂc«m
< =3 Do O o 0N ) XD o OO DX
10 100 100 A — i
6.3 100 90 //.
5 99 L
335 | 99 80
2 99 g 70 // :
1.18 98 o /
08 96 5 60
’ SAND @ /
0.425 95 3 50 :
o
0.3 92 g 40 e
0.15 83 §
0063 75 & 30 i
»
[
0.037 66 20 1
0.0 4
0 OZ 1512 10
' SILT/CLAY
0010 32 0 -
0.007 27 0.0001 0.001 0.01 0.1 1 10 100
0.004 21 CLAY SILT  Sieve size (mm) SAND GRAVEL
O- 002 1 6 O PP S
EGSL issued By Date: Page no:
D Connolly 2710312009 1 of 1

IGSL LIMITED, UNIT F, M7 BUSINESS PARK, NAAS, CO.KILDARE. PSD V3.1 12.01




Determination of Particle Size Distribution
BS1377:Part2:1990 , clauses 9.2
particiel % Contract No: 14039
size ipassing] Contract; INDAVER WASTE MANAGEMENT FACILITY, DULEEK
75 100 jCOBBLES BH/TP No: GC3
83 100 SAMPLE No.: 0 SAMPLE TYPE: GCS
50 100 DEPTH (m): 4.50
37.5 100 TEST METHOD: Wet sieve
28 100 DESCRIPTION: Light brown slightly sandy, slightly gravelly, SH.T
20 97
GRAVEL o ITe)
14 a3 @ < "’?c‘\"f@. 3 Q “'?ovooogomo
o o oOoC — 0 O UXO v v (NN OO
10 89 100 : ‘ = L~
i i %
63 | 86 90 |- 11 Nl BN (LA AL !
5 84 | e 2y
80 1 ; L] N SN i Ao
3.35 80 i . . _ =g
2 7 g 70 _— i : B
118 | 74 2 /|
a H oy // ......
0.6 7 SAND % m /
0.425 69 g 50 i Pt e Lok y
o P 1/
0.3 67 £ 40
015 | 57 8
0.063 | 45 o 30
0.043 | #N/A 20 4
0.030 | #N/A 0l
0.019 | #N/A SILTICLAY
0.011 | #N/A 0 : :
0.008 | #N/A 0.001 0.001 0.01 01 1 10 100
0.005 | #N/A CLAY SILT Sieve size (mm) SAND GRAVEL
0.002 | #N/A
EGSL Issued By Date: Page no:
D Connolly 27103/2009 1 of 1

BGSL LIMITED, UNIT F, M7 BUSINESS PARK, NAAS, CO.KILDARE. PSD V3.1 12.01




Determination of Particle Size Distribution
BS1377:Part2:1990 , clauses 9.2

particlef % Contract No: 14039
size [passing ' Contract: INDAVER WASTE MANAGEMENT FACILITY, DULEEK
75 100 fCOBBLES BH/TP No: GC4
63 100 SAMPLE No.: AH2526 SAMPLE TYPE: GCS
50 100 DEPTH (m): 3.20
375 100 TEST METHOD: Wet sieve and hydrometer
28 100 DESCRIPTION: Light brown slightly sandy, slightly gravelly, CLAY
20 100 GRAVgL e, % - g ww - m ,,,,,
4| 100 S 5 238 T o Bed OTSRBER
10 100 100
P
6.3 g9 90 A
5 99
335 99 80 i I - S
2 99 SO (J AN TR T 1 3 OV S ¥ | VU O N WA ¥
118 | 98 o 50
£ :
06 98 SAND &
0.425 98 o 50 4
o3
0.3 97 T EE R R ARV (R R
0.15 91 g
0.063 | 75 e 30+
0.038 80 20
0.028 45
0.018 29 10 T |
’ SILT/CLAY
0.011 | 17 0 ' : - ‘
0.007 14 0.0001 0.001 0.01 0.1 1 10 100
$.004 10 CLAY SILT Sieve size {mm} SAND GRAVEL
0.002 7 ] )
EGSL Issued By Date: Page no:
D Connolly 27/03/2009 1 0f1

IGSL LIMITED, UNIT F, M7 BUSINESS PARK, NAAS, CO.KH.DARE. PSD V3.1 12.01




Determination of Particle Size Distribution
BS1377:Part2:1990, clauses 9.2

particlef % Contract No: 14039
size {passing Contract: INDAVER WASTE MANAGEMENT FACILITY, DULEEK
75 100 JCOBBLES BH/TP No: GC5
63 100 SAMPLE No.: AH2528 SAMPLE TYPE: GCSs
50 100 DEPTH {m): 3.00
375 100 TEST METHOD: Wet sieve and hydrometer
28 100 DESCRIPTION: Brown slightly sandy, slightly gravelly, CLAY
20 96
GRAVEL 0 Te)
14 | 94 € £ wfe 2 & o9ogomiam
(] o> [ I o W o] — O O UND v T (N O YERO~
10 93 100 ;
L
6.3 91 90 | E | RIEEE
5 89 A .
335 | 88 80 P ii
2 86 g 70 /7/ )
1.18 84 o yd
£ 60 = i
06 | 81 | oo & -/ |
0.425 78 o 50 7 - 4l
fo))
0.3 77 8 / 1
=40 4 é
015 | 71 8 / I
0063 65 a‘j 30 i //t
/
0.037 58 20 4— >
0.027 o1 10 4— // .................
0.017 43 SILT/CLAY
0.010 | 33 0 ‘
0.007 27 0.0001 0.001 0.01 0.1 1 10 100
0.004 21 CLAY SILT Sieve size (mm} SAND GRAVEL
0.002 10
E G SL Issued By Date: Page no:
D Connolly 27/03/2009 1 of 1

IGSL LIMITED, UNIT F, M7 BUSINESS PARK, NAAS, CO KILDARE.

PSD V3.1 12.01




Determination of Particle Size Distribution
B841377:Part2:1990 , clauses 9.2

particle] % Contract No: 14039
size jpassing Contract: INDAVER WASTE MANAGEMENT FACILITY, DULEEK
75 100 [COBBLES BH/TP No: GCo+
63 100 SAMPLE No.: AH2524 SAMPLE TYPE: GCS
50 100 DEPTH {m): 2.50
37.5 100 TEST METHOD: Wet sieve and hydrometer
28 100 DESCRIPTION: CQrangish brown slightly sandy, slightly gravelly, CLAY
20 92
GRAVEL ) Te]
14 88 8 ﬁ “"$<D 2?' g f‘?ovooo:j'om
() [} SCoo o N O — o O OO X
10 84 100 e
6.3 78 90 iy
5 76 V]
3135 71 80 ke //’
2 | 66 s 70 2
118 | 62 pes i
0.6 58 % 60 +— e % ot B
' SAND @ A
0.425 56 g 50 4
ol /]
03 54 ..g 40 E ’// .......
0.15 | 47 8 y
0.063 | 37 o 30—
0.038 29 20
0.027 24 S L
0.018 1 18 1q riciay 1+
0.010 13 0
0.007 11 0.0001 0.001 0.01 0.1 1 10 100
0.004 9 CLAY SiLT Sieve size (mm) SAND GRAVEL
0.002 5
EG SL issued By Date: Page no:
D Connolly 27/03/2008 1 of1

IGSL LIMITED, UNIT F. M7 BUSINESS PARK, NAAS, GO KILDARE.

PSD V3.1 12.01




Consolidated Quick-undrained (CQu) Triaxial Test

Marual of Soil Laboratory Testing Volume 3 KH Head Clause 1833

BH RC1 Sample AH2527 Dapth (m} 26
Condition:  Undisturbed
Corrections 2 membranes and side drains
Description Orangish brown sandy graveily CLAY ‘
Initial Conditions
Height (mm)} 200 Diameter (mm) 103
Area (mm?) 833229 Volume (em™) 1666.46
% Moisture Content 23 Bulk Density (Mgfma) 2.06
Dry Density {(Mg/m>) 1.68
Final Conditions
% Moisture Content 20 Bulk Density (Mglms) 2.02
Dry Density (Mgfms) 1.69
Saturation stage
Effective stress {kPa) 50 Saturation by 50kPa Cell Pressure Increments
Initial B Value 0.82 Final B Value 0.96
1
0.9 e ”%’—’A
0.8 -
0.7
9 06 -
g 0.5
m 0.4 -
0.3
0.2
0.1
0 | | | |
) 50 100 150 200 250 306 350 400
Cell Pressure (kPa)

Contract

Contract No.

Dulesk

14039

Page 1of 2




Consolidated Quick-undrained (CQu) Triaxial Test

Manual of Soil Laboratory Testing Volume 3 KH Head Clause 19.3.3

BH RC1 Sample AHZ527 Depth {m} 286

Consolidation stage

3.5
3.0 c—

2.5 1
2.0 4- , e
15 -
10 //
0.5 /
S

0 10 20 36 46 50 0] 70 80

Root Time {mins}

Change in Volume {ml)

Effective stress (kPa) 50 Change in Volume (mi)} 3.20

Compression stage

200
180 s E—
160 R
140 e e
120 —
100 1 T

80 et

80 4 ] %
40 A
20 L
o 1
0 2 4 8 8 10 12 14 16 18 20

% Axial Strain

Corrected Deviator Stress

Celi Pressure (kPa} 50 Cohesion 91

Axial strain at failure (%) 20 Failure Type Compound

Contract Duleek

Contract No. 14039 Page 2 of 2




Consolidated Quick-undrained (CQu) Triaxial Test

Manual of Soil Laboratory Testing Volume 3 KH Head Clause 18.3.3

BH RC3 Sample AHZ2525 Dapth {(m) 2.0
Condition:  Undisturbed
Corrections 2 membranas and side drains
Description Orangish brown sandy CLAY
fnitial Conditions
Height (mm} 200 Diameter (mm} 101
Area ( mmz) 8011.85 Volume (cm3} 1602.37
% Moisture Content 14 Bulk Density (Mg/m®) 2.29
Dry Density (Mg/m®) 2.01
Final Condilions
% Moisture Content 14 Buik Density (Mg/m®) 2.29
Dry Density (Mglms) 2.01
Saturation slage
Effective siress (kPa) 50 Saturation by 50kPa Cell Pressure increments
Initial B Value 0.84 Final B Value 0.88
: |
0.9 e !
0.8 A ;
0.7 4
¢ 0.6
§ 0.5
@ 04
0.3 *
G.2
0.1 -
O T T Ll
0 50 100 150 200 250 300 350 400
Cell Pressure (kPa)
Contract Duleak
Contract No. 14039 Page 1of 2




Consolidated Quick-undrained (CQu) Triaxial Test

Manual of Soil Laboratory Testing Volume 3 KH Head Clause 19.3.3

BH RC3

Consolidation stage

Sample AH2525

Depth (m}

2.0

1.6

1.4

1.2

1.0
0.8 5

0.6

0.4

Change in Volume {ml}

0.2 |- e

0.0 ]

0 10 20

30 40
Root Time {mins}

50

60

76

Effective stress (kPa) 50
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Consolidated Quick-undrained (CQu) Triaxial Test

Manual of Soil Laboratory Testing Volume 3 KH Head Clause 19.3.3

BH RC3

Condition:  Undisturbed

Corrections
Description
initial Conditions

Height {mm) 201

Area (mm?)  7853.98

% Muoisture Content 9.9
Final Conditions

9, Moisture Content 9.7

Saturation stage
Effective stress (kPa) 50

initial B Value 0.7

Sample

2 membranes

Yellowish brown sandy gravelly CLAY

Diameter (m) 100
Volume (cm®} 1575.51
Bulk Density (Mg/m®) 2.36
Dry Density (Mg/m®) 2.15
Bulk Density (Mg/m°) 2.37
Dry Density (Mgfm°) 2.16

Depth (m) 4.5

Saturation by 50kPa Cell Pressure lncrements

Final B Value 0.85
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Consolidated Quick-undrained (CQu) Triaxial Test

Manual of Soil Laboratory Testing Volume 3 KH Head Clause 19.3.3

BH RC3 Sample Depth {m) 4.5
Consolidation stage
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Contract Duleek
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Consolidated Quick-undrained (CQu) Triaxial Test

Manual of Soil Lahoratory Testing Volume 3 KH Head Clause 19.3.3

BH RC4 Sampie AH2526 Depth {m} 3z
Condition:  Undisturbed
Corractions 2 membranes and side drains
Description Orangish brown sandy graveily CLAY
Initial Conditions
Height (mmj} 200 Diarneter {(mmj} 101
Area (mm?)  8011.85 Volume {cm®) 1602.37
% Moisture Content 23 Bulk Density {Mg/m®) 2.16
Dry Density (Mg/m®) 1.76
Final Conditions
% Moisture Content 22 Bulk Density (Mg/m™) 215
Dry Density (Vig/m®) 1.76
Saturation stage
Effective stress {(kPa) 50 Saturation by 50kPa Cell Pressure Increments
Initial B Value 0.87 Final B Value 0.97
1
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Contract Duleek
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Consolidated Quick-undrained (CQu) Triaxial Test

Manuai of Soil Laboratory Testing Volume 3 KH Head Clause 18.3.3

BH RC4

Consolidation stage

Sample AHZ528 Depth {m}
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Aotial strain at failure (%) 20

Cohesicn 98

Failure Type Plastic

Contract

Coniract No.

Duleek

14039
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Consolidated Quick-undrained (CQu) Triaxial Test

Manual of Soit Laboratory Testing Volume 3 KH Head Clause 18.3.3

BH RC5 Sample AH2528 Deapth {m) 3.0

Condition:  Undisturbed

Corrections 2 membranes
Description Orangish brown sandy gravelly CLAY

Initial Conditions

Height {mm} 200 Diameter (mm) 101.5

Area (mm?)  8091.37 Volume {cm°) 1618.27

% Moisture Content 11 Bulk Density (Mg/m°) 2.32
Dry Density {(Mg/m®) 2.10

Final Conditions

% Moisture Content 11 Bulk Density {Mg/m®) 2.35
Dry Density (Mg/m) 2.41

Saturation stage
Effective stress (kPa) 50 Saturation by 50kPa Cell Pressure Increments

Initial B Value 0.88 Final B Vaiue 0.97
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Consolidated Quick-undrained (CQu) Triaxial Test

Manual of Soil Laboratory Testing Volume 3 KH Head Clause 19.3.3

BH RC5

Consolidation stage

Sampie AHZ528

Pepth {m)
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Meath Waste Management Facility, Duleek Factual Geotechnical Investigation Report

Appendix 5

Geotechnical Rock Laboratory Test Records




o osz ooz 08l ool 05 o X PEOT Jnief = o,
. . . 0 WHLRNS Xaply paralicd = (ogist,  wbusng xapuy) = 9|,
- 02 =% :{0S)SI peOT Wind X Y sk uenel (YIBuens eassaIdwon [BixeLn) mmua,
) KSEN )
]
L0 e .
5985 €672 WL SOUBPLUSD 2056 M0
0 lguss1 9Lw WU 99USPLUCD %486 19ddn
56 0log ay'l ‘ABQ DIEPUBLS
oWl p - €0 1851 re8 LHULPEIA
elalle] g = GED|/LL jets s obelany
iexe e : - yo |95 8.8 WNUA
ienBaty 1 ’ P it 62 poISo L SOICURS JO JOUHINN
suogeneIdgy BAINT UCENQIESH BUIIBN oM, st 05151 TR RS e
2 =N G54 8rG 88 045 Z03 0.8 8090
2 zz1 filey] 2ry SLETL o314 E 88 909
P 85 1ge e 8LEL ozE z0t 0zel 909
P 85 6% 95E 8UEL aiE B0l alht 909
4 58 ¥ 80°E 8481 oge 201 5oL 900
o zat B0G THy BLEL o9F 20t g0t 50D
p 2l 659 00°G 88 oYz 201 oFit SO0
p 95 alLe 203 881 018 70t 098 500
p 151 5572 ar's BLEL 045 zoL 05'g 08
P 12} a0s 80S 88 o] Z0L 09°0L o0
p o] ¥TY 80 8LE1 oz Z01 ov's [elod
P 42k 9e9 19 BLEL 0'8r zot 098 fleld)
p BlL 98'S Er BLE°L oGy z0| ov'8 70D
] 51 5G°2 8YG BIEL 0S5 204 ot ¥29
o 631 ] 844 980t 08z 09 oG£8 0066 orot €09
p [T 895G yYoE BIEE 4 Z01 5941 €09
4 St 874 826 88t jo="] 7201 ore jFeia]
P oyt 204 680G 88t oes 204 0oL £29
B SEL 919 06'% 82871 jagte] zoL 08 €09
9 L4 e 6LE 8iE1 U6Z 201 084 20D
P 95 -7 208 8i€1 o1e 201 o0og 200
P [E541 £29 o34 8LE1 Oir 201 0s® 209
p Lol £0G =i h] 2.8 0'8E Z01 008k [zei3}
p 61l 955 £e'y RLEL (34 20 [oIX:) Felad
P yii 04§ [Z87 BLEL 0Er 208 029 229
P 6l 960 3547 8/EL o513 Z0k jetond] 109
P FA%! £8° o 881 (32 Z0b 066 109
p 38 299 18 BLEL 008 zol 059 109D
P LEE 889 19y BEL 08y 7oL 051k LOD
adA ] BN edpy N i N [N ww Witk tw ON
SOt (0S)s]. Si. [ cfa JRJRWEIQ CUIPIM, LUIDIM, tpdag sidweg
Auouew v AQ peisa]. B600C/E0/E) 189 O 91
BEOFL "ou 1Denuod
INQLSING ‘adf ) adweg HISHY] IBABDUL [ORIKIOD
SLINSHY LS3L AV’ LNIOd




pect amped = d,

0og 00z 00k 0
o ylbuang xepul pelelod = (0g)sl,  whusis xepu) = sy,
100 0z =4 (05)S| PEOT UIod X SE USXE] (BusNg snIssaIdu0s [BIXBILN) SON.
(S ENole}
~ 200
- 00 o0 )
|B9eL  e9€ 1RUIT @OUSPUUOTD) %GE 1BMOT
WO0les1ze B0TLL HWIF 80USPLLOTY 9466 Jaddn
500 |gg 06’1 ‘AB(] piBpUBIS
ehawep) P - 500 |¥82 0z 1L WALIXEN
sooa g S L00|LPL GE' L efielony
Rixe e 800 |66 £9r LUALLSUIA
menbess | socl8 g palsa ] sodwes Jo Jagqunpi
SUDIRIASIG]Y BAINT) LONNGUISIC] JBLUHON S0, 50N 0g)s] Bl KIBUIUG [EonsiErs
p 201 g 859 8EZ L gy 08 088 SdH
p FSL 2l 529 geg'L ooy 08 a6 Gl
p 15t £9°4 800 9ez'L 0'6e 08 01 St
p 6EL G6'0 £9'G 9e2'L ooe 08 ovg Zdyd
p €6 £y S8 agz'L ove 08 0es 2y
P 27 0Z Lk 906 9621 0'8s 08 v Lt
p gel as'g a4 9gT't 0°6e 08 Lok LdH
p (A8 86'G Y 9c't oLe 08 5688 LdH
adAL B edpy edyy Ny L £ LLiLLE w "ON
SN, (0g)sl, 5, o o IpueIg ZUPIA | s deq | osjdueg
AUDUBW v [AQ P8ISS L Gl ah 1891 10 8B
SE0FL OU JORIUCT
ANCLSINET ‘adA § adueg M83IN(J JOABPU| 10BRNUCD
SLINS3H LS3L avo™ INIOd




Uniaxial Compression Test Report Sheet [.G.S.L.

Sampile |dentification

Woeathering Grade Criteria
|, Fresh:

1. Slightiy weathered:
1. Moderately weathered:
V. Highly weathered:

Contract Name: Indaver Duleek
Job Number: 14039

Hole No: RC GC1

Depth (m): 8.80

Sample Description

Colour: Blue grey
Grain size: Medium
Weathering Grade: Fresh

Rock Type: LIMESTONE

tnchanged from original state

Siight discolouration, slight weakening
Considerable weakening, penetrative discolouration
Considerable weakening, penetrative discolouration, breaks in hand

Sample Meagyrements

Sketch of Failure Surfaces

Length 251.5
Diarmeter (&) 102 mm
Testing
Load Rate 42 kN/ntin
Load at Failure (P} 217.9 kN
Strength Calculations
Uniaxial Comgpressive Strength = 217900
8167.14
= 10600 x P
M x (@/2)*2
= P 26.67 ] (Mpa)
Bulk Density = [ 2.66 | (Mg/m®)
. _Notes:

IGSL Ltd.




Uniaxial Compression Test Report Sheet 1.G.S.L

Sample {dentification

Contract Name:

Indaver Duleek

Job Number: 14039

Hole No: RC GC2
Depth (m): 6.50

Sample Description

Colour: Blue grey
Grain size: Medium
Weathering Grade: Fresh

Rock Type: LIMESTONE

Woeathering Grade Criteria
1. Fresh:

II. Slightly weathered:
15, Moderately weatherad:
iV. Highly weathered:

Unchanged from original state

Slight discolouration, slight weakening
Considerable weakening, penefrative discolouration
Considerable weakening, penetrative discolouration, breaks in hand

Sample Measuremenis

Length
Diameter (@)

Testing

Load Rate
Load at Failure {P)

253

102

83

588.8

mm

KkiN/min
kN

Sketch of Failure Surfaces

Strength Calculations

Uniaxial Compressive Strength = 589800
8§167.14
= 1000 x P
[7x (322
= 72.18 | {Mpa)
Bulk Density = 2.68 | (Mgim®)
Notes:

IGSL Ltd.




Uniaxial Compression Test Report Sheet [.G.S.L.

Sampie |dentification

Contract Name:

Indaver Duleek

Wealhering Grade Criteria

Job Number: 14039

Hole No: RC GC4
Depth {m): 10.30
Sample Description

Colour: Blue grey
Grain size: Medium
Weathering Grade: Fresh

Rock Type: PIMESTONE

I. Fresh:

II. Siightly weathered:

. Moderately weathered:
IV, Highly weathered:

Slight discolouration, slight weakening
Considerable weakening, penetrative discolouration
Considerable weakening, penetrative discolouration, breaks in hand

Unchanged from original state

Sample Measuremenis

Length
Diameter (&)

§_Testing

Load Rate
Load at Failure (P)

251.5
102 mm
52.5 kN/min
293.8 kN

Sketch of Failure Surfaces

Strength Calculations

Uniaxial Compressive Strength = 293600
8167.14
= 1000 x P
[ x (/22
= | 35.93 i (Mpa)
Bulk Density = i 2.69 | (Mg/m®)
Notes:

IGSL Ltd.




Uniaxial Compression Test Report Sheet

[.G.S.L.

Sample |dentification

Contract Name:

Indaver Duleek

Job Number; 14039

Hole No: RC GC5
Depth (m): 7.90

Sample Description

Colour: Blue grey
Grain size: Medium
Weathering Grade: Fresh

Rock Type: LIMESTONE

Wesathering Grade Criteria
I. Fresh:

II. Slightly weathered:
1. Moderately weathered:
V. Highly weathered:

Unchanged from original state
Slight discolouration, slight weakening
Considerable weakening, penetrative discolouration

Considerabie weakening, penetrative discolouration, breaks in hand

Sample Measurements

Length
Giametar {&)

Testing

_oad Rate
Load at Failure {P)

250

102 mim
46.5 kN/min
310.8 ki

Sketch of Failure Sudaces

Strength Calculations

Uniaxial Compressive Strength =

Bulk Density

= 100G x P

T x (@272

| (Mpa)

| (Mgim®)

Notes;

IGSL Lid.




Uniaxial Compression Test Report Sheet [.G.S.L.

Sample identification

Contract Name:

Indaver Duieek

Waeathering Grade Criteria
I. Fresh:

11. Slightly weathered:
ill. Moderately weathered:
V. Highly weathered:

Job Number: 14039

Hole No: RC GC6&
Depth (m): 9.20

Sample Description

Colour: Blue grey
Grain size: Medium
Weathering Grade: Fresh

Rock Type: LIMESTONE

Unchanged from original state
Slight discolouration, slight weakening
Considerable weakening, penetrative discolouration
Considerabie weakening, penetrative discolouration, breaks in hand

Sample Measurements

Length
Diameter (&)

.Jesting

Load Rate
Load at Failure (P)

Sketeh of Failure Surfaces

251

102 mm

53 kN/min

321.7 kN

Strengih Calculations

Bulk Density

Uniaxial Compressive Strength = 321700

8167.14

= 1000 x P
M x (@272

e i 39.37 | {Mpa)

- l 2.66 | (Mg/m®)

Notes:

IGSL L.




Uniaxial Compression Test Report Sheet 1.G.S.L

Sample Identification

Contract Name: Indaver Duleek
Job Number: 14039

Hole No; RP1

Depth (m): 8.10

Sample Description

Colour: Blue grey
Grain size: Medium
Weathering Grade: Fresh
Rock Type: LIMESTONE
Weathering Grade Criteria
I, Fresh: Unchanged from originai state
il. Slightly weathered: Slight discolouration, slight weakening
Il. Moderately weathered: Considerable weakening, penetrative discolouration
V. Highly weathered: Considerabie weakening, penetrative discolouration, breaks in hand
Sampie Measurements Sketch of Failure Surfaces
Length 202
Diameter (&) 80 mm
[_Testing
Load Rate 34.5 KiN/min
Load at Faiture (P} 185.2 kN

Strength Caleulations

Uniaxiat Compressive Strength = 185200
5024
= 1000 x P
[1x (@/2)*2
= | 36.84 | (Mpa)
Bulk Density = l 2.68 | (Mg/m®)
Notes:

IGSL L.t



Uniaxial Compression Test Report Sheet

1.G.S.L.

Sample Identification

Contract Name:

indaver Duleek

V. Highly weathered:

Job Number: 14039

Hole No: RP2

Depth (m): 7.70

Sample Description

Colour: Grey

Grain size: Medium

Weathering Grade: Fresh

Rock Type: LIMESTONE

Weathering Grade Criteria

!, Fresh: Unchanged from original state
Il. Slightly weathered: Slight discolouration, slight weakening

1. Moderately weathered:; Considerable weakening, penstrative discolouration

Considerable weakening, penetrative discolouration, breaks in hand

Sample Measurements

Length
Diameter (@)

Testing

i.oad Rale
Load at Failure (P)

Sketch of Failure Surfaces

112

80 mm
46.5 kN/min
274 kN

Strength Calculations

Uniaxial Compressive Strength = 274000
5024
= 1000 x P
M x (@232
= | 54,51 1 (Mpa)
Bulk Density = | 2.68 | (Mgim®)
Notes:

IGSL Ltd.




Uniaxial Compression Test Report Sheet

1.G.S.L.

Sample |Identification

Contract Name:

Indaver Duleek

IV. Highly weathered:

Job Numbher: 14039

Hole No: RPS

Depth {m): 10.20

Sample Description

Colour: Grey

Grain size: Medium

Weathering Grade: Fresh

Rock Type: LIMESTONE

Weathering Grade Criteria

|. Fresh: Unchanged from ariginal state
I, Slightly weathered: Slight digcolouration, slight weakening

|}, Maderately weathered: Cansiderable weakening, penetrative discolouration

Considerable weakening, penetrative discolouration, breaks in hand

Sample Measurements

Length
Diameter (3}

[ Testing

lL.oad Rate
Load at Failure (P)

Sketch of Fallure Surfaces

200

80 ram

48.5 kN/min

208.7 kN

Strength Calculations

Bulk Density

Uniaxial Compressive Strength = 299700

5024

= 1000 x P
M x (@22

= | 59.62 | (Mpa)

= I 2.68 | (Mgm®)

Notes:

IGSL Lid.
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Exploratory Site Plan




GPS SURVEY - INDAVER PROJECT

E

306263874

270930.70
306286.093 270892.715 30.003
3062098.117 270902.057 30.144
306275.131 270938.384 30.019
306280.567 270916.062 30.081
306325.715 270960.256 30 269
306334.870 271034.982 30.788
306229.147 270963.299 29.350
RE 306246.509 270814.342 29.943
RPZ 306241.735 270906.390 30.026
RP5 306255.430 270916.960 30.175
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IGSL TP LOG 14029.GPJ IGSL.GDT 30/3/09

REPORT NUMBER

TRIAL PIT RECORD 14039
CONTRACT  Indaver Waste Management Facility TRIAL PiT NO. TP1
SHEET Sheet 1 of 1
LOGGED BY D Talion CO-ORDINATES{ )} DATE STARYTER 30/03/200930/03/200;
DATE CONIPLETED
CLIENT indaver GROUND LEVEL tm) EXCAVATION 13T Tracked
ENGINEER PM Group
B
Samples o =
= £
® * £
Geotechnicat Description = = | B
£ ® = [=H g —
[if) = @ @ = @ e
o [ & 5 E w & =3 c =
SHVAE| © |z | &2 | 2 a £ | £¥
L 00} ery firm brown very sandy gravelly CLAY O =
10
I AD1ST8| LB 1.50-1.50
3 AD1377 LB H.5G-1.50
r 1.90
g Dense brown clayey gravelly fie to coarse SAND
;30 AD1378| LB 13.00-3.00
3 i AD1378 LB 3.00-3.00
- m—dalt 330
L Dense brown clayey sandy GRAVEL with occasional 'i?‘;;’ﬁ
L cobbles 533 4
L Qa)—ﬁ-@
- MQ#<
[ TP
L 84 4 op
| 40 | End of Trial Pit at 4.00m ' AD1380 LB [4.00-4.00
3 AD1381 1.8 |4.00-4.00

Groundwater Conditions
Pit dry

Stability
Pit Stable

General Remarks




IGSL TP LOG 14038.GPJ IGSL.GDT 20/3/09

REPORT NUMBER

LOGGED BY D Talion

CLIENT Indaver
ENGINEER P Group

CO-ORDINATES{ )

GROUND LEVEL (m)

TRIAL PIT RECORD
140398
CONTRACT  Indaver Waste Management Facility TRIAL, PIT NO. TR?
SHEET Sheet 1 of 1

DATE STARTED 30/03/200930/03/200;
DATE COMPLETED

EXCAVATION
METHOD

13T Tracked

Geotechnical Description

(m)

|
g Legend
Depth

Elevation

Water Strike

Sampie

S

Sample
Ref
Type

Hand Penetrometer

Vane Test (KPa)
(K#a)

Depth

Loose grey slightly clayey very sandy GRAVEL

ZAFd 300

occasional cobbles

39 | Medium dense grey/orown very sandy clayey GRAVEL with gb;%

40 1 End of Trial Pt at 4.00m

4.00

AD1382] B
AD1383| LB

AD1384 LB
AD1385 LB

AD1386 LB
AD1387 LB

2.90-3.00
2.90-3.00

3.60-4.00
3.60-4.00

Groundwater Conditions
Pit cty

Stability
P Unstable from 1.0m

General Remarks




REPORT NO. SULPHATE ANALYSIS IGSL
CONTRACT: |hdaver Waste Management Facility CONTRACTNC 14039
BH/TP DEPTH [SAMPLH SAMPLE | TEST % SULPHUR TRIOXIDE {s03 X 1.2) pH
NO. (M) NO. | TYPE | CODE |Passingl , ..\ ek soi TOTAL 2 1WATER SOIL | VALUE
2mm | EXTRACT So3 gib S0ILso3 % EXTRACT S04 g/l
TREATED
WITH 1%LIME
TESTED SP1A s A N/A 0.41 0.492 11.9
COMBINED AFTER 14
SAMPLES TREATED
FROM WITH 2%LIME
STOCKPILE 1.2 TESTED SP1B S A N/A 0.007 0.008 12.8
&4 AFTER 14
TREATED
WITH 1%LIME
& 1% CEMENT SP1C S A N/A 0.014 0.017 12.6
TESTED
COMBINED TREATED SP2A S A N/A 0.017 0.020 12.4
SAMPLES | WITH2% LIME
FROM TESTED
STOCKPLE3 | AFTER 14
DAYS
COMBINED TREATED
SAMPLES |y TED | TP1A S A N/A 0.031 0.037 11.7
FROM TRIAL TESTED
PIT 1 AFTER 14
DAYS
COMBINED TREATED TP2A S A N/A 0.141 0.169 11.0
SAMPLES WITH
BIT 2 TESTED
AFTER 14
DAYS
TEST CODE W = WATER S = SOIL A= AQUEQUS SOIL. EXTRACT(2:1)




Report No.
Contract: Indaver Waste Management Facility CONTRACT No 14038
MCV MC
Location | Sample Depth Sample Description % %
No. {m} Passing
20mm REMARKS
TP1A NATURAL 10.5 12.1 83.9
: NATURAL 9.8 1.7 93.9
| comBINED
o TAL TREATED WITH 1% LIME TESTED AFTER 3 HRS 13.6 11.5 93.9
PIT 1 TREATED WITH 1% LIME TESTED AFTER 3 HRS 12.9 11.6 83.9

Test Code:




Report No. |

MCV SUMMARY
Contract: indaver Waste Management Facility CONTRACT No 14039
MCV MC
Location ] Sample Depth Sample Description % Y
No. {m) Passing

20mm REMARKS

TP2A NATURAL 9.0 12.0 81.7
_ NATURAL 8.9 12.6 81.7
| COMBINED
| SAMPLES TREATED WITH 1%CEMENT TESTED AFTER 3 HRS| 9.7 13.3 81.7
FROM TRIAL ° : : ‘
. PIT2 TREATED WITH 1%CEMENT TESTED AFTER 3HRS! 101 13.2 81.7

Test Code:




Report No.

Indaver Waste Management Facility

CONTRACT No 14039

Location

Sample
No.

Depth
(m)

Sample Description

MCV

MC
Yo

%
Passing
20mm

REMARKS

| COMBINED
| SAMPLES
|  FROM

| STOCKPILE
; 3

SP2A

NATURAL
NATURAL

TREATED WITH 2% LIME TESTED AFTER 3 HRS
TREATED WITH 2% LIME TESTED AFTER 3 HRS

2.9
32

56
2.5

232
23.9

259
26.5

92.8
92.8

92.8
g2.8

Test Code:




Report No.

indaver Waste Management Facility CONTRACT No 14039
MCV MC
Location | Sample Depth Sample Description % %

No. {m) Passing
20mm REMARKS

SP1A NATURAL 3.0 16.6 91.5

NATURAL 2.7 16.8 91.5

| covBINED
| samPLES
| FrROM TREATED WITH 1% LIME TESTED AFTER 3 HRS 6.3 18.3 91.5
I sToCKPILE
WYy TREATED WITH 1% LIME TESTED AFTER 3 HRS 7.6 18.6 91.5

Test Code:




Report No.

| MCV SUMMARY
Contract: Indaver Waste Management Facility _ CONTRACT No 14039
MCV MC
Location| Sample Depth Sample Description % Yo
No. {m) Passing

20mm REMARKS

SP1B NATURAL 3.0 16.6 9156
NATURAL 2.7 16.8 81,5
| COMBINED
| SAMPLES
FROM TREATED WITH 2% LIME TESTED AFTER 3 HRS 7.9 17.8 91.5
| STOCKPILE
128&4 TREATED WITH 2% LIME TESTED AFTER 3 HRS 8.4 17.3 91.5

Test Code:




Report No. ;:

indaver Waste Management Facility CONTRACT No 14039

[Contract.

MCV MC
Location| Sample Depth ‘Sample Description % Y%
No. (m) Passing

20mm REMARKS

SP1C NATURAL 3.0 16.6 91.5
NATURAL 2.7 16.8 91.5
| COMBINED
| SAMPLES
| FROM TREATED WITH 1%LIME & 1% CEMENT TESTEDAFTER3HH 7.5 17.6 91.5
{ STOCKPILE
| 1284 TREATED WITH 1%LIME & 1% CEMENT TESTED AFTER3HH 7.5 18.0 91.5

Test Code:




Report No.
P CALIFORNIA BEARING RATIO 1.G.S.L.
Contract: indaver Waste Management Facility DATE: 12/05/2009 CONTRACT No 14039
Sample | Depth Water | Test Test {Water Content CB.R.
Location No. of Sample Description Conteny| Code | Code | Top |Bottomj Bulk % Tep | Base| Average
Sample % %o % |Density| Passing} % Y% Y%
Mg/M31{ 20mm '
TP1A NATURAL. 11.9 | NAT L/St 120§ 118 | 2.25 939 [165| 18.2 17.4
NATURAL 11.8 | NAT L/St 11.8 1 117 | 2.25 938 | 1851} 18.2 18.3
COMBINED
SAMPLES o
FROM TREATED WITH 1%LIME 114 |1DAY]| LSt 1131 1141 220 939 1389|364 376
TRIAL AT TREATED WITH 1%LIME 115 |1DAY| LSt | 115 | 115 | 220 | 939 |33.9|381] 360
TREATED WITH 1%LIME 11.4 | 3DAY| L/St 1.5 1 11.3 | 2.20 839 335|305 320
TREATED WITH 1%LIME 11.7 {3DAY | L/t 1.8 | 11561 220 939 | 382|334 383
TREATED WITH 1%LIME 11.2 14 DAY] L/St 113 1 111} 220 939 [ 4445471 496
TREATED WITH 1%LIME 11.4 114 DAY] L/St 116 | 112 | 220 93.9 4831534} 509
Test Code U.-Undisturbed Sample L.-2.5Kg. Rammer A/5.-5% Air Voids Ratio V.- Vibrating Hammer
D.-Dynamic Compaction H.-4.5Kg. Rammer A10.-10% Air Voids Ratio M.- Method Number

St.-Static compaction . RN29.- Road Note 29 (St. 95% H.)




E'F‘{eport No.

CALIFORNIA BEARING RATIO

1.G.S.L.

Contract; Indaver Waste Management Facility DATE: 12/05/2009 CONTRACT No 14039
Sample | Depth Water | Test Test |Water Content CBR.
l.ocaticn Nao. of Sample Description Contentt Code | Code | Top |Bottom| Bulk % Top | Base| Average
Sample % % % | Density] Passingi % % %
Mg/M3 1 20mm
TP2A NATURAL 13.2 NAT L/St 13.2 1 131 224 81.7 2331176 205
NATURAL 13.3 NAT L/st 13.0 | 135 ] 224 81.7 1641174 16.9
COMBINED
SAMPLES
FROM TREATED WITH 1% CEMENT 134 |1 DAY} L/St 13.3 | 135 | 223 81.7 5551 556 556
TRIAL PiT2 TREATED WITH 1% CEMENT 134 |1DAY| st | 133 | 134 | 223 | 817 |587|496]| 54.1
TREATED WITH 1% CEMENT 13.5 | 3DAY L/St 133 | 1386 | 223 81.7 5811433 50.7
TREATED WITH 1% CEMENT 13.1 | 3 DAY | List 131 130 ] 223 81.7 69.2 1 67.4 68.3
TREATED WITH 1% CEMENT 124 (14 DAY| L/St 124 1 124 7 223 81.7 69.G1 784 73.7
TREATED WITH 1% CEMENT 12.9 14 DAY] L/St 129 | 128 } 223 81.7 7411650 89.6

fTest Code U.-Undisturbed Sample
D.-Dynamic Compaction

St -Static compaction

L.-2.5Kg. Rammer
H.-4 5Kg. Rammer

AJE.-5% Air Voids Ratio
A10.-10% Air Voids Ratio

RN29.- Road Note 20 (St. 95% H.)

V.- Vibrating Hammer
M.- Method Number




Feport o CALIFORNIA BEARING RATIO

1.G.S.L.

Contract: Indaver Waste Management Facility DATE: 12/05/2009 CONTRACT No 14039
Sample | Depth Water | Test Test [Water Content C.BR.
Location No. of Sample Description Contentt Code | Code | Top |Bottem Bulk % Top | Base | Average
Sample % Y % | Density] Passing! % % %
Mg/M3 1 20mm
SP1A NATURAL 185 | NAT L/st 195 |1 195 | 2.07 915 1.0 1 08 0.9
NATURAL 19.7 | NAT L/st 192 | 201 ] 2.07 915 11 086 09
COMBINED
SAMPLES
FROM TREATED WITH 1%LIME & 1% CEMENT 18.1 | 1 DAY | L/St 1814 181 210 915 110311061 10.2
STOCKPILE
1,284 TREATED WITH 1%LIME & 1% CEMENT 18.7 |1 DAY L/St 184 | 19.0 | 210 915 11011102 101
TREATED WITH 1%LIME & 1% CEMENT 18.4 | 3DAY| LiSt 184 | 184 | 210 915 11061105 106
TREATED WITH 1%LIME & 1% CEMENT 18.8 | 3DAY| L/St 188 | 187 | 210 915 1138145 142
TREATED WITH 1%LIME & 1% CEMENT 18.6 114 DAY] L/St 18.7 | 184 | 2.09 915 11911128 16.0
TREATED WITH 1%LIME & 1% CEMENT 18.1 |14 DAY] L/St 17.8 18.4 2.09 91.5 15.7 | 16.2 16.0

§Test Code U.-Undisturbed Sample
D.-Dyramic Compaction
St.-Static compaction

L.-2.5Kg. Rammer
H.-4.5Kg. Rammer

A/5.-5% Air Voids Ratio
A10.-10% Air Voids Ratio

RN29.- Road Note 29 (St. 95% H.)

V.- Vibrating Hammer
M.- Method Number




E{epor{ No.

CALIFORNIA BEARING RATIO

1.G.S.L.

Contract: Indaver Waste Management Facility DATE: 12/05/2009 CONTRACT No 14039
Sample | Depth Water | Test Test {Water Content CBR.
Location No. of Sample Description Contentt Code | Code | Top |[Bottom| Bulk % Top | Base| Average
Sample % % % | Density| Passing} % % Y%
Mg/M3 | 20mm

SP2A NATURAL 27.8 | NAT L/St 270 | 2868 | 188 92.8 03] 02 0.3

NATURAL 26.7 | NAT L/St 262 1 272} 189 92.8 04| 03 0.3
COMBINED
SAMPLES

FROM TREATED WITH 2%iLIME 26.2 |1DAY] L/St 268.3 | 26.1 1.95 92.8 42 | 4.2 4.2
STOCKPILE

3 TREATED WITH 2%LIME 26.1 |1DAY] LISt 268 | 254 1 195 92.8 37 | 4.8 4.2

TREATED WITH 2%LIME 264 1 3DAY] LISt 263 264 | 195 928 28 | 27 27

TREATED WITH 2%LIME 266 | 3DAY| LSt 2651 266 | 195 92.8 34 1 31 33

TREATED WITH 2%LIME 253 |14 DAY| L/St 250 | 266 | 1.95 92.8 56 1| 586 5.6

TREATED WITH 2%LIME 258 {14 DAY| LSt 252 1 263 ] 195 928 6.11] 62 6.1

Test Code U.-Undisturbed Sample
[2.-Dynamic Compaction

St.-Static compaction

L.-2.5Kg. Rammer
H.-4.5Kg. Rammer

Al5 -5% Air Voids Ratio
A10.-10% Air Voids Ratio

RN2G.- Road Note 29 (St. 95% H.)

V.- Vibrating Hammer
M.- Method Number




[Repore CALIFORNIA BEARING RATIO .G.S.L.
Contract: Indaver Waste Management Facility DATE: 12/05/2009 CONTRACT No 14039
Sample | Depth Water | Test Test |Water Content CB.R.
Location No. of Sample Description Contentf Code | Code Top (Bottorm| Bulk % Top | Base| Average
Sample % % % |Density| Passing; % % %
Mg/M3| 20mm
SP1A NATURAL 19.5 | NAT LISt 195 | 185 | 2.07 91.5 10| 08 0.9
NATURAL 19.7 | NAT L/St 19.2 | 201 | 2.07 91.5 1] 06 0.9
COMBINED
SAMPLES
FROM TREATED WITH 2%LIME 188 |1 DAY | L/St 187 | 19.0 | 2.11 915 {11.1] 59 8.5
STOCKPILE
1244 TREATED WITH 2%LIME 19.0 | 1 DAY | L/St 19.0 | 19.0 | 2.11 915 (127119 123
TREATED WITH 2%LIME 18.1 [3DAY| LSt 18.3 | 17.8 | 2.11 g15 §181{11.2] 131
TREATED WITH 2%L.IME 18.5 | 3 DAY L/St 18.5 | 185 211 91.5 16.9] 164 16.6
TREATED WITH 2%LIME 18.0 |14 DAY L/St 1801 180 | 211 915 117.3119.2 18.2
TREATED WITH 2%LIME 17.6 |14 DAY] L/St 1717 180 | 2.1 915 | 16511741 1869

Test Code U.-Undisturbed Sample
D.-Dynamic Compaction

Si-Static compaction

L.-2.5Kg. Rammer AJ5. 5% Air Voids Ratio

H.-4 5Kg. Rammer

A10.-10% Air Voids Ratio

RN29.- Road Note 28 (St 95% H.)

V.- Vibrating Hammer
M.- Method Number




Report No.

CALIFORNIA BEARING RATIO

1.G.S.L.

Contract: indaver Waste Management Facility DATE: 12/05/2009 GONTRACT No 14039
Sample | Depth Water | Test Test |Water Content CBR.
Location No. of Sample Description Contentl Code | Code | Top (Bottomy Bulk % Top | Base | Average
Sample % % % i Density] Passingy % % Y%
Mg/M3| 20mm

SP1A NATURAL 18.5 NAT L/St 18.5 | 185 2.07 91.5 10} 0.8 0.9

NATURAL 19.7 NAT L/St 19.2 | 201 2.07 81.5 1.1 0.6 0.9
COMBINED
SAMPLES

FROM TREATED WITH 1%LIME 19.3 | 1 DAY L/St 16.8 | 187 | 2.08 81.5 54 } 85 54
STOCKPILE

1,284 TREATED WITH 1%LIME 194 | 1 DAY L/St 19.0 | 187 | 2.08 91.5 46 | 6.3 54

TREATED WITH 1%LIME 19.3 | 3 DAY L/St 194 | 191 2.09 91.5 54 | 58 56

TREATED WITH 1%LIME 18.8 | 3 DAY L/St 18.8 | 187 | 2.09 81.5 34 | 59 4.7

TREATED WITH 1%LIME 18.9 |14 DAY, L/St 19.1 186 | 208 81.6 8011 65 7.2

TREATED WITH 1%LIME 17.9 |14 DAY] L/St 18.1 17.6 2.09 91.5 86 | 8.7 9.2

Test Code U.-Undisturbed Sample
D.-Dynamic Compaction
St.-Static compaction

L.-2.5Kg. Rammer AT5 -B% AIr Voids Ratio

H.-4.5Kg. Rammer

A10.-10% Air Voids Ratio

RN28.- Road Note 29 (St 95% H.)

V.- Vibrating Hammer
M.- Method Number
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FOREWORD

The following conditions and notes on site investigation procedures should be read in conjunction
with this geotechnical report.

General

The ground investigation works for the Meath Waste Management Facility, Duleek have been
carried out in accordance with BS 5930 (1990) and the IEI Specification & Related Documents for
Ground Investigation in Ireland (2006).

Recommendations made and opinions expressed in this report are based on the strata observed in
the exploratory holes, together with the results of in-situ and laboratory test data. No responsibility
can be held for conditions which have not been revealed by exploratory work, or which occur
between exploratory hole locations.

Whilst the report may suggest the likely configuration of strata, both between exploratory hole
locations, or below the maximum depth of the investigation, this is only indicative, and liability
cannot be accepted for its accuracy. Unless specifically stated, no account has been taken of
possible subsidence due to mineral extraction below or close to the site.

Disclaimer

The geotechnical interpretative report has been prepared for Project Management Group / Indaver
Ireland and the information should not be used without prior approval or written permission of either
party. The recommendations developed in this report are based on the IGSL factual ground
investigation data (IGSL Project No. 14039), Byrne Looby Geotechnical Assessment Report (B580)
and Apex Geophysical Report. IGSL Ltd accepts no responsibility or liability for this document
being used other than for the purposes for which it was intended.
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INTRODUCTION

At the request of Project Management (PM) and Indaver Ireland, IGSL has undertaken a
programme of geotechnical investigation works for a waste to energy facility at Carranstown,
Duleek, Co. Meath. The works were performed as directed by PM Group, consulting engineers for
the project. The site is located at Carranstown, Duleek, Co. Meath and encompasses an area of
approximately 25 acres. The site is bounded to the south by the R150 Duleek to Navan Road, to
the east by the Platin Cement Works and farmland to the west and north.

It is understood that the proposed development will involve the construction of a waste
management facility and include a waste handling area (bunker & furnace), emissions stack, ash
bunker, workshop, office and administration buildings and general site infrastructure (i.e. roads,
drainage, service utilities, culverts etc). The waste handling area will require a basement type
structure (bunker) with a proposed dig depth of the order of 7m below existing ground level (i.e.
formation of ¢23m OD). Site enabling works were completed prior to IGSL commencing the
geotechnical investigations and produced a platform level of 30.5m OD. It is noted that a
programme of geotechnical investigations were originally carried out in 2007 and details are
presented in a report prepared by Byrne Looby Partners (B580 May 2007).

The geophysical and geotechnical fieldworks works for this phase were carried out in accordance
with BS 5930, Code of Practice for Site Investigations (1999) and the IEI Specification & Related
Documents for Ground Investigation in Ireland (2006). The fieldworks included geophysical
surveying, rotary core drillholes and percolation tests. Core drillholes GC 1 to GC 5 were
positioned at the footprint of the bunker (note the location of this structure was subsequently
altered) while RP 1, 2 and 5 were located at a zone where karst weathering was identified in the
original investigations. The geophysical surveying was performed by Apex Geoservices and
included seismic refraction spreads and surface wave analysis (MASW) to determine small strain
stiffness.

Geotechnical soil and rock laboratory testing was performed on selected samples in accordance
with BS 1377 and ISRM. In addition, modification / stabilization trial testing was performed in the
laboratory to evaluate the behaviour of the glacial till, following the addition of lime (calcium oxide)
and ordinary portland cement. This element of the testing focused on MCV, CBR and sulphates.

The primary objectives of the investigation were as follows:

» Evaluate rock quality, weathering profile, strength and fracture state of the bedrock at the
proposed bunker & emissions stack

* Recover samples for geotechnical laboratory testing (soil & rock)

» Assess percolation characteristics of the upper soils at designated locations
This report presents an interpretation of the ground conditions and engineering properties of the
soils and bedrock. Recommendations are developed and provided on the key geotechnical issues

impacting on the proposed development. A separate factual report has been prepared and this
includes the rotary drillhole records, percolation test data and laboratory test results.
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2. FIELDWORK
2.1 General
The fieldworks were carried out during the period February 2009 and comprised the following:

o Rotary core drillholes (9 No.)
o  Percolation tests (2 No.)
o  Geophysical surveying

2.2 Rotary Drillholes

Rotary drilling was undertaken at nine locations using a top drive Knebel rig. Geobor core drilling
methods were utilized at six locations (denoted GC 1 to GC 6) with conventional air mist drilling
employed at three locations (RP 1, 2 & 5). The Geobor drilling system used polymer gel flush and
recirculation tanks, with the emphasis on high quality recovery in the glacial soils and upper
bedrock zone.

The Geobor coring produced 102mm diameter cores while the conventional coring produced
80mm diameter cores using air mist flush. Recovery in the Geobor holes was excellent with 100%
recovery in the majority of the runs. The Geobor drillholes achieved depths of between 11.80 and
15.10m while each of the conventional holes terminated at depths of 10.50m. Each of the core
drillholes were backfilled with cement/bentonite grout (tremmied) as directed by PM.

The rock cores were placed in 3m capacity timber boxes and logged by an IGSL engineering
geologist. This included photography of the cores with a digital camera. The core log records are
presented in Appendices 1 and 2 of the factual report and include engineering geological
descriptions of the rock cores, details of the bedding / discontinuities and mechanical indices (TCR,
SCR and RQD's) for each core run.

Where rock core was recovered, a graphic fracture log is also presented alongside the mechanical
indices. This illustrates the fracture state of the rock cores and allows easy identification of highly
fractured / non-intact zones and discontinuity spacings. It should be noted that no correction for dip
of the joints has been made and that the spacings shown are successive joint / core intersections
within the core.

2.3 Percolation Tests

Percolation or soakaway tests were performed at two locations to evaluate the infiltration potential
of the upper soils. The tests were conducted in accordance with BRE 365 guidelines and the data
sheets are presented in Appendix 3 of the factual report. The infiltration rate values (F Values)
were calculated using the field data and are shown on each of the logs.

2.4 Geophysical Surveying

Geophysical surveying was carried out by Apex Geoservices and included resistivity profiling,
seismic refraction spreads and multi-channel analysis of surface waves to assess soil stiffness
(GMax v depth). Details of the methodologies used, x-sections / profiles and maps are presented in
a separate report by Apex Geoservices.
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3. LABORATORY TESTING
Geotechnical soil laboratory testing was performed on selected Geobor core samples in
accordance with BS 1377 (1990). The soils testing included the following and results are presented
in Appendix 4 of the factual report.

Moisture contents

Particle size analysis

Atterberg Limits (Liquid & Plastic Limits)
Consolidated quick undrained triaxial tests
Consolidation (oedometer) tests

pH & sulphates

O O O 0 0 O

Soil modification / stabilization testing was carried out on samples of the glacial till recovered from
stockpiles and at the bunker footprint. The results of these tests are presented in Appendix 6 of
the factual report. Rock testing was undertaken on representative core samples and focused on
Point Load Strength Index (PLSI)) and unconfined compressive strength (UCS) tests in accordance
with ISRM. The results of the rock testing are presented in Appendix 5 of the factual report.
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4. GROUND CONDITIONS & ENGINEERING PROPERTIES
4.1 Ground Profile
The exploratory holes have revealed the ground conditions at this site to comprise:

o Glacial deposits
o Limestone Bedrock

4.2 Glacial Deposits

The Byrne Looby (BLP) investigatory works show the indigenous soils at this site comprise low
plasticity, brown very sandy gravelly CLAY with cobbles (locally grading to SILT). Subordinate
horizons or pockets of sandy GRAVEL and gravelly or clayey SAND were also uncovered during
the aforementioned investigations (trial pits). The cohesive or fine grained material is referred to as
‘glacial till', while the subordinate coarse or granular dominant materials are typical of fluvio-glacial
deposits. Ground levels (mOD) were not reported on the BLP records, however it appears that the
cable percussion boreholes refused on cobble / boulder obstructions.

The soils are thought to represent over-consolidated lodgement till and examination of the BLP
borehole and trial pit descriptions show changes in colour and grading with depth. The gravel
constituents or clasts range from fine to coarse, are subrounded to subangular and predominantly
limestone in origin. Recovery of the glacial till in the Geobor drillholes was good to excellent and
the cores show a complex and variable stratigraphy. An example of the core recovery in the glacial
till is presented in Plate 1.

Plate 1 - Geobor Recovery in Glacial Till (GC 3)

No undisturbed samples (U100’s) were recovered by BLP/GII for laboratory strength testing.
However, the SPT test is widely used in establishing the strength or relative density of glacial till
deposits and relationships exist between SPT N-Value (blows for 300mm penetration) and
undrained shear strength (C,). The most widely used correlation between N-Value and C, for
glacial till soils is that proposed by Stroud & Butler where Cy = 4 to 6N. An SPT data plot has been
prepared using the relevant BLP/GII borehole data and this is presented in Figure 1. The N-Values
show the upper glacial ill to be principally firm in consistency, becoming firm / stiff with depth.
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Consolidated quick undrained (CQu) triaxial compression and odeometer consolidation tests were
performed by IGSL on selected Geobor samples. The CQu tests produced cohesion values of
between 91 and 241 kN/m? (mean value of 166 kN/m?) and these indicate stiff and very stiff glacial
soils. Bulk densities range from 2.06 to 2.36 Mg/m?3 and these are characteristic of over-consolidated
gravel or cobble dominant glacial till.

Inspection of the oedometer test data shows Modulus of Volume compressibility (Mv) values typically
around 0.3 m%MN in the 100 to 200 kN/m? pressure range. Coefficients of consolidation (Cv) were
also calculated and appear to be quite consistent, with values typically of the order of 20 to 30 m2/yr.
It is highlighted that the oedometer test is performed on a 76mm diameter sample and in glacial till
materials, this can produce higher Mv’s as the gravel and cobble constituents are excluded in the
laboratory test.

On a field scale, the gravel / cobble constituents tend to enhance the stiffness of a glacial till deposit.
The oedometer consolidation tests produced higher Mv's than expected and the values suggest the
till is of medium compressibility (Mv of 0.1 to 0.30 m?/MN). For settlement calculations, a Modulus of
Volume Compressibility value of 0.2 to 0.25 m2/MN for the firm glacial till is deemed reasonable.

Table 1 - Summary Details of Consolidated Quick Undrained (CQu) Tests

Geobor Sample Depth Dry Density Bulk Density NMC (%) Cohesion

Drillhole (m bgl) (Mg/m3) (Mg/m3) (kN/m2)
RC1 2.60 1.68 2.06 20 91
RC3 2.00 2.01 229 14 214
RC3 450 210 2.36 9.7 260
RC 4 3.20 1.76 2.16 22 96
RC5 3.00 210 232 1 168

Natural moisture contents were determined on representative Geobor core samples and produced
values mostly in the range 11 to 19%. Liquid and Plastic Limit tests (consistency indices) were also
performed on selected samples and these show the till to be predominantly of low plasticity (CL).
With the exception of one sample (GC 3 at 4.50m) the remainder of the tests plot above the A-Line
on the Casagrande Chart. The majority of the plasticity Indices are in the 12 to 19% range. Fines
contents (i.e. silt & clay) vary considerably in the Geobor drillholes, with the till having between and
30 and 70% fines. Applying the Hazen or Sherard equations, the boulder clay is classed as being
of low permeability, with coefficients of permeability (K) of the order of 10-8to 10-°m/s.




Meath Waste Management Facility, Duleek Geotechnical Interpretative Report

Figure 2 - SPT Data Plot

Surface wave velocities (Rayleigh waves) were measured by Apex Geoservices at five spread
locations using an array of geophones at designated spacings. The shear wave velocity data (Vs)
was used to derive small strain shear modulus or stiffness values (Gmax) with depth. The shear
wave velocity and small strain stiffness plots have been combined and are presented in Figures 2
and 3 respectively. The shear wave velocities increase with depth and this data can be used to
derive Bulk Modulus, Youngs Modulus, Poisson’s Ratio and Gmax. Values of dynamic moduli (Gmax)
are typically an order of magnitude greater than static values, established by routine in-situ testing.
Ground strains are generally accepted to be < 0.1% and therefore small strain stiffness values can
be used to make reasonable predictions of deformations (Jardine et al. 1986). The Apex
geophysical report presents values of Vs, Vp, Density, Poissons Ratio, Youngs Modulus (dynamic
& static)) and Bulk Modulus.

The data shows of Guax values in the upper glacial soils typically ranging from around 50 MPa to
150 MPa (firm / stiff boulder clay), increasing to 500 MPa in the very stiff till /upper variably
weathered bedrock. The variations in the small strain stiffness values correlate well with the
variations in soil composition as indicated by the Geobor core recovery. There is a noticeable ‘kick’
at a depth of approximately 5 to 6m, this correlates with the core drillhole data (GC 1 to 5) where
rockhead was confirmed at depths of 5.30 to 8.00m.

10
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Figure 2 — Shear Wave Velocities v Depth

Figure 3 - Small Strain Stiffness (GMax) v Depth

4.3 Bedrock

The core drilholes show that bedrock consists of mid grey and grey blue, fine to medium grained
silileous and fossiliferous LIMESTONE belonging to the Platin Formation (GSI Sheet 13, Geology
of Meath). The limestone appears to be have been silicified, and is classed as being predominantly
slightly weathered to fresh, though zones of moderately weathered and heavily fractured (non-
intact) limestone were also uncovered. Table 1 presents summary details of the rotary drillholes,
and includes rockhead depths and an overview of rock quality at each exploratory location. Not

11
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unexpectedly, rockhead elevation appears to be irregular at the site and appears to be deepest in
GC 3 and GC 6 (east of the turbine and auxillaries).

Plate 2 — Example of Limestone Bedrock at Waste Bunker (RP 2)

The Geobor drillholes produced high quality core recovery in the variably weathered upper
bedrock. Prominent clay, sand and gravel infill was noted in a number of the drillholes and there is
clear evidence that the bedrock has been subjected to karst weathering / alteration. It should be
noted that the siliceous limestone is more resistant to solution weathering (as opposed to the more
calcareous fine grained limestone which is much more susceptible) and this may ‘mask’ the true
rock mass quality. There is good reason to suspect that a paleokarst system could be present at
the site and this will be discussed further in Section 5.

Discontinuities are generally rough and undulose while apertures appear to have widths of around
1 to 2mm. Dips mostly vary between sub-horizontal and 45° and surfaces show iron staining or
discolouration. There is also evidence of clay smearing or infill along discontinuity surfaces.
Discontinuity spacings are principally close (60 to 200mm) and medium (200 to 600mm) spaced
though GC 3 shows very closely spaced (20 to 60mm) discontinuities, with much of the core more
akin to a coarse angular gravel.

Point load strength index (PLSI) tests were carried out on a number of core samples and results
are presented in Appendix 5 of the factual report. Inspection of the data sheets shows Isso values
of between 2.78 and 11.2 MPa with a mean value of 6.6 MPa. The compressive strength of the
rock (qc) can be established using a correlation suggested by Goodman where qc = 18 to 24 x Iss.
Using a correlation value of 20, the point load test data shows the limestone to be predominantly
strong (i.e. 50 to 100 MPa) to locally very strong (100 to 200 MPa).

Unconfined compressive strength (UCS) tests were also undertaken on selected rock cores and
produced values of 27, 72, 35, 38, 39, 36, 54 and 59 MPa respectively. The UCS test data classes
the limestone as moderately strong to locally strong and this is clearly at variance with the PLSI
data. It is thought that the core samples failed prematurely during UCS testing (failure along

12
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incipient discontinuities as the principal stress was applied) and hence does not truly reflect the
inherent strength of the limestone bedrock.

Table 2 - Summary Details of Rotary Drillholes

Rotary Total Rockhead Rock Quality Characteristics
Hole Depth (m bgl)
(m bgl)
GC 1 12.00 6.60m Strong to very strong (where intact) and locally

(23.5m OD) moderately strong, fresh to slightly weathered
LIMESTONE. Very closely fractured from 6.60 to
¢8.7m. Dry.

GC2 15.10 5.30 Strong to very strong (where intact) and locally
(24.70m OD) | moderately strong, fresh to locally slightly weathered
LIMESTONE. Dry.

GC3 11.80 8.00 Strong to moderately strong, slightly to locally
(22.14m OD) | moderately weathered LIMESTONE. Dry. Prominent
infill with sand, gravel & clay throughout, indicative of
karst weathering / alteration.

GC4 12.15 7.15 Strong to very strong (where intact) and locally
(23.12m OD) | moderately strong, fresh to locally slightly weathered
LIMESTONE. Locally highly fractured (8.60 to 9.80m).

Dry.

GC5 12.20 5.80 Strong to moderately strong, fresh to slightly weathered
(24.28m OD) | LIMESTONE. Dry.

GC6 13.50 8.25 Strong to moderately strong, fresh to locally slightly
(22.02m OD) | weathered LIMESTONE. Highly fractured with very
prominent clay, sand, gravel infill, indicative of karst
weathering / alteration. Dry.

RP 1 10.50 6.40 Strong to very strong (where intact), fresh to locally
(23.54m OD) | slightly weathered LIMESTONE. Cavity noted by driller
from 8.70 to 8.90m, indicative of karst weathering /
alteration. Dry.

RP 2 10.50 5.70 Strong to very strong (where intact) and locally
(24.33m OD) | moderately strong, fresh to locally slightly weathered
LIMESTONE. Dry.

RP5 10.50 6.70 Moderately strong (where intact) to moderately weak,
(23.48m OD) | moderately to locally highly weathered LIMESTONE.
Becoming strong to moderately strong from ¢8.60m,
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upper bedrock zone highly weathered / non-intact (6.70
to ¢8.60m). Dry.

4.4 Groundwater

Groundwater was not encountered in any of the nine IGSL rotary core drilholes. It is highlighted that
loss of water flush was observed during drilling and this is characteristic of karst bedrock. It is noted
that standpipes were not installed in the rotary drillholes to establish equilibrium groundwater levels.

14
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5. DISCUSSION & RECOMMENDATIONS
5.1 General
It is understood that a waste to energy facility will be constructed at this site. In light of this and the
geotechnical / geophysical findings, the following ground engineering issues are developed and
discussed:

* Bearing capacity

* Foundations & floor slabs

* Excavatability

» Earthworks & modification of glacial soils

*  Groundwater

* Slopes & ground retention

» Karst weathering & geotechnical risk management
5.2 Bearing Capacity
The strength and relative density of the soils has been discussed previously in Section 4.2. The
upper glacial till is principally firm and firm / stiff in consistency, while the lower till is typically stiff to
locally very stiff. The weathering and strength of the limestone bedrock has been discussed in
Section 4.3 and on foot of the strengths established by the laboratory testing, safe bearing and
recommended allowable capacities (as defined in Section 2.2.8 of Tomlinson, 7t Ed) are presented

in Table 2.

Table 2 - Summary Details of Safe Bearing Capacities

Stratum Characteristic Strength Assumed Safe Recommended
or Relative Density Bearing Allowable Bearing
Range Capacity Capacity*
(kN/m2) (kN/m2)
Upper fill - firm and firm / stiff 75 to 100 kN/m? 17510 225 200

brown and grey brown sandy
gravelly CLAY / SILT (N-
Values of 15 to 20)

Lower fill - stiff and very stiff 125 to 150 kN/m? 250 to 300 275
sandy very gravelly CLAY /
SILT with cobbles (N-Values
of 20 or greater)

Variably weathered (slightly to Moderately strong 1250 to 1500 1250
moderately weathered) upper to strong
LIMESTONE

* Recommended allowable bearing pressures presented are proposed to limit differential settlement
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The upper glacial ill is typically firm / stiff and should provide an allowable bearing capacity of 200
kN/m2. The Geobor cores and associated laboratory testing indicates the lower till to be stiff / very
stiff and this should safely support loads of the order of 250 kN/m2. It is highlighted that the low
plasticity glacial till will be particularly susceptible or sensitive to small increases in moisture
content and should be protected without delay to avoid degradation.

An allowable bearing capacity of 1250 kN/m? is suggested for pad or spread foundations located
on the upper variably weathered limestone bedrock. Should foundations be located on the slightly
weathered / fresh strong or very strong limestone, then an allowable bearing capacity of 1750 to
2000 kN/m? could be adopted.

5.3 Foundations

It is understood that the waste to energy facility building will be on two levels (34.00 & 30.50m OD)
while the bunker will have a formation level of 22.60m OD. Building column loads are typically of
the order of 500 KN, though equipment loads vary greatly, with the heavier structures having loads
of 2000 kN and in some areas up to 3900 kN (furnace boiler). The reception hall building is
expected to have column loads of approximately 350 kN while the ash (slag) storage building will
have column loads of ¢500 kN.

In light of these loads and the geotechnical findings, foundation solutions for the principal
structures are suggested in Table 3. This is to provide guidance to the designer and he must
consider all of the relevant geotechnical data and impact of differential settlement with regard to the
foundation design for the structure.

Table 3 - Suggested Foundation Solutions

Structure Column Loads Floor Slab Proposed
Loads Foundation Solution
Reception Hall 350 kN Axle loads 13t | Pads / strip footings founded on
Truck load 30t stabilized fill or imported
granular fill with ground bearing
floor slabs
Waste / Ash 1600 kN/m along 100kN/m? Raft founded on upper limestone
Bunker retaining wall on bunker slab | bedrock (remove glacial till &

replace with lean mix concrete)

Furnace Boiler + 500kN along 20 kN/m? Piles
building perimeter
Equipment 1500 to
3900 kN
Turbine Area + 500 kN along 20 kN/m? Piles

building perimeter
Equipment loads
2000 to 3500 kN
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Slag Storage + 500 kN building 20 kN/m? Pads & strip footings*
loads

Lab Area +500 kN building 20 kN/m? Piles
loads
Equipment 800 to
3500 kN

** refer to text

Reception Hall / Building

It is understood that the reception hall / building will have a floor level of 34.00m and with ground
levels at ¢30.0m, this will entail approximately 3.5 to 4m of engineering fill. Either modified glacial
till (use of lime or cement to increase strength / stiffness) or imported granular fill (6F1 / 6F2
capping or 6N) could be used to achieve the platform level. If modified glacial till is selected, it
should be placed in layers not exceeding 300mm and high quality compaction should be attained
using either smooth drum or sheepsfoot rollers having a minimum mass per metre width of roll of
not less than 5400kg. Modified / stabilized glacial till should be compacted to achieve a minimum
of 95% of Proctor optimum (as determined by the 2.5kg rammer method) or air voids not exceeding
5%. Geotechnical testing should form an integral part of the modification works, with plate tests to
derive CBR values and modulus of sub-grade reaction (Ks) values.

Waste Ash Bunker

Formation level for the waste ash bunker will be 22.60m OD and this will involve removing
approximately 8m of glacial till and limestone. The rotary core drillholes (BLP/IGSL) have
established rockhead at elevations of 23 to 24.3m OD at the northern section and 24.9m OD at the
south / southeast corner. Based on this, it is expected that the waste bunker foundations will be
located on the upper limestone bedrock. (Bedrock topography map will be produced by Apex
Geoservices afer completion of the additional site works on 31/3/09). Given the variability in
weathering and irregular rockhead profile, provision should be made for excavating pockets or
zones of moderately to highly weathered limestone and replacing with lean mix concrete. It
appears from the two phases of geotechnical investigations that cavities are present in the
limestone at Carranstown (note adjacent Irish Cement Platin Works site is known to contain
prominent karst features) and these should be a key consideration during the construction works at
Indaver.

Both the BLP and IGSL geotechnical investigations encountered cavities within the upper
limestone bedrock. RP 1 identified a cavity between 8.70 and 8.90m while RC 7 encountered a
cavity between 8.50 and 9.90m. It is strongly advised that the bedrock formation material at the
waste bunker be closely inspected by an experienced geotechnical engineer. In addition, provision
shoud be made for geophysical surveying (ground probing radar & resistivity profiling methods) to
be carried out when excavation works are complete. A reinforced concrete raft foundation is
advised for the bunker, and should be designed to deal with a potential open void or cavity span of
atleast 1m.

Furnace Boiler

With equipment loads of 1500 to 3900 kN at the furnace boiler, it is advised that piles are utilized.
The expectation is that bored piles would be used and formed by odex / symmetrix methods,
extending through the superficial deposits and into the limestone bedrock. The rotary core
drillholes undertaken at this area (GC 1, GC 5 & RP 5) encountered rockhead at elevations of 23.5
to 24.3m OD. The aforementioned drillholes showed significant variations in rock mass quality (i.e.
weathering and strength) and this has to be considered in pile design. RP 5 showed a distinctive
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highly weathered profile from 23.5 to 21.5m OD. On the evidence of the rotary holes (particularly
RP 5) pile lengths are expected to vary considerably, with load capacity dependant on variation in
strengths and alteration due to karst weathering.

For preliminary foundation design purposes, it would be reasonable to assume that 600mm
diameter piles, founded in the limestone bedrock, would provide a safe working load of the order of
1500kN. Therefore, pile groups of 3 or 4 could be designed to accommodate equipment loads of
4000 to 5000 kN. The piles should achieve adequate socket depths and rely largely on skin friction
developed within the glacial till and limestone bedrock. If end bearing is to be relied upon, then
core drilling should be carried out to validate rock quality below the pile toe. In view of the variably
weathered nature of the karst altered limestone bedrock, the emphasis should be on reducing pile
capacity and ensuring that the pile group can safely accommodate the column loads. It is expected
that bored piles would have a minimum socket depth of 2.5 to 3m but this will be governed by the
actual weathering profile and degree of intactness of the limestone bedrock at each pile group
location.

Turbine Area

The ground conditions at the turbine area comprise stiff glacial till underlain by strong and very
strong limestone bedrock (at an elevation of approximately 21.3m OD based on RC 2 BLP/GII
Report). Again, equipment loads are considerable at the turbine area (up to 3500 kN), hence piles
are recommended. It is expected that the piles for this structure will extend into the limestone
bedrock (to provide an adequate socket). There was no evidence of cavities or voids in RC 2 and
total core recovery (TCR) was fair to good. The limestone appears to be largely intact (though non-
intact zone was present from 19 to 18.2m OD) and should provide a competent founding medium.
Again, 600 or 900mm diameter bored piles are expected to be used and extend sufficiently into the
intact or competent limestone.

Slag Storage Building

Building column loads at the slag storage building are estimated at +500 kN. GC 1 and GC 4 are
most relevant to this area (note an absence of geotechnical information at the northern portion) and
showed the glacial till materials to be generally stiff or upperbound medium dense. It is expected
that pad and strip footing foundations will be utilized at this area and should be sized using an
allowable bearing capacity of 200 kN/m2. The real concern with utilizing pads at this building is the
potential for differential settlement and the impact this would have on the structure.

In karst altered terrain, the strength / stiffness of glacial till soils can be highly variable (due to
migration into voided zones) and this should be considered. Before foundations are finalized for
the slag storage building, a programme of dynamic probing should be considered (grid of 5 x 5m)
to evaluate the strength of the upper soils (i.e. within 3 to 4m of existing ground level). This data
should be subsequently reviewed with the small strain stiffness geophysical data (Gmax profiles).

5.4 Floor Slabs

Anticipated floor slab loadings are presented in Table 2 and are generally of the order of 20 kN/m2.
Ground bearing floor slabs are expected to be suitable for the reception hall, slag storage,
administration and laboratory buildings. Ground bearing floor slabs should not be located on made
ground / fill material. This is due to its inherent variability and likely poor compaction (or no
compaction), hence total and differential settlement would be a real concern. Made ground / fill
materials should be removed and replaced with suitable approved engineering fill (i.e. imported
granular fill or stabilized glacial till).

Given the silt dominant nature of the glacial till and proposed floor slabs loadings of 20 kN/m? a
minimum granular layer thickness (6F1 / 6F2) of 500 mm is recommended. However, where floor
slab loading are > 20 kN/m?2 an enhanced modulus granular layer should be considered. A granular
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layer thickness of 600 to 800mm should be considered where modulus of sub-grade reaction
values (Ks) are < 20 MPa/m or CBR < 1%.

If imported limestone / mudstone derived granular fill is used under floor slabs or structures, then it
should have a minimum Ten Per Cent Fines Value of 130 kN and minimum CBR value of 15%
(derived using plate bearing plate method). From a chemical and pyrite degradation aspect,
granular fill material should have a maximum equivalent pyrite content of < 1% (i.e. low to medium
swelling potential in accordance with CTQ-M200), maximum total sulphur content of 1.0% (or <
0.4% if pyrrhotite is suspected) and maximum acid soluble sulphate of 0.2% in accordance with IS
EN 13242:2002.

If pyrite is present in granular fill, this may lead to problems with oxidation, weathering and
adverse reaction with carbonate minerals. Potentially expansive fill materials should not be used
under structures. Imported granular fill material (e.g. capping or sub-base) should be thoroughly
checked for total sulphur and soluble sulphates (SOa). Thin section petrographic analysis should
also be carried out to determine mineralogical composition, particularly for the presence of pyrite
in the rock matrix (especially more reactive fine grained or framboidal pyrite).

5.5 Excavatability

The key factors which govern or control excavation methods in glacial till / boulder clay and hence
production rates are the strength of the matrix and frequency or predominance of boulders. On
the basis of the SPT Values and strength descriptors on the logs, excavation of the glacial till is
expected to be efficiently carried out using 20t tracked excavators.

The three key factors, which govern or control excavation methods and hence production rates in
bedrock are:

» compressive strength of the rock
» discontinuity / bed spacings
* orientation and tightness of the discontinuities or bedding

A number of methods are available to assess the excavatability characteristics of the limestone
bedrock, including the Pettifer & Fookes chart, Weaver rating chart etc. On the basis of the
mechanical indices (SCR/RQD), discontinuity characteristics and strengths established by the
point load tests, heavy digging and hydraulic breaking (6 or 8t breakers mounted on 50t
excavators) is anticipated to efficiently loosen or fracture the upper bedrock. The strong / very
strong siliceous or fossiliferous limestone bedrock will be more onerous to loosen and this should
be considered by civil engineering contractors.

Trench excavations in the strong / very strong limestone bedrock will be very onerous (due to the
lack of a free face) and the siliceous limestone will tend to reduce to a powder. It is highlighted
that the Pettifer & Fookes excavatability chart (nomogram) tends to be very optimistic for indurated
Irish bedrock deposits, particularly strong / very strong materials. It provides no information on
production rates and serves only as a guide in assessing possible excavation methods
digging/ripping/hydraulic breaking/blasting).

5.6 Earthworks & Modification of Glacial Soils

In view of the variability of the glacial fill soils and concerns regarding their re-use potential, a
programme of laboratory modification / stabilization testing was carried out by IGSL. Moisture
Condition Value (MCV) and California Bearing Ratio (CBR) tests were undertaken on samples of
the glacial till recovered from the bunker footprint and stockpiles constructed by Sisk. This focused
on two modes of testing following the addition of calcium oxide (supplied by White Rhino,
Clogrennane) or OPC to the glacial till. MCV’s were carried out after a period of circa 3 hours and
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CBR tests following curing for periods of 1, 3 and 14 days respectively. The CBR and MCV tests
were performed on unsoaked samples, where the material was allowed to cure at a laboratory
temperature of 16 to 18°C.

Inspection of the laboratory test data in the factual report shows MCV'’s increased significantly
after lime or cement binder was added. The MCV’s were undertaken after mixing and curing for 3
hours. In the majority of cases, the MCV'’s increased to +7 with the material from the bunker
footprint (TP 1A & 1B) performing best. The samples from the stockpiles were considerably wetter
and the MCV’s on these samples increased modestly after adding 1 or 2% calcium oxide. With
regard to the CBR test data, the glacial till material showed a good exothermic reaction with
calcium oxide, particularly the samples from the bunker (TP 1A & 1B), which produced high CBR
values. The CBR values from the stockpile samples were considerably lower and more erratic,
even with 2% binder.

It is concluded from the modification / stabilization laboratory trial testing that the glacial till has the
capacity to produce a good quality engineering fill, following the addition of 1 to 2% calcium oxide
or OPC. It is expected that a minimum CBR value of 5% will be required for bulk engineering fill
(after curing for a period of 7 days) under structures and floor slabs. In view of the laboratory CBR
values obtained from the stockpiles, provision should be made for at least 2% binder. Given the
composition and variability of the glacial till, a combination of lime and cement (e.g. 2% lime with
1% cement) should be considered for the variable stockpiled material. Field trials are advised
during the early stages of the modification / stabilization works to determine dosage or
consumption quantities to achieve an MCV of 8 to 14 and minimum CBR value of 5% or modulus
of sub-grade reaction (Ks) value of 40 MPa/m.

5.7 Pavement

Capping material (6F1 / 6F2) is used to protect the sub-grade and the sub-base material and
increase the stiffness modulus and strength of the formation. In accordance with DMRB Design
Guidance for Road Pavement (HD 25) the lower-end equilibrium CBR values should be used to
determine appropriate capping layer thickness. Remoulded CBR values were carried out by
BLP/GII on the soils at depths from 0.5 to 3.50m and values range from 1.0 to 18%. Taking a
characteristic lower end CBR value of around 2%, a capping layer thickness of the order of 400 to
450mm is recommended.

Provision should be made for additional CBR tests to be carried out during the earthworks phase
at the principal access roads and pavement formations (i.e. preferably plate bearing tests to derive
CBR values). It is expected that this would be undertaken during the early earthworks phase to
confirm design CBR value and validate appropriate capping layer thickness. A geotextile fabric
(PB 120 or similar) should be used for separation at roads, car park and general pavement areas.

5.8 Groundwater

As set out in Section 4.4, groundwater was not encountered in any of the IGSL rotary drillholes.
Groundwater was locally intercepted in the BLP/GII trial pits (i.e. 1.9 to 3.5m bgl). These levels
are unlikely to reflect long term equilibrium water conditions but should be considered in terms of
ingress during excavation works. Packer tests were not carried out to evaluate the permeability or
water-tightnes of the bedrock. However, on the evidence of the discontinuity spacings and fracture
state of the cores, the bedrock would be expected to be of medium permeability (i.e. Lugeon
Values of 5 to 20).

In light of the BLP/GII borehole and trial pit findings, provision should be made for sump pumping
in excavations. It is possible that some groundwater pumping may be required at the bunker and
other deeper foundations areas (chambers or waste sump tanks etc). Perimeter drains and sumps
should be carefully located and constructed, to ensure that groundwater is efficiently removed
from excavations and trenches.
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5.9 Slopes

On the basis of the strength of the material from the SPT's,and Gebor cores and groundwater
conditions, a slope batter of 33° (1V:1.5H) is suggested for temporary excacations in the firm / stiff
glacial till. Temporary slope protection measures should be installed to prevent the risk of spalling.
To mitigate against cobbles, boulders or loose blocks / clods spalling, either galvanised mesh or a
geogrid (Tensar SS 30 or similar) should be fixed against the crest, mid-point and toe of the batter.
This is normally carried out with upturned reinforcing bars or a bulb of concrete at the toe.

Temporary slopes should be regularly inspected during the course of any excavation works by an
experienced geotechnical engineer. The purpose of this is to evaluate unfavourable or potentially
unstable ground conditions, general slope behaviour and groundwater. The slope batters should
be inspected daily by an experienced site engineer. If there are concerns with instability, then
advice should be sought from a suitably experienced geotechnical engineer.

5.10 Ground Retention

With an excavation depth of the order of 7m required for the bunker, ground retention is expected
to be used. Considering the prevailing ground and groundwater conditions at the bunker footprint,
it is believed that either a contiguous bored piled wall or king post wall is most appropriate, Given
the space constraints within the excavation (19m wide), a cantilever contiguous bored piled
(600mm diameter) wall or unpropped king post wall would be preferred. With groundwater largely
absent in the boreholes / drillholes, king posts could be constructed with universal columns at 5m
centres and utilizing precast concrete panels.

To progress through the strong limestone bedrock and attain the required embedment depths for
either solution, robust bored piling methods will be necessary. The use of CFA piling techniques is
not recommended, as this system is not expected to penetrate through strong limestone bedrock.
Odex / symmetrix or down the hole hammer methods are considered most suitable.

Geotechnical instrumentation should form a key part of the ground retention works. Inclinometers
(minimum of 2 No.) should be installed to measure lateral wall deflections. The actual deflections
should be compared with the predicted values and ensure that they do not exceed threshold limits
agreed with the Engineer.

5.11 Karst Weathering

Karst subsidence is a function of groundwater movement and hydrogeological changes in surface
water. Groundwater play a key role in the formation of subsidence sinkholes. A subsidence
sinkhole was defined by Waltham (1989) as a ‘failure of soil or weak rock into underlying
cavernous limestone’. Newton & Waltham (1989) identified sinkholes into two types: firstly those
resulting from water level decline and secondly, those resulting from diversion or impoundment of
surface drainage.

Temporary lowering of the water table down to bedrock level is known to be a significant
contributory factor in sinkhole development. It is also well established, that periods of dry weather
followed by very heavy prolonged rainfall can trigger subsidence. Similarly, stripping of topsoil or
vegetation increases the rate of infiltration of surface water and redirection of run-off can cause
preferential flow and initiate subsidence. Subsidence sinkholes can develop very quickly following
heavy rainfall and earthworks stripping.

As noted in Section 4.3, there is evidence of solution weathering or karstification in the limestone
bedrock at this site. Karstification is known to occur in the Duleek / Carranstown area and the
Platin Formation is known to be very susceptible to karst weathering. Considering all of this, the
potential or likelihood for karst subsidence features to occur should be strongly considered in both
foundation and drainage design. The site development earthworks (completed in January 2009)

21



Meath Waste Management Facility, Duleek Geotechnical Interpretative Report

have produced a platform level of 30m OD. Surface water was present during the course of the
rotary drilling works (early to mid February) but there was no evidence of sinkholes or
depressions. It is noted that significant water flush loss during drilling was recorded by the driller
and this suggests fissures or voids in the limestone bedrock.

A number of measures can be taken to minimise the risk associated with excavation works and
foundations. Surface water should be carefully managed and controlled, so as to avoid
indiscriminate run-off or dissipation into the formation soils. The civil engineering contractor should
be aware of the risks associated with this particular site and provide tool box talks to engineering
staff and site operatives. Bunds or swales should be constructed to control surface water run-off
and discharge to attenuation ponds.

The groundwater levels in the BLP/GII standpipes should be monitored during the course of the
excavation works for the bunker and should groundwater levels drop below equilibrium levels, this
should be a cause for concern, as significant lowering of the groundwater table (as noted
previously) can trigger or initiate subsidence sinkholes. Piling contractors should also be made
aware of the potential issues with ground engineering works in karst altered limestone. Earthwork
and piling contractors should evaluate the risk of ground hazards and address in method
statements. As regards foundations located on the limestone bedrock (i.e. waste bunker), the
recommendations outlined in Section 5.3 should be considered and implemented.

5.12 Geotechnical Risk Management

Reference should be made to the ICE / DETR ‘Managing Geotechnical Risk’ report which
addresses the principles of managing geotechnical risk, steps in risk management, undertaking
risk analysis and setting up a risk register with designers, contractors and of course the client.
Given the scale of the main structures and the fact that karst limestone is present, a risk
assessment is suggested. Geotechnical risk management provides a means of:

* |dentifying potential geotechnical or ground related hazards
* Reducing the uncertainty of geotechnical or ground related hazards

* Evaluating the vulnerability of construction activities (particularly foundations &
earthworks) to the geotechnical risks

* Producing robust geotechnical designs with back-up plans in the event that unforeseen
conditions arise

A key part of geotechnical risk management is the setting up of a risk register or risk management
log. The risk register provides a means of recording potential uncertainties or hazards before and
during construction. The type of risk can be identified, consequences established and the risk
classed accordingly (low, medium, high or very high). A risk management register is strongly
recommended for this project and both the designer and contractor should identify particular
geotechnical risks or hazards pertaining to the main structures.

Examples of a risk register are presented in Appendix A of the aforementioned ICE / DETR report
and a sample version is presented in Table 5. This presents an outline of the key geotechnical
risks for four key areas at the site. The design strategy or risk control measures (RCM) must be
adequately robust to deal with uncertainties identified by the geotechnical investigations and
requirements of the client.

The risk register should be reviewed and updated as design and construction progresses. This
can be used to re-assess risk and re-rank the key risks accordingly. On-going assessment is
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particularly important in karst affected sites, where subsidence features can develop randomly and
without warning.

Table 5 - Sample of Geotechnical Risk Register / Log for Indaver Carranstown Project

Structure Key Risks Probability | Impact Risk Design
(1,2,3) (1,2,3) Class Strategy
(L,M,H.C)
Reception | Ability of modification / stabilization
Hall works to achieve target strength /
stiffness.
Differential settlement of pad or
strip footing foundations.
Elevated sulphates in modified
glacial till.

Waste Rock excavatibility.

Bunker - . .
Ability of contiguous bored piles or
king posts to attain design
embedment depth.

Potential for subsidence (voids /

cavities) to  develop  under

foundations or void migration.
Turbine & | Differential ~ settlement  between
Auxillaries | Pads.

Piles failing to achieve adequate

embedment or socket depth in

limestone bedrock.

Possibility of void migration under

turbine and auxillary structures.

Slag Differential ~ settlement between

Storage | Pads.

Stiffness of formation soils to
accommodate floor slab loads.
Possibility of void migration under
slag storage.

Probability (1=Low, 2=Medium, 3= High)
Risk Class (Low, Medium, High, Critical)
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Appendix 9.2
Trial Pit Logs 2000



Trial Pit Records

Date : 28/4/00

Project No.: 2175 Location : Duleek, Co. Meath
Drilling Method : JCB Supervisor :  Amy Brennan
TRIAL PIT NO.1
Geology :
0-0.25 Dark brown organic-rich TOPSOIL
r -: 0.25-0.9 Medium brown silty CLAY with occasional subrounded pebbles.
N4
0.9-3.0 Fine grained, homogeneous, brown SAND.
3.0-3.2 Brown BOULDER CLAY with occasional large limestone boulders
3.2-3.3  Stiff, black BOULDER CLAY

Depth to Rock :
Rock Type :
Water Entry :
Static Water :
Total Depth :

Comments :

>3.3m
None

3.3m

Composite soil samples taken; Dry deposits. No unusual colours o odours
noted.

—
S

K.T.Cullen & Co. Lid.

Hydrogeological & Environmental Consultants




Trial Pit Records

Project No.: 2175 Location: Duleek, Co. Meath Date : 28/4/00
Drilling Method : JCB Supervisor :  Amy Brennan
TRIAL PIT NO.2
Geology :

0-0.2  Brown organic-rich TOPSOIL
0.2-1.1  Medium brown silty CLAY with occasional subangular pebbles.
1.1-1.6 Medium brown, silty BOULDER CLAY with large limestone boulders

1.6-3.4 Extremely coarse, clayey GRAVEL deposits (boulders up to 40 - 45cm),
with water.

Depthto Rock: >3.4m
Rock Type :
Water Entry:  3.2m
Static Water: 32
Total Depth: 3.4m

Comments :  Water seen to be flowing in through the gravels. Composite soil sample
taken. No unusual colours or odours noted.

K.T.Cullen & Co. Ltd.

Hydrogeological & Environmental Consultants




Trial Pit Records -

Project No.: 2175

Drilling Method : JCB

Location : Duleek, Co. Meath Date : 28/4/00

Supervisor : Amy Brennan

Geology :

0-0.15
0.15 - 1.9

1.9-34

Depth to Rock :
Rock Type :
Water Entry :
Static Water :
Total Depth :

Comments :

TRIAL PIT NO.3

Dark brown organic-rich TOPSOIL

Dark brown, moderately well-sorted , dry, clayey, sandy GRAVEL.

~ Lighter brown, clayey SAND with occasional pebbles up to 3-4cm in size.

>3.4m

Seepage into the excavation from approx. 1.9m

3.4m

Water was seen to be seeping in through the clayey SAND layer.
Composite soil sample was taken. No unusual colours or odours.

e

K.T.Cullen & Co. Lid.

Hydrogeological & Environmental Consultants




Trial Pit Records

Project No.: 2175 Location: Duleek, Co. Meath Date : 28/4/00
Drilling Method : JCB Supervisor :  Amy Brennan
TRIAL PIT NO.4
Geology :
0-0.15 Brown organic-rich TOPSOIL
0.15-0.4 Medium brown subsail.
0.4-1.25 Loose, light brown, silty, sandy, CLAY with occasional rounded pebbles.
1.25-3.45 Poorly sorted, subrounded, brown, clayey, sandy, GRAVEL with some

Depth to Rock :
Rock Type :
Water Entry :
Static Water :
Total Depth :

Comments :

black colouration due to presence od shaley fragments.

>3.45m

Gravels moist- Very small amount of seepage.

3.45m

Gravel layer collapsing into the hole. No unusual colours or odours noted.
Composite soil samples taken.

K.T.Cullen & Co. Ltd.

Hydrogeological & Environmental Consultants




Depth to Rock :
Rock Type :
Water Entry :
Static Water :
Total Depth :

Comments :

Trial Pit Records
E " Project No.: 2175  Location: Duleek, Co. Meath Date : 28/4/00
Drilling Method : JCB Supervisor :  Amy Brennan
TRIAL PIT NO.5
Geology :

0-0.12  Medium brown organic-rich TOPSOIL
E i 0.12-1.3  Loose, light brown, sandy CLAY. |

13-27 Loose, fine grained, homogeneous brown SAND.

2.7-34 Quite stiff, light brown BOULDER CLAY

>3.4m

Water seeping into the hole at approx 2.7m through the bottom of the sands.
Not available. Hole filled up with sand.

3.4m

Walls of the excavation very unstable and sand collapsing into the hole. No
unusual colours or odours noted. Composite soil samples taken.

A
.

K.T.Cullen & Co. Ltd.

Hydrogeological & Environmental Consultants




Trial Pit Records

Project No.: 2175 Location : Duleek, Co. Meath Date : 28/4/00
Drilling Method : JCB Supervisor : Amy Brennan
TRIAL PIT NO.6
Geology :
0-0.15 Dark brown organic-rich TOPSOIL
0.15-0.6 Medium brown silty CLAY with only occasional subrounded pebbles.
0.6-1.85 Grey brown, loose, silty CLAY with boulders up to 25cm in size.
1.85-3.15 Moderately well sorted, clayey GRAVEL, with occasional large boulders (
up to 30cm).
Depthto Rock:  >3.15m
Rock Type :
Water Entry : Spring seen to be flowing into the excavation at approx 1.85m
Static Water:  3.0m and rising
Total Depth : 3.15m
Comments:  Spring flowing in from the northern side of the excavation, quite quickly. No

unusual colours or odours. Composite soil sample taken.

?

K.T.Cullen & Co. Ltd.

Hvdroaeoloagical & Environmental Consultants




Trial Pit Records

Project No.: 2175 Location: Duleek, Co. Meath Date : 28/4/00
Drilling Method : JCB Supervisor :  Amy Brennan
TRIAL PIT NO.7
Geology :
0-0.3  Dark brown organic-rich TOPSOIL & subsoil
{: 0.3-0.95 Dark brown, clayey, sandy, SILT with occasional pebbles
0.95 - 3.1 Moderatley well-sorted, dark brown, sandy, clayey, GRAVEL
3.1- 3.3 Tight, dark brown BOULDER CLAY .
Depth to Rock: >3.3m
-
- Rock Type :
Water Entry :  None
Static Water :
Total Depth:  3.3m
Comments :  Composite soil samples taken; Dry deposits. No unusual colours or odours
noted.
—
e

K.T.Cullen & Co. Lid.

Hydrogeological & Environmental Consultants




Appendix 9.3
Soil Sampling Results Tables



Table 9.1: Soil Analytical Results - Metals Phenols (28/4/00)

Sample Depth Arsenic Cadmium Chromium Copper Mercury Nickel Lead Selenium Zinc Total Phenols
Identity (m) mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
TP1 0-33 <1 2 16 37 2 33 10 <1 54 0.01
TP2 0-34 1 <1 44 48 <1 58 13 <1 72 <0.01
TP3 0-34 <1 <1 46 26 1 46 9 <1 54 <0.01
TP4 0-35 <1 <1 49 30 <1 54 12 <1 66 <0.01
TP5 0-34 19 <1 43 25 <1 43 11 <1 51 <0.01
TP6 0-3.1 <1 <1 36 29 3 47 11 <1 59 <0.01
TP7 0-33 23 <1 39 37 <1 55 13 <1 60 <0.01
TP-7 Duplicate [ 0-3.3 3 <1 42 38 <1 39 9 <1 46 n.a.
Dutch MAC S Values 29 0.8 100 36 0.3 35 85 - 140 -
Dutch MAC | Values 55 12 380 190 10 210 530 - 720 -
Legend

mg/kg: milligrams per kilogram

MAC: Dutch Standard Maximum Admissible Concentration
S Value: Dutch Guidline for normal uncontaminated soil

| Value: Dutch Guideline for Intervention

"-": MAC Guideline not available

n.a. = not analysed

"<" = below detection limit




Table 9.2: Soil Analytical Results - VOCs (28/4/00)

Dutch MACs
Trace Organics (VOCs) TP1 TP2 TP3 TP4 TP5 TP6 TP7 S-Value |-Value
Dichlorofluoromethane pgrkg <1 <1 <1 <1 <1 <1 <1 - -
Chloromethane )k <1 <1 <1 <1 <1 <1 <1 - -
Vinylchloride pgrkg <1 <1 <1 <1 <1 <1 <1 - 100
[Bromomethane )k <1 <1 <1 <1 <1 <1 <1 - -
Chloroethane pgrkg <1 <1 <1 <1 <1 <1 <1 - -
Trichlorofluoromethane )k <1 <1 <1 <1 <1 <1 <1 - -
trans-1,2-Dichloroethene ugrkg <1 <1 <1 <1 <1 <1 <1 - -
Dichloromethane )k <1 <1 <1 <1 <1 <1 <1 - 20,000
1,1 Dichloroethene ug/kg <1 <1 <1 <1 <1 <1 <1 - -
1,1 Dichloroethane ke <1 <1 <1 <1 <1 <1 <1 - -
cis-1,2-Dichloroethene pgrkg <1 <1 <1 <1 <1 <1 <1 - -
|Brumuchlurumelhane )k <1 <1 <1 <1 <1 <1 <1 - -
Chloroform pgrkg <1 <1 <1 <1 <1 <1 <1 - -
2,2-Dichloropropane )k <1 <1 <1 <1 <1 <1 <1 - -
1,2-Dichloroethane pgrkg <1 <1 <1 <1 <1 <1 <1 - 4,000
1,1,1-Trichloroethane )k <1 <1 <1 <1 <1 <1 <1 - -
1,1-Dichloropropene pgrkg <1 <1 <1 <1 <1 <1 <1 - -
|Benzene 1k <1 <1 <1 <1 <1 <1 <1 50 1,000
Carbontetrachloride pgrkg <1 <1 <1 <1 <1 <1 <1 - -
Dibromomethane ke <1 <1 <1 <1 <1 <1 <1 - -
1,2-Dichloropropane pgrkg <1 <1 <1 <1 <1 <1 <1 - -
[Bromodichloromethane ks <1 <1 <1 <1 <1 <1 <1 - -
Trichloroethene pgrkg <1 <1 <1 <1 <1 <1 <1 1 60,000
cis-1,3-Dichloropropene )k <1 <1 <1 <1 <1 <1 <1 - -
trans-1,3-Dichloropropene pgrkg <1 <1 <1 <1 <1 <1 <1 - -
1,1,2-Trichloroethane )k <1 <1 <1 <1 <1 <1 <1 - -
Toluene pgrkg <1 <1 <1 <1 <1 <1 <1 50 130,000
1,3-Dichloropropane )k <1 <1 <1 <1 <1 <1 <1 - -
Dibromochloromethane pgrkg <1 <1 <1 <1 <1 <1 <1 - -
1,2-Dibromoethane )k <1 <1 <1 <1 <1 <1 <1 - -
Tetrachloroethene pgrkg <1 <1 <1 <1 <1 <1 <1 10 4,000
1,1,1,2 -Tetrachloroethane )k <1 <1 <1 <1 <1 <1 <1
Chlorobenzene pgrkg <1 <1 <1 <1 <1 <1 <1 - -
Ethylbenzene )k <1 <1 <1 <1 <1 <1 <1 50 50,000
p/m Xylenes pgrkg <1 <1 <1 <1 <1 <1 <1 50 25,000
Bromoform )k <1 <1 <1 <1 <1 <1 <1 - -
Elyrene pgrkg <1 <1 <1 <1 <1 <1 <1 100 100,000
1,1,2,2-Tetrachloroethane )k <1 <1 <1 <1 <1 <1 <1 - -
o - Xylene pgrkg <1 <1 <1 <1 <1 <1 <1 - -
1,2,3-Trichloropropane )k <1 <1 <1 <1 <1 <1 <1 - -
|Iso?ropylbenzene ug/kg <1 <1 <1 <1 <1 <1 <1 - -
Bromobenzene )k <1 <1 <1 <1 <1 <1 <1 - -
2-Chlorotoluene ug/kg <1 <1 <1 <1 <1 <1 <1 - -
Propylbenzene )k <1 <1 <1 <1 <1 <1 <1 - -
4-Chlorotoluene ug/kg <1 <1 <1 <1 <1 <1 <1 - -
1,2,4-Trimethylbenzene )k <1 <1 <1 <1 <1 <1 <1 - -
4-Isopropyltoluene pgrkg <1 <1 <1 <1 <1 <1 <1 - -
1,3,5-Trimethylbenzene )k <1 <1 <1 <1 <1 <1 <1 - -
1,2-Dichlorobenzene pg/kg <1 <1 <1 <1 <1 <1 <1 10 -
1,4-Dichlorobenzene )k <1 <1 <1 <1 <1 <1 <1 10 -
sec-Butylbenzene ug/kg <1 <1 <1 <1 <1 <1 <1 - -
|tert-Butylbenzene ks <1 <1 <1 <1 <1 <1 <1 - -
1,3-Dichlorobenzene pg/kg <1 <1 <1 <1 <1 <1 <1 10 -
n-Butylbenzene )k <1 <1 <1 <1 <1 <1 <1 - -
1,2-Dibromo-3-Chloropropane | ug/kg <1 <1 <1 <1 <1 <1 <1 - -
1,2,4-Trichlorobenzene )k <1 <1 <1 <1 <1 <1 <1 10 -
Naphthalene pg/kg <1 <1 <1 <1 <1 <1 <1 - -
1,2,3-trichlorobenzene )k <1 <1 <1 <1 <1 <1 <1 - -
Hexachlorobutadiene ug/kg <1 <1 <1 <1 <1 <1 <1 - -

LEGEND
icrograms per kilogram
Ci

Dutch S-Value: Target Value

Dutch I-Value: Intervention Value

- MAC Guideline Not Available

< = Below current laboratory detection limit




Table 9.3: Soil Analytical Results - Polynuclear Aroma  tic Hydrocarbons (28/4/00)

TP1 TP2 TP3 TP4 TP5 TP6 TP7
Parameters Depth (m) ) ) ) ) ) ) ) Dutch MAC Values
Units S-Value I-Value
Acenaphthene Ha’kg <1 12 <1 <1 <1 <1 5 - -
Acenaphthylene Ha/kg <1 <1 <1 <1 <1 <1 <1 - -
Benzo(B)fluoranthene Ha/kg 38 25 5 9 5 11 9 - -
Dibenz(AH)anthracene ug/kg <1 <1 <1 <1 <1 <1 <1 - -
Fluorene pa/kg 5 25 3 12 4 3 3 - -
Pyrene Hg/kg 12 25 6 7 9 16 4 - -

PAHSs included in 'PAH (Sum of 10)' Dutch S and | MAC va__lues for PAHSs in soil

Anthracene pg/kg 28 13 9 7 4 9 5 - -
Benzo(a)anthracene Ha/kg 65 18 5 <1 6 4 10 - -
Benzo(a)pyrene Ho/kg 21 21 <1 <1 <1 <1 <1 - -
Benzo(ghi)perylene Ha/kg <1 <1 <1 <1 <1 <1 <1 - -
Benzo(k)flouranthene na’kg 22 15 4 4 2 6 4 - -
Chrysene Ha/kg 51 28 7 <1 2 10 7 - -
Fluoranthene Ha/kg 17 28 8 9 12 14 5 - -
Indeno(123-cd)pyrene Ha/kg 4 10 <1 <1 <1 <1 3 - -
Naphthalene Ha/kg 67 148 59 94 40 54 34 - -
Phenanthrene Ha/kg 120 63 13 21 16 18 12 - -
PAH (Sum of 10) ug/kg 395 344 105 135 82 115 80 1000 40000
PAH (Total) Hg/kg 449 432 118 162 100 146 100 - -
Legend

ug/kg: micrograms per kilogram

MAC: Maximum admissable concentration

S-level: Dutch guideline for normal uncontaminated soil
I-Level: Dutch guideline for Intervention

Results awaiting confirmation

"-": MAC not available

< = below laboratory detection limit




Table 9.4: Soil Analytical Results - Polychlorinated Biphenyls (28/4/00)

Parameters TP1 TP2 TP3 TP4 TP5 TP6 TP7 Dutch MAC Values
Depth | S | I
Units
PCB Aroclor 1016 ug/kg <1 <1 <1 <1 <1 <1 <1 - -
PCB Aroclor 1221 ua/kg <1 <1 <1 <1 <1 <1 <1 - -
PCB Aroclor 1232 pa/kg <1 <1 <1 <1 <1 <1 <1 - -
PCB Aroclor 1242 pa/kg <1 <1 <1 <1 <1 <1 <1 - -
PCB Aroclor 1248 pg/kg <1 <1 <1 <1 <1 <1 <1 - -
PCB Aroclor 1254 ug/kg <1 <1 <1 <1 <1 <1 <1 - -
PCB Aroclor 1260 ua/kg <1 <1 <1 <1 <1 <1 <1 - -
PCB total ua/kg <1 <1 <1 <1 <1 <1 <1 20 1000
Legend

pg/kg: micrograms per kilogram

MAC: Maximum admissable concentration

S-level: Dutch guideline for normal uncontaminated soil
I-Level: Dutch guideline for Intervention

-2 MAC not available

< = below laboratory detection limit




Table 9.5: Soil Analytical Results - Pesticide Analysis (28/4/00)

Dutch Values

Pesticide Units TP 1 TP 2 TP 3 TP 4 TP 5 TP 6 TP 7 S- Value | Value
Dichlorvos pa’kg <1 <1 <1 <1 <1 <1l <1 - -
Mevinphos ua’kg <1 <1 <1 <1 <1 <1 <1 - -
Phorate ua’kg <1 <1 <1 <1 <1 <1 <1 - -
Alpha-BHC pa’kg <1l <1 <1l <1 <1 <1l <1 2.5 -
Beta-BHC ua’kg <1 <1 <1 <1 <1 <1 <1 1 -
Gamma-BHC ug/kg <1 <1 <1 <1 <1 <1 <1 0.05 -
Diazinon pa’kg <1 <1 <1 <1 <1 <1l <1 - :
Disulfoton ua’kg <1 <1 <1 <1 <1 <1 <1 - -
Delta-BHC pa’kg <1 <1 <1 <1 <1 <1 <1 - -
Methyl Parathion pa’kg <1 <1 <1 <1 <1 <1l <1 - -
Heptachlor ua/kg <1 <1 <1 <1 <1 <1 <1 - -
Fenitrothion pa’kg <1 <1 <1 <1 <1 <1 <1 - -
Aldrin pa’kg <1 <1 <1 <1 <1 <1 <1 2.5 -
Malathion ua/kg <1 <1 <1 <1 <1 <1l <1 - -
Parathion pa’kg <1 <1 <1 <1 <1 <1 <1 - -
Heptachlor Epoxide ua’kg <1 <1 <1 <1 <1 <l <1 - -
Endosulfan | ua’kg <1 <1 <1 <1 <1 <1 <1 - -
Dieldrin ug/kg <1 <1 <1 <1 <1 <1l <1 0.5 -
4.4-DDE pg/kg <1 <1 <1l <1 <1l <1 <1l 2.5 4000
Endrin Ketone ua’kg <1 <1 <1 <1 <1 <1 <1 - -
Endosulfan Il pa’kg <1 <1 <1 <1 <1 <1 <1 - -
4,4-DDD pg/kg <1 <1 <1 <1 <1 <l <1 2.5 4000
Ethion ua’kg <1 <1 <1 <1 <1 <1 <1 - -
Endrin pa’kg <1 <1 <1 <1 <1 <l <1 1 -
Endosulfan Sulphate ua’kg <1 <l <1 <1 <1 <1 <1 - -
4,4-DDT ug/kg <1 <1 <1 <1 <1 <1 <1 2.5 4000
Methoxychlor pa’kg <1 <1 <1 <1 <1 <1l <1 - -
Azinphos Methy! ua/kg <1 <1 <1 <1 <1 <1 <1 - -
Legend

ung/kg: micrograms per kilogram

MAC: Maximum Admissable Concentration

S-level: Dutch guideline for normal uncontaminated soil
I-Level: Dutch guideline for Intervention

- MAC not available

< = below laboratory detection limit
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Report on the Suitability of a Site for the Installation of a Puraﬂo'fM System at Carranstown,
Co. Louth.

1. Introduction

K.T Cullen & Co. were requested by Project Management to carry out trial pitting and percolation tests
at a site in Carranstown Co. Louth. The purpose of the work was to assess the suitability of the site for
the installation of a Puraflo™ system with associated septic tank and percolation area. The system was

designed to cater for a maximum of 100 people.

2.  Field Work

2.1 On Site Assessment

The site is underlain by limestone bedrock. No outcrops, springs or karst features were seen at the site.
Monitoring wells and trial wells drilled at the site in May 2000 indicate relatively deep overburden
deposits varying from approximately 5 metres to 21 metres of clays and gravels. The water table in one
of these boreholes (MW 1) was measured as being approximately 10.5 metres below the ground level at
the time of trial pitting (12/12/00).

The field in which the work was carried out has a shallow ditch to the south-east which had water in it at
the time of trial pitting. Prior to fieldwork, the weather in general had been extremely wet and parts of

the field near the ditch were experiencing ponding of surface water.

The site is presently under grass and apart from the localised ponding appears to be well-drained. The

brown/red colour of the subsoil would also indicate a well-drained site.

2.2 Trial Pits

Two trial pits were dug at the site of the proposed percolation area. The trial pit logs are shown in
Appendix A and their location is shown in Figure 1. The trial pits were excavated to a depth of 2.8 m
and 3 m respectively. Both encountered similar overburden deposits-1.2-1.8 m of boulder clay and then
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a clayey gravel which became more gravelly with depth. No seepages were encountered during the

digging and after 48 hours, no water had entered the hole.

2.3 Percolation Pits

Four percolation pits were dug at the site of the proposed percolation area. The top 0.30 metres of soil
was removed at the location of each of the four pits by the JCB. 0.30 metres was chosen as this is the
depth at which effluent will be introduced to the soil according to Puraflo™ Agrément Certificate
97/00060. The pits were then dug in these depressions with in accordance to dimensions specified in
the EPA's Wastewater Treatment Manuals. The percolation pits measured 0.3 m by 0.3 m and were
completed at a depth of 0.4 m-approximately 0.7 m below the ground surface.

Ground Surface

0.30m
Invert Level of Pipe

0.40m

«—>

0.30 m square

Figure 2: Design of the Percolation Pits as recommended by EPA Wastewater Treatment Manual.

The sides of the percolation pits were scored with a trowel and filled with water to simulate fully

saturated soil conditions. The pits were then left overnight to soak.

On the following day the water had still not drained completely out of the holes even though it had
dropped in each of them. The holes were refilled to a depth of 0.30 m with water, in order to assess the
time taken for the water level to drop 0.1 m (100 mm). After 4 hours the water level had dropped 0.04
m in Percolation Pits 1 and 4, 0.01 m in Percolation Pit 2 and 0 m in Percolation Pit 3. This would give

4 minimum T value of 150.
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3.

Conclusions

The site has failed the percolation test as the T value obtained was greater than 50 (EPA Wastewater

Manual). This is due to the presence of clays beneath the site which had become highly saturated

during the recent bad weather.

The water table at the site is not high and no seepages were seen in the trial pits.

4.

Recommendations

We would recommend, in accordance with EPA Guidelines, that the site be engineered to meet the
required specifications. This will involve the removal of the existing overburden material over an
area of 300 m? and the importing of material with a suitable T value-preferably a fine sand or clayey
cand with a T value of between 5 and 15. The imported soil can be placed in layers 0.3 m thick and
each layer should be compacted lightly prior to the adding of the next layer. Percolation tests
should be carried out on every 0.3 m thick layer. The depth of the fill should be approximately 2
metres to allow at least 1 m between the lowest level of a percolation trench (0.7 m telow ground
level) and the original soil level. This is a total volume of material of 600 m®. Once the overburden
material is in place a full percolation test should be carried out. A reserve percolation area should
also be constructed in the event of the main area malfunctioning.

Alternatively, a sand filter could be constructed with associated polishing filter. The loading rate on
this constructed filter is recommended to be 50 /m?/day. The advantage of this type of sand filter is
that it takes up considerably less area than the trenched percolation area. The disadvantages are that
a polishing filter is necessary and pumping of wastewater might be needed to transfer effluent from
the sand filter to the polishing filter. Sand filters are used in conjunction with septic tanks in soil
which is unsuitable for conventional percolation areas. The filter system consists of 600-900 mm of
graded sand underlain by 200 mm of gravel. The filter system is overlain by the natural topsoil but
is separated from it by a geotextile membrane. The wastewater is treated by moving through the
sand filter and can then be directed under gravity or pumping to a final polishing filter. (EPA
Wastewater Treatment Manual).

Respectfully Submitted

Viodois Lontln o/

Victoria Conlon B.Sc.M.Sc. Date

/< @ﬁ\/ 1/0///0/‘

Kieran O Dwyer BE MIEL Date
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Trial Pit Records

Project No.: 2622 Location : Carranstown Duleek Date : 12/12/00

Drilling Method : JCB Supervisor : VC

TRIAL PIT NO. 1

Geology :

0-0.1 Grass and Topsoil

0.1-1.8 LightBrown Silty BOULDER CLAY with pebbles and cobbles

1.8-2.8 Light Grey Clayey Sandy GRAVEL with well rounded boulders, becoming more
gravelly with depth.

Depth to Rock: >2.8
Rock Type: None Encountered
Water Entry :  None Encountered
Static Water :  None after 48 hours
Total Depth: 2.8 metres
Elevation

Comments: N/A

K.T.Cullen & Co. Ltd.

Hydrogeological & Environmental Consultants




Trial Pit Records

Project No.: 2622 Location : Carranstown Duleek Date: 12/12/00

Supervisor : VC

Drilling Method : JCB

TRIAL PIT NO. 2

Geology :

0-0.1 Grass and Topsolil

0.1-1.2 Light Brown Silty BOULDER CLAY with pebbles and cobbles

Light Grey Clayey, Sandy GRAVEL with well rounded boulders, becoming more

1.2-3.0
gravelly with depth. Mostly limestone boulders

Depth to Rock : >3 metres

Rock Type : None Encountered
Water Entry : None Encountered
Static Water : None after 48 hours
Total Depth : 3 metres

Elevation

Comments :

K.T.Cullen & Co. Lid.

Hydrogeological & Environmental Consultants
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iﬁda‘ver Revised Waste Licence Application
Meath Waste-to-Energy Facility

Appendix D4: Puraflo Brochure
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