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Al4.4 BoreholeLogs

Boreholes were drilled on at least four occasions prior to the work undertaken at
the MEHL facility in the spring of 2010. As part of the hydrogeological site
investigation at MEHL in 2010, several new boreholes were constructed on the
site. Of these, BH15a, BH16, BH18, BH19 and BH20 were completed as
monitoring boreholes and BH17 was completed as a pumping well.

Both the new and pre-existing installations were utilised in hydraulic testing of the
aquifer beneath the site and to gather groundwater level information.

As part of the geotechnical investigation of the site, several cable percussive
boreholes were drilled by IGSL but these were not utilised in the hydrogeological
site investigation. Information pertaining to these cable percussive boreholes is
available in Appendix 14.1.1.

The geological information obtained during the drilling and installation of the new
boreholes was combined with the well log records @f'the monitoring boreholes
already in existence to build a picture of the corgﬁex geology and
hydrogeological conditions of the site. o@\\‘\@

AN
Existing monitoring wells Q\Qo\ss*
The wells BH4a, BH5, BH6, BHS, &QQBH10a, BH11la, BH12 and BH13 were

drilled and installed between 19&@\@% 2008 to fulfil a requirement of the EPA
license for the MEHL facilityég-ﬁéf\waste license number W0129-02). They are
situated on the site perimeter ($égure 14.1.1) and are used regularly to sample
groundwater and monito@ré\(é\mdwater levels. The well logs for each of these

monitoring boreholes aE) vailable in Appendix 14.4.1.

Another borehole, BH7 was drilled on site in 1998 but was backfilled on
completion as the subsurface material was unsuitable for the installation of a
monitoring well. The well log for this borehole is also contained within Appendix
14.4.1. Boreholes BH4, BH10 and BH11 existed on the site prior to 2003 as they
were monitored for groundwater quality up until that time. However, no well logs
for these three boreholes are available.
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Borehole ID Date Drilled Type of Borehole Drilling supervised by
BH4A 18/11/2008 Monitoring Well Patel Tonra
BH5 03/09/1998 Monitoring Well KT Cullen & Co.
BH6 03/09/1998 Monitoring Well KT Cullen & Co.
BH7 07/09/1998 NA KT Cullen & Co.
BHS8 17/08/2001 Monitoring Well KT Cullen & Co.
BH9 03/08/2001 N/A KT Cullen & Co.
BH10 04/08/2001 Monitoring Well Golder Associates
BH10a 05/03/2007 Monitoring Well Golder Associates
Blla 02/05/2007 Monitoring Well Golder Associates
BH12 01/05/2007 Monitoring Well Golder Associates
BH13 15/04/2007 Monitoring Well Golder Associates
BH14 02/03/2007 Monitoring Well Golder Associates
BH15 06/04/2010 Core: backfilled A\)& Arup
0@&0
BH15a Monitoring Well . Arup
¥
O A
BH16 12/04/2010 Core: finished aﬁi@i”&oring well Arup
\9) \4
NN
BH17 05/05/2010 | Pumping well. &> Arup
X8
N
BH18 20/04/2010 Corgﬁﬁ'@ﬁ%d as monitoring well Arup
RN
BH19 21/04/2010 {Moriitoring Well Arup
&
BH20 22/04/2010 \&\/Ionitoring Well Arup

Table 14.4.1: Details of driIIingsﬁTogrammes undertaken at the MEHL site, Hollywood, The Naul,
Count Dublin. @)

New monitoring wells

Figure 14.4.2 below shows the initial locations for the new monitoring boreholes
proposed prior to the commencement of works on site. Table 14.4.2 outlines the
reasons behind the initial location for each borehole and details of any changes
between the proposed and final locations. The locations were initially chosen by
taking into account the location of the major faults picked up by the geophysics
survey carried out on the site by Apex Geoservices Ltd. in 2010 (see Appendix
14.9 for more information and geological and hydrogeological considerations and
access to the site).

The final locations of all new monitoring boreholes on site are shown below in

Figure 14.3.3. These positions were influenced by the accessibility of the
locations by the drill rig (stability of the ground was important).
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Monitori
BH type | BH name Proposed location Reasons Final location . ont or.mg Comments
installation
Backfilled.
SE portion of site, Prove Loughshinny Fm. (LS). ackii e.
. Same. Fault closer to Alternative rotary
BH15 20m east of N-S Assess thickness of weathered L No .
fault rock BH15 than anticipated BH15a drilled 4m
east of BH15
N end of proposed Prove LS. Establish thickness Extended to §0m
BH16 cells, west of X Same Yes depth to confirm
Cored | bund of Namurian rock. |
holes central bund. geology
Abandoned due to
NE corner of Prove geology on other side of | importance of goin
BH17 proposed cells, E of . & gy P going
major fault deeper on other
N-S fault
boreholes
BH18 5 of BH16 and E-W Locate LS Same Yes
fault, on ramp
50m N of pumping Confirm geology and Same, fault closer to
BH19 well, in centre of downthrow on N side of E-W BH19 than anticipated. Yes
proposed cell fault Almost in fault zone.
Two possible
Rotary locations were
: d:a) Ne of
drilled BH20a pL?'sois: WZ|)| €0 Obtain intermediate geology Moved to 50m NW of
! pump .g . between BH15 and BH17 (E of | BH19 in centre of Yes
BH20b across intersection
. N-S fault) roposed cell
of major faults, b) E \é/
of pumping well >
across N-S fault \Q
. RN %
Adjacent.to S, O\{é\ Moved to ~150m SW of
intersection of N-S Pump LS and @ﬁ?@mn BH19 to avoid fault ves
PW1 and E-W faults, on S P s . (pumping Now called BH17
) pumping t zones and drilled deeper
side where LS N é}\ than originally expected well)
Pumping should be shallow OQ @\ ginally &xp :
\\
wells &
Far N of site, 50m qutard overlying LS Abandoned due to
from stream &Hl{@g pumping test. Also use i .
PW2 R << importance of going
(adjacent to a monitoring well when
. deeper on PW1
settlement pond) s\ ¥ pumping PW1

Table 14.4.2: Details of proposgﬁand final locations of all new monitoring and pumping wells on
the MEHL site.

QO

The second pumping well, PW2, and the monitoring installation BH17 were
sacrificed to allow other boreholes such as BH16 to be drilled to greater depths.
The final pumping well was renamed BH17 and its location was moved from the
initial location in order to avoid some minor faults visible in an outcrop of rock
immediately to the south.

BH15 and BH15a were drilled in the same location on the site (approximately 4 m
apart) using different drilling methods as outlined below. This exercise was
undertaken to allow a site specific comparison of the quality and composition of

the arisings from each different drilling method.

It was intended that this

information could then be used to allow a more accurate description of the
geological profile across the site in locations where no cores were obtained.

The new monitoring boreholes constructed as part of this investigation were
drilled by two different contractors using three different methods of drilling.
BH15, BH16 and BH18 were drilled by Petersen Drilling Services (PDS) using a
Geobore 'S’ drill rig. This rig uses a double core-barrel system and polymer fluid
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to produce very high quality cores of the subsurface material, which is known to

be highly weathered and broken. A geotechnical log of these cores was made by a
representative from IGSL. BH15 was backfilled on completion and BH16 and
BH18 were completed as monitoring boreholes.

BH15a, BH19 and BH20 were drilled and installed by Patrick Briody and Sons

Ltd. (PBS). These boreholes were drilled using a standard rotary percussive rig
and the subsurface material was returned to the surface as a slurry of gravel sized
chips and mud. These chippings were sampled and logged on site by
representatives of Arup and IGSL. As outlined previously the exercise conducted
at BH15 and BH15a aided in the interpretation of the lithologies.

The pumping well, BH17, was drilled by PBS using a reverse circulation rotary
rig. This rig was used as difficult drilling conditions had been encountered in
BH19 and BH20 and the reverse circulation of a high viscosity polymer mud was
necessary for borehole stability and well completion. A more powerful rig was
also necessary to obtain the large depth (50 m) and diameter (12" open hole)
needed for the installation of a well with a significant pumping capacity. The
bedrock samples were returned to the surface as rock chips within the circulating
polymer mud and allowed to settle out before being logged and sampled by a

hydrogeologist from Arup. @\‘\"&
&
The drillers’ logs for all new boreholes drilled @%OMEHL are presented in
Appendix 14.4.2. é@;@
SE
Borehole and well logging NG

The logging of boreholes to geoggi:\\gﬁ\?\cal standards and for hydrogeological
purposes is differentiated in tlgiélg‘@port. A geotechnical borehole log describes the
physical properties of the roc c@pes encountered while a hydrogeological well log
is a summary of the geologydencountered during drilling, the installation details
and any water strikes ecr)begﬁontered.

A representative from IGSL undertook a geotechnical logging exercise in line
with standards described in BS5930 for the cored holes BH15, BH16 and BH18
and for the cable percussive boreholes BH21 to BH23. These logs are presented
in Appendix 14.4.3. Summary well logs were also prepared by IGSL for all
boreholes which had an installation constructed in them (BH15a, BH16, BH17,
BH18, BH19 and BH20). These are presentedippendix 14.4.4

An interpretive hydrogeological well log was compiled by Arup for each of the
new monitoring boreholes installed on site and for the pumping well, BH17.
These logs include information from the driller’s notes, the site hydrogeologist’s
observations, groundwater level monitoring rounds and a lithological
interpretation of the subsurface material encountered. These interpretive logs are
presented in Appendix 14.4.5. For the lithological interpretation, in some
boreholes it was not possible to distinguish between the Balrickard and Donore
Formations. These have been grouped together on some logs to be presented as
Namurian deposits.
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Monitoring installations

All boreholes on site were grouted by PBS as their equipment includes a grouting
plant that can be used to mix grout at the site of each borehole. It was critical that
the boreholes were grouted to a high standard as otherwise they may have had the
potential to act as pathways for contamination in the future. Samples were taken

of the grout used for each borehole and these were retained by MEHL for testing

in the future if required.

Each monitoring installation was designed by a hydrogeologist after the borehole
had been drilled and an initial draft log of the geological profile had been
compiled on site. In this way, each monitoring installation was tailored to target
areas of specific hydrogeological interest. A summary of the installation
configurations for each borehole is laid out in Table 14.4.3 below.

BH Slotted casing Plain casing Gravel pack Fine sand Bentonite
name Depth Length Depth Length Depth Length Depth Length Depth Length
(mbgl) (m) (mbgl) (m) (mbgl) (m) (mbgl) (m) (mbgl) (m)
BH15a 29-28 1 30-29 1 30-26 4 26-25 1 25-0 25
28-0 28
BH16 22-20 2 24-22 2 23-19 4 24-23 1 60-24 36
20-0 20 -19-18 1 18-0 18
48-42 6 53-48 5 54-23 31(\(2\\ 23-22 1 22-0 22
N
37-32 5 42-37 5 L8
BH17 A
27-25 2 32-27 5 Ok
25-0 s | F&
N
sis | 1917 2 21-19 2 |98 4 21-20 1 15-0 15
S
17-0 175 voé 16-15 1
17-16 1 18-17 & @\O 18-14 4 14-13 1 13-0 13
BH19 N
16-0 <86
i9)
BH20 42-40 2 43-42 A\c’ 1 43-38 5 38-37 1 37-0 37
40-@5‘ 40

Table 14.4.3: Summary of n@@litoring well installation at the MEHL site in 2010.

Table 14.4.4 summarises hydrogeological information gathered from each
borehole including the bedrock geology, any water strikes, the static water level
and the amount of water removed during the development of each monitoring well
before sampling for laboratory analysis.
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Static Water Water Water Total
Total volume
Flush losses level removed removed removed removed water
Geology Water strike ror (May . during during before GW removed
(Geobore 'S') during well ) . ..
BH 2010 hydraulic pumping sampling in from
development inMm ) borehol
name ave.) tests in May tests une orehole
Depth Litholo Depth | Estimated | Depth % Depth Approximate | Approximate | Approximate | Approximate | Volume
(mbgl) gy (mbgl) | flow (g/h) | (mbgl) | loss (mbgl) volume (l) volume (l) volume (l) volume (l) (U]
0-6 Balrickard Fm. 7 200 - - 6.65 300 25 150 475
6-17 Balrickard Fm. 15 300 - -
BH15a 17-24 Poss. Donore 18 3000
Fm
20-30 | ‘oughshinny | og 8000 - -
Fm.
0-58 | Walshestown - - 122-1 50 | 348 200 30 120 350
Fm. 19.6
19.6-
BH16 ) ) 26 | 2°
Balrickard Fm. 48-
58-60 (poss. graded - - 10
55.5
contact)
Poss.
0.-22 . 15 500 - - 491 9350 1658268 50 1667668
Balrickard Fm.
Namurian
gH17 | 2233 Deposits 24 5000
Poss. )
33-54 Loughshinny 33 >15000 - - \}&
Fm. \(@‘
0-5 Balrickard Fm - - 1481 150 | 1008 v A(is 170 120 305
: 21 PP
Namurian 4O
BH18 >-16 Deposits ) ) ,00(5?\&
Poss. > £
16-21 Loughshinny - - ;\\o< Q‘z\\é}\
Fm. Aé’ V\Q
BHL9 0-14 Balrickard Fm. 7 100 - <W3{‘\\V 3.47 1335 50 120 1505
Namurian QOJ\ D
14-18 . Q‘\ -
Deposits. O
Poss. 6\
0-6 Balrickard Frn. 6 100 é:\\ - 3.96 900 30 240 1170
. (J
6-43 N;emg::: 16 s00 (| - -
BH20 P
Poss.
43-48 Loughshinny 30 3500 - -
Fm.
42 >10,000 -

Table 14.4.4: Hydrogeological summary for each borehole drilled at the MEHL site in 2010.

Table 14.4.5 summarises the details of the targeted zones of all existing wells.
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Geology Slotted casing Gravel pack
BH
name
Depth . Depth Depth
Lithol Length (m Length (m
(mbgl) FoTosY (mbgl) gth (m) (mbgl) gth (m)
0-6 Balrickard Fm.
BH15a 6-17 Balrickard Fm.
17-24 Poss. Donore Fm 29-28 ! 30-26 4
24-30 Loughshinny Fm.
0-58 Walshestown Fm.
BH16 58-60 Balrickard Fm. (poss. 22-20 2 23-19 4
graded contact)
0.-22 Poss. Balrickard Fm. 48-42 6
BH17 22-33 Namurian Deposits 37-32 5 54-23 31
33-54 Poss. Loughshinny Fm. 27-25 2
0-5 Balrickard Fm.
BH18 5-16 Namurian Deposits 19-17 2 20-16 4
16-21 Poss. Loughshinny Fm.
BH19 0-14 Balrickard Fm.
14-18 Namurian Deposits. 17-16 1 18-14 4
0-6 Poss. Balrickard Fm. &
BH20 6-43 Namurian Deposits 42-40 2 é\\) 4338 5
43-48 Poss. Loughshinny Fm. (’;\{\
. SV I -
Table 14.4.5: Hydrogeological summary for eacgz@{@hole, highlighting targeted zones.
&
S0
&
. St
Site notes S

The following section contains&‘afpge(failed summary of the drilling and installation
process for each monitoring shole and the pumping well. This information was
collated from a combination &f driller's logs and site notes from the supervising
hydrogeologist. All monit \g installations were designed by Eugene Daly
(Eugene Daly Associatés), Catherine Buckley (Arup) or Marie Fleming (Arup)
and were communicated to the driller in person or by telephone. A site
hydrogeologist was present for the drilling and development of BH15a, BH16,
BH18, BH19, BH20 and BH17. Table 14.4.6 below summarises the response
zones of the well screens in each monitoring installation.

BH Depth to top and Geology of response
Status bottom of well &Y P Reason for screen depth
name zone
screen (mbgl)
BH15a | New, monitoring well 28 -29 Loughshinny Fm. Screened in LS
BH16 | New, monitoring well 20-22 Walshestown Fm. To target water-bearing zone
BH18 | New, monitoring well 17-19 Poss. Loughshinny Fm. | To target large fracture
BH19 | New, monitoring well 16-17 Namurian deposits To target high yield zone
BH20 New, monitoring well 40 - 42 Namurian deposits To target area of v. large ingress
To target area of high mud loss to
25-27 Namurian deposits fm.
. To target area of high mud loss to
BH17 New, pumping well 32-37 Poss. Loughshinny Fm. | fm.
To target area of high mud loss to
42 -48 Poss. Loughshinny Fm. | fm.

Table 14.4.6: Summary of details of the well installation undertaken at the MEHL site in 2010.
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BH15 and BH15a

The location for BH15a was chosen 4 m to the east of BH15. This was to ensure
that BH15a would be situated away from the fault zone on the main N-S oriented
fault. It was located ‘up-dip’ of the limestone bedrock from BH15 to ensure that
grout used in BH15 would not be encountered in BH15a. Since BH15a and BH15
are close to each other, it was expected that the same lithologies would be
encountered in each.

BH15 was drilled by PDS using the Geobore ‘S’ rig between trend the 19
of April 2010. An 8” diameter open hole was drilled down to 0.8 m and cores
were taken from 0.8 mbgl to 31.1 mbgl. Drilling flush losses (which indicate the
presence of fractures) are summarised below:

* 100% flush losses were experienced between 25.3 and 29 mbgl.

* 10% return of flush from 29 - 31.9 mbgl

e 100% flush losses were experienced from 31.9 mbgl to the end of the

borehole

Packer tests (where pressurised water is forced down the borehole and into the
bedrock formation in a specific section which is defined by the use of inflatable
‘packers’) were carried out on a single horizon. PDS were unable to pressurize
the test section indicating the presence of an o fracture.

\\\ Qp
Following testing the borehole was gro “Back to the surface by PBS. The cores
from this borehole were photographe logged by Dafydd O’Shea of IGSL.

The logs from this borehole and tr@mbnltorlng borehole BH15a were later
compared and combined to fornag%%@*mterpretlve log for BH15a in Appendix
14.B.5. NS

QZOQ\\*
Based upon the lithologies hcountered in the Geobore ‘S’ hole, a location for the
monitoring borehole BH15a was chosen by Eugene Daly 4 m away and across the
main N-S oriented fault on the site. BH15a was drilled by PBS between'the 16
and the 22! April 2010 using a standard rotary drill rig with a button bit. The
chippings were sampled every metre and logged on site by Sarah Blake (Arup).
The sample chippings were also logged by Dafydd O’Shea (IGSL). The results of
both logging exercises were used to compile the interpretative log in Appendix
14.B.5.

BH15a was drilled as a 10" diameter open hole from 0-12 mbgl. The first water
strike was at 7 mbgl and this section of the borehole was developed by airlifting
for 60 minutes which resulted in a yield of 200 gallons per hour. 12 m of 8” steel
casing was installed and drilling continued down as far as 18 mbgl. The water
yield increased between 15 mbgl and 18 mbgl to 300 g/h (0.38 Ips litres per
second/ 32.73 fd meters cubed per day) and another 6 m of 8” casing was
installed. Between 18 and 21 m a high volume of water (estimated at
approximately 3000 g/h (3.8Ips/ 327.31)) was produced.

At 24 mbgl calcite chips were returned possibly indicating the start of the

Loughshinny Formation (Fm). 45 minutes of surging and well development gave
a yield of 8000 g/hr (10.1 Ips/ 872.7dnat this horizon. Another 6 m of 8” casing
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was installed. Between 24 mbgl and 29 mbgl the open section of the hole
collapsed during drilling. The well was developed by surging for another 60
minutes. Another 6 m of casing was installed to bring the total casing string length
to 30 mbgl. The yield rapidly decreased to nothing once the borehole had been
cased down to 30 mbgl.

A 50 mm standpipe with an end cap was installed from 30 mbgl on the

instructions of Eugene Daly (relayed to PBS with a drawing). 1 m of slotted 50

mm UPVC well screen was installed from 29 mbgl to 28 mbgl in order to target

the limestone bearing formation (possibly the Loughshinny Fm.) and a formation
stabiliser (pea gravel of grade 10 mm) was installed from 30 mbgl to 26 mbg|.

The gravel was followed by a 1 m layer of fine sand to 25 mbgl. The casing was
pulled back to 28 mbgl and left overnight. The following afternoon the casing was
pulled back to 24 mbgl and grout was pumped into the annular space until returns
of grout were seen at the surface. The casing was then pulled back to 21 mbgl and
grout pumped into the borehole but no returns were seen. The casing was pulled
back to 18 mbgl and 66 bags of grout were added to the borehole without returns
at the surface. The borehole was left overnight and grouting recommenced the
following morning. A further 24 bags of bentonite were added to the borehole
bringing the level of grout to 12.4 mbgl. Grout was pumped into the boreholehole
with 12 m of casing remaining in the hole. Grout retgirns were seen at the surface.
The casing was pulled back to 9 mbgl and groug»@as lost again. A further 20 bags
of bentonite combined with 40 bags of cemengwere put into the borehole in a
combined grout mix. Grout was seen togﬁéig@égain and BH15a was grouted to the
surface, around the plain standpipe, a total of 129 bags of cement and 49
bags of bentonite. EOA

&
BH16 Y
The location for BH16 was cfﬁg@len to establish the depth to the top of the
Loughshinny Fm. in the nogtfiern portion of the site and to establish the thickness
of Namurian rock overl%g@kthe Loughshinny Fm. aquifer.

This borehole was drilled by PDS between th8 42d the 28 April 2010 using

the Geobore ‘S’ rig. The borehole was drilled as an open hole with a diameter of
8” from ground level down to 0.8 mbgl and cores were extracted from 0.8 mbgl to
59 mbgl. Flush losses to the formation occurred between 12.2 mbgl and 24.6 mbgl|
and again between 48 mbgl and 55.5 mbgl.

Packer tests were carried out between 54-56 mbgl and 18-21 mbgl off'the 19
April. The results of these tests can be found in Appendix A14.5. Between 15-25
mbgl the core returns were observed to be rounded and oxidised indicating the
presence of significant water movement at that depth. The packer test undertaken
in this zone indicated that it had an approximate permeability of 2.28x%%0

(22.2 Lugeon). The material between 54-56 mbgl was composed of fine grained
weathered siltstone grading into more weathered sandy bedrock. The packer test
undertaken in this zone indicated that it had an approximate permeability of
3.29x10°m/s (32.9 Lugeon).

PBS grouted the hole from 60 mbgl to 30 mbgl on tHedfApril. On the 28
April, Catherine Buckley (Arup) provided installation instructions to PDS on site
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(in the form of a drawing). The hole was backfilled to 24 mbgl with bentonite
pellets and a 50 mm casing was installed. A well screen consisting of 2 m of 50
mm slotted PVC pipe with a filter sock and end cap was installed from 22 mbgl to
20 mbgl. The aim of this design was to target the shallow water-bearing zone from
15-25 mbgl as discussed above. The well screen was surrounded by a formation
stabiliser (pea gravel of grade 10 mm) from 23 mbgl to 19 mbgl. A layer of fine
sand was added at the top and bottom of the gravel pack from 24 mbgl to 23 mbgl|
and from 19 mbgl to 18 mbgl. The hole was then grouted from 18 m to the surface
by PBS. The cores from BH16 were photographed and logged by Dafydd O’Shea
(IGSL).

BH17

BH17 is the pumping well that was installed by PBS between'ttza8 the 1%

of May 2010. The location for BH17 was chosen so as to avoid the fault zone and
to attempt to pump water from the competent Loughshinny Fm. during subsequent
pumping tests. As PBS had encountered difficulty when drilling BH20 (see

below), a large reverse circulation rotary rig was brought in to drill the pumping
well. It was initially expected that the pumping well would be drilled to 50 mbgl

and that competent Loughshinny Fm. rock would be encountered at this depth.

As the rock near the surface was very weathered, §m of 300 mm steel casing was
installed prior to drilling in order to stabilise the I'Okééfe. The chippings were
sampled and logged every metre by Cathe@':n@“Buckley (Arup). The hole was
drilled to 25 mbgl using water flush only Bttpolymer mud was added from 25
mbgl as losses to the formation begags8 rring at a depth of 20 mbgl. A non-
ballistic drill bit was used from O to\g\% gl until a ballistic drill bit became
necessary for progress. 0966}%‘\

)
Water was struck at 15 mbgf‘g@\h volume of approximately 500 g/h (0.63 Ips/
54.54 nid). The water volumé was increased between 24 and 27 mbgl to
approximately 5000 g/h g&% Ips/ 545.4dn Polymer mud was added from 24 to
27 mbgl. There were Ia?ge mud losses to the formation between 33-35 mbgl and
37-40 mbgl. The drill bit was blocked at 40 mbgl due to the volumes of large
chippings entering the bit. The hole was drilled to 55 mbgl and developed by
airlifting and surging for two hours.

Installation details were provided on site by Catherine Buckley (Arup) in the form
of a drawing. A 125 mm casing was installed in the borehole with screened
sections from 48 to 42 mbgl, 37 to 32 mbgl and 27 to 25 mbgl. These screened
sections were chosen to target those sections of the borehole where there had been
either a large ingress of water or a large loss of fluid to the formation. The
screened sections were surrounded by a formation stabiliser (pea gravel of grade
10 mm) from 54 to 23 mbgl and a 1 m layer of fine sand was added from 23 to 22
mbgl. Large losses were experienced at 27 mbgl indicating the presence of a large
fracture in the bedrock. The borehole was developed by airlifting for a whole
working day on May 12 (seven hours). 125 bags of cement/bentonite grout mix
were then used to grout to ground level by PBS.
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BH18

The location for BH18 was chosen to locate the Loughshinny Fm. on the south
side of the E-W fault where it was estimated to be located at shallow depths. This
hole was drilled by PDS between thé"2ihd the 2% April 2010. The hole was

drilled as an 8” open hole to 0.6 mbgl and then cored with the Geobore ‘S’ rig

until 21.2 mbgl. 100% flush losses to the formation were encountered from 14.8
mbgl which would suggest the presence of a very large fracture at this depth.
Unsuccessful packer tests were carried out on two different horizons as PDS could
not obtain a good seal downhole.

Catherine Buckley (Arup) instructed PDS on site to install a 50 mm casing in the
borehole. A slotted UPVC well screen was installed between 19 and 17 mbgl to

target the large fracture. A formation stabiliser (pea gravel of grade 10 mm) was
installed from 20 mbgl to 16 mbgl with a 1 m layer of sand on the top and bottom
of the gravel (from 21 to 20 mbgl and from 16 to 15 mbg]).

The borehole was grouted from 15 mbgl to the surface by PBS. BH18 was
developed by PBS on thef181ay using a bailer. The cores from BH18 were
photographed and logged by Dafydd O’Shea (IGSL).

BH19 a
The location for BH19 was chosen to confirm thgz\%eology and the downthrow on
the north side of the E-W trending fault. BH39was drilled on tiea#i 22° of
April 2010 by PBS. The chippings were ﬁz‘gﬁbled and logged every metre by Sarah
Blake (Arup). SO

~\0°Q@\\&\
The hole was drilled as a 10” di%ﬁ%@r open hole to 6 mbgl. 8” steel casing was
installed and the drilling contiguﬂ\géf\to 9 mbgl. Water was struck at 7 mbgl;
developing and surging gavé‘@@/ield of 100 g/h (0.13 Ips/ 18d9. @ue to the
material in the chippings,&%@ene Daly and Catherine Buckley were concerned
that the borehole was in tfie wrong location relative to the main N-S fault for the
purposes of this investi&ation. As a result the decision was made to terminate the
borehole at 18 mbgl but still retain it as a shallow monitoring well. On tife 22
April, the borehole was drilled as far as 18 mbgl. At 18 mbgl, the borehole was
surged for 60 minutes to develop it; this increased the yield to 150 g/h (0.19 Ips/
16.36 nid).

The monitoring installation was designed by Catherine Buckley (Arup) and
instruction was given to the driller on site by Sarah Blake (Arup). A 50 mm uPVC
standpipe was installed in the hole containing a 1 m well screen of slotted uPVC
pipe from 17 to 16 mbgl. This well screen depth was chosen to target the zone of a
slightly higher yield towards the base of the borehole. The annular space was

filled with a formation stabiliser (pea gravel of grade 10 mm) to 14 mbgl followed
by a layer of fine sand to 13 mbgl. The hole was then grouted to ground level by
PBS.

BH20

The location for BH20 was chosen to try and obtain a depth to the top of the
Loughshinny Fm. at an intermediate distance between the pumping well (BH17)
and BH16. This borehole was drilled by standard rotary method betweer'the 22
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and the 28 of April 2010 by PBS. The chippings were sampled and logged every
metre by Sarah Blake (Arup).

A 10" diameter borehole was drilled to 6 mbgl before 8” casing was installed.
Drilling continued at 8” diameter until 30 mbgl. At 11 mbgl water was struck at a
volume of 100 g/h (0.13 Ips/ 10.928%). This volume increased to 500 g/h (0.63
Ips/ 54.54 md). from 16 mbgl to 21 mbgl and this horizon was developed for 30
minutes, during which time the flow remained consistent. At 30 mbgl the hole was
left open overnight and on the drillers’ return the next morning, the hole had
collapsed below 12 mbgl. A significant increase in water yield was encountered
once drilling had recommenced. This yield was further increased from 3000 to
3500 g/h (3.79 Ips/ 327.26°thto 4.42 Ips/ 381.8 Td). after 60 minutes of well
development by airlifting and surging. 30 m of 6” steel casing was added to the
borehole in order to allow drilling to proceed as the collapsing walls were
impeding progress beyond 12 mbgl. Drilling continued with difficulty to 52 mbgl.
At 42 mbgl there was a large water strike with volumes in excess of 10,000 g/h
(12.63 Ips/ 1090.87 Td). High viscosity foam mix was added to the borehole and
90 minutes of airlifting and surging followed to clean the section from 42 to 48
mbgl. The volume of water was seriously impeding the hammer bit and chippings
were not representative of the formation as the large volumes of water were
washing away the direct returns. The hole was still gollapsing after surging. The
hole was developed and cleaned down to 46 m@@q\for 90 minutes.

ST
The driller was instructed by Marie Fler@ao ﬁup) to install a 50 mm UPVC
casing from 43 mbgl. 2 m of slotted u\@@@ ell screen was installed from 42 to 40
mbgl| to target the area of extremelﬁ%r@Qe ingress of water. A formation stabiliser
was installed around the well scrgen‘from 43 to 38mbgl followed by a 1 m layer
of fine sand from 38 to 37mb .\t(cﬁe drillers encountered difficulties when trying
to remove the 36 m string of teel casing from the hole. As a solution to this
problem, it was decided by Bugene Daly and Marie Fleming (Arup) that the 6”
casing was to be grouteg\‘ﬁ? place and the 8” casing would be removed. After
consultation with Padraﬁg Briody (PBS) it was agreed that a larger reverse
circulation rotary drill rig would be required if a pumping well was to be drilled to
50m in similar subsurface material to BH20. This larger rig was eventually used
to remove the steel casing from BH20 so that no metal casing was left downhole.
The borehole was grouted from 37 mbgl to ground level by PBS.
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Appendix Al4.4.1

Well logs for pre-existing wells
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||Ii:
N

D

A
r

L1
No: 5668

WELL DRILLING AND HORIZONTAL DRILLING ENGINEERS

N G

DRILLERS LOG

Borehole for:  Murphy Environmental Hollywood Ltd Dublin Road, Dromiskin, Dundalk, Co. Louth.
at Hollywood Quarry E-Mail: info@dunnesdrilling.com website: www.dunnesdrilling.com
8" Monitoring Well Tel: +353 42 9372188 Fax: +353 42 9372714
Date Depth ft Diam Conditions
18.11.08 0-3 8" Clay & stones

3-14 8" Sticky clay

14 - 17 8" Grey rock

17-25 8" Black rock - water at 25ft

25-30 8" Black rock

30-40 8" Black rock - water at 35ft

R
\‘ﬁ@
Total depth of well 40ft (12.19m) RS
Estimated yield 1000 gallons per hour N
Depth to rock 14ft (4.27m) <O
Steel casing installed 17ft (5.18m) of 8" steel casing Q@
PVC casing installed 7m of 2" PVC N
Well screen 6m of 2" Screen N
Other remarks Install gravel pack from 40 . B bags of bentonite seal from 18ft to 3t above ground level
’ X
Operator A Hoey N
$\V
fo
ca
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Monitoring Well BH 5

Monitoring Well Log

Client ; Seamus Murphy,

Location : Hollywood, Co. Dublin

Job No: 1658
Date : 378/98
Description : Monitoring Well

Drilling Company : Glovers Site Invastigations Lid,

Drilling Method 1 Air Rotary
Driffers Name :
Nattonal Grid Co. Ord. 1 315766 FEast

Ground Surface Elev. : 118.2 m OD Malin Head

Logged by : Clare Glanville

258328 North

o BB gl
B @lgialeSle;  Sample :
OO0 By
- el E® _ﬁ § MBS Depth i:o: . : Construction
FIE alalal S |EiE ] vee B : Drilling Notes and Delaite
E-; § §§ ElElFI2 h Eles Sirata Description - - 119
N ; 0 - 8m Brown slity clayey -
natrixed TILL with gravel clasts g L1158
Bf
6- 10 m Black Highly Weathered g sk
Shala, silty and clayey @ i
) TE107
10- 35 m Black Weathered Shale g
& W o3
& B
| S\Q T
- 8 TR}
% 1E
5 g %
E 5 &
; o e oo
b g .
[ TR O
> EE L
i
EOH. £ © 9
€ g o
aEm 1 O
- )
L=
; ! :
._f‘
o e SR B Sample / Test Legend
3 . e T A - L1100 Tubes
K'T"Cu“e & CO' Ltd’ ‘%ﬁ‘sl‘ . gigtgi?rgn!’enslmﬁon Tost Fiaure No
Hydrogoological' & Environmental. Corstltants were
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Monitoring Well BH 6

Monitoring Wellﬁr\‘Log

Client : Seamus Murphy. Drilling Company : Glovers Site Investigations Ltd.
Location : Hollywood, Co. Dublin Drilling Method © Air Rolary
Job No: 1598 Drillers Name ;
Date @ 3/9/98 National Grid Co. Ord, © 315644 East 258506  North
Description @ Moritoring Well Ground Surface Elev.: 117 m OD Malin Head
Logged by | Clare Glanville

Construction
Details

p Dritfing Notes and
& : Strata Description

0 -4 m Brown/Grey Clayey TILL

230 nwn Casing =
| Eating Head Kemist) -

irfiow mafday & :
Nurriber |

Shell & Augar

{ airBotary
Water Strika

SPT
2
=
ax
From

i
L
-
i
~

ut
i

H
EErE ]

=113

=7

4-12 m Bilack Silty Clay with
WEATHERED ROCK:

109

BRI EAPRELES

105

T

1

Bentonita Peilefs Bericoits Gros
50 min HOPE Hiser in 200 mm Hole |

Grawel

YT

P ]

54 mim HOPE Seréee in 268 mm Hole :

=
Wetres 0.0

R M REE AR INS

R N R R L g siis

sebexeni]

FIPTITTETY

‘l‘!'i]!llﬂﬁ”'!!lﬂi:-“‘

Sample / Test Legend

;. . - U - U106 Tubas
K.T.Cullen & Co. Ltd, S R rwiorrest | FigureNo. |
Hydrogeological & Environmental Consultants e ,_mgure Mo, N
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| Monitoring Well Log 1 I Monitoring Well BH 7
Client: Seamus Murphy. Drilling Company : Glovers Site Investigations Lid.
Localion : Hollywood, Co, Dublin Drifling Method ¢ Air Rotary
Jobh No: 1598 Drillers Name ;
Date : 7/9/08 National Grid Ce. Ord. : East North
Description : Monitoring Well Ground Surface Elev.: 132 m OD Malin Head
Logged by : Clare Glanvilie
| e
B |9 ‘ﬁggga‘é Sample -
A2 B S SBR[ F Depth | Construct
il TEIEID e . onstruction
152 §§ g E12|21B k| we | E : .. Driling Notes and Details
B2 |LIEIRIZIE|R 2% Ele] ‘Btrata Description 52
: 0-2m Brown TILL with a silly to
. - Clayey matrix :
N A A s N _ ; = 108
Ed P £-18'm Grey/Brown Siity
weathered shate 124
18- 26 m Grey/Black weathearad
shale N
T T R R s e e T e T?Q{}
&
............ No Further samplegstitken -Hole i
abam{\one t41m ;
Y :
1 T O O R RN SRS €+ A ;g?oi\@«?p |8 SR
Qo,@?’ £ :
O £ =
: \&\ ...................... ..é 5 108
£ :
3 =
..... XGTr v s e e m e e e e £ 5*10,5
: ]
......................... i -0
5 : 9@
@ ¥
. QO D S i :“g
...... f‘ g2
B T R R O Y :"' 38
3
0 I O PO B N O N P R 3
= j B
YT S B R TR I R A e -
| § g :
Sample / Teat Lagand
b - U100 Tube
K.T-CU”@” & CO. Lid. S§$ - gliz Sdpoténps ‘ ; . :
Hydrogeslogical & Environmsnal Consultants 7 Slandard Penetiation Tos: ! Figure No. J
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Well Log

Weil No. BHS Grid Reference
Project No. 1683

Well Type

Client Seamus Murphy

L.ocation Hollywood Great

Drill Data 3/8/01

Geologist Ben Whitfieid

SUBSURFACE PROFILE

Description

Well Construction

Ground Surface

Colluvium and highly weathered shale
black loamy fine to mediem sand
easy drilling; moist

light brown/dark brown gravelly medium olay; moist
- Gravel dominantly black shale
Very moist thirt jayer 10.0 - 10.5.
- easyto medium drifling

Shale bedrock
black sand to gravel (granulated shale), moist
medium drilfing

. black sand to gravel, as above
gravel sized chips dominant

brown sand to aravel

MNOr¢lay, moist

biack sand 1o gravel
-do;_m’nan:ly shale

Very moisi@42

Yery easy drilling 40 - 41m
Jatertable 44m

Yiekd 500 gai/nr

3
a
]
T
S
]
o
SV |
&
. . . ®)
gravel shale and minor calcareous siltstone
Dlack coarse sand 1o gravel shale chips
S —
=
3
El :
] L5}
5 g
[3] =l
a g
o o
z
&}
Drili Method Air rotary Hole Size (mm) 200

Casing Length {m} 50
Driller Glovers Site Investigations

Ground Level {moD)
Static Water Levef {bgl}
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SHEET 1 OF 1
DATUM:

BORING DATE: 5/3/2007

RECORD OF MONITORING WELL BH10A

PROJECT: 07507190035 Murphy's Hollywood

LOCATION: Murphy's Hollywood

AL L L [ L L [ L L L L L L B L B B B O |
. e N O O O O e O B Y O e S S e N S S e N N S S S RN S SN
(%)
Z W SIS =
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<oz = o o > J
4z58> =] = S a o
3288 o g & S o % o
h on = ] 2 o S ® %5 & O X
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z @ o — F|<S o c Q= &©= w
00 Bl|.wlg = S ) BT e}
abr|S o € o > © > T J I
oPmlo 2 @ 9 © G 8 o O
I |0 o o] X o [2R=) Ll
ONILS3L "av
JvNOolLliaavy
—
° |E =
7 1=}
g 2%
- [§]
z 4
N |
5 81k ®
2 &
] =
z P =
o _ 406 ]
Og =10
OE o
° E
S«
g 913¢g*
z 2
=
T
v o2 &,0
glre 8
+@
£ =>
23 o]%85 o
oL gqc@ o
£
<= -
xd z
=
wm o9 o
Zz . Sz <
o [}
a O o
e _|vo
= do s
Zh §&%§
zZn w
>w Is
o n o
NOILVAZT13
0 3dAL
w
T 'ON AN3
z
o ['ON HO31039
T =) =) =) =)
= S S S S
wlin g o o — Q
Zlus = N ©
[a)
T T T T T T T
107d V1vH1S | [ (I
1 NN
w
=
o
o
x z
2 2 -
% g wlg
= |9e
%) o3 @
w |2 <
[a) S|e %
nlc
o8 k3 o
z[g 5 5
=} .m < i
a2 = 3 w
x|$ o £ b
o[d = 3 S
Arejoy 1y 2
" I o
QOHL3W ONIOg 810UoI0g BUIIOIUON 3
W .-
S3YLAN ° ©° S ] & & 8 & g < 3 B 8 8 R a «
3TvOS H1d3a
L g g d g d g g g g g g g g g a0
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2 MURPHY HOLLYWOOD.GPJ GLDR_LDN.GDT 17/7/07 DATA INPUT:

PROJECT: 07507190035 Murphy's Holywood RECORD OF MONITORING WELL BH11A SHEET 1 OF 1
LOCATION: Murphy's Hollywood BORING DATE: 2/5/07 DATUM:
a DYNAMIC PENETRATION HYDRAULIC CONDUCTIVITY,
w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m k k, cm/s o)
20| £ = p= z 3z INSTALLATION
ow | w o z| . £ 20 40 60 80 10°  10° 10" 10° g5 AND
;) 2 3 7 eev. | =S| w| < 1 1 1 L ! ! 1 1 gu GROUNDWATER
Ful g DESCRIPTION < g1Zleg] & grL-:EkAPFQSTRENGTH ?:[:]\Q $ 8: 8 WATER CONTENT PERCENT Sy OBSERVATIONS
& z ZloertHlE (2| 2| & . wWp ——eW 4w <3
°e|g El m |3 P - ,
2 o 20 40 60 80 10 20 30 40 Top of Pipe
ISV,
L GROUND SURFACE 100.01
- Overburden/madeground 0.00 Cement ]
F Backfill 3
F Weathered grey shale — 1 200 ]
- - E
- Fractured shale 8.00 b
- 10 ) .
- — Bentonite ]
[ o| | Shale — 1 1200 ]
C 2 ] ]
F |8|§ ]
C 5|2|¢ e
X 5|% ]
u 5 I— 7]
o g - — | ]
- Heavily weathered shale — - 18.00 E
:_ 20 |— Gravel pack _:
F Grey sandy shale —J 2100 & ]
s 1= é\\) ]
:_ 25 ég Screen and _:
- ] \\\‘ @ gravel pack E
- Sh 1
C ] 4? @S\ ]
- ] RS .
2 I — Ny 3
- % 30.00 (\Q \é)\ B
- &0 ]
: NG :
- 35 <OQ\\\ 3
g & .
o q ]
o éi“\\ ]
N NS ]
- 20 QD ]
:— 45 _:
- so ;
- 55 ;
x g
:— 65 _:
- 3
DEPTH SCALE LOGGED: AS
1:350 CHECKED: TVM
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SHEET 1 OF 1

RECORD OF MONITORING WELL BH12

PROJECT: 07507190035 Murphy's Hollywood

DATUM:

BORING DATE: 1/5/07

INSTALLATION
N
GROUNDWATER
OBSERVATIONS

Top of Pipe
ISV,

146.994

Concrete seal

L SRR

+ R RRRRRRERRRRRRRRRRRRRRERRRRRRRRRRZRRRRY

Backfill

Bentonite plug
Gravel Pack

LOGGED: AS

=
>
“
o
w
X
]
w
I
O

Screen and
gravel pack

ONILS3L 'av
IvNOolLIdavy

k, cm/s

wp ———oeW—jwi

HYDRAULIC CONDUCTIVITY,
0
1
WATER CONTENT PERCENT

40

30

20

10

natV. + Q- @
O

80
1
remV.@® U-

40

RESISTANCE, BLOWS/0.3m
20
1

DYNAMIC PENETRATION
SHEAR STRENGTH

Cu, kPa

80

60

40

20

NOILVAZT3

3dAL

'ON AN3

SAMPLES

‘'ON HO31039

>
w
=
w

DEPTH
(m)

0.30
5.50

46.00

65.00

1071d V1vdls

IA

AHOHHEHAHAHA

SOIL PROFILE

DESCRIPTION

PAVEMENT SURFACE

Concrete

Overburden

Shale

Limestone

JOHL3IN ONIdOod

XalowAS

/048108 BULIO}|UON J81BMPUNOID BUOISBLIT

LOCATION: Murphy's Hollywood

S3HLIN
37vOS H1d3ad

o [t} =) 0 o o] =] 0 o 0

1

« ~ @ ) < <

0 o rs) o
0 @ © ~

DEPTH SCALE

1:350

1LNdNI VLVa L0/2/.T 1A9'NAT ¥A19 £dO AOOMATIOH AHAYNIN 2
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INSTALLATION
N
GROUNDWATER
OBSERVATIONS

Top of Pipe
ISV,

Concrete seal

146.922

'+ SRIRIRXIIIRIRIRKILIIRIRKILIRIRKIRXIIIRIHKIRKILRIRKIRKILRIRXIIXILIKIHKIIXIIRIKRIKY

Riser

RRRRRRRRRRRRRRRRRRKA
R

Bentonite Plug
Gravel Pack
Gravel Pack,_Y/
50mp).Rereqn

16/04/07
Bentonite
Backfill

LOGGED: AS

=
>
“
o
w
X
]
w
I
O

SHEET 1 OF 1
DATUM:

ONILS3L 'av
IvNOolLIdavy

k, cm/s
WATER CONTENT PERCENT

HYDRAULIC CONDUCTIVITY,
0
1

40

10

wp ——oW—jwi
20 30

natV. + Q- @
O

80
1
remV. & U-

40

RESISTANCE, BLOWS/0.3m
20
1

DYNAMIC PENETRATION
SHEAR STRENGTH

Cu, kPa

80

60

40

20

BORING DATE: 15/04/07

NOILVAZT3

3dAL

'ON AN3

SAMPLES

‘'ON HO31039

RECORD OF MONITORING WELL BH13

>
w
=
w

DEPTH
(m)

0.30

48.00

1071d V1vdls

46.00
—

SOIL PROFILE

DESCRIPTION

PAVEMENT SURFACE

Pavement

Overburden

Shale

Limestone

JOHL3IN ONIdOod

Arejoy iy

1ujod BUMO}IUOI Je1emMpuUnc.9 8[eus

PROJECT: 07507190035 Murphy's Hollywood

LOCATION: Murphy's Hollywood

S3HLIN
37vOS H1d3ad

o 0 o 0 o
« ~ @ ) <

DEPTH SCALE

1:350

0 o rs) o
0 @ © ~

1LNdNI VLVa L0/2/.T 1A9'NAT ¥A19 £dO AOOMATIOH AHAYNIN 2
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2 MURPHY HOLLYWOOD.GPJ GLDR_LDN.GDT 17/7/07 DATA INPUT:

PROJECT: 07507190035 Murphy's Hollywood

LOCATION: Murphy's Hollywood

RECORD OF MONITORING WELL BH14

BORING DATE: 2/3/2007

SHEET 1 OF 1

DATUM:

DEPTH SCALE

SOIL PROFILE

SAMPLES

METRES

DESCRIPTION

BORING METHOD

ELEV.

DEPTH
(m)

STRATA PLOT

GEOTECH NO.
ENV NO.
TYPE

ELEVATION

DYNAMIC PENETRATION
RESISTANCE, BLOWS/0.3m

20 40 60 80
1 1 1 1

N

HYDRAULIC CONDUCTIVITY,
k, cm/s

19'6 19'5 19'4 19'3

INSTALLATION
AND

I

SHEAR STRENGTH natV. +
Cu, kPa remV. ®

20 40 60 80

Q-@®
u-oO

WATER CONTENT PERCENT

wp ——eW—jwi

10 20 30 40

GROUNDWATER
OBSERVATIONS

ADDITIONAL
LAB. TESTING

Top of Pipe

GROUND SURFACE

=rev.

125.064

Topsoil

0.00

Broken weathered shale

10

15

Air Rotary

20

Menitoring Well

25

30

6.00

Limestone

35

30.00

40

45

50

55

60

65

70

38.00

28

13

.O&‘

&

Q
2

%

%,

e

BN
ny

7
%Y,
S

Bentonite

]

Backfill

dotstetetetetetototetetetetetototetetet

o

Bentonite

Gravel Pack

Screen and
gravel pack

EOH =
2000 gph est.

DEPTH SCALE
1:350

LOGGED: TVM
CHECKED: TVM
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Appendix Al4.4.2

Drillers’ logs for newly
constructed boreholes
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Petersen Drilling Services - Daily Logsheet

Location: Job Nr.: Date: Day: Borehole No.:
Phoenix PDS 07/10 06.04.10 - 12.04.10  Tuesday / Monday BH 15

Driller: Assistantl: Assistant2: Client:

S Petersen P Butler IGSL

Type of Drilling:  Type of Flush: Coreliner used: Coreboxes:

8"Open Hole/Geobhore S Air / Polymer Gel yes 21

Casing depth: Symetrix from-to: Openhole 5" from-to: Openhole 8" from-to:
0.80 m 0.00-0.80 m

Geo S core from: Geo S core to: Length: Core Recovery: Corebox No.:
0.80 m 1.80m 1.00 m 0.90 m 1
1.80m 3.30m 150 m 1.20m 2
3.30m 4.80 m 150 m 150 m 3
4.80 m 6.30m 150 m 150 m 4
6.30m 7.80m 1.50m 1.15m 5
7.80m 9.30 m 150 m 150 m 6
9.30 m 10.50 m 1.20m 0.70 m 7
10.50 m 12.00 m 150 m 150 m 8
12.00 m 13.60 m 1.60m 1.60m 9
13.60 m 15.10 m 150 m 1.00 m 10
15.10 m 16.60 m 150 m 1.10m 11
16.60 m 18.20 m 1.60m 1.60m 12
18.20 m 19.80 m 1.60m 1.25m 13
19.80 m 21.30 m 1.40m 1.00 m \)&' 14
21.30m 22.80 m 1.60m 150 m \{\é‘ 15
22.80m 24.30 m 1.50m 150m & 16
2430 m 25.80m 1.50m 14(&%@ 17
25.80m 27.30m 150 m a%,@()\dﬁ 18
27.30m 28.80m 150 m S0@0 m 19
28.80m 30.40m 1.60m &Q&\j}.eo m 20
30.40m 31.90 m 150 m . O(\Qé}\ 150 m 21

Total: 31.10 mé‘,\\ &
SE
NS
CPT's @ depth: Nr. of blow's Seating 7& No. of blow's oﬁ(‘% N Bagsamples from-to ~ Dayworks:
\00 7% hours
O
Geology:

0.00 m Brown highly weathered Shaley Mudston@@andy Gravely Clay Layers
25.30 m large open Fracture

25.50 m Grey Mudstone / Limestone, some Clayey Fractures

30.60 m large open Fracture

Remarks:

06.04.10 Mobilisation of all Plant and Equipment to Site near Naul Co. Dublin

09.04.10 100% Flush losses at 25.30 m, 10% Flush returning at approx 29.00 m followed by 100%

losses at 31.90 m

09.04.10 14.00 - 14.45 Awaiting Instructions of Consulting Engineer regarding final depth of Borehole
¥ hour Dayworks

12.04.10 8.30 - 9.30 Setup Single Packer for Test at 30.00 - 31.90 m 1 hour Dayworks

12.04.10 9.30 - 10.00 Moved Packer 0.50 m down to 30.50 m due to possible bad seal %2 hour Dayworks

12.04.10 10.00 - 11.00 Unable to pressurise Test section due to large open Fracture. Pumped at max.

output 3.9 m3h but only achieved 0.2 bar pressure. Continued pumping at 3.9 m3h for ¥ hour with no

increase in Pressure. 1 hour Dayworks

12.04.10 11.00 - 15.30 Waiting for Briodys to finish Grouting 4%2 hours

Used Materials:
21 Geobore Coreboxes, 31.5 m Geobore Liner

Waterlevel @ time: Installation type: Filter screen @ depth: Backfill type: Depth @ end
5.70 m none Cement Grout of shift:
8.30am 12.04.10 31.90 m

Signature Driller:  Signature Client:
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Petersen Drilling Services - Daily Logsheet

Location: Job Nr.: Date: Day: Borehole No.:
Phoenix PDS 07/10 12.04.10- 20.04.10  Monday / Tuesday BH 16

Driller: Assistantl: Assistant2: Client:

S Petersen P Butler IGSL

Type of Drilling:  Type of Flush: Coreliner used: Coreboxes:

8"Open Hole/Geobore S Air / Polymer Gel yes 37

Casing depth: Symetrix from-to: Openhole 5" from-to: Openhole 8" from-to:
0.80m 0.00-0.80m

Geo S core from: Geo S core to: Length: Core Recovery: Corebox No.:
0.80m 1.60 m 0.80m 0.80m 1
1.60 m 3.10m 1.50 m 1.30 m 2
3.10m 470 m 1.60 m 1.60 m 3
470 m 6.20 m 1.50 m 1.50 m 4
6.20 m 7.60 m 1.40 m 1.00 m 5
7.60 m 9.10m 1.50 m 1.50 m 6
9.10 m 10.60 m 1.50 m 1.00 m 7
10.60 m 12.10 m 1.50 m 1.50 m 8
12.10 m 13.60 m 1.50 m 0.90 m 9
13.60 m 15.10 m 1.50 m 0.90 m 10
15.10 m 16.60 m 1.50 m 1.00 m 11
16.60 m 17.50 m 0.90 m 0.80m .12
17.50 m 18.00 m 0.50 m 0.00 m o&
18.00 m 19.00 m 1.00 m 0.50 m 0,;{\‘3‘ 13
19.00 m 19.60 m 0.60 m 0.60m 13
19.60 m 20.70 m 1.10 m 1@(}\&:’5\ 14
20.70 m 21.10 m 0.40m 43’ 14
21.10 m 22.60 m 1.50 m Q\QO 50 m 15
22.60 m 23.80m 1.20m QQ @5‘1.00 m 15
23.80m 24.60 m 0.80m Y (\Qf‘ 0.60 m 16
24.60 m 2550 m 0.90 m &é’o\$ 0.80m 16
2550 m 27.00 m 1.50 rr]\‘\Q. &‘\\ 1.30m 17
27.00 m 28.50 m 1.504A \\\\ 0.00 m 18
28.50 m 30.00m 1.5Q\m,°Q 0.50 m 18
30.00m 31.50m 1.50m 0.90 m 18
31.50m 33.00m 4’5%0 m 1.30m 19
33.00m 34.50m 00(\1.50 m 1.20m 20
34.50m 36.00m 1.50 m 1.50 m 21
36.00m 37.00m 1.00 m 0.90 m 22
37.00m 37.50m 0.50 m 0.30m 22
37.50m 38.30m 0.80m 0.70 m 23
38.30m 39.00m 0.70 m 0.70 m 23
39.00m 40.50 m 1.50 m 1.50 m 24
40.50 m 42.00m 1.50 m 1.50 m 25
42.00m 43.50m 1.50 m 1.30m 26
43.50m 45.00m 1.50 m 1.50 m 27
45.00m 46.50 m 1.50 m 1.50 m 28
46.50 m 48.00m 1.50 m 1.50 m 29
48.00m 49.50 m 1.50 m 1.50 m 30
49.50 m 51.00 m 1.50 m 1.50 m 31
51.00 m 52.50 m 1.50 m 1.40 m 32
52.50m 54.00 m 1.50 m 1.50 m 33
54.00 m 55.50 m 1.50 m 1.40 m 34
55.50 m 57.00 m 1.50 m 1.50 m 35
57.00m 58.50 m 1.50 m 1.50 m 36
58.50 m 60.00 m 1.50 m 1.40 m 37

Total: 59.20 m

EPA Export 27-07-2013:00:32:14



CPT's @ depth: Nr. of blow's Seating 7¢No. of blow's on 75mm Bagsamples from-to  Dayworks:
9.5 hours

Geology:

0.00 m Brown highly weathered Shaley Mudstone / Sandstone, Sandy Gravely Clay Layers

0.90 m Black partly highly Fractured Mudstone / Sandstone, some Clay Layers

12.20 m Brown/Grey highly weathered Shaley Sandstone / Mudstone, some Sand and Gravel Layers,
some Brown Clay Layers

25.00 m Black Mudstone / Sandstone , some Clay Layers

27.00 m Brown Sand

29.00 m Black Mudstone / Sandstone , some Clay Layers, partly very Fractured

58.00 m Black Limestone, some Mudstone and Clay Layers

59.00 m Black Mudstone / Sandstone , some Clay Layers

Remarks:
30% Flush losses between 12.20 m and 19.60 m, 20% Flush losses between 19.60m and 24.60 m
10% Flush losses between 48.00 m and 55.50 m
19.04.10 Setup and dismantled Double Packers at Testsections 42.00 - 44.00 m & 54.00 - 56.00 m
3 hours D@;works
19.04.10 13.00 - 14.00 Packertest @ 42.00 - 44.00 m 1 hour Dayworks ®°
19.04.10 14.30 - 15.00 Packertest @ 54.00 - 56.00 m % hour Dayworks 6‘6\
19.04.10 16.30 - 18.45 Waiting for Briodys to finish Grouting from 60.00 - 30.00ym &V hours
20.04.10 8.00 - 9.30 Groutlevel at 33.00 m filled Borehole to 24.00 m with Eg%é(\g\@t Pellets and
Installed 50 mm Standpipe at 24.00 m
20.04.10 9.30 - 12.15 Waiting for Briodys to finish Grouting from 18. Ogﬁé}\ L 2% hours Dayworks
\\Q ¢
&
&e@ S

Used Materials: <<0 \\\\q
37 Geobore Coreboxes, 60 m Geobore S Liner \
2.00 m 50 mm Slotted (20 - 22), 22.40 m 50 mm Soli - +0.40 & 22 - 24), 4.00 m Gravel (23 - 19),
9.00 m Bentonite (33 - 24),2.00 m Sand (23 - 24 & é-‘ﬁ), 2.00 m Filter Sock, 1 Bottom Cap
45.00 m Cement Grout (60 - 33 & 18 - GL), Qo
All Grout supplied and installed by Briodys, Gravel supplied by Murphys, Cover to be installed later

Waterlevel @ time: Installation type: Filter screen @ depth: Backfill type: Depth @ end
2.50m 50 mm HDPE 20.00 - 22.00 Cement Grout of shift:
8.30am 19.04.10 60.00 m

Signature Driller:  Signature Client:

EPA Export 27-07-2013:00:32:14



Petersen Drilling Services - Daily Logsheet

Location: Job Nr.: Date: Day: Borehole No.:
Phoenix PDS 07/10 20.04.10 - 22.04.10 Tuesday / Thursday BH 18

Driller: Assistantl: Assistant2: Client:

S Petersen P Butler IGSL

Type of Driling:  Type of Flush: Coreliner used: Coreboxes:

8"Open Hole/Geobore S Air / Polymer Gel yes 14

Casing depth: Symetrix from-to: Openhole 5" from-to: Openhole 8" from-to:
0.60 m 0.00-0.60 m

Geo S core from: Geo S core to: Length: Core Recovery: Corebox No.:
0.60 m 1.60 m 1.00 m 1.00 m 1
1.60 m 3.10m 1.50 m 1.50 m 2
3.10m 4.60 m 1.50 m 1.50 m 3
4.60 m 6.10 m 1.50 m 1.50 m 4
6.10 m 7.60 m 1.50 m 1.50 m 5
7.60 m 8.80m 1.20 m 0.90 m 6
8.80 m 10.40 m 1.60 m 1.60 m 7
10.40 m 11.40 m 1.00 m 1.00 m 8
11.40 m 12.00 m 0.60 m 0.60 m 8
12.00 m 13.60 m 1.60 m 1.60 m 9
13.60 m 15.10 m 1.50 m 140 m o@' 10
15.10 m 16.60 m 1.50 m 1.50m_ g 11
16.60 m 18.10 m 1.50 m 1.40 m’;@ 12
18.10 m 19.60 m 1.50 m @Sg\\}n 13
19.60 m 21.20m 1.60 m 4?0 0m 14

Total: 2060m &
SO
L&
@
&
CPT's @ depth: Nr. of blow's Seating 7! No. of blow's 0@0‘@&’#\0 Bagsamples from-to  Dayworks:
& RS 4% hours
S
Geology: \5\

0.00 m Brown highly weathered Shaley Mudsto%@‘\ Sandstone, some Clay Layers
15.00 m Grey Limestone, some shaley Mudstgfié Layers, some Fractures

15.40 m - 15.70 m Cavity possible Clay or Sand filled

16.30 m - 16.50 m Cavity possible Clay or Sand filled

Remarks:

21.04.10 100% Flush losses from 14.80 m

22.04.10 8.15-9.30 Setup Single Packer at 17.00 - 18.00 m 1% hour Dayworks
22.04.10 9.30 - 11.00 Packertest 18.00 - 21.20 m 1% hours Dayworks

22.04.10 11.00 - 11.30 Pulled Packer and dismantled all Equipment %2 hour Dayworks
22.04.10 Installed 50 mm Standpipe and Backfill to 21.20 m

22.04.10 13.00 - 14.30 Waiting for Briodys to finish Grouting 1%2 hours Dayworks

Used Materials:

14 Geobore Coreboxes, 21.00 m Geobore Liner

2.00 m 50 mm Slotted (19 - 17), 18.40 m 50 mm Solid (17 - +0.40 & 20 - 19), 4.00 m Gravel (20 - 16),
2.20 m Sand (21.2 - 20 & 16 - 15), 2.00 m Filter Sock, 1 Bottom Cap

15.00 m Cement Grout (15 - GL),

All Grout supplied and installed by Briodys, Gravel supplied by Murphys, Cover to be installed later

Waterlevel @ time: Installation type: Filter screen @ depth: Backfill type: Depth @ end
9.00 m 50 mm HDPE 19.00 m - 17.00 m Cement Grout of shift:
8.15am 22.04.10 21.20 m

Signature Driller:  Signature Client:

EPA Export 27-07-2013:00:32:14



Patrick Briody & Sons LTD

Specialists Drilling Contractors
The Grove
y Rathangan
N BINERING. Co, Kildare
PN VAT NO. IE 82147600
s ol Email: info@briodydrilling.com
DRILLING LOG 124-2010  "Memvews* Wit vyl

BH.15

Arrived on site @ 11.00am

Grout borehole from 32.8m to ground level

Grouting time 12.30 to 3.30 plus wash down of tremie pipes and grout plant total 4.30pm
65 bags of cement (25kg bags) used .

4 samples of grout taken
Losses of grout were incurred using double of anticipated amount approx.

BH.15 Monitoring Well

Located 4 metres from grouted geobore borehole

Date 16-4-2010

0-3m 10” diameter Coarse sand fine gravel Q}o&
3-6m 10” diameter clay covered coarse material &
6-9m 10” diameter 2” square stone to brown waggl\@ﬁOgls/hr

9-12m 10” diameter 3”/4”choclate brown =~ & »©
60/min Airlifting @ 12m for delivering zggg;l'gﬁ
12m of 8” steel casing installed S

12-15m 8” coarse material grey coloug@io )

15-18m 8” very wet with 4” stong(a@%t& strike increase +300gls/hr

6m of 8” casing installed O

18-21m Huge water su'ikzlv:;;lylﬁ\g out a lot of material

21-24m 8” top of lough shi (@ 24m calcite material in stone

45 whin Surging and well de%elopmcnt increasing yield with washed material +
3600g!s/hr

6m of 8” casing installed

24-27m 8” Still drilling lough shinney open hole section of borehole completely

collapsing washing out 4” stone
27-29m conditions for drilling requiring more casing developing borehole for,1 brwater

cleaning very quickly particulary with surging and very high yielding

Telephone: {045) 524360 (087) 2589313 Fax: (045) 524785
Directors: Padraig Briody B. Comm., M.B.S.(Contracts), Aidan Briody (Operations).
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Patrick Briody & Sons LTD

Specialists Drilling Contractors

The Grove
Rathangan
Co. Kildare
.BH.15 VAT NO. IE 82147000
19-4-10 Email: info@briodydrilling.com

Website: www.briodydrilling.com

6m of casing installed (total casing string 30m)

29-30m drilling partly black mudstone very silty when developed slow to fully clean.

60 min surging and well development with very little improvement on silty mud water,
yield decreased with casing down to 30 m

Installed 2” piezometer pipe as per instruction 1m plain on bottorn then 1m screen section
followed with 28m of plain pipe. Gravel pack to 26m with 1m of sand layer/barrier to

25m.
Pulled casing back to 28m.

Decision made to grout BH.16 from 60m to 30m instructed to use 25 bags of cement to
achieve desired depth.

Grouting from 4.30pm 7.00pm.

&
20-4-10 &>
N
NS
Replaced pull cord on grout plant and went fc:gg&ipﬁe of cement

P&

Started grouting BH.16 from 18m to surfaieising 32 bags of cement.
Grouting time from 9.30am to 12.1 5&3}%&5

. \(\ \O
1.30pm Returned to BH.15 Q®Q§\&’\
Puiled casing from 28m back to gtﬁn
Started pumping grout until grsy colour water returning to surface through casing while
monitoring water in piezometer and remaining static.
Pulled casing to 21m and continued pumping grout no returns to surface lifted casing to
18m. Annular spacing dipping to 22.4m with 66 bags of cement used and no returns

Finished at 7.30pm
214-10

Dipped BH.15 annular space at 9.15am to 22.4m
Dipped 2” piezometer 29.7m

Added 6 bags of bentonite dipping to 21.4m
Added 6 bags of bentonite dipping to 20.4m
Added 3 bags of bentonite dipping to 18.4m
Added 3 bags of bentonite dipping to 16.4m
Added 3 bags of bentonite dipping to 14.4m

Added 3 bags of bentonite dipping to 12.4m
Started pumping grout with 12m of casing in borehole grout coming over well head.

2

Telephone: (045) 524360 (087) 2589313 Fax: (045) 524785 .
Directors: Padraig Briody B. Comm., M.B.S.(Contracts), Aidan Briody (Operations).
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Patrick Briody & Sons LTD

Specialists Drilling Contractors
The Grove
Rathangan
Co. Kildare
VAT NO. IE 82147000
Email: info@briodydrillingcom
Website: wwwbriodydrilling.com

Pulled 3m of casing losing grout again added a further 20 bags of bentonite in a
combined grout mix using 40 bags of cement.

Dipped for grout at 8m hard at 11.5m stopped grouting at 1.30pm

Mobilised to BH.19 at 2.00pm with rig

Returmed to BH.15 AT 3.00pm and dipped grout at 8.5m used a further 5 bags of cement
and 6 bags of bentonite to 3m.

Drilling BH.19 @ 3.30pm
Drilled 10” diameter to 6m All brown dry weathered matc(gal

Installed 6m of 8” steel casing. &>
Drilled at 8” to 9m red band of sandstone? @ 7m withswater.

60 imin Developing and surging @ 7m yieldingsiQ0gls/hr
Engineers concerned that we might be on thes s\ng side of fault therefore perhaps

abandon borehole @ 18m decision to be {l\nﬁ,@&\'\for following moming 22-4-10.
Therefore we decided not to drill ou @?g&ﬂe to avoid overnight unstabilising of
O

exposed weathering sections. , \Io? S
22-~4-10 6\00
Arrived at 8.00am &
Awaiting confirmation of borehole spec

Dipped Bh.19 Static water level @ 1.45m
9-12m 8” brown fill material borehole yielding 20gls/hr

12-15m 8” reasonably competent brown rock

15-18m 8” black mudstone at 18m with specks of red chip

60 tmin Surged and well development yielding 150gls/hr Surging opening apertures.
Install Im plain on bottom them 1m screen followed by 16m of plain

Backfilled with gravel to 14m then 1m of sand to 13m instatled grout pipe and pulled
casing

11.15am went to hardware for cement

Topped BH.15 with a further 18 bags of cement and fitted hinged lockable stand cover

Totals of cement for Monitoring BH.15 ' ; %

Cement 129 bags and 49 bags of bentonite

Telephone: ((45) 524360 (087) 2589313 Fax: (045) 524785
Directors: Padraig Briody B. Comm., M.B.S.(Contracts}, Aidan Briody (Operations).
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Patrick Briody & Sons LTD

Specialists Dnlling Contractors
The Grove
Rathangan
Co. Kildare
VAT NO. IE 82147000
Email: info@briodydrilling.com
Website: wwwhriodydrilling com

22-4-io
12.00pm to 1.30pm

Grouted BH. 18 using 35 bags of cement ( 15 metres )

1.30pm to 3.30pm

Grouted BH.19 using 42 bags of cement (13 metres )
Started drilling BH20 @ 3.40pm

0-3m 10” gravel is angular fine to coarse of sandstone

3-6m 10” black silt stone

6m of 8” steel casing installed

6-16m 8” black silt stone moderately weak fine grained with .5m clay filled @ 11m water
100gls/hr

16-21m 8” returns of brown clayey sandy gravel gravel arégular increase in water -+
500gis/hr developed zone fof 30 ngin flow consistant >

21-30m 8" biack siltstone 3

-
A
G
Returned to BH19 and fitted cover also fi\@é@%over on BH18.
O &
, P
Left site 6.00pm R &
S
\6\0
&

&

£

Telephone: (045) 524360 (087) 2589313 Fax: (045) 524785
Directors: Padraig Briody B. Comm., M.B.S.(Contracts), Aidan Briody {Operations).
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Patrick Briody & Sons LTD

Specialists Drilling Contractors
The Grove
Rathangan
Co. Kildare
VAT NO. IE 82147000
Email: info@briodydrilling.com
Website: www.briodydrilling.com

23-4-10
Water level in BH.20 @9.00am 1.7m

Borehole clear to 12m with collapse from 12m to 17/18m Significant increase in water
yield from 3000/3500gls/hr surging and well development for 60 in cleaning out clayey

gravel zone.

After airlift drilled from 30m to 32m loosing all air return to surface with air pressure
gauge blowing off @ 350psi indicating continous collapse mostly from 12m.

Decision made on the basis that to progress borehole upper material needed to be cased
off and allowing a return to drilling dry blacksiltstone meaning better stability.

From 10.45am to 12.00pm installed 30m of 6 steel casing

30m to 42m drilling reasonably competent black mudstonf? .
5
42m to 48m massive water strike with estimated yielcg‘ﬁ? in excess of 10000gls/hr bad
fracture in the mudstone with 2” rectangular stt&gé{@“ming to surface.
<O

Volume of water presenting problems to %g?j@s&me volume of water is causing hammer

Q3 ¢
to water out.. eé\i@ &

Fo s
Pulled rods from hole and check @ﬁg&; with dipper BH clear to 42m. 6™ casing stopped
at 30m and open hole section is gj@@ to 42m even with 10000gls/hr of water washing

sides of borehole. O

o(\o?{}\
Made foam mix pumping thfough water pump with approval by engineer
90 miin Airlifting and surging for to try and clean out 42m to 48m section

48 to 52m competent mudstone with particles of calcite @ 48m. Volume of water
slowing hammer speed however foam mix is vital for velocity and suspending material

Details of foam requested by engineer..
Engineer requesting a note to explain reasons for slow progress. ..

Pulled rods back to 30m

Finished 6.00pm

5

Telephone: (045) 524360 (087) 2589313 Fax: (045) 524785
Directors: Padraig Briody B. Comm., M.B.S.(Contracts), Aidan Briody (Operations).
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Patrick Briody & Sons LTD

Specialists Drilling Contractors
The Grove
Rathangan
Co. Kildare
VAT NO. IEE 82147000
Email: info@briodydrilling.com
Website: wwwbriodydrilling.com

, 26" April 2010

Instatled 6m of 6” casing which was driven with % Tonne of puldown pressure @ 90psi
hammer speed. Refusal to drive beyond 36m and cautious not to over exert pressure as

casing needs to be retrived.

42-48m section collapsing continuously drilled to 54m with air/foam mix @ 54m on
better competent rock. Drilling from 48 to 54m was smooth with steady penctration.
Cuttings showing traces of limestone however cuttings are distorted due to collapsing
material washing away direct returns.

11.08AM-3.30PM Time spent developing cleaning and surging 42-48m section. Yield in
this section producing 7,000/8,000 gls/hr washing out black 2/3” flint like stone. Water
cxwptlonally clean and crystal clear to the eye. Ho g&\%r still collapsing after cleaning
and surging. 2 Oﬁ\
IS

\\/}Q
3.30pm Tripped rods out of borehole aq§ Eipped same dipping out to 33m.
Met Eugene Daly and Maria who vi S site and explained conditions encountered and
that borehole was now dipping @3 . Eugene expressed a wish to clean borehole, as the

preferred option was to install pxq:\zﬁneter to 42m.

3.45-5.30pm Tripped rods le)&{mto borehole and clean and developed down to 46m for
90min.

5.30pm Installed piezometer to 43m. Im plain on bottom then 2m screen then 40m of
plain.
Gravel pack from 43m to 38m then Im of sand to 37m

Telephone: (045) 524360 (087) 2589313 Fax: (045) 524785
Directors: Padraig Briody B. Comm., M.B.5.(Contracts}, Aidan Briody (Operations).
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Patrick Briody & Sons LTD

Specialists Drilling Contractors
The Grove
Rathangan
Co. Kildare
VAT NO.IE 82147000
Email: info@briodydrilling.com
Website: www briodydrilling.com

I 27 April 2010
BOREHOLE 20.

9.30AM Dipped 2" piezometer 43m decp

39M depth to pea gravel backfilled with pea gravel to 38m then sand to 37m
10.30am tried pulling 36m 6" casing with drill head unsuccessful

11.00am welded coupling onto 6 casing and used rig jacks to pull no movement

12.060pm used back hammer on rig with constant air and 2%;5 tonne pressure for 60 min
5

approx casing not lifling &
&

2.30pm Met Maria and spoke to Eugene Daly og\l Sne explained issues with retrieval of
casing decision made to leave 6” casing in bogehole and grout from 37m back into 6”
casing for 3-4metres. Pull outer 8~ casing@i?@ﬁ? borehole.
. o(\ é‘
QRS
3.15pm Went to hardwares for 2 to: = o cement
SR

N\

4.0 R ite wi
Opm Returned to site with ceige?ﬂ
4.15pm Started pulling 8 %gﬂcg with back hammer.

5.00pm Started grouting from 37m

6.50pm Left site after pumping 20 bags of cement,

+

Telephone: (045) 524360 (087) 2589313 Fax: (045) 524785
Directors: Padraig Briody B. Comm., M.B.S.{Contracts), Aidan Briody (Operations).
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Patrick Briody & Sons LTD

Specialists Drilling Contractors
The Grove
Rathangan
Co. Kildare
VAT NO. IE 82147000
Email: info@brodydrilling.com
Website: wwwbriodydrilling.com

28" April 2010
Borehoie 20.

9.30am Dipped borehole after pumping grout the night before using 20 bags. Grout made
no returns still dipping to 37m.

10.00-11.30 Pumped a further 15 bags of cement.

12.30pm-3.30pm Checked grout level after 1hr curing, Still at 37m
Started adding Bentonite similar to borehole 15. after 12 bags bentonite back to 34m.
Bentonite added very stowly and BH.dipped after every bag to monitor how quicklt
bentonite was rising )
&
§®
: -
3.30-4.00pm Went to hardwares for Paint for wg{l\oié\
&
Q
4.00-6.15pm Started loading trailer w%bﬁgsﬁng for return journey to yard.
™

. X
s S
g
&
\‘O
&

&

5

Telephone: (045} 5243606 (087) 2589313 Fax: (045) 524785
Directors: Padraig Briody B. Comm., M.B.S.(Contracts), Aidan Briody (Operations).
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Patrick Briody & Sons LTD

Specialists Drilling Contractors
The Grove
Rathangan
Co. Kildare
VAT NO. IE 82747000
Email: info@briodydrilling.com
Website: wwwbriodydrilling.com

- 29 April 2010

10.00AM Loaded trailer with more casing and all other associated materials

Welded and secured all Monitoring wells with hingable lids and painted all protective
casings and cleaned spoil around all boreholes

Left safety sign on site for other rig to use on start of water well

25 Bags of bentonite left in Store shed &
N
&
24 grout samples of all wells marked and labelgﬂl@ﬁ\}) left in store shed
G
O
Left site at 2. SN
site 00pm | 0{\%\,\
S
RS
QOOQA\
\Q
\0
&
OO

¥

Telephone: (045) 524360 (087) 2589313 Fax: (045) 524785
Directors: Padraig Briody B. Comm., M.B.S.(Contracrs), Aidan Briody (Operatdons).
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Patrick Briody & Sons Ltd.

AQUADRILL SERVICES

Well Drilling

DRILLING LOG

& Site Investigation Contractors

The Grove,

Rathangan, Co. Kildare.
Tel (045) 524360

Fax (045) 524785

sheet..... k..ot F...... e-mall: info@briodydriling. com

0736

Date Depth Actual Drilling - o .
of Drilling {from - to} Mtrs/Ft. Diametre Drilling Conditions / Water Strike

- oMb, ) DAY a = S .4

< a&‘ ' AP Sval T;—(J L‘JL:\ t
1

l‘"tlm [ & arn:‘ 4

G’-{" 1o I"Etuns - Lo ”\3 k}.«tgn._,\ (—D\O*'\'pd
d Cosing heannat  ponp. d u—qb .
a@b A, \L é ~ ’p‘.ﬂt@ &- CLLLIL

S
}-{.&_QTM_{_ i AMLA(&é ) U»L
Ny _
Lgui—:}-.h SO Le% s® s m_&.f_{ﬁ_
AP -~
-& t-?{‘..e_ :Q [}%Qj?@\? I"AQ;-- sl:‘?‘ .
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Appendix A14.4.3

IGSL geotechnical logs for shell
and auger boreholes and
coreholes
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IGSL RC FI 10M 14695.GPJ IGSL.GDT 1/6/10

REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14695
CONTRACT  Phoniex Integrated Waste Management Facility DRILLHOLENO BH15
SHEET Sheet 1 of 4
CO-ORDINATES 315799.58 E DATE DRILLED 06/04/2010
257,926.09 N RIG TYPE
GROUND LEVEL (mOD) 105.89 FLUSH AiriMist DATE LOGGED 12/04/2010
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
ElE "
HEARIREE Eract o T -
ol 8| || a racture S % 3
e Qlolo|g SpLa cing g Description — S ©
Sl S| F|V|x 0g 8 g 8 2 >
£l x (mm) | 2B = B S Z
K 2|8 HEIE I
al o 20 50 z | 9 a|m|® 7
IIIIIIIII|IIIIIIIII|I
ro SYMMETRIX OPEN HOLE DRILLING: Observed by driller
C ololo as returns of brown highly weathered mudstone
F 0.80 0.80 [105.09
r “| Highly weathered rock recovered as soft, orange/brown,
C1 sandy CLAY/SILT 1.10 104.79
C 100 0 | 12 Highly weathered rock recovered as stiff, dark brown, slightly
C sandy, slightly gravelly CLAY/SILT. Gravel is angular, fine to
r|1.80 |"o- " coarse of sandstone.
- -
F g 2.30103.59
N "0 Highly weathered rock recovered as stiff, orange/brown,
N 87 | 131 9 - —| slightly sandy, slightly gravelly CL%\ ILT. Gravel is angular, |2.75 (103.14
C “o— |\fine to coarse of sandstone. N
T3 g Highly weathered rock regovered as medium dense, 3.20 [102.69
r (330 orange/brown, clayey, AND. Sand is fine to coarse.
C Gravel is angular, fing g‘&arse of sandstone.
F = Moderately stror@%{(%ﬂerately weak, thickly laminated to
L thinly bedded tureless where clay-filled), interbedded
L4 100|180 | O fine-grained $A! TONE and MUDSTONE with large
E amounts giorafige/yellow/brown clay infill (Balrickard
E Formati )\ oderately to locally slightly weathered.
- Jaso = LS |
C D@QoQ%ﬁh ities are smooth, planar. Apertures are tight to
5 openyxcommonly clay-filled (especially at 4.74-4.96m &
C %\7 -5.76m), commonly penetrative_iron-oxide stained. Dips
' 100l 30 | o care sub-horizontal & locally sub-vertical.
o =
o O 6.00|99.89
[ 6 6.30 °Z<] Highly weathered rock recovered as brown clayey sandy
C ' — GRAVEL. Sand is fine to coarse. Gravel is angular, fine to
r e a'_; coarse of sandstone with pennetrative iron-oxide staining -
: 0, Loss of recovery. 6.90 | 98.99
C7 80| 9| o0 Weak, thinly bedded (to structureless where clay-filled),
C grey/dark grey/orange/brown, interbedded fine-grained
C SANDSTONE and SILTSTONE, moderately weathered.
E 7.80 r Discontinuities are smooth to rough, irregular. Apertures are 8.00|97.89
S ——4 tight to open, commonly clay-filled (especially at 7.20-7.40m . :
r ¥ =1\& 7.80-8.05m). Dips are irregular.
C ol 31 o e'.@* Highly weathered rock recovered as brown clayey sandy
C -2 =| GRAVEL. Sand is fine to coarse. Gravel is angular, fine to 8.80|97.09
C === coarse of sandstone with pennetrative iron-oxide staining - 9'00 96.89
Co E‘__ Loss of recovery. - ’
r 19.30 === Highly weathered rock recovered as stiff, orange, slightly
C sandy CLAY.
- 67 33| 0
REMARKS WATER STRIKE DETAILS
Driller standing 5.25. hrs (Awaiting instruction 0.75hrs, grouting Water | Casing | Sealed Rise Time Comments
4.5hrs). 2 no. single packer tests attempted at bottom of the Strike Depth At To (min)
hole, unable to pressurise test section in both cases due to .
sub-vertical fractures with large water loss. No water strike recorded
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater Comments
Date Tip Depth] RZ Top |RZ Base Type

EPA Export 27-07-2013:00:32:15



IGSL RC FI 10M 14695.GPJ IGSL.GDT 1/6/10

REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14695
CONTRACT  Phoniex Integrated Waste Management Facility DRILLHOLENO BH15
SHEET Sheet 2 of 4
CO-ORDINATES 315799.58 DATE DRILLED 06/04/2010
257,926.09 N RIG TYPE
GROUND LEVEL (mOD) 105.89 FLUSH Ar/Mist DATE LOGGED 12/04/2010
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
EE
~ (2]}
HEARIREE Fract o = .
ol 8| || a racture 5 o o
% Qlo|o|g Spacing ~ Description —_ % °
5| S|F|o| Log 8 el cs| & >
£| € (mm) 2|2 | 5|8 2
15 1 S| 2] &
al o 20 5 z [ G Sl 2|8 o
IIIIIIIII|IIIIIIIII|I
r 10 Strong to moderately strong/weak, medium to thinly bedded
C hosd (to structureless where clay-filled), grey/dark grey,
C ' interbedded fine-grained SANDSTONE and SILTSTONE with
r large amounts of brown clay infill (Donore Formation), slightly
C to moderately weathered. Core loss due to probable sandy
-1 clay-filled fracture at 9.3-9.9m & 13.6-14.1m).
C QB |14(0
E Discontinuities are smooth, planar. Apertures are tight to
L open, commonly clay-filled (especially at 10.70-10.81m,
' |12.00 11.10-11.45m, 11.70-11.82m, 12.00-12.10m,
E 12 12.43-12.60m, 13.08-13.60m, 14.32-14.63m), locally slightly
C iron-oxide stained. Dips are sub-horizontal & sub-vertical.
C (continued) &
C S
- 100| 51| 0 (,;\q@‘
13 . A
- oﬁ\\\ox’é\
- 1360 & Q,S\
- SRR
r NN
- S
F 14 ,\00 &
c 67|11 oM &&‘ O\§
: NEY
C . ° N
™ 15[15.10 N 15.1090.79
C | 9| Highly weathered rock recovered as dense, dark
C R & own/orange mottled, clayey gravelly SAND with occasional
C -+ & cobbles. Sand is fine to coarse. Gravel is angular to
C 100l o | o _@é\ | sub-rounded, fine to coarse of sandstone. Cobbles are
C 16 .| sub-angular to sub-rounded of sandstone.
E ._;,._:'.
- [16.60 N
L . O
C To— ]
L 17 e
C Parae
C 100| 9 0 ]
o o 17.65| 88.24
F 18]18.20
: o
T 81 (14| 0
F J19.89
REMARKS WATER STRIKE DETAILS
Driller standing 5.25. hrs (Awaiting instruction 0.75hrs, grouting Water | Casing | Sealed Rise Time Comments
4.5hrs). 2 no. single packer tests attempted at bottom of the Strike Depth At To (min)
hole, unable to pressurise test section in both cases due to .
sub-vertical fractures with large water loss. No water strike recorded
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater Comments
Date Tip Depth] RZ Top |RZ Base Type

EPA Export 27-07-2013:00:32:15



IGSL RC FI 10M 14695.GPJ IGSL.GDT 1/6/10

GEOTECHNICAL CORE LOG RECORD

REPORT NUMBER

14695

CONTRACT  Phoniex Integrated Waste Management Facility DRILLHOLENO BH15
SHEET Sheet 3 of 4
CO-ORDINATES 315799.58 E DATE DRILLED 06/04/2010
207,926.09 RIG TYPE DATELOGGED  12/04/2010
4
GROUND LEVEL (mOD) 105.89 FLUSH Air/Mist
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
EE
~ (2]}
HEARIREE Fract o = .
o ||| a racture S o 0
% 2 O|lQ|C SpLa cng g Description — % s
Sl 3|F || 09 © S s o >
g a mm | 2| g Z| 2|8 =
| g 1 HEIRIN:
al o 20 50 z | 9 a|m|® 7
IIIIIIIII|IIIIIIIII|I
r 20 Strong to moderately strong/weak, medium to thinly bedded
C (to structureless where clay-filled), grey/dark grey (becoming
C 73113 0 brown 22.8-25.5m), interbedded fine-grained SANDSTONE
C and SILTSTONE with large amounts of brown clay infill
- (Donore Formation), slightly to moderately weathered. Core
21 b1 30 loss due to probable sandy gravel-filled fracture at
C ’ : 19.4-20.9m & 25.50-25.80m).
b o F——_——1 Discontinuities are smooth to rough, planar to irregular.
u Apertures are tight to open, commonly clay-filled (especially
E 22 100( 19| 0 at 18.20-18.50m, 19.30-19.80m, 20.90-20.97m,
C 21.91-22.47m, 23.08-23.46m, 24.03-24.30m,
C 24.45-24.80m), locally slightly iron-oxiffe stained. Dips are
L b2so sub-horizontal & locally sub-verticaj, {continued)
C 6‘\0
[ 23 . A
: P X
C \O
C 100| 59 | 34 Oé?? >
C R
: S
24 . OQQ@\\
: S
c SN
N <<6‘ \\\\
25 100| 38 | 10 QQQ
C ﬁ.0-25.5m - Substantial flush loss through large sub vertical
C racture
C |25.80
C (o
26 26.10({79.79
N [ Strong to very strong (to locally weak at 27.3-29.1m), thickly
r I L] to thinly bedded, grey/dark grey/black, interbedded
- 1001 71 | 55 [ fine-grained LIMESTONE and MUDSTONE (Loughshinny
C I Formation), slightly to locally moderately/highly weathered.
C o7 [ | Core loss due to probable highly weathered layer at
F 7.3 I | 27.30-29.10m).
b l 1] Discontinuities are smooth to rough, planar. Apertures are
E T tight to open, commonly clay-filled (especially at
'—28 60l 5|0 [ | 26.97-27.05m, 27.30-27.9m, 29.18-29.24m), locally calcite
E I veined (1-30mm thick), locally slightly iron-oxide stained. Dips
C I | are sub-horizontal & locally sub-vertical.
F o [28.80 I '
L 29 T :
F 100 | 76 | 36 I [
: [
REMARKS WATER STRIKE DETAILS
Driller standing 5.25. hrs (Awaiting instruction 0.75hrs, grouting Water | Casing | Sealed Rise Time Comments
4.5hrs). 2 no. single packer tests attempted at bottom of the Strike Depth At To (min)
hole, unable to pressurise test section in both cases due to .
sub-vertical fractures with large water loss. No water strike recorded
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater Comments

Date

Tip Depth] RZ Top

RZ Base Type

EPA Export 27-07-2013:00:32:15



IGSL RC FI 10M 14695.GPJ IGSL.GDT 1/6/10

GEOTECHNICAL CORE LOG RECORD

REPORT NUMBER

14695

CONTRACT  Phoniex Integrated Waste Management Facility DRILLHOLENO BH15
SHEET Sheet 4 of 4
CO-ORDINATES g;%gggg E o1y DATE DRILLED 06/04/2010
’ ’ RI PE
DATE LOGGED 12/04/2010
GROUND LEVEL (mOD) 105.89 FLUSH Air/Mist
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
EE
HEABRIEIE: o %
§ Sle|e|ao I;ractgre é g 5
ol 21C|Q|C pLa cing g Description — P ©
Sl S| F| V| x 0g o] E g 2 >
g e mm | 2|2 S| £]5| =
Z| & 5| % gl el 8| &
al o 20 5 z [ G Sl 2|8 o
IIIIIIIII|IIIIIIIII|I
F30 I
r [30.40 I [
E I [ | 30.5-31.0m - Substantial flush loss through large sub
C — 17 Vertical, partially calcite-filled fracture.
ol 100| 70 | 35 ' I
c [
C [
E[31.90 l T 31.90(73.99
30 End of Borehole at 31.90 m
- &
C &
C &
[ 33 .
: S
C (gﬁ <O
: Fo
: S
3 L&
L34 &
C O &
- L
: NEY
N «° \\\\
L 35 c)OQ
C A
C O
- o
C é.}
: P
- 36
F a7
- 38
F 39
REMARKS WATER STRIKE DETAILS
Driller standing 5.25. hrs (Awaiting instruction 0.75hrs, grouting Water | Casing | Sealed Rise Time Comments
4.5hrs). 2 no. single packer tests attempted at bottom of the Strike Depth At To (min)
hole, unable to pressurise test section in both cases due to .
sub-vertical fractures with large water loss. No water strike recorded
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater Comments
Date Tip Depth] RZ Top | RZ Base Type 12-04-10 31.90 31.90 5.70

EPA Export 27-07-2013:00:32:15



IGSL RC PHOENIX 14695.GPJ IGSL.GDT 23/6/10

REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14695
CONTRACT  Project Phoenix DRILLHOLENO BH16
SHEET Sheet 1 of 6
CO-ORDINATES 31587522 E DATE DRILLED 12/04/2010
258,294.73 N RIG TYPE
GROUND LEVEL (mOD) 104.79 FLUSH AiMist DATE LOGGED 20/04/2010
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
ElE
£l £ ®
BEZ2E] Fract g 5|2
ol 8| || a racture 5 o g
Slelalolo Spacing i Description _ Sl 3
£l x (mm) | 8 - |l =g g5
c T o) = @ © X ]
3 g §| @ 2| 3 & sQ
3l 8 250 54 2| 9 o|luw|on| o
IIIIIIIII|IIIIIIIII|I
ro0 SYMMETRIX OPEN HOLE DRILLING: Observed by driller
C as returns of brown highly weathered shaley > >
C mudstone/sandstone with sandy gravelly clay layers. Q \Q
- |0.80 0.80 [103.99
C °7 <] Weak, structureless, black, highly weathered fine-grained % >
r1 10| o | o 0-4 MUDSTONE - recovered as angular gravel with bands of \é
C °0 black sandy gravelly clay. > >
E o [1.60 s o1 K K
3 R > D
2 é’z‘j_{ é é
C B’lo]|o0 _0:9—0_ & > >
: el &S K K
: Y 5 Dl )
L 0 (&)
-, (310 Egen ) K K
C V7= O{\ \’é\ > >
E 2 N7 QO
- 4 & KK
C 2y o O \&
: £ S > D
o 100 0 | O 190 ] QO N Q <
4 7= RODA 4.20 [100.59
C °7 =] Weak, s@k@ﬁ'ess, black, highly weathered fine-grained > >’
N 0 MUDSZONE - recovered as angular gravel with occasional
- 470 kel g
C ' 0 b?(%dé Q\tﬁack sandy gravelly clay. > >,
s “o] ‘& K K
: 100 0 | O _00 ] \6\ % %
: ral oD
-6 [6.20 20Q o K
; | > )
: 22 < K
r A 6.85|97.94 ) >
E 71113] 0 ; ;
- : Moderately weak to moderately strong, thinly bedded to thinly Q \Q
7 laminated, dark grey/black, interbedded fine-grained > >
C r SANDSTONE & SILTSTONE/MUDSTONE with large < <
r|760 amounts of black clay infill (Walshestown Formation),
C moderately/highly to very locally slightly weathered. % %
:_8 Discontinuities are smooth to locally rough, planar. Apertures >
C 100 7 | O are tight to open, commonly clay-filled (especially at >
C » 10.72-10.90m & 11.50-12.0m). Dips are 20-30° & é \é
N sub-vertical. % %
-, |9.10
Lo
C 80| 0 0 > %
REMARKS WATER STRIKE DETAILS
Driller standing 5 hrs (grouting 5hrs). 2 no. packer tests Water | Casing | Sealed Rise Time |~ ments
attempted. Strike Depth At To (min)
No water strike recorded
GROUNDWATER DETAILS
INSTALLATION DETAILS Date [')"e‘:)'teh %ng;?r? DpiLIo | comments
Date Tip Depth] RZ Top |RZ Base Type
20-04-10 | 24.00 18.00 | 24.00 50mm SP

EPA Export 27-07-2013:00:32:15



IGSL RC PHOENIX 14695.GPJ IGSL.GDT 23/6/10

GEOTECHNICAL CORE LOG RECORD

REPORT NUMBER

14695

CONTRACT  Project Phoenix DRILLHOLENO BH16
SHEET Sheet 2 of 6
CO-ORDINATES 315,875.22 E
25829473 N RIG TYPE DATE DRILLED 12/04/2010
GROUND LEVEL (mOD) 104.79 FLUSH Mt DATE LOGGED 20/04/2010
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
ElE o |
BEZ2E] Fract g gl 3
ol 8| || a racture 5 o g
% 2 olo| g SpLaCIng g Description —_ % 3
Sl S|F|v| 0g 8 £ 5 = w
£l & (mm) = | 5| 8| Ea
T o = X
3| S 5|8 5| 8| 8| 8%
8| 8 20 800 Z | S S|lu|a| aE
IIIIIIIII|IIIIIIIII|I
r 10 Moderately weak to moderately strong, thinly bedded to thinly
C laminated, dark grey/black, interbedded fine-grained > >
r  [10.60 SANDSTONE & SILTSTONE/MUDSTONE with large Q Q
C amounts of black clay infill (Walshestown Formation),
C moderately/highly to very locally slightly weathered. % %
L 11
E 100l o | o Discontinuities are smooth to locally rough, planar. Apertures > >
E are tight to open, commonly clay-filled (especially at Q \<
E 10.72-10.90m & 11.50-12.0m). Dips are 20-30° &
:_ 121d sub-vertical. (continued) 12.00[92.79 > >
c12e Weak, structureless, orange/brown/black, highly weathered é \é
C interbedded fine-grained SANDSTONE, & MUDSTONE - > >
C recovered as angular gravel with ba of black sandy Q \Q
r gravelly clay. Gravel is angular, fingto coarse with > >
F 100 orange/brown, iron-oxide staining: 0%
F13 &\\‘ S
: S B>
Y Oag?@b K K
C R
- S W
F 14 <\ \ é é
- 67| 12| 0 14.40/90.39 > M)
C °) o Wea éﬁJreIess orange/brown/black/grey, highly Q \Q
r 24 fine-grained interbedded SANDSTONE & > >,
:_15 15.10 20 o NE - recovered as sandy angular gravel. é \é
C 4 o > >
C © 9
c 9 =g K K
C 0 45
C 67| 7 |0 Yo % %
L 16 0 be)
: °0 o > >
C 16.60 0 ) § §
C o
C 0 o
r 100 0 | O %) < <
17
i °0 o > D)
C 17.50 0 be) \é \é
E ololo °0 o] 17.5-18.0m - No recovery - probable highly weathered rock. > >
- [18.00 %) \/ « 86.79
C 18 00 o
C g
- 55| 0|0 000
L hood 70 , 85.79
T 19 °0 o o | [o
- 100 0 | 0 %)
C o| |o
- [1960 ?0, © 19.70| 85.09
E P °l °] 8479
REMARKS WATER STRIKE DETAILS
Driller standing 5 hrs (grouting 5hrs). 2 no. packer tests Water | Casing | Sealed Rise Time
attempted. 9 © 9 ) P Strike Depth At To (min) Comments
No water strike recorded
GROUNDWATER DETAILS
INSTALLATION DETAILS Date [')"e‘:)'teh %ng;?r? DpiLIo | comments
Date Tip Depth] RZ Top |RZ Base Type
20-04-10 | 24.00 18.00 | 24.00 50mm SP

EPA Export 27-07-2013:00:32:15




IGSL RC PHOENIX 14695.GPJ IGSL.GDT 23/6/10

REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14695
CONTRACT  Project Phoenix DRILLHOLENO BH16
SHEET Sheet 3 of 6
CO-ORDINATES 315,875.22 E
25829473 N RIG TYPE DATE DRILLED 12/04/2010
GROUND LEVEL (mOD) 104.79 FLUSH Mt DATE LOGGED 20/04/2010
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
ElE 0
HEEIEE o 5| £
3 S || a I;ractgre 8 2 ‘§
o 2|09 |9 pLacmg 5 Description —_ o | 2
Sl S|F|w| 0g ks £ 5 o w
£l & (mm) = | 5| 8| Ea
T o = X
3 g §| @ 2| 3 & sQ
3l 8 250 54 2| 9 o|luw|on| o
IIIIIIIII|IIIIIIIII|I
r 20 100 16 | 15 : Moderately weak to moderately strong, thinly bedded to thinly © °
C : laminated, grey/orange/brown, fine-grained SANDSTONE =
C borol : (Walshestown Formation), moderately weathered. ° =°
:_ b1 10 100 0 | © Discontinuities are smooth to locally rough, planar. Apertures ° °
c21 : are tight to open, commonly clay-smeared, commonly -
C : moderately iron-oxide stained. Dips are 20-30° & sub-vertical. © E°
o : (continued) =
C . o o
- 8100 : 3| 8279
L 22 : o[ |o
26 & |l
C : &
- : & el | 8179
23 el alo = {\\\. @ S
C . aﬁ;\d
C O
r [23.80 Q&
- S 80.79
24 QL3
C O S
- 9|6 |0 &\\\&\ /
4 KO
: S X
F L 25.00/79.79
25 891190 I M%&%tely strong, medium to thinly bedded, black, //
C ——— .fite-grained MUDSTONE (Walshestown Formation), slightly
F 25,50 N 25.50| 79.29 /
C eathered.
g - Y
o ’ E=="| Discontinuities are smooth, planar. Apertures are tight to /
26 moderately open, locally clay-smeared. Dips are 20-30° & /
H 1001 18 | © sub-vertical. /
C Moderately weak to moderately strong, medium bedded to //
C thinly laminated, dark grey/black/brown, interbedded
. [27.00 fine-grained SILTSTONE & MUDSTONE with large amounts //
27 of black clay infill (Walshestown Formation), slightly to locally /
C moderately/highly weathered. //
- 7101l o Discontinuities are smooth to locally rough, planar to /
- irregular. Apertures are tight to open, commonly clay-filled //
28 (especially at 26.0-26.15m, 26.42-26.47m, 30.98-31.18m, /
L 31.33-31.41m). Dips are 20-30° & sub-vertical. /
E 28.50) 27.0-27.5m - No recovery - probable highly weathered rock. //
29 //
C 3312 0 //
F [30.00) I
REMARKS WATER STRIKE DETAILS
Driller standing 5 hrs (grouting 5hrs). 2 no. packer tests Water | Casing | Sealed Rise Time
attempted. 9 © 9 ) P Strike Depth At To (min) Comments
No water strike recorded
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater Comments
Date Tip Depth] RZ Top |RZ Base Type
20-04-10 | 24.00 18.00 | 24.00 50mm SP

EPA Export 27-07-2013:00:32:15



IGSL RC PHOENIX 14695.GPJ IGSL.GDT 23/6/10

REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14695
CONTRACT  Project Phoenix DRILLHOLENO BH16
SHEET Sheet 4 of 6
CO-ORDINATES g;gggi?% E DATE DRILLED 12/04/2010
1£95 RIG TYPE DATE LOGGED 20/04/2010
GROUND LEVEL (mOD) 104.79 FLUSH Air/Mist
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
ge ]
slels|2|2| .. 2 s §
Q| ; racture o =
ol 9| XE|X|O ; o ] ©
% 2 O|lQ|C SpLa cing g Description —_ % 3
Sl S| F| V| x 0g @ é g a L
2l e mm) | |2 1 £|5| e
S| o T o) = ‘g c <
3|l 5 ) 5| 2 8| 2| 5| 8¢
a| o 50 500 =Z | o w ] mS
IIIIIIIII|IIIIIIIII|I
r 30 Moderately weak to moderately strong, medium bedded to
C thinly laminated, dark grey/black/brown, interbedded
C fine-grained SILTSTONE & MUDSTONE with large amounts
r 60| 51| 0 of black clay infill (Walshestown Formation), slightly to locally
C moderately/highly weathered.
L 31
C Discontinuities are smooth to locally rough, planar to
L P15 irregular. Apertures are tight to open, commonly clay-filled
E (especially at 26.0-26.15m, 26.42-26.47m, 30.98-31.18m,
u 31.33-31.41m). Dips are 20-30° & sub-vertical. (continued)
E 32
- 80 | 18| 14 32.40/72.39
N Moderately weak to moderately strol edium bedded to
N thinly laminated, dark grey/black STONE (Walshestown
. [33.00 Formation possibly grading into Balrickard Formation
- 33 from approx. 58.00m), f(r\@h ée\jocally slightly weathered.
C S A
C i === Discontinuities are ﬁo ﬁ9t0 locally rough, planar. Apertures
H 80|21 0 are tight to open @ nly clay-filled (especially at
. 48.75-48.89 2.9m, 54.3-54.55m, 55.14-55.18m,
L 34 56.46-56.681, 56.81-56.85m, 57.61-57.97m), locally slightly
C iron-oxidg})ta' d. Dips are 20-30° & sub-vertical.
C 34.50 & O
: NEY
C L
35 - c)OQ
C 100| 19 | © &
r 3
C 3
L [36.00 S
- 36
F 100 10 | 0
F - [37.00
L 37
C 100 10 [ O
F 3750
o 88|18 0 -
L 38
- [38.30
- 100| 10 | 0 |m
F [39.00
-39
E 100 23 [ O F
REMARKS WATER STRIKE DETAILS
Driller standing 5 hrs (grouting 5hrs). 2 no. packer tests Water | Casing | Sealed Rise Time
attempted. 9 © 9 ) P Strike Depth At To (min) Comments
No water strike recorded
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater Comments
Date Tip Depth] RZ Top |RZ Base Type
20-04-10 | 24.00 18.00 | 24.00 50mm SP

EPA Export 27-07-2013:00:32:15



IGSL RC PHOENIX 14695.GPJ IGSL.GDT 23/6/10

REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14695
CONTRACT Project Phoenix DRILLHOLE NO BH16
SHEET Sheet 5 of 6
CO-ORDINATES 31587522 E DATE DRILLED 12/04/2010
258,294.73 N RIG TYPE
GROUND LEVEL (mOD) 104.79 FLUSH Mt DATE LOGGED 20/04/2010
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
ElE o |
% %. AR Fracture = £ 2
ol g| || ractt S = =
Qlo|lglo|a Spacing ~ Description - S| 3
glc|v|a|a Log g El§|g| L
2| e (mm) gl e B - =P
c = © he] =N
1 15 §ls| 5 38
8| 8 20 800 Z | S S|lu|a| aE
IIIIIIIII|IIIIIIIII|I
r 40 Moderately weak to moderately strong, medium bedded to
C losd thinly laminated, dark grey/black, MUDSTONE (Walshestown
C ' Formation possibly grading into the Balrickard Formation
C from approx. 58.00m), fresh to locally slightly weathered.
:_41 Discontinuities are smooth to locally rough, planar. Apertures
. 1001 7 | 0 are tight to open, commonly clay-filled (especially at
C ' 48.75-48.89m, 52.7-52.9m, 54.3-54.55m, 55.14-55.18m,
C F—— 56.46-56.68m, 56.81-56.85m, 57.61-57.97m), locally slightly
E l42.00 iron-oxide stained. Dips are 20-30° & sub-vertical.
F 42 (continued)
- &
C 87| 3| o0 &
C &
4 O{\\\;@
r 4350 <O
: FS
: S
- S
L 44 & &
C 100| 5 0 é‘}\ $Q
C O
c \@9‘(’\‘
- S
E 145.00 < N
F 45 \00
- ©
- 100 0 | O _—
- N7
:_46
F 6,50
L 47
C 100| 7 0 :
F 8.0
- 48
E 100| 7 0
:_49
F 14950 [
REMARKS WATER STRIKE DETAILS
Driller standing 5 hrs (grouting 5hrs). 2 no. packer tests Water | Casing | Sealed Rise Time
attempted. ’ © 9 ) : Strike Depth At To (min) Comments
No water strike recorded
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater Comments
Date Tip Depth] RZ Top |RZ Base Type
20-04-10 | 24.00 18.00 | 24.00 50mm SP

EPA Export 27-07-2013:00:32:15



IGSL RC PHOENIX 14695.GPJ IGSL.GDT 23/6/10

REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14695
CONTRACT Project Phoenix DRILLHOLE NO BH16
SHEET Sheet 6 of 6
CO-ORDINATES g;g’ggigg E DATE DRILLED 12/04/2010
’ ’ RIG TYPE
GROUND LEVEL (mOD) 104.79 FLUSH Mt DATE LOGGED 20/04/2010
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
EE
~ (2]}
BEZ2E] Fract g 5|2
o $le||a racture S o =
olelolo|a Spacing i Description —_ % 3
2lslF|a|e Log o E|l §| & | W
£l x (mm) |2 “ | 2| 8| ==
c = = © he] =N
2| § 5|9 215|529
250 00 9] Q@ )
oo IIIIIIIII|IIIIIIII5I|I z - o w &N o=
r 50 Moderately weak to moderately strong, medium bedded to
C 1001 16 | © thinly laminated, dark grey/black, MUDSTONE (Walshestown
C Formation possibly grading into the Balrickard Formation
C from approx. 58.00m), fresh to locally slightly weathered.
C [51.00
:_51 Discontinuities are smooth to locally rough, planar. Apertures
C are tight to open, commonly clay-filled (especially at
+ 48.75-48.89m, 52.7-52.9m, 54.3-54.55m, 55.14-55.18m,
b 100/ 2 | o 56.46-56.68m, 56.81-56.85m, 57.61-57.97m), locally slightly
E iron-oxide stained. Dips are 20-30° & sub-vertical.
F 52 (continued)
' [52.50 .
- &
C &
C &
L 53 Y
F 100| 4 | o Oi\\\\fé\
C (gﬁ <O
: S
F [54.00 Q @‘?
54 S é\\
C > S
- &N
C & R0
r 10015 | o | S
C < N
L 55 P
- &
L 55,50 x
: rah >4
- N7
L 56
N 100 7 | 0 L — —
F - |57.00
L 57
: __
E 100 | 31 9
- % 58.07-58.20m - Limestone layer
- 58,50
L 59
C 87| 8 0
F 10.00) 60.00|44.79 44.79
REMARKS End ¢f Borehole at 60.00 m WATER STRIKE DETAILS
Driller standing 5 hrs (grouting 5hrs). 2 no. packer tests Water | Casing | Sealed Rise Time
attempted. 9 © 9 ) P Strike Depth At To (min) Comments
No water strike recorded
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater Comments
Date Tip Depth| RZ Top |RZ Base Type 19-04-10 60.00 60.00 2.50
20-04-10 | 24.00 18.00 | 24.00 50mm SP

EPA Export 27-07-2013:00:32:15



IGSL RC PHOENIX 14695.GPJ IGSL.GDT 23/6/10

GEOTECHNICAL CORE LOG RECORD

REPORT NUMBER

14695

CONTRACT  Project Phoenix DRILLHOLENO BH18
SHEET Sheet 1 of 3
CO-ORDINATES 315,724 24 E DATE DRILLED 20/04/2010
258,072.82 N RIG TYPE
GROUND LEVEL (mOD) 110.50 FLUSH Ar/Mist DATE LOGGED 22/04/2010
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
EE
= = ) ) o g c
HE AR R B Fract 2 s | 8
3| 8 dlc|a Srac ure S ° g
ol 2]ClQ|C hacing B Description — o | 2
5| S|F|o| Log 8 E|ls| & w
£l (mm) | 2 “ | 2| 8| ==
c - < © hel ca
gl 5 5| 9 21 5| 5| %0
3l 8 250 54 2| 9 o|lw|®| @&
IIIIIIIII|IIIIIIIII|I
ro0 SYMMETRIX OPEN HOLE DRILLING: Observed by driller
C as returns of brown highly weathered shaley > >
- |0.60 mudstone/sandstone with clay layers. 0.60 109.90< \Q
C Moderately strong to moderately weak, thickly laminated to > >,
C medium bedded (to structureless where clay-filled), < \é
r 100 14 | 0 black/grey/dark grey/brown interbedded fine-grained > >
C SANDSTONE and MUDSTONE with large amounts of
r|1.60 S — orange/yellow/brown clay infill (Possible Balrickard Q \Q
C Formation), moderately to locally slightly weathered. > >
;_2 Discontinuities are smooth to locally rough, planar. Apertures < \é
C 10| 12| o are tight to open, commonly clay-filled (especially at > >
C 1.61-1.97m, 2.72-2.75m, 3.41-3.73 73-4.91m & Q \Q
3 4.94-5.01m), strongly iron-oxide i\@ined. Dips are 20-30° &
g P 70° to sub-vertical. S % %
M SEa
i F3S % %
- F&
C 100[ 19 | o0 ) é}\?\ > >
- N K K
3 == ¢ > D
E |40 &éj S K K
co SN
C s\ '\Q
C <<0 N
m5 || RN 5.10 [105.40] [
C ‘ﬁo‘derately strong to moderately weak, thinly laminated to > >
r 1001 24 | © edium bedded (to structureless where clay-filled), é \é
C = black/grey/dark grey interbedded fine-grained SANDSTONE
C =~ and MUDSTONE (Possible Donore Formation), slightly to > >’
g 610 locally moderately weathered. Q \Q
: — > )
- Discontinuities are smooth to locally rough, planar. Apertures é \é
- are tight to open, commonly clay-filled (especially at
C 100l 39 | o L +—— 5.53-6.04m, 7.35-8.09m, 9.25-9.48m, 9.86-10.11m, > >
'_7 10.29-10.4m, 11.14-11.31m, 11.66-12.0m, 12.08-12.11m, Q Q
C 12.51-13.0m, 13.21-13.44m, 13.79-13.93m, 14.23-14.51m, > >
C —1—1 14.86-15.2m), strongly iron-oxide stained. Dips are 30-50° & < \é
r |760 locally sub-vertical.
C 7.5-8.05m -poor recovery - probable highly weathered rock. > >
8 \é \é
C 100 13 [ O >, >,
F |s.80 > >
- E = K K
F 10017 | 0 > >
- “
REMARKS WATER STRIKE DETAILS
Driller standing 1.5 hrs (grouting). 1 no. packer tests attempted. | Water | Casing | Sealed Rise Time
9 (grouting). 1 no. p P Stike | Depth | At To | (min) | COmments
No water strike recorded
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater Comments
Date Tip Depth] RZ Top |RZ Base Type
22-04-10 | 19.00 15.00 | 21.20 50mm SP
22-04-10 | 20.00 15.00 | 21.20 50mm SP

EPA Export 27-07-2013:00:32:15




IGSL RC PHOENIX 14695.GPJ IGSL.GDT 23/6/10

GEOTECHNICAL CORE LOG RECORD

REPORT NUMBER

14695

Strike Depth At To (min)

CONTRACT Project Phoenix DRILLHOLE NO BH18
SHEET Sheet 2 of 3
CO-ORDINATES 315,724 24 E DATE DRILLED 20/04/2010
258,072.82 N RIG TYPE 0GG
DATE L ED 22/04/2010
GROUND LEVEL (mOD) 110.50 FLUSH Air/Mist
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
’g —
£ E P c
HEIBIEIE Q T | S
8 Sle|e|a I;ractgre kS g ‘§
ol 2]ClQ|C hacing B Description — o | 2
5| S|F|v|x Log ® e c a w
£l @ (mm) €3 12| 5| =5
o T o £ © £a
3| 5 §| @ 2| @ s sQ
a| o 20 sg z | G o|w|d| ak
IIIIIIIII|IIIIIIIII|I
r 10 - Moderately strong to moderately weak, thinly laminated to
C 1040 medium bedded (to structureless where clay-filled), > >
r black/grey/dark grey interbedded fine-grained SANDSTONE Q \Q
C and MUDSTONE (Possible Donore Formation), slightly to
E locally moderately weathered. % %
L 11
E 1001510 Discontinuities are smooth to locally rough, planar. Apertures > >
- are tight to open, commonly clay-filled (especially at Q \<
E 5.53-6.04m, 7.35-8.09m, 9.25-9.48m, 9.86-10.11m,
' |12.00 10.29-10.4m, 11.14-11.31m, 11.66-12.0m, 12.08-12.11m, > >
E 12 12.51-13.0m, 13.21-13.44m, 13.79-13.93m, 14.23-14.51m, Q <
E 14.86-15.2m), strongly iron-oxide stained. Dips are 30-50° & > >
: locally sub-vertical. (continued) \}& < \é
C 10019 ] 0 12.7-12.85m -clay layer with an@ér and linear white > >’
s mineralisation 3 3 < \é
: C S YR
- 1360 - Oéz? @g\ K K
: n SO > )
. Q
o AL
- 100 8 | 0 RO Y
C . (\& ‘\,0 \é \é
C NN
C $ 9 , > D)
E lis1o 148059 - Substantial flush loss (100%) ¥ 95.50
15 e 15.20/95.30.| |-
C - [ Sirong to very strong (to locally weak where shale), thickly
C I |dJ edded to thinly laminated, grey/dark grey/black, interbedded
C —ot| fine-grained LIMESTONE and MUDSTONE (Shale)
- 100 22 | 11 J (Loughshinny Formation), slightly to locally moderately/highly o 94.50
r 16 weathered. o | o
E 16.60 F Discontinuities are smooth to locally rough, planar to locally °| [°
C ] stepped. Apertures are tight to open, locally clay-filled
C I (especially at 15.38-16.06m), strongly iron-oxide stained, °| [° 93.50
E 17 I [ | locally calcite-veined (2-8mm thick). Dips are 10-20° & locally o Ho
C 100 | 59 | 36 | 70-80% =
C [ =
C I =
C [ o o
18(18-10 [ -~
C [ o Ho
C I =
3 [ b Ho
C [ ] 18.6-19.0m - Large sub vertical fracture =
C 100 81 | 29 [ - 91.50
19 I | 5 [0
C [
- [19.60 [ I °l°
C L °] [°] 9050
REMARKS WATER STRIKE DETAILS
Driller standing 1.5 hrs (grouting). 1 no. packer tests attempted. | Water | Casing | Sealed Rise Time |~ ments

No water strike recorded

GROUNDWATER DETAILS

INSTALLATION DETAILS

Hole Casing | Depth to

Date Depth | Depth ater

Comments

Date Tip Depth] RZ Top |RZ Base Type
22-04-10 19.00 15.00 21.20 50mm SP
22-04-10 20.00 15.00 21.20 50mm SP

EPA Export 27-07-2013:00:32:15




IGSL RC PHOENIX 14695.GPJ IGSL.GDT 23/6/10

REPORT NUMBER
GEOTECHNICAL CORE LOG RECORD 14695
CONTRACT Project Phoenix DRILLHOLE NO BH18
SHEET Sheet 3 of 3
CO-ORDINATES g;g’ggggg E DATE DRILLED 20/04/2010
’ : RIG TYPE
DATE LOGGED 22/04/2010
GROUND LEVEL (mOD) 110.50 FLUSH Air/Mist
CLIENT MEHL INCLINATION (deg) -90 DRILLED BY Petersen
ENGINEER ARUP CORE DIAMETER (mm) 102 LOGGED BY D.O'Shea
EE
~ (2]}
gEIZ 2 2 5| §
ol §| || Fracture S ® =
% 2lo|o|C Spacing N Description —_ % 3
£l (mm) |2 = | 2 3| =~
c - < © hel ca
gl 8 5| ¢ S5 | 5| 82
al o b 20 59 z | § alo| & | aE
(AR AR ARN]
F 20 j
. 100 | 81 I
: [ RN
r | i
F2121.20 [ 21.20/89.30| -] 89.30
C End of Borehole at 21.20 m
F 22
- &
r Qé*
C N
L 23 . AO
: S
C o??) N
: Fo
: S
- L&
L 24 & &
C X
- L
: NEY
C «° \\\\
L 25 c)OQ
- &
- o
C é.}
- P
:_26
F 27
F 28
F 29
REMARKS WATER STRIKE DETAILS
Driller standing 1.5 hrs (grouting). 1 no. packer tests attempted. | Water | Casing | Sealed Rise Time
9 (grouting) P P Stike | Depth | At To (min) | Comments
No water strike recorded
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater Comments
Date Tip Depth] RZ Top | RZ Base Type 22-04-10 21.20 0.60 9.00
22-04-10 | 19.00 15.00 | 21.20 50mm SP
22-04-10 | 20.00 15.00 | 21.20 50mm SP

EPA Export 27-07-2013:00:32:15



IGSL BH LOG 14695.GPJ IGSL.GDT 7/9/10

REPORT NUMBER
GEOTECHNICAL BORING RECORD 14695
CONTRACT  MEHL Integrated Waste Management Facility BOREHOLE NO. BH21
SHEET Sheet 1 of 2
CO-ORDINATES 316,074.94 E RIG TYPE Dando
258,199.63 N BOREHOLE DIAMETER (mm) 200 DATE DRILLED 14/04/2010
GROUND LEVEL (m AOD) 120.70 BOREHOLE DEPTH (m) 20.00 DATE LOGGED 14/04/2010
CLIENT MEHL SPT HAMMER REF. NO. BORED BY J.Edwards
ENGINEER WYG ENERGY RATIO (%) PROCESSED BY F.C
— R Samples
£ ° § £ g |2 § | Field Test £
s = = [ e es Qwn
% Description §’ % % o _g g_ 2 % _ § Results g 3
p=}
a s ul & |22 |36 dE| ¢ na
r 0 | MADE GROUND (Stockpile - Comprised of dark grey
r sandy gravelly clay)
L R2005 | B | 0.50-0.50
- 1 R2006 | B | 1.00-1.00
F R2007 | U | 1.00-1.45 |50%rec
F 12 blows
’ R2008 | D | 1.45-1.60
- 2 R2009 | B | 2.00-2.00
R2010 | D | 2.50-2.50
C R20#1 U | 3.00-3.45 | 50%
r ° *\}@} 9 blows
O,*@‘J R2012 | D | 3453560
r NS )
Ca O(\ K(é\ R2013 B | 4.00-4.00
r @” <P
i Sl
r é)\:} R2014 | D | 4.50-4.50
:‘5 R2015 | U | 5.00-5.45 |60%rec
L é 12 blows
F g\(\ R2016 | D | 545-5.60
C o~ \\J‘
; K
Ce c‘)\ R2017 B | 6.00-6.00
[ o¢:\\
L fo(\ 114.00| 6.70 R2018 D 6.50-6.50
Light brown sandy gravelly CLAY with som& cobbles _—'_ 9 R2019 | B | 670670
—7 | (occasionally grading to clayey gravel) b | R2020 | U | 7.00-7.45 | 80%rec
F O 29 blows
'_a___? R2021 | D | 7.457.60
: O— —]|
[8 ‘é__; . R2022 | B | 8.00-8.00
: — % -
L 9'_6J R2023 D | 8.50-8.50
Co Pl R2024 | U | 9.00-9.45 |60%rec
; P—111.40| 9.30 42 blows
r Black/orange sandy very gravelly CLAY with occasional [K3— 9 g
r angular cobbles of weathered mudstone / siltstone ~_——E——' Ra025 D | 945980
: o]
HARD STRATA BORING/CHISELLING WATER STRIKE DETAILS
Time Water Casing | Sealed Rise Time
From (m)| To (m) (h) Comments Strike Depth At To (min) Comments
7.7 7.8 0.75
11 11.05 0.5 No water strike
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater | Comments
Date Tip Depth| RZ Top |RZ Base Type
REMARKS Hole located on top of clay stockpile Sample Legend
D - Small Disturbed (tub) U - Undisturbed 100mm Diameter Sample
B - Bulk Disturbed P - Undisturbed Piston Sample
LB - Large Bulk Disturbed W - Water Sample
Env - Environmental Sample (Jar + Vial + Tub

EPA Export 27-07-2013:00:32:15



IGSL BH LOG 14695.GPJ IGSL.GDT 7/9/10

REPORT NUMBER
GEOTECHNICAL BORING RECORD 14695
CONTRACT  MEHL Integrated Waste Management Facility BOREHOLE NO. BH21
SHEET Sheet 2 of 2
CO-ORDINATES 316,074.94 E RIG TYPE Dando
258,199.63 N BOREHOLE DIAMETER (mm) 200 DATE DRILLED 14/04/2010
GROUND LEVEL (m AOD) 120.70 BOREHOLE DEPTH (m) 20.00 DATE LOGGED 14/04/2010
CLIENT MEHL SPT HAMMER REF. NO. BORED BY J.Edwards
ENGINEER WYG ENERGY RATIO (%) PROCESSED BY F.C
— R Samples
£ ° § £ g |2 § | Field Test £
s = = [ e es Qwn
i}g} Description §’ % % . -g g o ﬁ"’* § Results g T
a Q ol o ¢z 6| oaE | 2 a3
F 10[ Black/orange sandy very gravelly CLAY with occasional  [{9— 9 R2026 [ B [10.00-10.00
r angular cobbles of weathered mudstone / siltstone —_—-09-—'
p & & 1
| (continued) ~—110.00| 10.70 | R2027 | D |[10.50-1050
r Angular cobbly gravel of moderately weathered D 50 4
11 SILTSTONE/MUDSTONE 9 6/\ 109.60| 11.10 | roo2s B [11.00-11.00
[ Black/orange sandy gravelly CLAY with occasional g— 6_9
[ angular cobbles of weathered mudstone / siltstone :@_—-—Q_——_ R2029 | D |11.50-11.50
: =
12 O] R2030 | U [12.00-12.45| 80%rec
F K — — 39 blows
[ opih @
F o — 108.00| 12.70 | R2031 | D |1245-1260
- [ea) - .
r Dark brown/orange sandy gravelly CLAY with occasional ~ -9
43| angular cobbles of weathered mudstone / siltstone o R@}g B [13.00-13.00
r g_.(. ] >
- e &
L Ngpiiva i 0{9 R2033 | D [13.50-13.50
; O— ]| SES
T 14 Z;'__ g & §§ R2034 | U [14.00-14.60| 0%rec
[ mi o 7 % &s\ 43 blows
L — 0"
L _Q' o é}\:}\ R2035 | D [14.50-14.50
;_15 é@s :@4; R2036 B |15.00-15.00
L OIS %—Q—_ R2037 | D [15.50-15.50
: CNFET
r R o 3
16 & Lo = 1 R2038 | U [16.00-16.45| 60%rec
r X _T_..e. > o 44 blows
o(\@\\ % S| R2039 | D [16.45-16.60
F O 0'—.;.—_
17 2)"_.____' R2040 | B [17.00-17.00
%_._. 9 R2041 | D [17.50-17.50
L o
18 93— -9 R2042 | U [18.00-18.45) 15%rec
: = ——|102.30| 18.40 72 blows
r Grey brown / green sandy gravelly CLAY with 19— 9 R2043 | D (18.45-18.60
r occasional angular cobbles of weathered mudstone / —_—-5'5-—'
r siltstone — A
F 19 I epliinglls R2044 | B [19.00-19.00
[~ = - R2045 | U [19.40-19.85(100%
r - [O— —1101.101 19.60 52 blows
r Very stiff dark grey/grey sandy gravelly CLAY o —.
r .~ -.7100.70| 20.00 | R2046 | D [19.85-20.00
HARD'$ TRATABORING/OPISELLING WATER STRIKE DETAILS
Time Water Casing | Sealed Rise Time
From (m)| To (m) (h) Comments Strike Depth At To (min) Comments
7.7 7.8 0.75
11 11.05 05 No water strike
GROUNDWATER DETAILS
INSTALLATION DETAILS Date | pof | Gand | DEple | comments
Date Tip Depth| RZ Top |RZ Base Type
REMARKS Hole located on top of clay stockpile Sample Legend )
D - Small Disturbed (tub) U - Undisturbed 100mm Diameter Sample
B - Bulk Disturbed \l;‘v-_Uan:Ztrug;er;ipT;s(on Sample
B E'n%?rfn”r'ﬁetn’iﬁ”s’iﬁ?@e (Jar + Vial + Tub)

EPA Export 27-07-2013:00:32:15



IGSL BH LOG 14695.GPJ IGSL.GDT 7/9/10

REPORT NUMBER
GEOTECHNICAL BORING RECORD 14695
CONTRACT  MEHL Integrated Waste Management Facility BOREHOLE NO. BH22
SHEET Sheet 1 of 1
CO-ORDINATES 315,961.50 E RIG TYPE Dando
258,091.66 N BOREHOLE DIAMETER (mm) 200 DATE DRILLED 09/04/2010
GROUND LEVEL (m AOD) 123.83 BOREHOLE DEPTH (m) 5.90 DATE LOGGED 12/04/2010
CLIENT MEHL SPT HAMMER REF. NO. BORED BY J.Edwards
ENGINEER WYG ENERGY RATIO (%) PROCESSED BY F.C
— R Samples
£ ° g £ g |2 § | FieldTest £
s = = [ e es Qwn
i}g} Description §’ % % . - ﬁ"’* § Results g T
p=}
a Q ol o 22z (6| cE| @ a3
r 0 | MADE GROUND (Comprised of brown sandy gravelly
r clay with cobbles)
L N=12
E AJB563 | B | 0.50-0.95 (1.353.3.3)
E 122.83| 1.00
r 1| Firm, dark brown slightly sandy gravelly SILT with AJBS64 | D | 1.00-1.00
r angular cobbles of weathered siltstone / mudstone
L AJB565 | U | 1.50-2.10 | 0%rec
- 2 AJB566 | D | 2.00-2.00
AJB567 | D | 2.50-2.50
L N=14
Fs /i; 8| B | 300345 2.3.5.3.3,3)
‘ 5
L AJB569 | D | 3.50-3.50
:_4
AJB570 | U | 4.50-4.95 |60%rec
r 19 blows
:—5 AJB571 | D | 4.95-5.10
ST x AJB572 | B | 5.50-5.50
L O R
. N o % 4117.93| 5.90
- | Obstruction 6\9 AJB573 | B | 5.90-5.90
r End of Borehole at 5.90 m @1\\
; §
r &P
£7
F8
:_ 9
HARD STRATA BORING/CHISELLING WATER STRIKE DETAILS
Time Water Casing | Sealed Rise Time
From (m)| To (m) (h) Comments Strike Depth At To (min) Comments
2.7 2.75 0.75 .
5.1 52 0.75 No water strike
5.8 5.9 1
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater | Comments
Date Tip Depth| RZ Top |RZ Base Type
REMARKS Obstruction at 5.90m . Moved 1m to BH22A and rebored Sample Legend
D - Small Disturbed (tub) U - Undisturbed 100mm Diameter Sample
B - Bulk Disturbed P - Undisturbed Piston Sample
LB - Large Bulk Disturbed W - Water Sample
Env - Environmental Sample (Jar + Vial + Tub

EPA Export 27-07-2013:00:32:15



IGSL BH LOG 14695.GPJ IGSL.GDT 7/9/10

REPORT NUMBER
GEOTECHNICAL BORING RECORD 14695
CONTRACT  MEHL Integrated Waste Management Facility BOREHOLE NO. BH22A
SHEET Sheet 1 of 3
CO-ORDINATES 315,960.83 E RIG TYPE Dando
258,090.71 N BOREHOLE DIAMETER (mm) 200 DATE DRILLED 12/04/2010
GROUND LEVEL (m AOD) 123.73 BOREHOLE DEPTH (m) 20.60 DATE LOGGED 13/04/2010
CLIENT MEHL SPT HAMMER REF. NO. BORED BY J.Edwards
ENGINEER WYG ENERGY RATIO (%) PROCESSED BY F.C
— R Samples
£ ° § £ g |2 § | Field Test £
s = = [ e es Qwn
i}g} Description §’ % % . - ﬁ-.,\ § Results g T
p=}
a Q ol o 22z (6| cE| @ a3
r 0 | MADE GROUND (Comprised of brown sandy gravelly
r clay with cobbles)
E 122.73| 1.00
r 1| Dark brown sandy very gravelly CLAY with occasional | K9— 9
r cobbles of weathered mudstone / siltstone - ]
L 167 5 1
; <
[2 *.€_5_ —
r e
[ o il
L & =3
. Q-_O_
_ 3 Fi—a_—: *\}@r
r o9 ¢
: g o N
T4 a1 O
[ ~ —-Qg-—_ Oﬁ &
: O 5
F "o~ N\
c - >
r Qé N N
. (,OQ O]
C [ e
r ° \6\ - O
i 8—.~9117.23| 6.50
r Dark brown slightly sandy gravelly CLAY \@tb\angular Ko—— 9 AJBS74 | D | 6.50-6.50
r cobbles of weathered siltstone / mudstone: —_—-5?-—:
C7 @'—n— 116.63| 7.10 | ase575 | B | 7.00-7.00
r Firm to stiff, black/orange sandy very gravelly CLAY with [O—— 9
r occasional angular cobbles of weathered mudstone / b —|
L siltstone 167 % 1 AJB576 | U | 7.50-7.95
: a_'QZs
'—8 L —O—| AJB577 | D | 7.958.10
L g i AJB578 | B | 8.00-8.00
[ "o I g
r 1S — AJB579 | D | 8.50-8.50
r Q
C ] AJB580 | D | 9.00-9.45 N =22
[ ? O~ AJB581 | B | 9.00-9.50 (1,2,4,4,6,8)
i &g
; ae ]
A,
HARD STRATA BORING/CHISELLING WATER STRIKE DETAILS
Time Water Casing | Sealed Rise Time
From (m)| To (m) (h) Comments Strike Depth At To (min) Comments
245 25 0.5 .
6.25 6.3 05 No water strike
10.1 10.15 0.5
11.45 11.5 0.5
15.3 15.4 1
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater | Comments
Date Tip Depth| RZ Top |RZ Base Type
REMARKS Chiselling also 17.45-17.50=0.5hr / Backfill with bentonite GL - Sample Legend
20.60m B Sebnne B e D S
LB - Large Bulk Disturbed W - Water Sample
Env - Environmental Sample (Jar + Vial + Tub

EPA Export 27-07-2013:00:32:15



IGSL BH LOG 14695.GPJ IGSL.GDT 7/9/10

REPORT NUMBER
GEOTECHNICAL BORING RECORD 14695
CONTRACT  MEHL Integrated Waste Management Facility BOREHOLE NO. BH22A
SHEET Sheet 2 of 3
CO-ORDINATES 315,960.83 E RIG TYPE Dando
258,090.71 N BOREHOLE DIAMETER (mm) 200 DATE DRILLED 12/04/2010
GROUND LEVEL (m AOD) 123.73 BOREHOLE DEPTH (m) 20.60 DATE LOGGED 13/04/2010
CLIENT MEHL SPT HAMMER REF. NO. BORED BY J.Edwards
ENGINEER WYG ENERGY RATIO (%) PROCESSED BY F.C
— R Samples
£ ° § £ g |2 § | Field Test &
s = = [ e es Qwn
i}g} Description §’ % % . - ﬁ-.,\ § Results g T
p=}
a Q ol o 22z (6| cE| @ a3
F 10[ Firm to stiff, black/orange sandy very gravelly CLAY with [0~ 9 AJBS8Z [ B 110.00-10.00
r occasional angular cobbles of weathered mudstone / —_—-09-—:
r | siltstone (continued) O 7] AJB583 | U [10.50-10.95| 40%rec
E _é__ —9 20 blows
r = —0O—|112.73| 11.00
- o= AJB584 | D [10.95-11.10
r 1| Firm to stiff dark brown/orange slightly sandy gravelly Xo "X 9 AJ6585 | B [11.00-11.00
r SILT with occasional cobbles of weathered mudstone /' [x . x -
F | siltstone. x AJG586 | D [11.50-11.50
L Ox x9
. XX
C X X AJB587 | D [12.00-12.45 N =15
F 12 Y oxe X xqd AJ6588 | B [12.00-12.50 (1.2,3,3,4,5)
C X %
: x .)( .OX X
[ S XX
r X0, % _9110.73| 13.00
r 13| Firm to stiff black /orange sandy gravelly CLAYSILT with [{8— 9 ’X@Bg B |13.00-13.00
r occasional cobbles of weathered mudstone / siltstone -_—CE—: &
r Q —— O"@ AJB590 | U [13.50-13.95| 50%rec
r — . —9 N A 20 blows
- 14 [~ o= - O& &(é\ AJB591 | D [13.95-14.10
F O ; <P AJB592 | B [14.00-14.00
i e of \@6
: R éb\‘) AJB593 | D [14.50-14.50
r P i
F R N = 50/75
15 é@g = AJB594 | B [15.00-15.45 Pt sg;m
L RN T — 5
[ O&\ Q g - AJB595 | D |[15.50-15.50
E % N
a &
L 16 — .
L o?z\\o '-_U_bg_—_
. — — g N =23
. OO(\ _g_g_g AJB596 | B [16.50-16.95 (3.4.6.5.57)
r N~ —~1—|106.83| 16.90
47| Grey/green sandy very gravelly CLAY -o— -9 AJB597 | D [17.00-17.00
. [——5.--]106.33| 17.40
r Very stiff grey/brown/green slightly sandy slightly K9— 9 AJB598 | B [17.50-17.50
r gravelly CLAY with occasional cobbles of weathered —_—-56-—'
r | mudstone / siltstone | N =49
C1s Rl AJB599 | B [18.00-18.45 (5.7. 13,112, 12)
15— —[105.13| 18.60 | ase600 | D [18.50-18.50
r Dark grey/green sandy very gravelly CLAY —o— —9
C1o [ AJB6OT | B [19.00-19.00
F o T
r — —— 1104.23| 19.50 .
E Black dense clayey GRAVEL °%0 =04 AJBB0Z | U 119.50-19.95 gjb/‘l’;s:s
[ 0'6 0 A
HARD STRATA BORING/CHISELLING WATER STRIKE DETAILS
Time Water Casing | Sealed Rise Time
From (m)| To (m) (h) Comments Strike Depth At To (min) Comments
245 25 0.5 .
6.25 6.3 05 No water strike
10.1 10.15 0.5
11.45 11.5 0.5
15.3 15.4 1
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater | Comments
Date Tip Depth| RZ Top |RZ Base Type
REMARKS Chiselling also 17.45-17.50=0.5hr / Backfill with bentonite GL - Sample Legend
20.60m D - Small Disturbed (tub) U - Undisturbed 100mm Diameter Sample
B - Bulk Disturbed P - Undisturbed Piston Sample
LB - Large Bulk Disturbed W - Water Sample
Env - Environmental Sample (Jar + Vial + Tub

EPA Export 27-07-2013:00:32:15



IGSL BH LOG 14695.GPJ IGSL.GDT 7/9/10

REPORT NUMBER
GEOTECHNICAL BORING RECORD 14695
CONTRACT  MEHL Integrated Waste Management Facility BOREHOLE NO. BH22A
SHEET Sheet 3 of 3
CO-ORDINATES 315,960.83 E RIG TYPE Dando
258,090.71 N BOREHOLE DIAMETER (mm) 200 DATE DRILLED 12/04/2010
GROUND LEVEL (m AOD) 123.73 BOREHOLE DEPTH (m) 20.60 DATE LOGGED 13/04/2010
CLIENT MEHL SPT HAMMER REF. NO. BORED BY J.Edwards
ENGINEER WYG ENERGY RATIO (%) PROCESSED BY F.C
— R Samples
£ ° § &£ g |2 s Field Test £
C e = = [ e es Qwn
_2% Description §’ % % . -% = ﬁ"’* § Results g T
a Q ol o 22z (6| cE| @ a3
C : e AJE603 | D [19.95-20.10 -
i 20| Black dense clayey GRAVEL (continued) i;f‘:; g_ Weeos | B loo105085 (2 115y()1/gy2;57r'n'r17;)
; o~ o~ [103.13| 20.60
r End of Borehole at 20.60 m
:_ 21
:_ 22
[23 .
; &
i &
i N
[ . QO
e N &’é\
F24 ; <P
i FE
[ Q\\'J“\ é)\)
L (\ B
c O &
[25 éé) $Q
L (§)
: SR
C RS
L <<O 4\
r N
[ 26 ‘\0
[ @\‘\\0
; &
F 28
F 29
HARD STRATA BORING/CHISELLING WATER STRIKE DETAILS
From (m)| To (m) T(lhm)e Comments \évt?iEer %aesp;?r? Se:{ed R.I'.Ze ;Fl:qr‘::]e) Comments
245 25 0.5 .
6.25 6.3 05 No water strike
10.1 10.15 0.5
11.45 11.5 0.5
153 154 ! GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater | Comments
Date Tip Depth| RZ Top |RZ Base Type
REMARKS Chiselling also 17.45-17.50=0.5hr / Backfill with bentonite GL - Sample Legend
20.60m B Sebnne B e D S
LB - Large Bulk Disturbed W - Water Sample
Env - Environmental Sample (Jar + Vial + Tub

EPA Export 27-07-2013:00:32:15



IGSL BH LOG 14695.GPJ IGSL.GDT 7/9/10

REPORT NUMBER
GEOTECHNICAL BORING RECORD 14695
CONTRACT  MEHL Integrated Waste Management Facility BOREHOLE NO. BH23
SHEET Sheet 1 of 3
CO-ORDINATES 315,960.42 E RIG TYPE Dando
257,968.59 N BOREHOLE DIAMETER (mm) 200 DATE DRILLED 07/04/2010
GROUND LEVEL (m AOD) 125.08 BOREHOLE DEPTH (m) 22.70 DATE LOGGED 08/04/2010
CLIENT MEHL SPT HAMMER REF. NO. BORED BY J.Edwards
ENGINEER  WYG ENERGY RATIO (%) PROCESSED BY F.C
— R Samples
£ ° § £ g |2 § | Field Test £
s = = [ e es Qwn
i}g} Description §’ % % . - ﬁ-.,\ § Results g T
p=}
a s ul & |22 |36 dE| ¢ na
r 0 | Firm to stiff brown sandy gravelly CLAY with occasional |K9— 9
E | cobbles O]
r % — g AJB528 | B | 0.50-0.50
- = ] AJB529 | D | 1.00-1.45 N =15
F ! _'OT: .- AJB530 | B | 1.00-1.50 (1,2,5,4,3,3)
C & — 1
5 e
C A ] AJB531 | U | 2.00-2.45 |70%
F 2 e 50 biows
E—g—? AJB532 | D | 2.45-2.60
r el
- G— .9 AJG533 | D | 3.00-345 N=18
E : Sl o *&4 B | 3.00-350 (2.4,4.3,5,6)
[ KO ¢
3 =g KN
F -Gl N é\*
Ca — — 12088 410 | As6535 | D | 4.00-4.00
r Dark brown sandy very gravelly CLAY with some — 9 &\
r cobbles of weathered mudstone / siltstone b &
r S
; G 1%0.28| 4.80
C Firm to stiff dark brown slightly sandy gravelly CLAY &9 N =14
F'5 | with some cobbles and some bands of yellow/brown - e B e 2.3.5.3,3 3)
r sand (grading in places to a clayey sandy gravel) . \0‘5 =N o
r LBR_TTg
[ Qé A\ ;% i
r OOQ 5
[6 (‘)\ Mok @ ale AJB538 | U | 6.00-6.45 |80%rec
r X & — 1 28 blows
o(\°¢\ _—QE—: AJB539 | D | 6.45-6.60
r O ;T 09
r s
F, s @ il AJB540 | D | 7.00-7.45 N=12
[ kqo pilinguiite AJB541 | B | 7.00-7.50 (1,2,3,3,3,3)
i N
i P
Cs - —O—] AJB542 | U | 8.00-8.60 | 0%rec
r KO- 7 57 blows
F o g
F 1S — 1
E & ._'5'_5 ’ N =23
Co o AJB543 | B | 9.00-9.45 2.5.6.5.5,6)
: o
. > O 1115.08| 10.00
HARD STRATA BORING/CHISELLING WATER STRIKE DETAILS
Time Water Casing | Sealed Rise Time
From (m)| To (m) (h) Comments Strike Depth At To (min) Comments
275 2.8 0.5 .
3.85 3.9 0.5 No water strike
16.45 16.5 0.5
20.4 20.5 0.75
22.6 22.7 1
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater | Comments
Date Tip Depth| RZ Top |RZ Base Type
REMARKS Backfill with bentonite GL - 23.00m Sample Legend
D - Small Disturbed (tub) U - Undisturbed 100mm Diameter Sample
B - Bulk Disturbed P - Undisturbed Piston Sample
LB - Large Bulk Disturbed W - Water Sample
Env - Environmental Sample (Jar + Vial + Tub

EPA Export 27-07-2013:00:32:15



IGSL BH LOG 14695.GPJ IGSL.GDT 7/9/10

REPORT NUMBER
GEOTECHNICAL BORING RECORD 14695
CONTRACT  MEHL Integrated Waste Management Facility BOREHOLE NO. BH23
SHEET Sheet 2 of 3
CO-ORDINATES 315,960.42 E RIG TYPE Dando
257.968.59 N BOREHOLE DIAMETER (mm) 200 DATE DRILLED 07/04/2010
GROUND LEVEL (m AOD) 125.08 BOREHOLE DEPTH (m) 22.70 DATE LOGGED 08/04/2010
CLIENT MEHL SPT HAMMER REF. NO. BORED BY J.Edwards
ENGINEER WYG ENERGY RATIO (%) PROCESSED BY F.C
— R Samples
£ § &£ g |2 S Field Test £
s = = [ e es Qwn
g Description g %— - .g g. 2 50_ _ z Results ° 5
[} ) [} O3 | @ > e 8 S
a wl o Xz wk~| ot & ha
£ 10] Purplish brown / grey brown sightly sandy gravelly AJBS34 1D 110.00-10.00
r SILT/CLAY
- AJB545 | D [11.00-11.45 N =12
F " AJ6546 | B [11.00-11.50 (1.2,4,3,2,3)
g N =29
12 AJB547 | B [12.00-12.45 287778
:—13 AJBS48 | D [13.00-13.00
: 5
i &
i N
L &)
: O&\ &@ N=13
iy AJ6549 | D [14.00-14.45 =
P &‘\3 AJB550 | B [14.00-14.50 (1.3.3,4.3.3)
:—15 AJ6551 | D [15.00-15.00
- AJB552 | D [16.00-16.45 N = 48/225 mm
[ *° a¢:\\ AJB553 | B |16.00-16.50 (2.2, 16, 16, 16)
: § T
r < « %o
- X TX
F17 Xo.x' X )'(o
. ¥ X
¥or X 5d AJB554 | B [17.50-17.95 @ 3’fo %43' 5
E ¥ xo x|107.08| 18.00
r 18| Grey green very gravelly CLAY KO—_—]| AJBS85 | D 118.00-18.00
F [y — -{106.58| 18.50
r Yellow brown clayey GRAVEL / gravelly CLAY °0 =04
L 0'6 0 s
F 19 °2.="0
F 20 201105.68] 1940 AJ6556 | B [19.40-19.40
[ | Medium dense clayey GRAVEL / stiff very gravelly °7 <2074 aesa7 | U l19:50-19.95| 80%rec
r CLAY 94 9 51105.18| 19.90 32 blows
HARD STRATA BORING/CHISELLING WATER STRIKE DETAILS
Time Water Casing | Sealed Rise Time
From (m)| To (m) (h) Comments Strike Depth At To (min) Comments
275 2.8 0.5 .
3.85 3.9 05 No water strike
16.45 16.5 0.5
204 20.5 0.75
226 22.7 1
GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater | Comments
Date Tip Depth| RZ Top |RZ Base Type
REMARKS Backfill with bentonite GL - 23.00m Sample Legend
D - Small Disturbed (tub) U - Undisturbed 100mm Diameter Sample
B - Bulk Disturbed P - Undisturbed Piston Sample
LB - Large Bulk Disturbed W - Water Sample
Env - Environmental Sample (Jar + Vial + Tub

EPA Export 27-07-2013:00:32:15



IGSL BH LOG 14695.GPJ IGSL.GDT 7/9/10

REPORT NUMBER
GEOTECHNICAL BORING RECORD 14695
CONTRACT  MEHL Integrated Waste Management Facility BOREHOLE NO. BH23
SHEET Sheet 3 of 3
CO-ORDINATES 315,960.42 E RIG TYPE Dando
257.968.59 N BOREHOLE DIAMETER (mm) 200 DATE DRILLED 07/04/2010
GROUND LEVEL (m AOD) 125.08 BOREHOLE DEPTH (m) 22.70 DATE LOGGED 08/04/2010
CLIENT MEHL SPT HAMMER REF. NO. BORED BY J.Edwards
ENGINEER WYG ENERGY RATIO (%) PROCESSED BY F.C
— R Samples
£ § &£ g |2 s Field Test £
s = = [ e es Qwn
g Description g %— - .g g. 2 50_ _ z Results ° 5
) I o) o35 8| OF 3 80
a w| o Xz |0 os i hAa
[ 20[ Dark grey/ black slightly sandy slightly gravelly CLAY AJBSS8 [ D 119.95-20.10
r (continued)
L AJB559 | B [20.50-20.50
:‘21 AJB560 | U [21.00-21.45| 70%rec
r 61 blows
AJB561 | D [21.4521.60
:_ 22
E 102.38| 22.70 AJ6562 B [22.50-22.70
r End of Borehole at 22.70 m
[ 23 .
; &
. ¢
i N
[ . *O
o SK?
C & <P
i FE
[ (\Q 4
c O &
F 25 5 $Q
; KO
; N
L <<O 4\
r N
[ 26 ‘\0
[ o¢:\\0
L &
r &P
:_ 27
F 28
F 29
HARD STRATA BORING/CHISELLING WATER STRIKE DETAILS
Time Water Casing | Sealed Rise Time
From (m)| To (m) (h) Comments Strike Depth At To (min) Comments
275 2.8 0.5 .
3.85 3.9 05 No water strike
16.45 16.5 0.5
204 20.5 0.75
226 27 ! GROUNDWATER DETAILS
Hole Casing | Depth to
INSTALLATION DETAILS Date Depth Depth ater | Comments
Date Tip Depth| RZ Top |RZ Base Type
REMARKS Backfill with bentonite GL - 23.00m Sample Legend
D - Small Disturbed (tub) U - Undisturbed 100mm Diameter Sample
B - Bulk Disturbed P - Undisturbed Piston Sample
LB - Large Bulk Disturbed W - Water Sample
Env - Environmental Sample (Jar + Vial + Tub

EPA Export 27-07-2013:00:32:15



Appendix Al4.4.4
IGSL summary well logs

EPA Export 27-07-2013:00:32:16
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MONITORING WELL LOG
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MONITORING WELL LOG

PE 7, e
1GISIN
Project title Client Well No.
MEHL Integrated Waste Management Facility MEHL BH17
Date Drilled Driller Drill method: X;
5-15/5/2010 Briody Rotary Corehole 315794.71
Date Logged Site Engineer/Geologist Flush: Y:
D. O'Shea Air/Mist 258003.06
Comments: Hole diameter: Z (mOD):
|150 - 250 105.41
Installation Details
Depth Water strike details Pipe details Filter pack Lithology description Elev.
(m) Construction (m OD)
(m) (m)
s = -
] _ ] A £ -
] _ ] § -
0] ] 2 =R
] _ ] =1 @ -
1 | = s L
o €
] _ ] = S -
I
15| ] g |
] _ ] R -
] - B &
. ] - &
20 O\'
- ] A [ 21.00 NN
_ | N\JSand/Bent | 22.00 O(@J\’é\
] ] Sand 23.00 oﬁ? <O
. = Al -2 |
257 25.43 S &\}\
— —{ Slotted Pipe % - (\Q <
] 27.29 | «O 4
= S
N —| s S
307 ] 2 -1 K‘\Q.ﬁ‘{\\
§ - E= S
] 32.22 3 QQQ I~
| _ s7 L
e _ X B
35 ] | Slotted Pipe aﬁ‘\ B
N - &L
| 37.15 = B
] B g
407 -1 &2 : T
| -1 E° s
| 42.08 3 B
45 7] ] |
— —] Slotted Pipe —
— —] = -
B 47.94 | B
£
50 ] ] o |
— [ o 8 |
| | € 3 |
B I - B
] 53.00 A B
] End Cap | 54.00
55
60| ] B
65 ] ] |
70 ] ] |
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110 51N

MONITORING WELL LOG

Project title

MEHL Integrated Waste Management Facility MEHL

Client Well No.

BH18

Date Drilled

20-24/4/2010

Driller Drill method: X;

IGSL Rotary Corehole

315710.959

Date Logged

Site Engineer/Geologist Flush: Y:

D. O'Shea Air/Polymer Gel

257996.351

Comments:

Hole diameter: Z (mOD):

|150

110.501

Depth

Water strike details
(m)

Installation Details

Pipe details . Filter pack
Construction

(m) (m)

20 |

25 ]

45 ]

50 ]

557

70 ]

Lithology description

Elev.
(m OD)

7
,
,
,
,
,
,
,
,
.
,
,
;

7
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
g
g

50mm plain pipe
Bentonite grout mix

17.00 |

19.00 | B
20.00 Plain Pipe 20.00

T x
Slotted Pipe I e
[G] o

\
Oo:%f .
2

\
o3
T
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110 51N

MONITORING WELL LOG

Project title

MEHL Integrated Waste Management Facility MEHL

Client Well No.

BH19

Date Drilled

21-22/4/2010

Driller Drill method: X;

Briody Rotary Corehole

315887.13

Date Logged

Site Engineer/Geologist Flush: Y:

D. O'Shea Air/Mist

258059.087

Comments:

Hole diameter: Z (mOD):

|150 - 250

105.08

Depth

Water strike details
(m)

Installation Details

Pipe details . Filter pack
Construction

(m) (m)

20 |

25 ]

45 ]

50 ]

557

70 ]

Lithology description

Elev.
(m OD)

7
,
,
,
,
,
,
,
,
.
,
,
;

7
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
,
g
g

Bentonite grout mix

50mm plain pipe

16.00 |
17.00 Slotted Pipe B
18.00 Plain Pipe 18.00

\
Oo:%f .
2

\
o3
T
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%) MONITORING WELL LOG

1G SN

Project title Client Well No.

MEHL Integrated Waste Management Facility MEHL BH20

Date Drilled Driller Drill method: X;

22-28/4/2010 Briody Rotary Corehole 315862.63

Date Logged Site Engineer/Geologist Flush: Y:

D. O'Shea Air/Mist 258102.33

Commen ts: Hole diameter: Z (mOD):

|150 - 250 104.84

Installation Details
Depth ) ) ) e Elev.
Water strike details Filter pack Lithology description

(m) Construction (m OD)

(m)

(m)

U

=
c

=
U

N
c
Bentonite grout mix

7
%

50mm plain pipe

N
u

&
%.’P\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

w
U

.

)
NN
o
g
T T

B
c

40.00

22.00 Slotted Pipe

43.00 Plain Pipe

Gravel pack

43.00

a v v Fy
(@} v c V,]

a
U

~
(=}
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Appendix Al4.4.5
Arup interpretive well logs
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ARUP MONITORING WELL LOG
::J::gn:;ted Waste Management Facility CILjInI;HL h BH15a S1he<:1° 1
Date Drilled Driller Drill method: X;
16-22/04/2010 Briody & Sons Ltd. |Rotary flush 315786.3
Date Logged Site Engineer/Geologist Flush: Y:
16-22/04/2010 Sarah Blake Air/mist 257849.6
Comments : Borehole diameter : Z (mOD):
Descriptions of chippings from drilling 0.25m (10") & 0.1m (8") 105.89
Installation Details
D(er:‘)fh Water strike details Casing/screen details Construction Filter pack Lithological description and driller's comments (rilec;ll.'.))
(m) (m)
;":! 7 7 :)r:ar::bsrc;wnz, hiagfrmilt\:/ \2/:3at::red, siltstone, mudstone
5 g(;:j % % d sandst (Balrickard Fm.)
level
]
1
1
5
|
Static level 6.2
i
mbe! (28/5/10) % % Mid-brown, highly weathered siltstone, mudstone 9989
200 g/h % % and sandstc,)ne (Balrickard Fm.) ,
/ / On completion this section took a significant volume
/ / volume of erout
| :
10
/ / ; &
/ / 2 |
S g D 60 mins airlifting at 12m B
z / / s
%' % (\&iig\&\ Dark brown, highly weathered siltstone, mudstone 9189
15 300 g/h § % \\'\\ 38 and sandstone (Balrickard Fm.)
| | 8 2 B
N | % g % B B
* T T f
:! 3000g/h ] % % B Large increase in yield at 18m B
: : / / : Dark brown, highly weathered siltstone, mudstone : e
20 — - |
| . / / | and sandstone (very wet) (potentially Donore Fm.) |
: 1 f
: : / / : \Cl)c?lucr?]r:rélfe;%r;:hls section took a significant volume :
: 1 0 f
: : % % : Dark brown, highly weathered mudstone, sandstone | e
25 — Z _ |- 25.00 -
| ] . | ’ and limestone with calcite veining (Loughshinny Fm.) |
n T . . Fine sand | 26.00 . . . |
| ] g | 45.nt1|ns surging and developing well at.24m |
| B FE | foorencetocoape. o mins g and ceveloping |
Increase to | 28.00 E s [ well at 27m gives 8000 g/h yield B
] 8000 g/h ~——| 50mm slotted s E | B
B 29.00 pr— g S [~ 29:00 B
30 H No water | 30.00 o with cap — - 30.00 |60 mins surging and developing well at 30m. After B
| - o casing installed to 30m yield dramatically reduced. |
H - - End of borehole at 30m. B
. | - : i
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ARUP

MONITORING WELL LOG

Client Well No. Sheet
Integrated Waste Management Facility MEHL BH16 1of2
Date Drilled Driller Drill method: X;
12-20/04/2010 S. Petersen Geobore 'S' 315861.9
Date Logged Site Engineer/Geologist Flush: Y:
20/04/2010 D. O'Shea Air/Polymer gel 258218.2
Comments: Borehole diameter Z (mOD):
Descriptions of cores from Geobore 'S' drilling 0.2m (8") 104.79
Installation Details
Depth ) ) . . - - Elev.
(m) Water strike details Casing/screen detail Construction Filter pack Lithological description and driller's comments (mOD)
(m) (m)
:\Iel(lj 7/ 0.00 |Brown highly weathered, shaley mudstones 104.29
ea
0.41m / Black, highly weathered fine-grained mudstone.
abov /
l Static water |ground /
| ¥ flevelz09 [ /
mbgl /
(28/5/10) /
/ E 97.79
/ 3 Dark grey/black, moderately weathered interbedded
/ Eo sandstone and siltstone/mudstone. (Walshestown
% / = Fm.)
> / S8 \)&.
o £ / 3 &
1 = / E 0"6\
€ .
: / : S
o / 8 & O
= — / - 92.79
| ] / Q\Q&\? Orange/brown/black highly weathered, interbedded
/ é\\ sandstone and mudstone. Fe-oxide staining. 30%
/ S flush loss to fm. between 12.2m and 19.6m
15 / 89.79
/ Orange/black/brown/grey, highly weathered
| ] % [ interbedded sandstone and mudstone. -
] ] // | No recovery from 17.5 to 18m, probably highly -
— — = | 18.00 |weathered rock. -
— — Fine sand | -
— — 19.00 -
N o 5 B 30% flush loss to fm. between 12.2m and 19.6m B
20 20.00 2T 84.79
| | T *E :% | Grey/orange/brown, moderately weathered -
: : § § § E E : sandstone (Walshestown Fm.) :
— 22.00 ‘é S | -
' L a 5= 20% flush losses to fm. between 19.6m and 24.6m
| | ez 8 | |
= — E2= = - 23.00 =
— e Fine sand | -
— 24.00 — |- 24.00 -
25 — = 79.79
] o | Dark grey/black/brown, interbedded sandstone and |
— — = mudstone with large amounts of clay infill -
] — [ (Walshestown Fm.) |
_ o x - |
| o S | |
5
| o 3 | |
| o Ty | |
N o 9 | |
30 - 5 | B
| — € | -
(]
- N & - |
. S :C; - -
— — £ = 72.79
] — 3 | Dark grey/black, largely fresh mudstone -
] — | (Walshestown Fm.) I
| - B |
35 — = -
H _ | 36.00 |

EPA Export 27-07-2013:00:32:16




Project title Client Well No. Sheet
Integrated Waste Management Facility MEHL BH16 2 of2
Date Drilled Driller Drill method: X;
12-20/04/2010 S. Petersen Geobore 'S' 315861.9
Date Logged Site Engineer/Geologist Flush: Y:
20/04/2010 D. O'Shea Air/Polymer gel 258218.2
Commen ts: Borehole diameter: Z (mOD):
Descriptions of cores from Geobore 'S' drilling 0.2m (8") 104.79
Installation Details
Depth Water strike details Casi detail Fil K Lithological description and driller's comments Elev.
(m) asmg/screen etails Construction ilter pac (m OD)
(m) (m)
36 36.00(park grey/black, largely fresh mudstone 68.79
(Walshestown Fm.)
40
45 .
o&
&
&
N
J§ \\\é\
FI°
] . - S
] _ NN
QQ\@‘ 10% flush losses to fm. between 48m and 55.5m
&
50
55 — = =
— — — 46.79
] — | Walshestown Fm. possibly grading into the Balrickard |-
] - | Fm. from approx. 58m I
H - B 12cm limestone layer from 58.07m B
60 N - o 60.00 End of borehole at 60m
65 — — -
70 — —
N o -~ B
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ARUP MONITORING WELL LOG
F;nlteglrated Waste Management Facility ijlnléHL o BH17 Slhe:;f 2
Date Drilled Brifler Brill method: X;
05/05/2010 Briody & Sons Ltd. |Rotary flush 315794.7
Date Logged Site Engineer/Geologist Flush: Vi
05/05/2010 Catherine Buckley [Air/mist 258003.1
Comments: Borehole diameter: Z (mOD):
Descriptions of chippings from drilling 0.25m (10") 105.4
D(er:;h Water strike details [ casing/screen details msra::::;:arils Filter pack Lithological description and driller's comments (:}'Z’b)
(m) (m)
|ger5:|nd / / Driller using non-ballistic bit from 0-27m.
|
l Static water % /
g | [eve:4s3 / / : 100.4
Tszb/il:j:nm % % ?I:'sctkf):f/hr::ug:::::/r::ndstone with slight Fe-oxide
/ / staining. (Poss. Balrickard Fm.)
||
. % : &
10 / / & @é
o / / % - &0
% % / g <)«,glﬁ:c‘rk, highly weathered shaley siltstone and o4
| — < / / % — o"’}?qg’rnudstone. (Poss. Balrickard Fm.) E
R R / / : I
E % % 3 St
V.. - / / S
o e % B
1 - . B §
N - % % B B
z 1 z
. N | B B
7 E E % % E Fluid losses to fm. from 20m. Added polymer mud. E
- - Fine sand [~ 70 Black highly weathered siltstone, mudstone and B e
H ] B 23.00 | 2 ndstone with slight Fe-oxide staining. (Namurian B
v Increase to — ] | Deposits) |
25 : 50008/h 25.00 . : :
. | gy s B
| O e gl :
] ] o ;’ = Large gravel losses to fm. at 27m. =
- | £ § B Switch to a ballistic drill bit from 28 B
o | S i :
. - £ 2 | |
N - a h% B Black/grey/brown highly weathered siltstone, - [
;v Increase to 32.00 B v u%_ B mudstone and sandstone. (Poss. Namurian Deposits) B
: s/ E -“‘:2 E Dark brown highly weathered mudstone/sandstone E e
] ] @ | and limestone. (Poss. Loughshinny Fm.)
% : 36.00: é :36.00 Large mud losses to fm. between 33 and 35m :
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Project title Client Well No. Sheet
Integrated Waste Management Facility MEHL BH17 20f2
Date Drilled Driller Drill method: X;
05/05/2010 Briody & Sons Ltd. |Rotary flush 315794.7
Date Logged Site Engineer/Geologist Flush: Y:
05/05/2010 Catherine Buckley [Air/mist 258003.1
Comments: Borehole diameter: Z (mOD):
Descriptions of chippings from drilling 0.25m (10") 105.4
Installation Details
Depth Water strike details Casing/screen details Filter pack Lithological description and driller's comments Elev.
(m) Construction (m OD)
(m) (m)
36 36.00 50mm slotted 36.00 69.4
37.00 37.00 68.4
Q 38.00 Dark brown highly weathered mudstone, sandstone
5 ' and limestone. (Poss. Loughshinny Fm.)
{=
%_ Large mud losses to fm. between 37 and 40m
40 €
€
~
o~
-
42.00 E
o
oo
g £ 43.00
5 §
k-] =
2 5
45 0 2 .
£ £ &
£ o &
£ 2 &
I & CQ
- = 4 \\\'é\
£ @\0
. 48.00 5 | asoib
-] - £ - LS B
s S
o DA
s Ol
o S
50 =) % Q;(’OQ
g7 S
2 g 40 &
£ OQ\\
. | 1S 4O | -
Iy 9
| _— ~ % | -
b &
— 53.00 s — -
H - CJO B 54.00 End of borehole at 54m B
55 — — =
60 — — -
65 — — =
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ARUP MONITORING WELL LOG
Project title Client Well No. Sheet
Integrated Waste Management Facility MEHL BH18 1of1
Date Drilled Driller Drill method: X;
20-24/04/2010 S. Petersen Geobore 'S’ 315711
Date Logged Site Engineer/Geologist Flush: Y:
24/04/2010 D. O'Shea Air/Polymer gel 257996.4
Comments : Borehole diameter: Z (mOD):
Descriptions of cores from Geobore 'S' drilling 0.2m (8") 110.5
D(er:;h Water strike details Casing/screen details InStaC”::::‘u[:::ar:ls Filter pack Lithological description and driller's comments (:]Izll'))
(m) (m)
Well 7 v 0.00 |Brown highly weathered, shaley mudstones
'e / / 110
o % % BN
ground amounts of clay infill. (Possibly Balrickard Fm.)
.
5 % % = . - 105.5
/ / 1S Black/grey/dark-grey slightly weathered interbedded
.
% % g sandstone and mudstone (possibly Namurian
g / / %" Deposits.)
=] ]
] / / £
LStatic water g % / g \}&'
10 level 9.51 mbgl o / / § ‘3‘
(28/5/10) 0 / / &
- - S
a | / / & @S‘O -
| ] / / S B
P
]
15 % % IX) 15.00 FL00% flush losses to fm. from 14.80 m 95.5
| ] 5 | oo Palaeo-analysis indicate Namurian Deposits
| | O 5 |
. e T E S g -r:% . Grey/dark-grey/black, slightly to locally highly B
| I B £l e et ey |
| ) — £ g | muds . |
20 | . § % g £ | 20,00 B
H 21.00 17 s Fine sand | - End of borehole 21.2m B
.| - : i
:
.
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ARUP

MONITORING WELL LOG

Project title Client Well No. Sheet
Integrated Waste Management Facility MEHL BH19 1of1
Date Drilled Driller Drill method: X;
21-22/04/2010 Briody & Sons Ltd. |Rotary flush 315887.1
Date Logged Site Engineer/Geologist Flush: Y:
21-22/04/2010 Sarah Blake Air/mist 258059.1
Comments : Borehole diameter : Z (mOD):
Descriptions based on chippings from drilling 0.25m (10") 105.08
Installation Details
D(er:;h Water strike details Casing/screen details Construction Filter pack Lithological description and driller's comments (rilec;ll.'.))
(m) (m)
well V/ 7 0.00 |No recovery
head
0.54m / /
above / /
ground / / x
L Static water  |level / / =
level 2.98 mbgl / / =
(28/5/10) % % =4
[}
5 % % 5 100.08
/ / % Orange-brown, highly weathered siltstone, mudstone
o / / s and sandstone (Balrickard Fm.)
g / / 9
1 100 g/h 2 % % § 60 mins surging and well development at 7m
2 / /
o N .
N
10 7 /ﬂ /ﬂ 13.00 ,@‘2\
. . Fine sand @t} &0
14 = 94.08
g rg?o \d Dark brown, highly weathered mudstone, sandstone
-] — c o @b and siltstone (Namurian Deposits.) |
[N SHRN
E &
&
é§\$° 91.08
KRB '
H {\ ]
15 <<0“ \\\\&E Dark brown, wet, highly weathered siltstone,
QQ @ mudstone and sandstone (Namurian Deposits.)
= 16.00 « s | B
— ——] 50mm slotted = O s = |
—] 17.00 - —== € - =
] 50mm plain NS 5 | |
: 18.00 B with cap CJO 2 - 18.00 Egdmg?;g%ﬁigégrgc:llgvrgll development at 18m B
o o N B
. o N B
o o N B
. - - B
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MONITORING WELL LOG

ARUP
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A RU P MONITORING WELL LOG

Project title Client Well No. Sheet
Integrated Waste Management Facility MEHL BH20 20f2
Date Drilled Driller Drill method: X;
22-27/4/2010 Briody & Sons Ltd. |Rotary flush 315862.6
Date Logged Site Engineer/Geologist Flush: Y:
22-27/4/2010 Marie Fleming Air/mist 258102.3
Comments: Borehole diameter: Z (mOD):
Descriptions of chippings from drilling 0.25m (10") 104.84
Installation Details
Depth Water strike details Casing/screen details Filter pack Lithological description and driller's comments Elev.
(m) Construction (m OD)
(m) (m)
36 36.00 Q Grout 36.00 68.84
g 37.00 67.84
< Fine sand Black highly weathered siltstone, mudstone and
2 38.00 [sandstone. Wet. (Namurian Deposits)
£ .
£ &
o = o
n a8 o
40 40.00 g0
@ op
g E
255 ® S
A4 i =
42.00 - o . -
. 50mm plain bl Volume of water causing drilling broblems.
Large strike, 43.00 with cap 43.00 FQmins airliftine, surging and foam 61.84

>10,000 g/h Black highly weathered siltstone, mudstone and

sandstone with some limestone layers. (Poss.

x Loughshinny contact)
45 € :
3 &>
a, &
Y .
'g O(@\;\r'&%le still collapsing after 3 hrs cleaning and
% ;59rging.
—] — § Q\Q @\ Chippings distorted after 48m as collapsing material E
“E-’ QQ \&\ washing away direct returns.
] ;\\O (\é‘
50 :9*5“ Y
S
N\ 52.00 End of borehole 52m
55 — — — -
60 — — -
65 — — - -

0 - B B
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Appendix Al4.4
Figures
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Figure 14.4.1: On-site monitoring network of existing boreholes.
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Figure 14.4.2: Initially proposed monitoring and pumping well locations.
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Figure 14.4.3: Final locations for all monitoring boreholes.
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Executive Summary

Murphy Environmental Hollywood Ltd (MEHL) wishes to apply for planning
permission and a waste licence to develop an integrated waste management
facility which will accept non-biodegradable, solid hazardous, non-hazardous and
inert waste streams at the site in Hollywood, Naul, Co. Dublin.

A detailed hydrogeological investigation was undertaken on the MEHL site in
order to develop a conceptual model for the site using site specific data that
describes the groundwater system in the vicinity of the site.

This work indicated that the aquifer underlying the site is confined by up to 60 m
of aquitard in the northern part of the site and outcrops in the south eastern corner
of the site. The placement of the different waste types reflects the vulnerability of
the aquifer in each area, with no hazardous waste cells being developed directly
on the aquifer.

Based on the information collected during the site investigation a detailed
quantitative risk assessment (QRA) modelling exercise was undertaken using the
program LandSim v2.5. This model was used to quantify the potential risk to
groundwater and groundwater based receptors from the pgpposed development.

The primary model developed used the landfill des1glg&r1ter1a as provided by the

landfill designer and all site specific geologlcal@‘n@ydrogeologlcal data

collected during this assessment. The prima; Sdel is designed to represent the

environmental impact of leachate leakage ffogf'the landfill on the environment. A

phantom receptor well was placed on th&sx@‘boundary to conservatively assess if
wells down-gradient of the site will g@ g«rﬁ\)acted

A summary of the results of thz@hgﬁry model are presented below:

e No ‘hazardous substances’ (ﬁst 1) predicted to be in groundwater beneath the
site (and therefore none §§tected at the phantom receptor well);

e ‘Non-hazardous pollﬁ&nts (List 2), metals, chloride and sulphate predicted to
be present in groundwater beneath the site above Drinking Water Standards
after 20,000 years;

e No contaminants at concentrations above Drinking Water Standards predicted
to be present at the phantom well receptor.

The results of the LandSim modelling indicate that the risk to the water quality at
wells down gradient of the site, from the proposed development, will be
insignificant.
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Although the primary model is designed to represent the landfill and surrounding
environment it should be noted that these results are considered conservative for
the following reasons:

e The main aquifer unit beneath the site (the Loughshinny Formation) is
observed to be confined, and locally artesian, and therefore downward
movement of leachate will be limited by the lower permeability in the
overlying horizons. However the model assumes the aquifer is unconfined.

e There are two low permeability liners built into the DAC (Dense Asphaltic
Concrete) system, separated by a stabilisation layer which contains a leak
detection and collection system. The upper liner is the actual DAC liner and
the lower liner is composed of 0.5 m of clay. The lower liner and leak
detection system within the DAC system has not been included in the model.

e The additional low permeability bentonite enhanced soil (BES) layer to be
installed beneath the liner for the non-hazardous cells has not been included in
the model.

e The management control period has been modelled as unrealistically short.
The actual management control period will be determined by the
Environmental Protection Agency. &

Supplementary models were created following consul,t\géi?)ns with the
Environmental Protection Agency. The first su;%p.l ntary model was developed
to simulate the impact of the proposed develo on groundwater if there was a
significant defect in the liner of the hazardq \& Is. The second supplementary
model was developed to simulate the impactsof the proposed development on
groundwater without any landfill lingg&:;\é‘
A Groundwater and Surface Wate&ﬁ@onitoring Plan, which will incorporate the
monitoring of both groundwatéﬁ@'fe s and quality, will be a requirement of the
waste licence. &

»
A Closure Restoration andciéi}tercare Management Plan (CRAMP) will be
developed and submitted<o the Environmental Protection Agency for approval.
Following the cessation of operation at the site the CRAMP will be implemented
to the satisfaction of the Environmental Protection Agency.
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1 Introduction

Murphy Environmental Hollywood Ltd (MEHL) appointed Arup to undertake a
hydrogeological quantitative risk assessment for a proposed development at the
MEHL site in Hollywood Great, North County Dublin. The site currently has
planning permission (F07A/0262 and FO4A/0363) and an EPA waste licence (no.
W0129-02) to accept 500,000 tonnes per annum of inert waste to landfill. MEHL
wishes to apply for planning permission and a waste licence to develop an
integrated waste management facility which will accept non-biodegradable, solid
hazardous and non-hazardous waste streams.

An Environmental Impact Assessment was undertaken for this development and
this report will be appended to Chapter 14 Soils, Geology and Hydrogeology of
the Environmental Impact Statement document. This report will also be
submitted to the Environment Protection Agency (EPA) as part of the Waste
Licence Application.

This report quantifies the potential risk to groundwater from the proposed
development for each of the cells.

D 6877.30 | Issue 1 | 6 December 2010 | Arup Page 1

EPA Export 27-07-2013:00:32:17



MEHL Murphy Environmental Hollywood Ltd. Integrated Waste Management Facility
Hydrogeological Quantitative Risk Assessment

2 Site Details

2.1 Site Setting and Location

The MEHL site is located at Hollywood Great, Nag’s Head, Naul, County Dublin
at national grid reference 315558, 257798 (Figure 1). The area of land currently
in the ownership and control of MEHL is 54.4 hectares, of which the proposed
Planning and EPA waste licence boundary covers 39.8 hectares of the lands
owned.

The town of Naul is situated approximately 3 km to the northwest. The site is
approximately 32 kilometres north of Dublin City centre and 17 kilometres south
of Drogheda.

2.2 History of Site Development

The site at Hollywood was formerly a quarry from which limestone and shale
were extracted. Quarrying began in the late 1940s and Murphy Concrete
Manufacturing (MCM) Ltd took over operations in 1975. The site continued to
operate as a quarry until 2007. &

Dublin County Council granted the first planning persiission for restoration of the
quarry in July 1988 and in 1993 it issued a pe §t\ landfilling under the
European Communities (Waste) Regulations? ¢Snew waste legislation was
introduced, MCM Ltd applied for and ob@%fﬁl waste licence. In 2002, Murphy
Environmental was established as a tragh ivision of MCM Ltd to serve as the
waste management division of the cefhpany. The sale of aggregate product on a
commercial basis from MCM Ltd\ﬁsﬁae Hollywood facility ceased at the end of
2007. In October 2008, Murphy’Efivironmental Hollywood Ltd (MEHL) was
established as a separate legal gﬁ% y to manage the landfill activity at the
Hollywood facility. EPA Ligence W0129-02 transferred to MEHL on 1* October
2008. MEHL is responsijhi€ for all aspects of the management and operation of
the landfill and compliance with the Waste Licence.

In 2004, an application was made to Fingal County Council to renew the planning
permission for restoration of the quarry. Planning permission for a period of 15
years was granted in 2004.

An application was lodged in February 2007 to vary the planning permission to
permit the infilling of an extended quarry area, and to increase the rate of filling to
500,000 tonnes per year. Planning permission for this development, ref.
FO07A/0262, was granted in 2007.
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2.3 Current Operations

The quarry void is being backfilled and restored in accordance with EPA Waste
Licence W0129-02. The site is licensed to accept up to 500,000 tonnes per annum
of inert waste, comprising various forms of construction and demolition waste and
soils and stone, including mildly contaminated soils, which comply with the limit
values for waste acceptable at landfills for inert waste as set out in Section 2.1.2
of EU Council Decision of 19 December 2002 (2003/33/EC) establishing criteria
and procedures for the acceptance of waste at landfills.

Seven landfill cells (Cells 1, 2, 3, 3 Extension, 4, 5a and 5b) for inert wastes have
been developed since December 2002. The design and construction of the landfill
cells have been in accordance with the EPA’s Manual on Landfill Site Design
(2000) and the Waste Licence. All cells have a base and side slope liner
comprising low permeability clay. Cells 1 to 5 are situated in the northern part of
the site. Further cells will be developed to the south and east of Cells 1 to 5.

The site entrance, buildings and other infrastructure are located on the west side of
the site. Haul roads and ramps have been constructed within the site to allow
vehicular access to areas of active landfilling and stockpiling. Other features on
the site include stockpiles of topsoil and subsoil at the northern end of the existing
quarry and along the eastern side of the site all within \E\]ée’site boundary.

3

At the lowest point the quarry base is at approxig;tqgéloy 88mOD (Malin Head). At
the southern end of the site the excavations agg~deep into the native limestone
units. The northern part of the site is bein, and restored with inert waste. At
the northern end the surrounding land sgﬁéég is at 125mOD, approximately. The
land surface is slightly higher at t&g‘bﬁ rn end where it is

JHigh

approximately136mOD. The nat 1 point in the area is 151 mOD.
N

The maximum height of the re&%ﬁ%on contours is 148mOD, rising from
109mOD at the northern end t¢Y48mOD around the existing site entrance area,
and then dropping again to (;3\7mOD, at the southern end. The restoration heights
are in line with the natur@ﬁopography of the area.
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24 Proposed Development

2.4.1 Overview

The development will comprise cells, for the landfilling of solid non-
biodegradable hazardous, non hazardous and inert waste, ancillary facilities and a
new facility entrance. The ancillary facilities will include haul roads,
administration building, weighbridges, wheel washes, car parking, site services
and utilities. Flue gas cleaning residues from waste to energy plants will be
solidified on site. The solidification plant will be located on the eastern side of the
non hazardous cell. A storage building for solidified material will be constructed
directly beside the solidification plant, as will a bunded compound to store diesel
for machinery and plant.

The hazardous waste cells will be sited in the northern part of the existing quarry.
The non hazardous cell will be located in the southern portion of the site with the
inert cell to the west of the hazardous and non hazardous cells. The formation
level of the liner will be at approximately 102.5mAOD.

For further details on the proposed development, and information on waste
acceptance and handling, site management and environmgfital controls refer to
Chapter 4 Proposed Site and Project Description of thog@IS.

(@;fz@
2.4.2 Liner for Hazardous Was;ﬁ?@lls
O~

&
It is proposed to use dense asphaltic cog@\‘g&\}(DAC) to form the liner for the base
and side walls of the hazardous cells %8 BAC lining system is engineered to
provide complete containment rathét {Ran controlled seepage thus making it a
more effective landfill barrier tb&ﬁ@ﬁe single, composite or multiple lining
systems traditionally used. KQOQ

S
The proposed hazardous ce]ﬁfmer system will comprise the following
components: QOQ

e A geotextile functioning as a filtration layer.

¢ A minimum 500mm thick drainage stone layer with a hydraulic conductivity >
1.0 x 10~ m/s incorporating a herringbone system of leachate collection
pipework.

e Mastic Sealant
e 80mm Dense Asphaltic Concrete
e 60mm Asphaltic Binder Layer

e 200mm Type 1 Granular Sub-base/Stabilising Layer (sprayed with cationic
emulsion).

o Geotextile Membrane

o SOOngm thick mineral layer of hydraulic conductivity less than or equal to 1.0
x 107 m/s.
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It is proposed to incorporate a leak detection system into the stabilising drainage
layer. The leak detection system will comprise of a 250mm HDPE detection
standpipe which will be connected to a constructed sump at the base of the landfill
cell. The leak detection system will be monitored on a regular basis and could be
used as a collection system in the unlikely event that a leak should occur.

243 Lining System for Non Hazardous Cells

A composite clay and geomembrane liner will be installed on the base and side
walls of the proposed non hazardous cells. The liner will meet minimum
requirements set out in EC Directive 99/31/EC Annex 1. The landfill base and
sides will consist of a mineral layer which satisfies permeability and thickness
requirements with a combined effect in terms of protection of soil, groundwater
and surface water, at least equivalent to K greater than or equal to 1.0 x 107 m/s;
thickness >= 1 m.

It is proposed that the non hazardous lining system will be constructed as follows:

e Filtration Layer — Geotextile

e Leachate Collection Layer- 500mm thick drainage stone layer equivalent to
500mm thick granular layer with a hydraulic condu ‘sﬁity >1.0x 10° m/s.
Also incorporating a herringbone system of leachgg€ collection pipework.

e Protection Layer - Non woven polyprople@%@?extile.

5\
e Barrier Layer - 2mm thick Geomembr\ \\}ﬁDPE liner.
N\
e Barrier Layer - 1000mm thick com@f?g@ mineral layer having a hydraulic

conductivity < 1.0 x 10 m/s. & §°

As an additional mitigation gdé\@e an additional basal barrier layer
composed of 1000mm thickK @?ﬁonite enhanced soil or equivalent providing a
hydraulic conductivity ofgy?ﬁ x 107"° m/s will be laid beneath the liner of the
non-hazardous cells. &
2
2.4.4 Lining System for Inert Cells

A clay liner will be installed on the base and side walls of the proposed inert cell
as per the EPA’s Manual on Landfill site Design (2000) and the current waste
licence requirements and similar to the liner of the existing cells, which have been
constructed using on site clay deposits.

The liner will meet minimum requirements set out in EC Directive 99/31/EC
Annex 1, landfill for inert waste: K <=1.0 x 107 m/s; thickness >= 1 m.
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2.4.5 Solidification Plant

The solidification plant will comprise a process building, incorporating the
process area which will house a mixing unit, a number of storage silos for flue gas
treatment residues, a cement silo, two acid tanks, a storage building for curing
solidified ash and welfare facilities.

In the solidification plant flue gas treatment residues and boiler ash will be bound
with cement, acid and water in a batch process. The water added to the process
will be collected leachate from the landfill. While it is considered likely that the
mixing ratios at the proposed MEHL facility will be similar to those at Indaver
solidification plant in Antwerp, the final ratios of residue to cement,
water/leachate and additives will be defined following a pilot study, as the
specific mixing ratio is dependent on the composition of the flue gas treatment
residues which is specific to individual waste to energy plants. As is the case in
Europe, ash material from other sources where available, could also be used in the
solidification process.

The waste acceptance criteria defined for the proposed facility by the EPA, in
compliance with Council Decision 2003/33/EC, will have a significant bearing on
the ratio of cement, water/leachate and additives used in thg process. In a number
of EU states including Belgium and the Netherlands, a defogation for a number of
the waste acceptance criteria parameters has been gragted to facilitate landfilling
of solidified flue gas treatment residue in hazagét\i\xé‘*cells. Up to 3 times the waste
acceptance criteria values is permitted in ce@%‘*&rcums‘[ances, particularly for
total dissolved salts and lead. In the wastgdigénce application, a derogation of
three times the waste acceptance crite‘r@{gﬁ‘ﬁfs for hazardous waste will be sought
for all applicable parameters. S

. A
The solidified material will be heldufh the storage building for a minimum of 2-4
days to cure the material and to §ilitate its handling for onward placement in the
hazardous landfill cell. The re@‘éntion time in the storage buildings may be
extended beyond 2-4 daysé\dﬁlere storage capacity is available.
@)

Solidified IBC bags/blocks will be transported from the storage building when the
storage building capacity is full, by MEHL site vehicles, to a temporary storage
area within the active hazardous landfill cell. The temporary storage area will be
covered in order to avoid the solidified material coming in contact with rain and
thus prevent the generation of leachate. When the solidification plant is not
operating at peak capacity and the available storage capacity in the storage
building is significantly greater than 2 to 4 days it should be possible to move the
solidified material directly from the storage building to the final destination in the
hazardous landfill cell.

2.4.6 Waste Inputs

It is proposed that the integrated waste management facility will accept solid non-
biodegradable waste, including hazardous and non-hazardous residues from
waste-to-energy plants, hazardous and non-hazardous soils and inert soils, and
other compatible waste streams.
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3 Sources of Information

The existing conditions within the area of the proposed MEHL development have
been interpreted from historic studies on the site as well as desk study and ground
investigation data. The main sources of information for the study were desk

studies of material from the general area and site specific investigations including:

e Site visits

e Desk study comprising published information and site specific historic data
and reports.

e Geophysical surveys

¢ Ground Investigation

e Monitoring data

o Well survey

¢ Quantitative Risk Assessment (QRA) modelling

3.1 Site Visits &

Site visits and walkovers were undertaken by Arup frggﬁ December 2009 to July
2010. Site supervision of drilling and all hydraulicgests, and ongoing
groundwater monitoring were also undertakg&%gp rup over this period.

) o5
3.2 Desk Study ooQé«é)
é, &
A desk study carried out of the M\@L ﬁte availed of the following sources:
&, $

3.2.1 Available Publgﬁ‘itlons

e Fingal County Counc%&é\o%) Groundwater monitoring of the Bog of the
Ring. Final hydrogeS'logmal Assessment Report.

e Geological Survey of Ireland (2005). Bog of the Ring: Source Protection
Zones. (prepared in association with Final County Council).

e Geological Survey of Ireland (1999). 1:100,000 scale Bedrock Series Geology
Map Sheet 13

e Geological Survey of Ireland (19th Century). 1:10,560 scale Bedrock Series
Geology Map Sheet Dublin 14/2

e Geological Survey of Ireland (1901). 1:63,360 scale Bedrock Series Geology
Map Sheet 102 (1901)

¢ Geological Survey of Ireland National Draft Bedrock Aquifer map
e Geological Survey of Ireland Groundwater Database
¢ Geological Survey of Ireland Quaternary Geology Map of Dublin

e McConnell, B., Philcox, M. And Geraghty, M. (2001). Geology of Meath: A
geological description to accompany the Bedrock Geology 1:100,000 Scale
Map Series, Sheet 13, Meath. Geological Survey of Ireland.

D 6877.30 | Issue 1| 6 December 2010 | Arup Page 7

EPA Export 27-07-2013:00:32:17



MEHL Murphy Environmental Hollywood Ltd. Integrated Waste Management Facility
Hydrogeological Quantitative Risk Assessment

3.2.2 Project Specific

These project specific references are listed in the order that the appendices are
presented in the EIS.

e Jones, G.LL (2009). Conodate Report on the geology of the landfill site
Hollywood, Naul, Co. Fingal. (Appendix A14.1.1)

e Jones, G.LI (2010). Conodate Micropalacontology report on sample MEHL —
18, 15.2-15.8 m, The Naul, Co. Fingal. (Appendix A14.1.1)

e APEX (2010). Report on the Geophysical Survey at the MEHL Integrated
Waste Facility Site in Naul, Co. Dublin (Appendix A14.2)

¢ Site investigation report: IGSL (2010) Ground Investigation Factual report on
MEHL Integrated Waste Management Facility. (Appendix A14.3)

¢ Borehole logs and well records for monitoring wells drilled as part of the
current EPA waste licence (Appendix A14.4)

¢ On site hydraulic test records including pumping tests, infiltration testing etc.
(Appendix A14.5 and Appendix A14.6)

o Patel Tonra (2010). Historic groundwater level and qu#lity monitoring data
(Appendix A14.7 and Appendix A17.8) o@é

e Minerex (2010) Well survey report. (Appegdi\@“ﬁ)
3

e White Young Green (2010). Engineeri@@por‘[ for Planning.
S
<

3.3 Geophysics é’;\\;toé

Surface geophysical surveys w ~g&lﬁer’[aken on the site by Apex Geoservices
Ltd in two phases as outlined inc;s&%tion 4.3.1. The full geophysical report is
included in Appendix A14.2,g;hd this provides information of the techniques used
and how the results were cogﬁ%rated against the site investigation results.

34 Ground Investigations

Numerous boreholes were drilled on the site between 1998 and 2003 as part of the
work for the previous and existing EPA waste licences for the MEHL facility
(EPA waste license numbers 129-1 and W0129-02). The boreholes are situated
on the site perimeter as shown on Figure 2 and have been used to provide
preliminary information on the geology of the site. The geological logs for all
boreholes drilled are included in Appendix A14.4.

As part of this assessment additional boreholes were drilled in the centre of the
site in the proposed locations for the hazardous and non-hazardous waste cells.
This information was used to establish the geology in this area and further
delineate the geological profile of the site as detailed in section 4.3. These
boreholes will be decommissioned and backfilled in line with best practice prior
to the construction of the cells in this area to prevent a potential contamination
pathway.
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The new boreholes were also completed as groundwater monitoring installations
to allow the groundwater regime beneath the site to be interpreted further than
previous assessments allowed. The locations of these boreholes are shown on

Figure 2.

A complete list of all boreholes drilled on the site are presented in Table 3.1

below.

Table 3.1 Drilling Details for all Boreholes on Site

Drilling supervised

Borehole ID Date Drilled | Type of Borehole by

BH4A 18/11/2008 Monitoring Well Patel Tonra

BHS 03/09/1998 Monitoring Well KT Cullen & Co.
BH6 03/09/1998 Monitoring Well KT Cullen & Co.
BH7 07/09/1998 NA KT Cullen & Co.
BHS 17/08/2001 Monitoring Well KT Cullen & Co.
BH9 03/08/2001 N/A KT Cullen & Co.
BH10 04/08/2001 Monitoring Well & Golder Associates
BH10a 05/03/2007 Monitoring Well ,é\é‘v Golder Associates
Blla 02/05/2007 Monitoring Well (@' @u Golder Associates
BHI12 01/05/2007 Monitoring V\‘/\@’:&o\ Golder Associates
BH13 15/04/2007 Monitorin@%ﬁ’\ Golder Associates
BH14 02/03/2007 Moni{;@?&g@v ell Golder Associates
BHI5 06/04/2010 | Caipackfilled Arup

BHI5a 221042010 [Vphitoring Well Arup

BH16 12/04/2010 & > Core: finished as monitoring well | Arup

BH17 05/05204 | Pumping well Arup

BHI8 20/04/2010 Core: finished as monitoring well | Arup

BH19 21/04/2010 Monitoring Well Arup

BH20 22/04/2010 Monitoring Well Arup

Detailed information of the site investigation works undertaken as part of this
assessment, including raw data and interpretation are contained in Appendices
A14.2 — A14.9 and A14.12 of the Environmental Impact Statement.
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In summary, these works consisted of:

e 3 No. Cable Percussion (Shell and Auger) Boreholes
¢ 3 No. Geobore S cored boreholes

¢ 3 No. Monitoring wells

e 1 No. Pump well

e 22 No. Trial pits

e 3 No. Soakaway pits

e 6 No. Side Slope surveys

e Laboratory testing for soil properties

e Groundwater quality analysis

e In situ testing consisting of pump tests, falling and rising head tests, soakaway
testing and SPTs in shell and auger boreholes.

e Well development of new and existing wells

3.5 Monitoring data &

Groundwater level and quality monitoring has been uditertaken on the site since
2003 in accordance with the EPA waste licencgﬁgzﬁ\data collected during this
period were made available for use in this ag@ﬁﬁﬁent.

O

o . . S S .
As outlined in section 3.4, additional mgqﬁ{@?\’ing points were constructed as part
of the investigations for this asses;gﬁsﬂ@d‘)ata collected from these are presented

in Appendix A14.7 and Appendi 8.
SN
KR
3.6 Well survey (¢
»

A well survey was undertaken in the area surrounding the MEHL site to
determine the locations &f any groundwater abstractions in the area. The full
details of this are contained in Appendix 14.9.
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4 Geology

4.1 Landscape and Topography

The broad study area generally incorporates the land from Naul in the northwest
to Portrane and the Rogerstown Estuary in the southeast. The local or site-
specific area of study incorporates the existing MEHL facility and the immediate
surrounding lands.

The area around the site is generally hilly with elevations falling steeply towards
the coast where the area becomes flatter. The site is located on a significant
bedrock feature that trends in a WNW-ESE direction and which will be discussed
in section 4.2.1. Knockbrack Hill to the north east of the site represents the
highest elevation in the surrounding area at 176 mOD.

The MEHL site is on a hill with the natural elevations on the western boundary
reaching up to 149 mOD and falling to 90 mOD on the eastern boundary. As the
site is a former quarry the topography within the site is varied. A topographic
map of the site and the surrounding area is shown in Figure 3.

The landuse in the area surrounding the MEHL site is pregfominantly agricultural
with some low density housing. The majority of thes%ﬁ‘ouses are supplied by
mains water. \A (z@o

To the east of the site, at Nevitt, Fingal Co $ ouncil have been granted
planning permission to construct and opegitest landfill. The location of the Nevitt
landfill in relation to the MEHL site 15@‘1%0 own on Figure 3.

eSJ §

4.2 Regional Smlg&i@ﬁ Geology information

4.2.1 Bedrock Geq@gy

A detailed bedrock geolo%y assessment carried out by Tara Prospecting Ltd.
(1985) deals with the rocks in the immediate vicinity of the site and is based on
their borehole database and local investigations. In summary, its assessment
indicated a complex sequence of lithologies in the area, ranging from Namurian
and Brigantian shales to Asbian limestones and volcanics to the north. The
Namurian shales dominate the eastern part of the area and the Brigantian shales
surround these on all sides.

Several lithologies are reported from the area around Hollywood (Geological
Survey of Ireland — Geology of Meath, 2001) as shown on Figure 4. The regional
geology of Meath can be divided into Ordovician and Silurian Metasediments and
Volcanics, granites and other igneous rocks, sedimentary rocks of Carboniferous
age and sedimentary rocks which were deposited during the Permian and Triassic
periods.
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The rocks underlying the area around the site can be described, from youngest to
oldest formation, as belonging to the following formations within the
Carboniferous Period:

e Walshestown Formation
¢ Balrickard Formation

e Loughshinny Formation
e Naul Formation

e Lucan Formation
Table 4.1 shows approximate ages for each formation.

Table 4.1 — Regional Formations

Series Formation Age

313 -326 ma

| Donore is thought
| to be situated in
. b@"the Visean

| @nd Namurian
Stages

Visean

LoughsRindy
Nl 5
$Lylan 326 - 345 ma

&
The Naul Formation is also a Viq@@ge deposit and is similar to the older Lucan
formation, but the limestones &€ paler and less argillaceous and contains less
shale. The Lucan Formation, alsd known locally as Calp limestone is described as
dark grey well bedded chergg;\‘graded limestones and calcareous shales.

N

N
The next formation shov&;ﬁo on the Regional Geology map is the Loughshinny
formation. This is a Dinantian deposit from the Visean stage and is described by
the GSI as consisting of limestone breccias formed by debris flows and turbidites.
Younger parts of this formation are made up of well graded limestones
interbedded with argillaceous limestones and dark shales.

The Donore Formation underlies the Balrickard Formation. This is thought to be
an erosional boundary which was formed during a time when sea levels were
fluctuating. Geologically it resembles the Balrickard Formation in some places
and the Loughshinny Formation in others due to the changing depositional
environment. The changes from one formation to the next are difficult to
definitively establish and were not directly observed anywhere on site. As can be
seen above, the contact between the Visean/Namurian Stages is thought to occur
within the Donore Formation. In addition this formation may not be present
throughout the area.

The Balrickard Formation is a feldspathic micaceous sandstone with shale and
argillaceous fossiliferous micrite of Pendleian age.
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The Walshestown Formation is from the Namurian stage of the Silesian Series of
the Carboniferous system. The rocks of this formation are described as black
shales with ironstone and subordinate siltstone with rippled fine sandstone bands,
calcareous mudstone and biosparite. The Walshestown Formation is described
within the GSI geological map publication “Geology of Meath, Sheet 13” as
“predominantly black shales with subordinate siltstones and/or fine sandstone
bands with rippled lenses, calcareous mudstone and occasional limestone
(biosparite) of Pendleian to Arnsbergian age.”

This area is known as the North Dublin Basin. This is a composite basin of
combined sedimentary and structural origin. The location of the MEHL site is at
the northern margin of this basin. To the north of the site is the Balbriggan Block.
This block was bounded by faults and thrown up relative to the nearby basins. The
site is located at one of the transitional areas between a block and a basin. This
means that the depositional environments affect the nature of the rocks. The
muddier, shaley deposits such as the Walshestown Formation, would have been
deposited in deeper waters (basins) as opposed to the Loughshinny Formation
deposits which appear to be deposited in warm shallow waters (blocks). This
would suggest that the Dublin Basin was becoming deeper with time.

From the GSI geological map publication of the area (“Geglogy of Meath, Sheet
13”), the Carboniferous rock units (Walshestown, Balri@l?ard, Loughshinny and
Naul formations) are folded into a gentle syncline (bc&?l-shaped fold), whose axis
runs roughly WNW-ESE. The Walshestown Fg&?@ﬁion occupies the centre of the
fold, surrounded in sequence by the Balrickgg’aéfbormation, Loughshinny formation
and the Naul formation to the south. K S

o5, €
The affect of this synclinal structure j %g%ury the Loughshinny Formation even
deeper than would be expected h 1 ocks in the area not been folded. The
Loughshinny Formation is dippiigid®} towards the centre of the syncline, resulting

in it becoming deeper as its trag northwards.
S

Along with the deformationgl%atures like the syncline, a number of faults are
present in the locality, gmé\rally trending N-S or NE-SW. These faults in some
cases form contacts between various formations. There are most likely more
faults which have not been identified present in the area, as faulting is ubiquitous
in Ireland.

4.2.2 Quaternary Geology

The Quaternary (subsoil) strata data are scarce for this area; a map compiled from
pre-existing data was produced to accompany an investigation for the location of
landfill sites by the Geological Survey of Ireland for Dublin County Council
(1979). This provides a guide to the depth and type of Quaternary sediment in the
area. The map classifies all the tills as limestone dominated. In addition, the
Teagasc Subsoils Map describes the soils around the site as consisting of exposed
bedrock (i.e. that there is no soil present), and Till derived from Namurian rocks.

The ice depositing the tills was most likely extending from the Irish midlands,
southwards and eastwards across the area and may contain some far travelled
limestone clasts. This till deposit is quite common in this region and is typical of
the till dominated by clasts of Namurian lithologies, found in north County
Dublin.
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4.2.3 Soils

The Gley group of soils cover most of the region in which the MEHL site is
located, with the exception of Knockbrack Hill/ Nags Head area and the
Palmerstown townland area where the soils are of the Brown Earth Group. A
small isolated area of peat occurs around the Bog of the Ring Commons area.

The MEHL site is located in the Knockbrack Hill/ Nags Head area and is
therefore characterised by the Brown Earth Group soils. These are a relatively
mature soil. They are generally well drained mineral soil. The typical profile is
uniform with little or no differentiation into horizons. These soils are not
extensively leached or degraded and thus there is little evidence in the soil profile
of removal and deposition of iron oxides, humus or clay. The soils of this group
are generally good arable soils although sometimes low in nutrients. They have
good drainage and structure characteristics with medium textures.

4.3 Site Specific Geology Information

A detailed site investigation was undertaken as part of the investigative works at
MEHL site. The locations of all investigations are shown on Figure 5 and the full
factual report is presented in Appendix A14.3. Due to thgiveathered/broken
condition of the rocks exposed at the MEHL site, intr@/e boreholes were drilled
and the details of these are presented in Appendix Al4.4. The cores obtained
demonstrated that these rocks are weathered droken too.
VS

4.3.1 Results of the geophy\g&@g«@

5 &

A field mapping exercise was unc AAn by G. L1 Jones on the MEHL site and a
report is presented in Appendigéd&iﬁzl. In this report a major fault was mapped
running roughly N-S across the gite. A geophysical survey was undertaken to
gain further information abogﬁhis fault and to establish if there were any other
unmapped faults present.ooo

A trial geophysical survey was carried out by Apex Geoservices in January 2010
and this was followed by a detailed geophysical survey. The aim of the main
survey was to locate any further faults on the site and also to provide information
on deep bedrock. The results of the full survey included a series of interim maps
along with a number of cross sections.

The report highlighted another bedrock fault trending E-W through the site which
intersects the N-S trending fault. It suggested that this fault had a down-throw on
the northern side of up to 60m.

The results from the intrusive investigations were used by Apex to calibrate the
results of the geophysical survey. The results of the full survey are presented in
Appendix A14.2.
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4.3.2 Bedrock Geology

Based on the geological mapping report (Jones, 2009), the Apex Geoservices
Geophysics Report (Apex, 2010) and the boreholes carried out during this study, a
revised geological map has been produced for the site (See Figure 6). The
revised bedrock geological map presented in Figure 6 is founded on significantly
more detailed geological information than was available during the production of
the GSI 1999 publication.

The principal difference between Figure 6 and the GSI geological map
publication of the area (“Geology of Meath, Sheet 13”) for the area (Figure 4) is
that the Loughshinny Formation is now confined to the southwestern end of the
site with the Donore, Balrickard and Walshestown Formations immediately
underlying the greater part of the MEHL site.

The bedrock geology of the site is further influenced by the main North-South
trending fault running through the site. The bedrock to the east of this fault
appears to have been downthrown by some tens of metres. Folding was observed
in the middle of the succession of rock types present on the site but the upper beds
are mostly undisturbed.

Overall the geology of the site youngs to the north, starti1$§’ ‘with the Loughshinny
formation passing upwards and eventually into the WadShestown formation.

A schematic cross section for the site is pres;n@g§¥igure 7.
»

A summary table of the information from ﬁngoreholes used to amend the

geology map is presented in the follow@%@le, Table 4.2.
&
.Q& \O
N
L
N
&
&

&
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Borehole | Date Drilled | Strata Formation/Description Depth
ID Encountered
BH4A 18/11/2008 Overburden Clays 0.0-43
Bedrock Loughshinny 43-12.2
BHS 03/09/1998 Overburden Clays 0.0-6.0
Bedrock Walshestown 6.0 -35.0
BH6 03/09/1998 Overburden Clays 0.0-4.0
Bedrock Walshestown 4.0-19.5
BH7 07/09/1998 Overburden Clays 0.0-2.0
Bedrock Walshestown 2.0-26.0
BHS 17/08/2001 Overburden Clays 0.0-3.0
Bedrock Walshestown 3.0-27.0
BH9 03/08/2001 Overburden Clays 0.0-12.0
Bedrock Walshestown . 12.0 - 50.0
BH10 04/08/2001 | Overburden Clays & 0.0 - 4.0
Bedrock Loughshkmgy ,@O 4.0 -84.0
BHI0a | 05/03/2007 | Overburden Claysgs <O 0.0-10.0
Bedrock @ggki\\aﬁdmonore ) 10.0 - 21.0
Bedrock & Kbughshinny 21.0 - 68.0
Blla 02/05/2007 | Overburden <Zx Clays 0.0-2.0
Bedrock Q:9§ Walshestown 2.0-30.0
BHI12 01/05/2007 Overblgd@n Clays 0.0-5.5
Be@tﬁ\(gf{ Walshestown/Balrickard/Donore (?) 5.5-46.0
Bedrock Loughshinny 46.0 - 65.0
BHI13 15/04/2007 | Overburden Clays 0.0-5.5
Bedrock Walshestown/Balrickard/Donore (?) 5.5-46.0
Bedrock Loughshinny 46.0 - 48.0
BH14 02/03/2007 | Overburden Clays 0.0-6.0
Bedrock Balrickard/Donore (?) 6.0 -30.0
Bedrock Loughshinny 30.0 - 38.0
BHI5 06/04/2010 Overburden Clays 0.0-32
Bedrock Balrickard (?) 3.2-10.0
Bedrock Possible Donore (?) 10.0 - 26.1
Bedrock Loughshinny 26.1-31.9
BHI16 12/04/2010 | Overburden Clays 0.0-0.8
Bedrock Walshestown 0.8 -60.0
BH17 05/05/2010 Bedrock Balrickard/Donore (?) 0.0-37.0
Bedrock Loughshinny 37.0 -54.0
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Borehole | Date Drilled | Strata Formation/Description Depth

ID Encountered

BHI18 20/04/2010 Overburden Clays 0.0-0.6
Bedrock Balrickard (?) 0.6-5.1
Bedrock Donore (?) 5.1-152
Bedrock Loughshinny 152-21.2

BH19 21/04/2010 Overburden Clays 0.0-5.0
Bedrock Balrickard (?) 5.0-14.0
Bedrock Donore (?) 14.0 - 18.0

BH20 22/04/2010 Overburden Clays 0.0-7.0
Bedrock Walshestown 7.0 -34.0
Bedrock Balrickard/Donore (?) 34.0-43.0
Bedrock Loughshinny 43.0 - 48.0

The oldest formation observed on site is the Loughshinny Formation. This is
Dinantian in age and consists of limestone breccias formed by debris flows and

turbidites. Younger parts of this formation are made

interbedded with argillaceous limestones and dar$ st@’es.
N

The Namurian formations are encountered
with argillaceous limestones and sandsto
site is the Donore Formation. It is tho
eroded older units of the Loughshingg®

Balrickard Formation. It is of Brig
have a thickness of up to 250m THis formation was difficult to identify from both
outcrops and core samples fromcﬂle underlying and overlying units due it’s

Q

f well graded limestones

;&?}d these are composed of shales
g@\;}\ he oldest Namurian deposit on the

form an unconformity between the
ation and the younger units of the

ian to Pendleian in age and is estimated to

similarity to both in differe’\%;meas and the poor quality of much of the core
()

and/or chippings. In BH1§

re samples taken at 15 mbgl appeared to be the

Loughshinny Formation but palynology proved them to be Namurian in age,
indicating were from the Donore Formation.

The next formation encountered is the Balrickard Formation. This was described
in the borehole logs as “Moderately strong to moderately weak, thickly laminated
to thinly bedded (to structureless where clay-filled), interbedded fine-grained
SANDSTONE and MUDSTONE with large amounts of orange/yellow/brown
clay infill”. It is assumed that the contact between the Walshestown Formation
and the Balrickard formation is an erosional contact which follows the topography

of the northwestern corner of the site.

There is a possibility that the fault which runs roughly East-West which was

identified during the geophysics extends further westward and forms the contact
between the two formations. It should be noted that the contact was not directly
observed anywhere on site.
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In the north of the site, where the Walshestown formation is observed, the rocks
are described as black shales with ironstone and subordinate siltstone with rippled
fine sandstone bands, calcareous mudstone and biosparite. In the borehole logs it
is described as “Moderately weak to moderately strong, thinly bedded to thinly
laminated, dark grey/black, interbedded fine-grained SANDSTONE &
SILTSTONE/MUDSTONE with large amounts of black clay infill”.

It should be borne in mind that the overall geological interpretation has been
hindered by the weathered and broken nature of rock on the site and the quality of
the materials recovered from the boreholes.

4.3.3 Soils

Much of the naturally occurring soils on-site have been stripped and stockpiled
during the quarrying operations. Some stockpiling of soils has been carried out
for use in the restoration of the quarry, and for lining and capping activities
associated with the landfilling activities.

4.3.4 Quaternary Geology

The Quaternary deposits on the site and in the immedia&e\ﬁlrrounding areas
consist of a till. This varies in thickness and texture bgf'is generally less than 5 m
thick and has a clay/silt matrix with dispersed bgl% clasts. The till contains
weathered clasts of Namurian shale and san%:t ¢, with some limestone. Where
the till cover is thin it tends to have a coaggﬁé ture, being more silty to sandy.

Q
RO

© &
4.4 Summary of Exigfig® Soils and Geology
S

N\
e An extensive investigation Q@a@*i%ldertaken at the MEHL site to assess the
local geology. 6\00

e Four formations have b@\l identified on site. The Loughshinny and part of the
Donore Formations at® Dinantian in age, while the other part of the Donore
Formation, along with the Balrickard and Walshestown Formations are
Namurian in age. The Donore forms an erosional contact between the units.

e  Where they occur within this former quarry, the Quaternary deposits consist of
Glacial Tills.

e There is a large WNW-ESE trending syncline which means that the
Loughshinny Formation is dipping to the north and therefore becoming deeper
in that direction. Furthermore, the Loughshinny Formation appears to have
been downthrown significantly by the E-W trending fault so that in the north
of the site there is over 60m of Namurian deposits above it. This means that
the Loughshinny Formation is overlain by increasing thicknesses of the
Donore, Balrickard and Walshestown formations moving northwards across
the site.

e The main fault appears to run roughly N-S through the site with another two
faults running perpendicular to this aligned E-W. These faults may potentially
form faulted contacts between Balrickard and Walshestown Formations. The
strata in the Loughshinny Formation and the lower parts of the Donore
Formations are likely to therefore contain significant faulting and therefore
significant permeability.
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5 Hydrology

Surface water features in the vicinity of the MEHL site are shown on Figure 3. A
small stream is present along the northern boundary of the site which flows from
west to east. This stream is likely to be fed partially by shallow groundwater and
this will be discussed further in section 6.2.3.

The closest weather monitoring station to the site is located at Dublin Airport,
approximately 20 km south of the site. Rainfall levels are recorded on a daily
basis and the results were used to assist with the analysis of the soakaway and
pumping tests and also the interpretation of groundwater levels.

The 30-year average rainfall measured at Dublin airport is 750 mm. Monthly and
annual total rainfall for 2003-2010 are presented in Appendix A14.7 and annual
totals are summarised below in Table 5.1.

Table 5.1 Annual rainfall and potential evapotranspiration (Penman)
measured at Dublin airport

. Potential . q
Year (l::::/fa:; Evapotranspiration ggec(tlnr;/l{:;nfau
Y (Penman) (mm/yr) <& y
o
2010 - - & D -
Us\o\
2009 9202 521 \Qoéfqp 399.2
KON
2008 942.3 5309 & 4113
A N
2007 784.4 ‘ ‘\&0513&* 253.4
o
2006 740.6 L8597 143.6
Kk}
2005 680.3 & 526 154.3
(Q’
2004 752.4 [° 563 189.4
2003 643.2 558 85.2

These data shows that since 2005 annual rainfall levels have been increasing and
that 2008 and 2009 were particularly wet years. The rainfall data measured in
2010 from January to September show rainfall levels were lower than the
equivalent monthly 30 year average data in all months except September.

Monthly potential evapotranspiration (PE) data were collected (Penman method)
at Dublin Airport to the south of the MEHL site. This monthly data are presented
in Appendix 14.7 and summarised in Table 5.1. The data show that the rate of
potential evapotranspiration has not changed much since 2003.

Potential or effective rainfall is the amount of rainfall which is available to
infiltrate into the ground and which will not evaporate or be taken up by plants. It
is determined by subtracting evapotranspiration from rainfall. The annual
effective rainfall is also summarised in Table 5.1.
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The actual recharge is the measure of how much rainfall can actually be assumed
to infiltrate into the ground and recharge the water table. It is based on the
potential rainfall but also takes into account rainwater which does not enter the
ground but becomes overland flow and enters streams. This occurs when the soil
is saturated or has reached its field capacity which is common in Ireland. The
Working Group for Groundwater' in Ireland has determined that the actual
recharge can be set at 95% of the effective rainfall.

This indicates that despite high levels of actual rainfall being measured, the
amount of rainfall which may eventually enter groundwater is comparatively low.

! Water Framework Directive (2005). Working group on groundwater
guidance document No. 5. Guidance on the assessment of the impact on
groundwater abstractions.
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6 Hydrogeology

6.1 Regional Hydrogeology

The site is located within the Eastern River Basin District which covers Dublin
and the wider surrounding area as far north as Drogheda as shown in Figure 8.
The geology of the area is composed of different bedrock types and soil deposits
which results in a variety of hydrogeological regimes being present in the area.

The Geological Survey of Ireland has devised a system for classifying the aquifers
in Ireland based on the hydrogeological characteristics, size and productivity of
the groundwater resource. The three main classifications are Regionally
Important Aquifers (RI), Locally Important Aquifers (LI) and Poor Aquifers (P).

Table 6.1 summarises the lithologies present on the MEHL site and their GSI
aquifer classification. The geology of the MEHL site has been discussed in detail
in section 4.3 and the work undertaken as part of this assessment has led to the
boundaries of the lithologies on site being refined as indicated in Figure 6. From
this the aquifer classification has been refined and is presented in Figure 9.

Table 6.1 Summary of the GSI aquifer classification f¢i lithologies present

on the MEHL site o@é
Lithology Age (Stage) ;,.0(\«.\\0\{&\% GSI Aquifer classification
Loughshinny Formation Visean & \@b Locally Important Aquifer
Donore Formation Viseag@@in@%\}lian Poor aquifer
Balrickard Formation N ? ?1’ Poor aquifer
Walshestown Formation </<§Tt{§d:§urian Poor aquifer
X’

Based on the geological infornia(ﬁon for the area outlined above, the hydrogeology
of the area can be subdivided into an aquifer unit and an aquitard unit for the
purposes of this report. ¢

6.1.1 The Aquifer

The Loughshinny Formation comprises the aquifer in this region. Isolated gravel
deposits have been mapped in the region directly above the Loughshinny and
these may contribute to the resource of the aquifer.

The aquifer is part of the Lusk — Bog of the Ring Groundwater Body (GWB) as
shown on Figure 8.

The Loughshinny Formation is characterised as being moderately productive
bedrock. Well records indicate that there are numerous wells which tap the
Loughshinny Formation with yields of over 100 m*/day. These wells are often
domestic or Council supplies. Typical specific capacities range from 5 — 150
m’/day and transmissivities up to 1000 m*/day have been recorded.
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The rocks of the Loughshinny Formation are composed of Calp limestones
although they are cleaner and more fractured than the typical Calp limestone seen
for example in Dublin. The flow regime in this type of material will be dominated
by fracture flow and movement through weathered zones with the majority of the
storage being in the fractures. There will be little to no storage and groundwater
movement though the matrix of the rock.

Weathered beds of the Donore Formation which were deposited in the same
environment as the Loughshinny may also comprise part of the aquifer in places.
As outlined in section 4.2.1 the Donore Formation is difficult to distinguish as it is
similar to the Loughshinny Formation below it and the Balrickard Formation
above it depending on the depositional environment it was formed in at any one
location. For this reason parts of it will comprise the aquifer and parts will
comprise the aquitard.

The quality of a groundwater source relates to both its productiveness (which
includes how often it is renewed) and its chemistry. Testing undertaken on the
Loughshinny Formation indicates that it is a productive groundwater resource
with a quality suitable for water supply (with local variations).

6.1.2 The Aquitard &

&
The aquitard is composed of the formations which %&\g deposited during the
Namurian period and is part of the Hynestowncﬁ (Figure 8). As stated above
the upper part of the Donore Formation is s&ﬁ@a‘} to the overlying Namurian strata
and therefore is considered to be part of égauitard. A geological description of
these units is provided in section 4.2.1\\00@*

The area defined as the aquitard i posed of a hill (i.e. it is topographically
higher than the surrounding ared) afid is defined by the extent of Namurian rocks.
It is characterised by poorly pchRlctive bedrock (except in local zones) and has
the GSI classification of Pl (Réor Aquifer, Bedrock which is generally
unproductive except in loegl zones). No existing detailed hydrogeological
investigations are available in these deposits in this area and the GSI classification
is based on the characteristics of the formation elsewhere.

The hydraulic characteristics of the Namurian deposits will vary depending on the
lithologies present. Areas of low permeability material such as the siltstones of
the Walshestown Formation will allow very little groundwater movement.
However weathered or fractured zones in or around the material will allow some
groundwater movement through the deposits and may hydraulically connect
different lithologies.

6.1.3 Groundwater Flow Direction

The regional groundwater flow direction is towards the south east. This is
influenced by the underlying geological structure. As outlined in section 4.2.1 a
large syncline is present in the area and this will dominate groundwater flow
directions. Groundwater will move along the axis of the syncline as it will be
unable to move up out of the syncline due to the overlying impermeable deposits.
The syncline dips to the south east and groundwater will flow in this direction
rather than directly east as may be expected.
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6.1.4 Hydrochemistry

Water quality in the Loughshinny Formation is always hard” (usually over 250
mg/l, often over 300 mg/l as CaCO3). Generally the quality is good except for in
areas where it is locally contaminated.

Groundwater samples are routinely collected at the Bog of the Ring water supply
which abstracts water from the Loughshinny Formation. These are presented in
monitoring reports and some data is quoted in the Source Protection Zone report’
for the Bog of the Ring.

The water data from Bog of the Ring groundwater abstraction are typical of what
would be expected from a limestone source *. High hardness, alkalinity and
Electrical Conductivity (EC) values were observed. Sulphate and chloride values
range from 22-82 mg/l and 23-31 mg/l, respectively. Chloride values of this
concentration can sometimes indicate organic contamination however in this case
they are more likely to be due to the proximity to the coast.

Elevated potassium levels of 0-7 mg/l were observed in the Loughshinny which
may indicate organic contamination. However, the Na:K ratio are below the GSI
guideline value of 0.3 and as such the elevated potassium levels were attributed to

being naturally occurring in the bedrock. é\\,.

Elevated manganese and iron concentrations we\re t@ght to originate from the
(\

shaley beds in the limestone. S \0\

6.1.4.1 GroundwaterVulnera\lﬁ'\Lz?y

The vulnerability of a groundwaten&d? is the term used to describe the ease with
which the groundwater in the a g@ogﬁ be contaminated by human activities. The
vulnerability is determined by @%/ factors including the travel time, the quantity
of contaminants and the capagity of the deposits overlying the bedrock to
attenuate contaminants.

&
These factors in turn are %ased on the thickness and permeability of the subsoil
deposits, e.g. groundwater in bedrock which has a thick cover of low permeability
clay is less vulnerable than the groundwater in bedrock which is exposed at the
surface. The criteria for determining groundwater vulnerability, as developed by
the GSI, are shown in Table 6.2 below. The Extreme vulnerability class is further
sub-divided into Extreme (X) — rock near Surface or Karst and Extreme (E) -
subsoils <3m thick.

? Geological Survey of Ireland (2005). Bog of the Ring: Groundwater Source Protection Zones
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Table 6.2 GSI Groundwater Vulnerability Mapping Guidelines (DoELG
1999)

Hydrogeological Conditions

Subsoil Permeability (Type) & Thickness [Unsaturated | Karst

Zone Features

Vulnerability
Rating High Moderate ow (sand/gravel | (<30m

Permeability | permeability ermeability [aquifers only) | radius)

(sand/gravel) | (e.g.sandy e.g. clayey

subsoil) ubsoil, clay,
eat)

Extreme (E) 0-3.0m 0-3.0m —3.0m 0 —3.0m -
High (H) >3.0m 3.0-10.0m 3.0 - 5.0m 3.0m N/A
Moderate (M) | N/A >10.0m 5.0—-10.0m  [N/A N/A
Low (L) N/A N/A 10.0m N/A N/A

Notes: (1) N/A = not applicable

(2) Precise permeability values cannot be given at present

(3) Release point of contaminants is assumed to be 1-2m below ground surface

5

&
O\'

The GSI groundwater vulnerability maps show@l’iffﬁ‘}'ent vulnerability ratings in
the site and the surrounding area and these a O*i@}played in Figure 10. The
vulnerability classification of the MEHL sif¢ 4 Extreme Rock near surface or
karst’. This would be expected as the %i»l% & former quarry and the natural
overburden has been removed in theeéi‘og@¢

However, it should be noted thg&fﬁ@iSI criteria does not take the permeability of
bedrock into account and the prg}@%ce of low permeability Namurian material
over most of the site is not faqﬁ)red into the vulnerability classification.

RS
6.1.5 Groundwacfer Resources

6.1.5.1 GSI Well Records

Figure 11 shows the locations of all wells recorded by the GSI in the general
vicinity of the site. However, as it is not a requirement for wells to be registered
with the GSI the GSI list of wells is not necessarily complete.
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6.1.5.2 Well Survey

A well survey was undertaken to establish if any wells were present in the area
which were not identified on the GSI database.

The full details of the well survey are presented in Appendix A14.9. The survey
was undertaken for residential properties within a 1km radius down-gradient of
the site and 0.5 km radius up gradient of the site. Properties which would
potentially have larger abstractions such as businesses/agricultural enterprises
were audited within 2 km down-gradient of the site and 1 km up-gradient of the
site.

The well survey identified only 3 properties in the area which have wells
abstracting from groundwater and their locations are shown on Figure 11. As
outlined in section 6.1.3 groundwater flow is to the south east. This means that
two of these abstraction wells are up-gradient of the site and only one is down-
gradient. The down-gradient well is used for watering gardens and is not used for
a potable water supply. All three locations where wells were noted are also
supplied by mains water.

6.1.5.3 Bog of the Ring &

Fingal County Council has developed a well field in e Loughshinny formation at
the Bog of the Ring that supplies up to 4,000 13&7}1@ to Balbriggan and its
environs. It located to the north east of the site as shown on Figure 11.
The GSI has defined a Source Protectio &ég'\ﬁ(SPA) for this water supply
composed of an Inner and Outer Protegfi Area’. The MEHL site is located
approximately 1 km outside the Ou \§§urce Protection Area of the abstraction
and approximately 3 km from thocg@;\\ action locations as shown in Figure 11.

The GSI have also mapped a g};@ﬁ%dwater divide to the north east of the MEHL
site on the basis of surface wafer features in that area. This indicates that
groundwater from the MO site will not flow towards the Bog of the Ring.

Recent monitoring reports have suggested that the Bog of the Ring supply is in
decline “the regional water table is in long term decline and has not reached a
steady state at the end of 2005. This is consistent with the ERBD findings that the
aquifer is currently at risk from potential over abstraction” (Collins and Herlihy,
2007).

This lowering in groundwater levels is likely to be due to the limited storage
contained within faults, fractures and weathered zones in the Loughshinny
Formation as outlined in section 6.1.1. It is generally thought that sands and
gravels in the vicinity of the Bog of the Ring wellfield provide significant
additional storage.
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The geological mapping work undertaken (Jones, 2009) allowed assessment of the
principal geological boundaries and indicated the presence of a N-S trending fault
as outlined in section 4.2.1.

Murphy Environmental Hollywood Ltd. Integrated Waste Management Facility

Site Hydrogeology

Hydrogeological Quantitative Risk Assessment

Geophysical surveys were undertaken as part of this assessment which identified
further faulting on the site trending E-W and intersecting the N-S fault. The faults
may influence the hydrogeology of the site by either acting as a conduit for flow
or as a barrier to flow.

Many of the monitoring wells and new boreholes drilled on site, as described in
section 3.4, were positioned in locations to investigate this. This is described in

full in Appendix A14.4.

The final network of groundwater monitoring boreholes was developed on site as
shown in Figure 2. Extensive investigations were undertaken including:

New monitoring wells

New pumping wells

Hydraulic testing

Pump test

Well development

Groundwater level and quality momtor&ﬁ&

&.
5
,Qé

a

Detailed interpretation and data for thqse én%b\presented in Appendices A14.3-

A14.9 and A14.12. &é;$
Table 6.3 Summary details din\gﬁ’ltormg wells
Borehole ID | Depth (m) Rejs\gb‘\nse zone lithology | Comments
BH4A 12.2 é%ﬁghshinny Artesian well & topographically lower
BHS5 349 Namurian
BH6 19.5 Namurian Artesian
BH9 19.01 Namurian
BH10a 67 Loughshinny
Blla 30 Namurian Artesian
BHI12 65 Loughshinny
BH13 40 Namurian
BH14 38 Loughshinny
BH15a 30 Loughshinny
BH16 24 Namurian Weathered/fractured water bearing zone
within Walshestown Formation
BHI17 54 Loughshinny Pumping well
BHI8 21 Loughshinny
BH19 18 Namurian
BH20 43 Namurian/Aquifer Possibly finishing in the Donore Fm which

may be part of the aquifer here
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6.2.1 Aquifer Characteristics

Both the aquifer and aquitard are old indurated rocks and therefore are dominated
by secondary permeability. The permeability is likely to be related to particular
horizons within the formations.

In order to establish vertical and horizontal permeability of the lithologies on the
site, permeability testing was undertaken. Details are provided in the following
paragraphs.

6.2.1.1 Infiltration Testing

Infiltration tests were undertaken in trial pits across the base of the excavation to
assess the vertical permeability of the deposits.

Full details of the methodology for these tests, the calculations and the
interpretation of the results are also included in Appendix A14.5. The results of
the infiltration tests are summarised below in Table 6.4.

Table 6.4 Summary of vertical infiltration calculation

Soakaway pit Time period ending Inﬁltrﬁtﬁ%ﬁ rate (m/s)
o1 Test | 4228507
I
Test 2 S R2E-08
Test 1 | 4.54E-07
&

TP2 &

Test 2 ;\0(\ éi\ 1.53E-07
TP3 Test 1 < ™ Not conclusive*

O
N

\
* This test was inconclusive as water le\&’%@ée in the pit due to rainfall which did not allow calculations to
be undertaken. However, it can be taken gﬁ’t this is an indication that the deposit has a low permeability.
S
2
These results indicate that the material at the base of the excavation has a low
permeability and as such will provide natural protection to the groundwater
resources beneath the site.

It should be noted that the calculations had to be modified as the soakaway pits
did not drain over a full weekend. This in itself indicates that the material at the
base of the excavation has a low permeability or at least a low vertical infiltration
rate.

Furthermore, rain fell over the weekend causing TP3, which is located to the north
of the site to over-flow as so little water had drained out of it. This indicates that
the values may actually be lower than were calculated above.

6.2.1.2 Variable head testing

Variable head permeability tests were undertaken in many of the boreholes in
order to estimate an approximate permeability of the response zone. The full
details of these tests including calculations, interpretation and caveats are
presented in Appendix A14.5. Table 6.5 summarises the results obtained from
those tests.

D 6877.30 | Issue 1| 6 December 2010 | Arup Page 27

EPA Export 27-07-2013:00:32:18



MEHL

Murphy Environmental Hollywood Ltd. Integrated Waste Management Facility
Hydrogeological Quantitative Risk Assessment

Table 6.5 Summary results from variable head permeability testing

Borehole | Response zone Method of K (m/sec) | Comments

ID lithology Analysis

BHS5 Namurian Bouwer & Rice 5.4x10-5

BH6 Namurian Bouwer & Rice 5.7x10-4 | Artesian*

BHS8 Namurian Bouwer & Rice 7x10-5

BHl11a Namurian Bouwer & Rice 5x 10-5 Artesian*

BH15a Loughshinny Bouwer & Rice 1.04 x 10-6

BHI16 Namurian Bouwer & Rice 6.95x 10-6

BH18 Loughshinny Bouwer & Rice - Drawdown not achieved
BHI19 Namurian Bouwer & Rice 1.10x 10-6

BH20 Loughshinny Bouwer & Rice - Drawdown not achieved

* Equations may not be valid for artesian wells

Of the three tests undertaken in the Loughshinny Form igfl, only one yielded
results. This is because the groundwater levels in thegb%er two recovered too
quickly to allow a drawdown to be measured. Rhisgindicates that the Loughshinny
Formation has a moderate to high permeabiligy, &he value calculated for BH15a
should be treated with caution. A large ay of water was found in this
monitoring well and such a small drawq&w@PWas achieved that the results may be

too low and not reflective of the true@eg%‘eabﬂny of the deposit.

%oreholes tapping the Namurian strata
e Loughshinny Formation.

The results of the tests undertak
indicate a lower permeability tff

The caveats associated Wlth%he equatlons and method of testing as outlined in
Appendix A14.5 should b&borne in mind when considering these results.

6.2.1.3

Packer tests were developed to estimate the amount of grout which would have to
be used to block a fracture.

Packer Tests

Packer tests were undertaken in the open Geo-bore ‘S’ holes in BH15, BH16 and
BH18 on the MEHL site.

In BH15, two tests were undertaken in an area in which cores indicated the
bedrock was very fractured. The areas where these tests were taken were between
30 - 31.9 mbgl and 30.5 — 31.5 mbgl at the top of the Loughshinny Formation.

The first test was abandoned as a pressure increase was not observed which
indicated that the pressure seal was not functioning correctly. No results could be
obtained from the second test as the pressure levels could not be increased. This
indicated that the fracture encountered was quite large indicating high
permeability.
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Two tests were also undertaken in BH16. The first was in a shallow area within
the Walshestown Formation between 18 - 21.2 mbgl which was highlighted as
havmg a lot of water flow. The packer tests indicated a permeability value of 2.2
x 10 m/s.

The second packer test in BH16 was undertaken between 54 - 55 mbgl. This area
was still within the Walshestown Formation but was highlighted as being more
fractured than prev10usly noted areas. The packer tests indicated a permeability
value of 3.29 x 10" m/s for this fractured area in the Walshestown Formation.

The final packer test was undertaken in BH18 between 18-21.2 mbgl. This area
was thought to be in the Loughshinny Formation based on the deposits
encountered, however it may have also been the Donore Formation due to
difficulties in distinguishing between the strata in places.

The packer test yielded a permeability value of 2.2 x 10 m/s at this location.
The results of all packer tests are summarised in Table 6.6.

Table 6.6 Summary Results Of Packer Testing

BHID | Depth (mbgl) Geology K value (m/g‘ Comments
BHI5 30-31.9 Loughshinny Fm - \(\é\\) No seal obtained
30.5-31.5 Loughshinny Fm O&A.& ré\A %;r(:ers:;lsr: idni((iii(r:laottin
3 g
& ’Q,S\ highly permeable
S KL N fracture
W
BH16 18 -21.2 Walshestowl%é}mzs 2.2x10-6
54-55 Walshes{&g@‘m 329x 10-6
BHI8 | 18-21.2 Loug%‘]@qmy Fm 2.22x10-6

6.2.1.4 Pumping Tg\s%Q

A pumping test was undertaken in BH17 in order to estimate the horizontal
permeability of the Loughshinny deposit and to assess the hydraulic interactions
across the site. The full details of the pumping test including the methodology,
data correction, raw data, calculations and interpretation are presented in
Appendix A14.6.

Step drawdown (and recovery) and constant rate (and recovery) tests were
undertaken however data from the observation boreholes could not be used to
obtain data on the aquifer characteristics. This is because the presence of faults
and partially penetrating wells influenced the groundwater levels in the
observation wells during the pumping test and made the data unreliable for these
calculations.

The recovery data from BH17 (pumping well) from both the step drawdown and
constant rate tests were used to obtain data on the aquifer characteristics. The
drawdown data obtained in BH17 during Step 1 of the step drawdown test were
also used in the calculations by treating the 60 minutes as a constant rate test.
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These calculations indicated that the Loughshinny deposit has a high
transmissivity of up to 300 m*/d (indicating a permeability of approximately
1.74x10™* m/s if the aquifer is 50 m thick). Specific capacity values of
approximately 250m’/d/m were also calculated from the data available.

While the observation well data could not be used in the calculations, the data
obtained from them was useful for undertaking distance-drawdown analysis of the
hydraulic conditions.

The distance-drawdown analysis was used to gain information on the
hydrogeological characteristics of the faulting on the site. The analysis
demonstrated that the N-S trending fault is hindering the movement of water
across it rather than acting as a conduit for flow. However, it is not working as a
complete barrier to flow.

The E-W trending fault does not appear to have any influence on the flow in the
groundwater beneath the site and it is likely to be bringing the aquifer into contact
with permeable horizons within the Namurian.

The shape of a semi-log plot of drawdown versus time coupled with a log-log plot
of drawdown versus time can often be a useful indicator of the type of aquifer the
pump is abstracting water from. The full details of this aﬁ'g’ presented in

Appendix A14.6 and are summarised below. 0'\9

Based on the shapes of the curves in the graph@%é\groundwater in the aquifer is
confined by the overlying low permeablh%@?ggbsns

The groundwater in BH19, BH16 and gﬁé@ppears to be tapping a linear
weathered area, fault or fracture Zon@:’}\

The shapes of the curves on th @r s also indicated that the majority of the
storage is in fractures. This inc}\@tes that although a high permeability value was
observed over the length of th€pumping test, the aquifer at this location may not
be a good long term grour&éﬁer resource if the storage is only contained within
fractures. ©

The results of the various hydraulic and well tests indicate that the permeabilit}/ of
the Loughshmny Formation (the aquifer) is moderate being of the order of 10

10° m/s. The permeability of the more permeable horizons in the Namurian
appears to be of the order of 10 m/s. The permeability of the bulk of the
Namurian strata appear to be significantly lower and is of the order of 107/ 10™
m/s.

D 6877.30 | Issue 1| 6 December 2010 | Arup Page 30

EPA Export 27-07-2013:00:32:18



MEHL Murphy Environmental Hollywood Ltd. Integrated Waste Management Facility

Hydrogeological Quantitative Risk Assessment

6.2.2 Groundwater Levels

In accordance with the current EPA waste licence conditions, groundwater
monitoring has been undertaken on the site since 2003. Groundwater levels in the
new monitoring boreholes (constructed as part of this investigation in April and
May 2010) have been measured since their construction. All records for
groundwater levels in new and old boreholes, including hydrographs, are available
in Appendix A14.7.

No dewatering was undertaken on the MEHL site during the assessment and

groundwater levels remained below the base of the excavation.

Table 6.7 summarises the maximum, minimum and average groundwater levels
recorded on site for all installations.

Table 6.7 Summary Of Groundwater Monitoring Data

Groundwater level
Borehole Response Comments Minimum Maximum Average
ID zone
mbgl mOD mbgl | mOD mbgl | mOD
BH4A Aquifer Artesian well & \)@’
topographically \Qé
lower -0.70 91 .9&0\ -0.70 | 91.96 -0.70 | 91.96
BHS Aquitard 27.08 ¢4d2 | 1438 | 103.80 | 2003 | 98.17
BH6 Aquitard Artesian 0.]&06;\@116.80 -0.31 | 117.30 | -0.30 | 117.30
BH9 Aquitard ) o@%\f&)\ 101.00 | 20.84 | 107.72 | 24.09 | 104.47
BH10a Aquifer A&é\) §i\8.45 88.39 36.43 | 100.40 | 40.70 | 96.14
Blla Aquitard Artesian Qo*\&\\cs 4.76 93.41 -0.34 | 98.51 0.49 | 97.68
BHI12 Aquifer \OOV
(partially O
penetrating) o°&¢\ 53.85 93.14 46.16 | 100.83 | 48.36 | 98.63
BH13 Aquifer ¥ 38.80 108.12 | 33.50 | 113.42 | 3545 | 111.47
BH14 Aquifer 32.29 92.56 26.03 | 98.82 28.04 | 96.81
BHI15a Aquifer 6.34 99.55 6.02 | 99.87 6.22 | 99.66
BH16 Aquitard Weathered/fract
ured water
bearing zone
within
Walshestown
Formation 4.44 100.30 | 3.04 101.70 | 3.18 101.61
BH17 Aquifer Pumping well 5.03 100.38 | 4.46 100.95 | 4.68 100.73
BHI18 Aquifer
(partially
penetrating) 10.40 100.10 | 9.51 100.99 | 9.70 100.80
BH19 Aquitard 3.42 101.66 | 2.85 102.23 | 3.04 102.04
BH20 Aquifer 3.90 100.94 | 3.45 101.39 | 3.60 101.24
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Graphs of groundwater levels with corresponding rainfall data are plotted in
Appendix A14.7. These show that groundwater levels have been higher in recent
years which correspond with the country-wide pattern seen due to higher rainfall
levels in 2008 and 2009 as outlined in section 5. The hydrographs indicate that
recharge/infiltration is slow and relatively low responding to seasonal rainfall
rather than individual rainfall events.

Figure 12 shows groundwater levels plotted spatially across the site on 20" May
2010. Groundwater levels recorded in installations in the Loughshinny and in the
Namurian deposits are distinguished from each other. This shows that
groundwater levels in the Loughshinny are fairly consistent across the whole site
demonstrating levels of approximately 100mOD.

The exception to this is BH4A in which the groundwater level was 91.96mOD,
however this borehole is at a lower elevation than the rest of the boreholes and is
artesian for that reason. The value quoted as the groundwater level is actually the
top of the casing implying the actual level is higher.

There is a large pond in the south eastern corner of the excavation and this
probably reflects the water table in this part of the site.

The groundwater levels recorded in the Namurian depositgexhibit more variation
across the site. In general they are shallower than the &évels recorded in the
Loughshinny and the values are more dependen&o?@pography than the values
recorded in the Loughshinny indicating separ % rom the water in the aquifer.
The values at the base of the excavation depgOnstrate the shallowest levels
recorded in the Namurian while those o Yof the excavation pit demonstrate
higher levels. However, it is likely thg»ﬁ\g\@ﬁle of the installations in the Namurian
deposits which are demonstrating sﬁﬁ&ﬁr groundwater levels to the Loughshinny
are part of the Donore Formatig ‘.\0{&’\ outlined previously, it is considered that

parts of the Donore Formation%(r@\})art of the aquifer.

The only pattern which can ‘Seen in the groundwater levels in the Namurian is
in BHS, BH16 and BH19 &vhich all demonstrate levels of approximately
101.5mOD. The distance drawdown analysis grouped these wells together as
potentially harnessing the same fracture/weathered zone.
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6.2.3 Hydraulic Conditions and Interactions

The water table map presented in Figure 12 shows groundwater in the aquifer
flowing to the south east. This is in line with the regional pattern discussed in
section 6.1 and is due to the geological structure beneath the site.

The site is located on the southern flank of a syncline which forms a basin shaped
structure in the wider area. Groundwater can move along the axis of the syncline
as the syncline acts as a trap due to groundwater already present. The confining
conditions in the Loughshinny and in the Namurian deposits limit the downward
movement of water.

The hydraulic gradient in the aquifer is approximately 0.02 — 0.04 indicating that
the water table has a moderate gradient.

The groundwater velocity beneath the site is the product of the hydraulic
conductivity and the hydraulic gradient divided by the effective porosity. The
effective porosity is expected to be very low and estimated to be 1-5%. Using the
maximum hydraulic conductivity outlined i in section 6.2.1 the groundwater
velocity would be approximately 1.48 x 10 m/s. This assumes that there are no
hydraulic barriers or faults retarding flow outside the site Wthh are likely to be
present.

There are a series of north-south/north-east sout Wg@ trendmg faults outside the
site (Geological map Sheet 13). These are cular to the regional
groundwater flow and are likely to retard gQ ater movement down-gradient.

The site is located in the upper part of g\g dﬁﬁdwater catchment. This location,
the general absence of large springs j§t th¢ aquifer, the confined nature of much of
the aquifer in the site area and thegfigderate gradient and velocity indicate that the
natural groundwater throughput ¢ aquifer is relatively low. However, owing
to the secondary nature of the eability in the aquifer, significant volumes of
water can be induced to ﬂox;vjév der stressed (pumping) conditions.

The hydraulic boundane@of the aquifer in the vicinity of the MEHL site are the
confined zone to the north, a groundwater divide to the west, and a small stream
and a formation boundary to the south. Down-gradient and to the east the aquifer
width narrows and probably discharges to a tributary of the small stream that
adjoins the northern boundary of the site.

The stream which runs along the northern boundary of the site may be partially
fed by shallow groundwater in places. This stream lies at an elevation of 104
mOD on the north western corner of the site and falls to a level of 93.5mOD on
the north eastern corner of the site.

In this area the natural overburden of low permeability clay is still in place. There
are two wells screened in the Namurian deposits located very close to the stream
(BH6 is 23m south of the stream and BHI11A is 14m south of the stream).

Both of these wells are artesian and have groundwater levels of approximately
117mOD and 98mOD for BH6 and BH11A respectively. These groundwater
levels are above the level of the stream. This indicates that the stream is not
hydraulically connected with the groundwater in the Namurian deposits in this
area and that the Namurian deposits are confined by the overburden.
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Groundwater is likely to discharge to this stream where the Loughshinny
outcrops. As outlined in section 6.1 the Loughshinny is located further to the
south than is shown on the geological maps. This indicates that the groundwater
may discharge to a tributary of this stream located approximately 1.5km to the
east of the site (Figure 3).

6.2.4 Hydrochemistry

In accordance with the current waste licence conditions MEHL has been
collecting groundwater quality samples on a quarterly basis and the data from this
are presented in Appendix A14.8. Groundwater samples were collected from all
the monitoring points on site, both the existing and the new ones and the detailed
analysis of the water chemistry is discussed in Appendix A14.8 and summarised
below.

The groundwater beneath the site is hard, with concentrations of approximately
200 mg/l CaCOs. This is characteristic of limestone deposits and even higher
readings would be realistic.

Elevated concentrations of manganese were detected in all boreholes. This is
likely to be due to the shaley deposits present on the site ggd is in line with the

regional data presented in section 6.1.3. %\é

S
Elevated spot concentrations of iron and nitriteo(\t)ti;&*found in BH20 and BH18
respectively. O

$
. Q : .
Sulphate concentrations exceeded the D@ﬁ g Water Standard in BH10A in the
most recent round. In previous mong&i@ rounds, the values were within
guidelines values. & *{\\0$
N

$ o
Elevated concentrations of arséﬁo{@‘}zere found in 4 boreholes, molybdenum and
antimony were both found in %1515 and BHO. It is likely that these metals are
naturally occurring. (é\‘

The potassium : sodium %?[io for can be used as indicator for organic
contamination. The GSI criterion for this is that the ratio must be less than 0.35 to
indicate that no organic contamination is present. BH17 in the centre of the site is
the only sample which failed this analysis with a ratio of 1.64 due to the high
potassium concentration detected. However, the potassium detected may be
naturally occurring.

Ionic balances were used to assess the quality of the data provided by the
laboratory.

6.2.4.1 Vulnerability

Based on the results of the site investigation, it can be stated that between 5-10 m
of low permeability material overlie the aquifer over the majority of the site. This
is a conservative estimate as it takes account of the shallowest water strikes in the
boreholes as opposed to the larger water strikes indicative of the presence of the
strata to be taken to be the aquifer.

The aquitard strata on-site act as a low permeability layer and confine/isolate
groundwaters within the aquifer from the surface
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Following the GSI vulnerability criteria outlined in Table 6.2 this would indicate
that the majority of the site has a Moderate vulnerability rather than Extreme.

The exception to this is in the southern corner of the excavation where the
bedrock is exposed. In this area the vulnerability is still extreme.

6.3 Summary of Hydrogeological Conditions

A summary of the hydrogeology of the MEHL site is presented here in the form
of a site conceptual model. The conceptual model for the site has evolved through
the various stages of the project from initial desk study through the final
interpretation of site specific data:

¢ Bedrock beneath this former quarry site can be divided into an aquifer unit,
the Loughshinny Formation and the lower part of the overlying Donore
Formation and an aquitard unit which consists of the upper part of the Donore
Formation and the overlying Balrickard and Walshestown Formations. The
aquifer unit is classified by the GSI as a Locally Important Aquifer and the
aquitard as a Poor Aquifer

e The majority of the site is underlain by the aquitard. The limestones of the
Loughshinny Formation crop out in the southern part\*gf the MEHL site and
dip to the north, where they are covered by at lea m of aquitard strata in
the northern parts of the site. N) ,é\

e There are at least two faults in the centrg:@o of the site, a N-S fault which
appears to restrict groundwater move@% and an E-W fault which does not.
The latter appears to bring permea@\a rizons in the aquitard unit in contact
with the aquifer. &é’ §

e Permeability in the strata bege: ‘sfé\ the site is predominantly secondary in the
form of joints, fractures, weat red/broken zones and faults. Permeability in
the aquifer unit is of the Q@‘er of 10%/10°m/s. In the permeable horizons of
the aqultard permeabll,\@\ls of the order of 10°m/s and in the remainder of the
strata it is of the ordeof 107/10* m/s. Storage in all of these strata is low.

e The aquitard strata on-site act as a low permeability layer and confine/isolate
groundwaters within the aquifer from the surface. The increasing thickness of
these strata reduces the vulnerability to the north.

e The groundwater levels in the aquifer unit are relatively consistent across the
site and lie below the floor of the quarry aside from the large pond in the
extreme southern part of the site. Groundwater levels in the overlying
aquitard strata are more variable, are elevated in relation to those in the
underlying aquifer and are artesian in certain horizons. This confirms their
position on-site as a confining layer.

e Groundwater level monitoring indicates that recharge/infiltration is slow and
relatively low responding to seasonal rainfall rather than individual rainfall
events. This also indicates that storage is low in these strata.

e Groundwater flows in a generally east south east direction from the site at a
gradient of 0.02-0.05 and a groundwater velocity of approximately 1.48 x 107
m/s.

e The regional flow pattern is controlled by the presence of a syncline beneath
the site which causes groundwater to flow along its axis.
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e The site is located in the upper part of a groundwater catchment. This
location, the general absence of large springs in the aquifer, the confined
nature of much of the aquifer in the site area and the moderate gradient and
velocity indicate that the natural groundwater throughput in the aquifer is
relatively low. However, owing to the secondary nature of the permeability in
the aquifer, significant volumes of water can be induced to flow under stressed
(pumping) conditions.

e The stream on the northern boundary of the site is not hydraulically connected
to the groundwater beneath the site as demonstrated by the artesian Namurian
boreholes adjacent to it.
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7 Conceptual Site Model

A conceptual model describing the impact the proposed development may have
on the groundwater environment is presented here in the form of a Source-
Pathway-Receptor summary. Figure 13 illustrates this concept.

7.1 Source

The source of contamination from the proposed development is the leachate that
may be generated by the waste. As outlined in section 2.4 the proposed
development will accept hazardous, non-hazardous and inert waste.

The placement of the waste with regard to the distribution of the aquifers on the
site is as follows:

e Locally Important Aquifer: Inert waste and non-hazardous waste

e Poor Aquifer: Hazardous waste

7.2 Pathway .
NS

Potential contaminant pathways through both engineergd liners and the natural
ground have to be considered when assessing th\gr{iés\k@‘fo groundwater from the

proposed development. 0(\;\0*
$
LS
7.2.1 Engineered Barriers OQQ‘\’“@\?

O
Hazardous, non-hazardous and ine@“%ﬁg in the proposed development will each
have a different landfill liner 1?&&@ with varying leachate containment
properties. The cells where ha: g‘(&\ous material is proposed to be placed will have
the liner with the highest level& containment properties as outlined in section
2.4.2. o(g?

The details of the lining system to be used for each waste type are presented in
section 2.4 and are summarised below:

e Hazardous waste: DAC liner system which incorporates two low permeability
liners.

e Non-hazardous waste: Clay liner with HDPE cover and an additional clay
layer to enhance the natural protection.

e Inert waste: Clay liner.
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7.2.2 Unsaturated Zone

The hydraulic properties of the unsaturated zone on the site determine the natural
protection that the site offers against contamination generated by the proposed
development. The key elements of the unsaturated zone are outlined below:

e The majority of the site is underlain by the aquitard. The limestones of the
Loughshinny Formation crop out in the southern part of the MEHL site and
dip to the to the north, where they are covered by at least 60 m of aquitard
strata in the northern parts of the site. This indicates that to the north of the
site there will be up to 60 m of natural protection available.

e Infiltration testing was undertaken to assess the vertical permeability of the
material on which the landfill will be constructed. This testing demonstrated
that the material has a low permeability of the order of 10™* m/s.

e The pumping test demonstrated that the north-south trending fault appears to
be acting to retard flow rather than as a natural pathway. The east-west fault
does not appear to influence the flow on site.

e The groundwater within the aquifer is confined by the overlying lower
permeability aquitard deposits, where present (across most of the site). This
will effectively prevent any leachate from entering théaquifer beneath
confining horizons.

7.2.3 Vertical Zone Oog?\o &

QS
The vertical zone is the horizon beneat]g\‘ﬁ\i&@\‘}te which lies between the aquifer
and the unsaturated zone. It is compgedédf the Namurian deposits which form
the aquitard but are saturated withéﬁ&. There is limited movement of
groundwater within these deposits arid flow will predominantly be upward due the
confining conditions observed Q@? e site.

~

7.2.4 The Aquifes”

e Leachate generated by the inert and non-hazardous cells could enter the
aquifer (over a long period of time) if the liner failed. However, its downward
movement will be limited due to the hydraulic conditions on site.

e The leachate generated by the hazardous cells could enter the aquitard. The
downward movement of this leachate is limited by the upward head due to
confining conditions within the Loughshinny and also within the Namurian.

e The movement of leachate would be complicated by the presence of faults on
the site and to the east of the site. The leachate may move along these;
however the pump test demonstrated that the north-south trending fault on the
site is hindering groundwater flow rather than enhancing it.
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7.3 Receptors

The receptors for any potential contamination arising from the proposed
development are:

¢ Groundwater entering the aquifer beneath the site for ‘hazardous substances’
(List 1 substances defined by the Water Framework Directive).

e Groundwater within the aquifer at the site boundary for ‘non-hazardous
pollutants’ (List 2 substances defined by the Water Framework Directive).
(The nearest local groundwater well is approximately 935 m down-gradient of
the site).

The risk assessment receptors are discussed further in section 8.3.3.

As outlined in section 6.1.5.3, the Bog of the Ring well field to the north east of
the site is not considered to be a receptor for contamination from the proposed
development. Groundwater flow beneath the site is towards the south east and
away from the well field.

Assessing the impact to groundwater in the aquifer at the site boundary will afford
adequate protection for all other receptors such as the potential for discharge to

the stream 1.5 km to the east of the site @x\\’”
&
)
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8 Risk Assessment Modelling

8.1 Modelling Approach

The programme chosen to model the risk to groundwater from the proposed
Integrated Waste Management Facility at the MEHL site is LandSim v2.5. This
software package was designed to provide a means of assessing the risk to
groundwater from landfill, either existing or proposed. LandSim was developed
in conjunction with and is endorsed by the Environment Agency for England and
Wales. LandSim v2.5 models contaminant mobilisation and transport and allows
the incorporation of available site investigation data along with site specific
landfill design.

LandSim was used at the MEHL site to model the potential for movement of any
leachate generated by the waste through the engineered barriers and unsaturated
zone into the groundwater beneath the site. It allows an assessment of whether
any contamination could enter groundwater and if it was likely to cause pollution
at identified groundwater receptors.

LandSim deals with uncertainty by using a probabilistic mgthod of modelling
known as the Monte Carlo method. In this method, the ulations are carried out
many times, with a different parameter value randomp§f'selected from the input
range of values each time. The input range of V@:Puq@for each parameter can be
entered as a probability density function. Th ice of probability density
function depends on how much data is avaifabfe and the quality of the data. For
example, if the porosity is likely to be Q&\z‘(&n 0.2 and 0.3, the operator may
select a uniform distribution. This te@%igsgﬁdSim that there is an equal chance of
the parameter having all values be\&&géh 0.2 and 0.3. However, if the site specific
data or otherwise suggest that @ p ?’osity is between 0.2 and 0.3 but is more
likely to have a value of 0.25, Q\ﬁ"l ngular distribution may be used, and values
nearer 0.25 will be selected e often by LandSim than values at the upper and
lower ends of the range. ngg&;re many other types of probability density
function that may be used depending on what suits the data best. LandSim then
calculates the probability of contaminants reaching a designated receptor.
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8.2 Model Scenarios

The primary model for this assessment represents the proposed development with
all engineered barriers in place. The details of the engineered cells were obtained
from the Engineering Planning report (WYG 2010). The input parameters used in
this model are discussed in section 8.3.1. The results from this model are
presented in section 8.3.4.

In addition to the primary model, following consultation with the Environmental
Protection Agency (EPA), two supplementary models were constructed. These
are outlined below:

e Supplementary model 1- the proposed development with a major defect in the
liner of one of the hazardous cells.

e Supplementary model 2 - the proposed development with no engineered
barriers in place.

Both supplementary models are clearly highly unrealistic, however these
supplementary models are useful in assessing the natural protection available on
the site. They also highlight the level of protection which the engineered cells

provide at the site. &

The supplementary models are presented in section 8 él‘é
\A\@

8.3 Primary Model é?? S

The model was constructed based on s t@ p%f:lﬁc information for both the landfill
design and the hydraulic characterlsgé\s@% the ground in order to make it as
representative of site conditions agx‘ﬁ@sglble.

S
The Engineering Planning Repogﬁ\WY G 2010) for the proposed development
contains information on the c.gﬂ layout, phasing and engineered properties of the
cells. This information Wa{&ﬁsed to construct the model and provided detailed
input parameter information as outlined in sections 8.3.1 - 8.3.2.

As outlined in section 3.4 a detailed hydrogeological investigation was undertaken
to gain site specific information on the unsaturated zone and aquifer
characteristics. These data allowed the model to be as representative of site
conditions as possible.

Where any uncertainty existed with the input parameters a conservative approach
was taken.

The input parameters for the model have been separated into those which
constitute the ‘source’ of the potential contamination, the ‘pathway’ and the
‘receptor’.

The model input parameters are presented in Appendix Al.1 as a print out
directly from LandSim.
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8.3.1 Source Term Input Parameters

The source term input parameters include the physical and chemical
characteristics of the waste itself, the cell geometry and phasing details and the
infiltration rates. These input parameters are discussed in details in sections
8.3.1.1 to 8.3.1.6. The model print out from LandSim which summarises the input
parameters for the primary model are presented in Appendix Al.1.

8.3.1.1 Cell Geometry

The cell geometry is used in LandSim for a number of calculations. It determines
the volume of waste which will be accepted into the proposed development and
thus contributes towards the volume of leachate which may be produced. The
area of the base of the cell is also used to determine the area over which leakage
may occur out of the cell. LandSim assumes that leakage through the side-walls
is insignificant.

LandSim does not allow the actual volume of waste to be entered directly into the
model. Instead the value is calculated from the area of the base and top of the cell
and the thickness of the waste.

As outlined in section 2.4 the proposed development Wdﬁfccept inert, non-
hazardous and hazardous materials and these will be €ontained within separate
cells. For each waste type multiple cells will h¢'¢ahstructed to reduce the amount
of time that waste remains open to inﬁltratig?i@‘ﬁ to minimise leachate

generation. Q\\}Q N

S
In order to construct a representative@i?g&l, each of these cells was modelled as
an individual cell within the Land\&ﬁgﬁlodel.

N
On the proposed development %L@%' of the cells have been divided in two in order
to minimise leachate generatigu‘i e.g. H1 has been divided into Hla and H1b. The
proposed site layout showigé\ the individual cells is presented in Figure 14.
S

g . .
As each of these proposed cells will have its own sump they have all been
constructed separately in LandSim. This has led to the following cells being
constructed in the LandSim model:

e 4inert cells (Existing, IN1, IN2 and IN3)
e 3 non-hazardous cells (NH1a, NH1b and NH2)
e 6 hazardous cells (Hla, H1b, H2a, H2b, H3a and H3b)

The proposed design for the cells shows them as irregular shapes as shown on
Figure 14. In the LandSim model these cells were constructed as squares or
rectangles with the area of the top and base maintained at the same size as the
irregular shape.

Where a cell has been divided in two to minimise leachate generation (e.g. H1
into Hla and H1b) the full design details of each individual cell are not available.
For this reason it has presumed that the two cells will be identical with the volume
of waste expected in cell H1 divided equally between cell Hla and cell H1b.

The thickness of the waste varies across the site. To account for this variation, the
thickness of each cell was entered as a Probabilistic Density Function.
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The details of the parameters used for the cell geometry are contained within

Table 8.1.
Table 8.1 Cell Geometry Input Parameters
Cell Base Top Waste thickness Comments
number area area
) ) Distribution Min Max
Existing 1.08 1.3 Uniform 16.5 29.5
IN1 2.58 5.1 Uniform 15.5 345 Thickness presumed to be same
as adjacent non-hazardous cells
IN2 0.73 1.3 Uniform 16.5 29.5 Thickness based on assumption
that cell will be same height as
existing cells
IN3 1.04 1.9 Uniform 16.5 29.5 |, Thickness based on assumption
é\» that cell will be same height as
& existing cells
A
SIsC
. ®) . . .
NHla 0.86 2.24 Uniform 2g§ pr 37.5 Dimensions from site plans and
RN cross sections
L&
. O é\
. X I . . .
NHI1b 0.86 2.24 Unlforﬁzs’ O\\\ 23.5 37.5 Dimensions from site plans and
k\Q‘ <‘§\ cross sections
PESIRN
~ ij
NH2 0.127 1.1 Ugiform 7 16 Dimensions from site plans and
@‘\\ cross sections
S
~ Uniform . . .
Hla 1.01 1.71 10.5 19.5 Dimensions from site plans and
cross sections
Unif
Hlb 1.01 1.71 form 10.5 19.5 Dimensions from site plans and
cross sections
Unifi
H2a 14 2o | ChHOMR 115 | 265 | Dimensions from site plans and
cross sections
Unifi
H2b 1.4 2.2 form 11.5 26.5 Dimensions from site plans and
cross sections
Unifi
H3a 1.29 2.55 frtorm 15.5 345 Dimensions from site plans and
cross sections
Unifi
H3b 1.29 2.55 for 15.5 345 Dimensions from site plans and
cross sections
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8.3.1.2 Phasing

Phasing for the proposed development is described in detail in the Engineering
Planning Report (WYG, 2010). It is proposed to construct the development in
four separate phases. The details of which cell will be filled during each of these
along with the length of each phase is contained in Table 8.2.

Table 8.2 Landfill Phasing

Phase number Operational time Cell numbers
(years)
Phase 1 5 Hla, Hlb, IN1
Phase 2 11 H2a, H2b, NH1a, NH1b, IN2, IN3
Phase 3 9 H3a, H3b (IN1 & IN2)
Phase 4 2 NH&,.(INI)

IN1 will be constructed in Phase 1 and some waste 8rn the existing landfill will
be moved into it. Additional waste will be pl E\ this cell in Phasel and also in
Phases 3 and 4. For this reason, the durati illing for IN1 will be set as the
total amount of time for Phases: 1, 3 an 5. 16 years). This is more
conservative than dividing the cell 1nt@<t\i@0 as it presumes all the waste placed
over both phases is open. "5’

The Engineering Planning Rep@ YG 2010) states that each cell will be
capped at the end of its operatlQﬁ phase or the beginning of the following phase
at the latest. However, i @?\ andSim model the cells which will be divided in
half will be open for the length of the phase e.g. Hla and H1b will both be
open for the full 5 years. n reality this is a conservative assumption as it is more
likely each will be filled separately and may only be open for half the time. In
order to maintain a conservative assessment it has been assumed that all cells will
remain open for the full length of the phase in which they will be constructed.

In order to build an accurate LandSim model, the phasing had to be adjusted to
incorporate the existing cells that will remain in place in the proposed
development. This was undertaken by adjusting the time off-set in the model.
The model was constructed so that Year 0 is 2003 and the Existing cell in the
model was constructed over § years. All other cells were modelled as being
constructed subsequent to that.

The design life of the proposed development is 25 years, however, in order to
account for the existing cells this was increased to 35 years.

D 6877.30 | Issue 1| 6 December 2010 | Arup Page 44

EPA Export 27-07-2013:00:32:19



MEHL Murphy Environmental Hollywood Ltd. Integrated Waste Management Facility
Hydrogeological Quantitative Risk Assessment

8.3.1.3 Management Control

The concept of management control is used in LandSim to simulate the length of
time over which a landfill will be maintained by the operator. It assumes that
once the management control period is complete the landfill will be ‘abandoned’
and will have no further maintenance undertaken on it (although this is very
unrealistic and contrary to EPA aftercare requirements). This has significant
implications for the risk assessment model as beyond the specified management
period the leachate level is no longer controlled. The leachate level and, as a
result, leakage through the liner will increase.

The management control period is usually set as a long time period in risk
assessment models as the license will require that an aftercare management plan is
implemented until the landfill’s potential to cause pollution is negligible.

The actual period of management control for the proposed development will be
agreed with the Environmental Protection Agency in the future. In order to
maintain a conservative assessment in this model, the management control period
was set as 35 years i.e. that the site will not be maintained once all cells are filled
and capped. It should be noted that this is highly conservative.

&
8.3.1.4 Infiltration @

The infiltration rates entered into the Land&m@*q@ influence how much
leachate will be generated. This is calculat “both the open cells by inputting
an infiltration value and the capped cells b%g\ﬁ‘sessmg the cap design infiltration.

The infiltration rate used in the Lan(&&\]é@%odel is dependent upon the potential
rainfall which may enter the wastq@@ s was determined by subtracting the
evapotranspiration rate from th@d’a@ all rate.

Rainfall and evapotransp1rathﬁ~%iata are discussed in section 5. The data which
was used to calculate the ral infiltration rate for the LandSim model is
presented in Table 8.3. ¢

Table 8.3 Climate data measured at Dublin Airport and used to calculate
infiltration rate

Time period 30 year average 2008 Comments

Rainfall* (mm/yr) 731.8 942.3 2008 had the highest rainfall in
recent years

Potential 4184 531 Corresponding PE rates (Penman
Evapotranspiration* method) for the same time period
(mm/yr)
Potential 313.4 411.3 Infiltration rate to be used in
rainfall/Infiltration LandSim
rate (mm/yr)

*Data source: Met Eireann
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In order to minimise the leachate generation in the hazardous cells a temporary
cover system will be incorporated into the design of the proposed development.
This temporary cover system will be used at night and any rainfall which falls on
it will run to surface water drains and be disposed of appropriately.

Therefore it is appropriate to reduce the infiltration rate for the hazardous cells.
As the covers will be placed on the cells at night and on Sundays, a 50% reduction
in the infiltration rate has been applied to the hazardous cells.

The capping details for each of the cells are outlined in the Engineering Planning
Report (WYG, 2010). The infiltration rate through the cap has been set at 50
mm/yr as this is above the maximum infiltration rate of 31.5 mm/yr specified in
the EPA Manual on Landfill Site Desgn (EPA, 2000) for a capped landfill and is
therefore conservative.

This is a conservative approach as it does not account for the geotextiles or lower
permeability material which may be incorporated in the capping systems. The
capped infiltration will be lower for some cells (e.g. the hazardous cells which
incorporate a geotextile) which would reduce the amount of leachate generated.
However, as outlined previously a conservative approach has been taken to model
greater leachate generation. &

. . . »
The infiltration input parameters have been summarls%@m Table 8.4.

d
Table 8.4 LandSim Infiltration Input Para@‘@(@@

5O
Qo‘?\\é’
Parameter Infiltration rate (m@gf Comment
DA

&
Distribution Qﬁ{g O Max
N\
RS

Hazardous cells Uniform & (’OQI 56.7 205.7 Half of potential rainfall
infiltration rate @:\\
R\
O
Inert and non- Uniform 3134 411.4 Potential rainfall

hazardous cells
infiltration rate

Cap design Single 50 Conservative infiltration rate for a
infiltration rate landfill cap (above EPA rate)
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8.3.1.5 Leachate and Waste Characteristics

The physical characteristics of the waste influence how much leachate may be
generated while the chemical characteristics influence the contaminants which
may arise. The head at which leachate head is maintained at within the system
determines how much leachate is allowed to build up within the cell before
appropriate removal and disposal.

The head of leachate within the LandSim model was fixed in line with details
from the Engineering Planning Report. Within the hazardous and non-hazardous
cells the leachate will be allowed to reach a maximum of 1 m above the base of
the cell.

There is no requirement to control and dispose of leachate in inert waste cells,
however on the MEHL site the leachate is sometimes re-circulated in good
conditions to reduce the leachate levels. In order to maintain a conservative
model, leachate recirculation has not been included in the model, but a large range
of leachate heads have been inputted for the inert cells.

The leachate head details which were inputted into LandSim are summarised in
Table 8.5. .
&

Table 8.5 Leachate Head Details Inputted To Lan%&i
RS

)
Leachate head (m) 0(@\'5\
Cell number N Comment
Distribution Min k@@ Max
Existing, ;\QQQé\@J\
INI, IN2, Triangular I s 10
R
IN3 O i\(‘b(\
X Q\\ ..
& A minimum value of 0.5m was
3 chosen as it is unrealistic that it
NHla, S : . -
(< will be possible to maintain a
NH1b, NH2, S
. head of less than 0.5m. The
Hla, Hlb, Uniform 0.5 1 .
maximum head value has been
H2a, H2b, .
set as the maximum head stated
H3a, H3b . . .
in the Engineering Report for
Planning (WYG, 2010)

The waste porosity, dry density and field capacity influence the amount of
leachate which can be produced from the waste.

The hazardous waste will be solidified into blocks to minimise the concentrations
of heavy metals in the leachate. This solidification process will also serve to
reduce the amount of leachate which may be generated as less water will enter the
waste due to the smaller pore sizes.

The values used in the LandSim model are summarised in Table 8.6 below.
Where uncertainty is present over the value used e.g. the characteristics of non-
hazardous waste, a sensitivity analysis was undertaken to determine its influence
on the model. This is discussed in section 8.3.4.3.
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Table 8.6 Waste Characteristics Inputs

Hydrogeological Quantitative Risk Assessment

Value
Parameter Comment
Distribution Max Likely Min
Inert Waste
Waste e poroity and also
porosity Log Uniform 0.01 0.22 . vep . Y
(fraction) effective porosity under stress.
Values from Staubb et al (2009)*
Waste dr Value of 1.5 t per m® from Leach
density (k };l) Triangular 1.25 1.5 1.75 and Nikitas (2004)*. Range
Y8 added to allow for uncertainty.
Calculated using equation from
Waste field Kreith and Tchobanoglous
capacity Triangular 0.118 0.15 0.2 (2002)°
(fraction)
Non-hazardous Waste
Na
Waste >
ity N
porosi . ) p
(fraction) Uniform 0.18 Og:xz\s@ Riibner et al (2007)
LN
SIS
Waste d Q\)'\éy Wet density 1.5-2 t/m3 with 20
aste dry . Q 5- N
. fi 1.12 O 1.
density (kg/l) Uniform > oé’)\\n Qé > 25% water content
&
O\\Q( CSQ No value for non-hazardous
Waste field Q00® waste found in literature search.
capacity Triangular Q@8 0.1 0.12 Value for hazardous waste used
(fraction) (\o¢\ and a sensitivity analysis
¢} undertaken.
Hazardous Waste
Minimum value provided by
Waste landfill designers (WYG). Max
porosity Uniform 0.3 0.35 value:
(fraction) (Simons et al, 2006)’

3 Staub, M., Galietti, B., Oxaranglo, L., Khire, M.V. and Gourc, J.-P. (2009). Porosity
and hydraulic conductivity of MSW using laboratory-scale tests. Third Internation
Workshop “Hydro-Physcio-Mechanics of Landfills”, Braunschweig, Germany; 10-13

March 2009

4 Leach, B. and Nikitas, C. Waste management capacity in the South East Region. A
report to SEERA
5 Kreith, F. And Tchobanoglous, G. (2002) Handbook of solid waste management.
McGraw-Hill Professional, 2002-950 pp.
6 Ribner, K., Jaa,lems. F. and Linde, 0.(2007) Use of municipal solid waste
incinerator bottom ash as aggregate in concrete.
General Assembly 2007, Wien, 15-20 April 2007
7 Simons, D-J, Bleijerveld, R. and Humez, N. (2006).. solidification/Stabilisation of
Hazardous Waste. Sustainable Landfill Foundation
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Value
Parameter Comment
Distribution Max Likely Min
Likely value provided by landfill
t . . .
dc:z:ii ¢ (ir};l) Triangular 0.18 1.5 1.72 designers (WYG). Max and min
v ke values: (Jantzen, 2006)°
Waste field Likely value provided by landfill
capacity Triangular 0.08 0.1 0.12 designers (WYG). Range added
(fraction) to allow for uncertainty

8.3.1.6 Leachate

The likely contaminants which may arise in leachate from the hazardous waste is
summarised in Table 8.7. These contaminants were also modelled for the inert
and non-hazardous wastes although it is unlikely that they will all be present.

The list only includes physical contaminants (e.g. arsenic etc) and does not
include indicator parameters (e.g. Total Dissolved Solids) as LandSim cannot
model indicators. &

The maximum concentrations were set in the LandSi odel as 3 times the
Waste Acceptance Criteria (set in EU Council D ms;@n 2003/33/EC) for the
relevant waste type as a single value. These coﬁgzﬁ}[ratlons are the maximum
amount of any particular contaminant whlcg@?@ﬁ‘ be accepted into the landfill.

By inputting the concentration as a sin ue (rather than a probablhty density
function) it presumes that all waste @cgﬁ%ed will be at the maximum
concentration which is a very co ftive scenario. However, by inputting these
maximum values the highest pQ&&ﬁ%l risk to groundwater can be assessed.

&
The Waste Acceptance Crlter@ values used were taken from the Co limit values
(concentration of leachate ﬁgmg from a percolation test) set in EU Council
Decision 2003/33/EC rath@r than the L/S = 10 kg (liquid to solid ratio) values.

This was done for two reasons:

e The Co values were thought to more accurately represent the values for
leachate generation from waste. This is because the test to determine Co is
undertaken over a longer period of time than the test to determine L/S = 10 kg
values and simulates the percolation of leachate out of the waste as water
passes through it.

e The Co limit values are also higher than the L/S = 10 kg values and as such
are more conservative.

8 Jantzen, C.M. (2006). Fluidized bed steam reformer (FBSR) product: Monolith
formation and characterization. Savannah River National Laboratory. Prepared for the
U.S. Department of Energy
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Table 8.7 LandSim Leachate Inventory

Concentrations entered into LandSim (mg/l)
Contaminant Inert waste: 3 x Non-hazardous | Hazardous waste:
WAC waste: 3 x WAC 3 x WAC
Arsenic 0.18 0.9 9
Barium 12 60 180
Cadmium 0.06 0.9 5.1
Total chromium 0.3 7.5 45
Copper 1.8 90 180
Mercury 0.006 0.09 5
Molybdenum 0.6 10.5 30
Nickel 0.36 9 36
Lead 0.45 9 45
Antimony 03 045 & 3
Selenium 0.12 0,6§é 9
Zinc 3.6 ;AO(?O.* ? 180
Chloride 1380 & '\,\@6 25500 45000
Fluoride 75 @‘f@ 120 360
)
Sulphate 456080 21000 51000

s

The following parameters Were<< gx@éluded from the LandSim modelling exercise as
there are no Waste AcceptanQé\Criteria limits available for them: Thallium,
Vanadium, Cobalt, Mangagés\e and Tin. These contaminants may arise from
hazardous waste in smalF(oluantities, however, their exclusion can be justified as
the contaminants which are modelled display similar characteristics in terms of
toxicity and mobility. Therefore, if the model predicts that any other contaminant
will reach a receptor, then it may be assumed that these will too. Conversely if
the other contaminants are not detected at the receptor then it may be assumed that
these will not be either. It should also be noted, that none of these excluded
contaminants (Thallium, Vanadium, Cobalt, Manganese and Tin) are ‘hazardous
substances’ in the Water Framework Directive.

The source of leachate was set as a ‘Declining Source Term’ in LandSim which
allows the source term concentrations to decrease over time. This reflects the
expected reduction in concentrations over time.

The half lives of each of the contaminants in the different stages that they move
through has been set at the highest level to effectively simulate zero degradation.
The half lives used for all contaminants at all phases (e.g. within the liner,
unsaturated zone, vertical pathway and aquifer) has been set at 1,000,000,000
years. This is a conservative assumption as it does not allow the contaminants to
degrade over time.
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Pathway input parameters

The pathway input parameters are those which define the material which the
leachate generated at the source has to move through in order to reach the
receptors. The pathways in the proposed development include the drainage
system, the engineered barriers and the unsaturated zone.

8.3.2.1

Engineered barrier

As outlined in sections 2.4.2 to 2.4.4 the cells for the different waste types will
have a different lining system. These lining systems have been dealt with
differently in LandSim. The input parameters are summarised in Table 8.8 and
the concepts behind them are explained in the following paragraphs.

Table 8.8 Landfill Liner Input Parameters

Value
Parameter Comment
Distribution Max Likely Min
Inert Liner
Design & .
. . Engineering Planning
thickness of Single 1 ,@é‘
clay liner (m) 1 &0 Report (WYG, 2010)
Moisture é?ds@* °
content Uniform 021 | S| 039 | staubetal 2009°
(fraction) Q. ¥
Clay 9 Qé‘
. N Y fi
hydraulic . &é&é’ Y 100E- | 1.00B- | Y YG report for max
.. Log Triangular Q .-ggﬁ value, on site clay used to
conductivity Y 4\\ 09 07 date also
(nv/s) o
Longitudinal
dispersivity Single 00@ 0.1 10% of liner thickness
(m) ©
Non-hazardous Liner
Clay liner . Engineering Planning
1 1
thickness (m) Single Report
Clay
moisture Uniform 0.096 0.128 | EC guidance
content
(fraction)
Clay
hydraulic . 1.00E- 1.00E- | Engineering Planning
.. L fi
conductivity 0g tntiorm 10 09 Report
(m/s)
Clay
longitudinal . . .
. .. Single 0.1 10% of liner thickness
dispersivity
(m)
HDPE Standarfi value in LandSim
. . for flexible membrane
Pinholes Log Uniform 25 0 .
2 liners based on Golder
(0.1-5 mm?)

research
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Value
Parameter Comment
Distribution Max Likely Min

Standard value in LandSim
HDPE Holes . for flexible membrane
(5-100 mm?) Log Uniform > 0 liners based on Golder

research
(102-10000 Triangular 2 0.1 0 liners based on Golder
mm°)

research
Onset of Standard value in LandSim
HDPE Sinele 150 for flexible membrane
degradation g liners based on Golder
(yrs) research
Time for area Standard value in LandSim
of HDPE Sinele 100 for flexible membrane
defects to £ liners based on Golder
double (yrs) research
Hazardous Liner \(g’
Design o@é‘
thickness of . { & Engineering eport for

N}
‘clay’ liner Single 0.08 0(10\29 Planning (WYG, 2010)
(m) L
Moisture <\Q\\'“,\ N
content Log uniform 0.096 x5 Qé‘ 0.128 | Do sensitivity analysis
: &N
(fraction) R 9
O
Clay on\ ;\\C‘b«
hydraulic . R 1.00E- | Engineering report for
L fi HOE-1
conductivity 08 ntorm \é@% > 12| Planning (WYG, 2010)
(m/s) &
R . OO

3.0 ngltl}d}?al Sinel 0.008 10% of the thickness of the
( Iljfersm y ingle . DAC liner

The inert cells will be lined with a single clay liner. This can be modelled in
LandSim as a ‘Single Clay EBS’ (Engineered Barrier System). This is the
simplest type of liner and it allows the physical characteristics of the liner to be
inputted. These are outlined in Table 8.8.

The non-hazardous cells will be lined with a single clay liner which is overlain by
a HDPE liner. This has been modelled in LandSim as a ‘Composite EBS’. As
with the ‘Single Clay EBS’, LandSim models the characteristics of the clay,
however it also allows the details of the future failure rate of the HDPE liner to be
taken into account. The input parameters and their justifications are outlined in

Table 8.8.

The liner which provides the highest level of protection will be in the hazardous
cells. A DAC liner system will be used for the hazardous cells and the
composition of this is outlined in section 2.4.2.
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There are two liners with different permeabilities incorporated into the DAC
system; the upper liner is the DAC liner with an extremely low permeability,
while the lower liner is a simple low permeability clay liner. A stabilisation layer,
with leak detection system, is present in between these two liners.

The performance of DAC liners are presumed to remain unchanged over time in
line with the LandSim manual. LandSim v 2.5 assumes no changes to the
physical properties will occur during the simulation if the artificial sealing layer is
simulated as a mineral barrier (i.e. a clay). For this reason it is appropriate to treat
the DAC liner as a clay barrier in LandSim.

To maintain a conservative approach to the modelling the liner for the hazardous
cells, the liner was modelled in LandSim as a ‘Single Clay EBS’ (Engineered
Barrier System). This only simulates the thin low permeability DAC liner as the
liner for the hazardous cells and does not take account of the second low
permeability 0.5 m thick liner which is incorporated into the DAC system.

This indicates that the liner for the hazardous cells will have an additional level of
protection for groundwater incorporated into it which is not accounted for in the
model and consequently the results will be conservative.

The retardation of contaminants within the liner has beengdficorporated into the
LandSim model. The retardation is calculated from thefpathway density and the
partition coefficient of each individual contamin n& he input parameters used
for retardation in the clay liner, unsaturated Z& and aquifer are outlined in Table
8.10. FE
N
Table 8.10 Retardation Input Para‘lgs?

RN

PO\
¥ A
Inpu@ﬁs
Parameter ) \\« Comment
Distribution Mga')oQ Likely Min
Pathway @*\\O
density for . N . .

. f g 1 24 ty of cl
landfill Tiner Uniform ConSim density of clay
(kg/l)

ConSim value® for
Pathway sandstone: conservative
density for Uniform 16 268 as.the material is a
unsaturated mixture of weathered
zone (kg/l) sandstones & siltstone -
as above
Pathway . .
density for Uniform 1.74 2.79 E;I;il:;:ensny of
aquifer (kg/l)

° ConSim is the sister programme of LandSim which was developed for the UK EA with
the aim of assessing the risk to groundwater from contaminated land sites. A detailed
database was developed as part of this programme development based on an
extensive literature search and field values internationally. This data can be used in
the absence of site specific data
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Input details
Parameter Comment
Distribution | Max Likely Min
LandSim recommends
a Kd range of 25-250
for unspecified
material. As the liner
Kd: Arsenic . is being modelled as
fi 11 249. .
(/kg) Uniform 7 9:6 clay, the ConSim
values for a
'unspecified material'
(min) and a glacial till
(max) were used
Kd: Barium Log 0.6 17 ConSim max & min for
(Vkg) Uniform ) Barium
Kd: i . . .
d: Cadmium Uniform 222.2 240 Same basis as Arsenic
(Vkg)
Kd: Chloride Sinele 0 Unretarded parameter
(kg) £ (€onSim & LandSim)
Kd: & >
Chromium Log uniform 35 965.%&0 Same basis as Arsenic
(I/kg) A\A‘ S
Kd: . © . .
Copper Uniform 126.8 é?@b 295 Same basis as Arsenic
(Vkg) 3
- N
Kd: Fluoride LS
Single i) Only value in ConSim
kg) ¢ WO d
Kd: Lead S
Log unif 7S ¢9 2.70E+05 | LandSi
(Vke) og uniform ZQ:V 04 andSim
Kd Mercury . . .
Log uniform 4@0 3.84E+03 | Same basis as Arsenic
(’kg) Qré\
Kd: Nickel . 4 . .
d: Nicke Uniform © 66 85 Same basis as Arsenic
(Vkg)
Kd: Selenium . ConSim unspecified
(Ukg) Single 93 material
Kd: Sulphate . Unretarded parameter
1
(Ikg) Single 0 (LandSim)
Kd: Zine Uniform 20.7 26 Same basis as Arsenic
(Vkg)
Kd:
Molybdenum Single 110 ConSim
(Vkg)
Kd: Antimony | o 16 251 US EPA, 2005

(Vkg)

10 Allison, 1.D. and Allison, T.L. (2005). Partition Coefficients for Metals in surface

water, soil and waste. U.S. Environmental Protection Agency, Office of Research and

Development, Washington
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8.3.2.2 Unsaturated zone

The unsaturated zone is the ground beneath the site which is above the water
table. By inputting this horizon into LandSim V.2.5 it allows the natural
protection which the site offers for the protection of groundwater to be assessed.

As the natural protection offered by the site can have a large influence on the
amount of contaminants which may reach the aquifer and local receptors a very
conservative approach was taken to these input parameters. This allowed the
highest concentrations of contamination in groundwater to be predicted.

It should be noted, that as outlined in section 2.4.3 an additional 1 m of clay
material with a permeability of 6.6 x 10™'° m/s will be placed below the base of
the liner for the non-hazardous cells to enhance the natural protection. This layer
has not been included in the LandSim model and consequently the results from
the non-hazardous cells are conservative.

As outlined in section 6.2.1 the groundwater beneath the site is confined. This
indicates that there is an upward gradient of groundwater beneath the site and this
will limit the movement of contamination downwards. This has not been
accounted for in the LandSim model, and the model assumes downward flow to
an unconfined aquifer. Therefore the model is not realigtfg’ but is highly

conservative. N

The piezometric head of the aquifer beneath th@‘\%iféﬁies approximately 1-2 m

. O . .
below the proposed formation level (102.5 @@ which is the lowest point of
excavation except for local excavations gﬁ%g\mps to 102 mOD) however as
outlined in section 6.2 this does not re\&@\where groundwater is encountered
beneath the site. Examination of w; 5%?rikes recorded, during drilling, showed
no large strikes were encountereod\% lower than 12 mbgl and the major strikes
were encountered after 25 mbg‘f.(p@

The ground on site will be e §Vated below its current level by up to 2.5 m in
places. In order to take aq;%élfnt of this and some minor water strikes which were
observed during the site gﬁvestigation an unsaturated zone thinner than the 12-25
m which was quoted above was used.

In order to assess the infiltration and vertical hydraulic conductivity on the site,
soakaway tests were undertaken. The results of these were inputted as a log
triangular distribution for the hydraulic conductivity.

The input parameters used are summarised in Table 8.11.
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Table 8.11 Input parameters for unsaturated zone

Value
Parameter Comment
Distribution Max Likely Min
Conservative estimate applied to
lfjtltll‘l’v (agl) Uniform 6 5 whole site. On site data indicates
£ this could be increased
Moisture Single 03 Estimate. Sensitivity analysis to
content be undertaken
Hydraulic
.. Log 2.82E- 1.53E- | 4.54E- . .
conductivity trianeular 08 07 07 Infiltration testing
(m/s) ¢
Dispersion Uniform 0.06 0.05 10% of pathway

Retardation of contaminants can occur within the unsaturated zone and the
parameters associated with this are presented in Table 8.10.

8.3.2.3 Vertical pathway

A ‘vertical pathway’ zone can be inputted into LandSim V2.5. This is appropriate
for use in a situation where a saturated low permeabili uitard overlies the
aquifer as is the case beneath the MEHL site. The inptit parameters used are

summarised in Table 8.12. oﬁ@.{@
. O
Table 8.12 Input parameters for vertic aﬂlway
AN
S
Valu%o(\Qé\
Parameter & N Comment
Distribution | M&Xa” Likely | Min
(O~
Pathw(ari)length Uniform d%% 10 Based on site investigation data
[q
Porosity Uniformoé)\\ 0.61 0.34 | ConSim value for a silt
Dispersivity (m) Unifarft 6 1 | 10% pathway

The retardation values inputted for the vertical pathway are the same as those used
for the unsaturated zone and are presented in Table 8.10.

In LandSim V.2.5 the vertical pathway has to apply to the whole site as opposed
to discrete areas on the site. In some areas e.g. the inert cells in the southern part
of the site there is no vertical pathway present. However, the highest level of risk
to groundwater is generated by pollutants from the hazardous cells and for this
reason the thickness of the vertical pathway is related to the ground beneath the
hazardous cells only.

It should be noted that there will be an upward gradient of water from the aquifer
through the aquitard pathway due to the confining conditions on the site. This
will limit the movement of leachate downwards from the landfill towards the
aquifer but this cannot be represented in the LandSim model.
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As outlined in section 8.3.2.2 in the LandSim model the aquifer is directly beneath
the unsaturated zone at 5-6 mbgl which is a conservative assumption. The aquifer
input parameters used in the LandSim model are summarised in Table 8.13.

Table 8.13 Aquifer input parameters

Value
Parameter Comment
Distribution Max Likely Min
Hydraulic
conductivity I”ljfiin Jlar 0.0004 0.0001 (2)53 1E- K data based on SI results
(m's) §
Reglp nal Log Uniform | 0.019 0.015 Winter and summer gradients
gradient
Pathway Lo Porosity typical of Irish
porosity .g 0.05 0.025 0.01 limestones. Range inputted to
. Triangular .
(fraction) account for uncertainty.
ﬁer thickness will be less
Aguifer Uniform 50 30, B an formation thickness. Range
thickness (m) &A ,é\* inputted to account for
PN :
A )\\0 uncertainty.
QU \\‘(IV
Longitudinal Q\\}\ @:’ 10% of longest & shortest
ongrud . ) éf‘ distance from furthest & nearest
dispersivity Uniform 82.5 SRS 16.5 o
& cell to a phantom monitoring
(m) . Q‘%Q\O .
SIS well on the ownership boundary
X" Y
Transverse (,OQ
dispersivity Uniform é&c% 4.95 30% of longitudinal dispersivity
(m) _
J

Retardation of contaminants can occur within the aquifer and the parameters
associated with this are presented in Table 8.10.

LandSim V.2.5 does not allow the direction of groundwater flow to be adjusted
and for this reason the placement of the cells were adjusted. The receptor well
was placed immediately down-gradient of the hazardous cells.

Some parameters may already be present in the aquifer and LandSim allows
background concentrations to be inputted into the model. This allows any
potential leachate generated by the landfill to be loaded on top of the
concentrations naturally present in the groundwater.

Groundwater quality monitoring has been undertaken on site since 2003 and all

data recorded in the aquifer was used to calculate the background concentrations.
The minimum, maximum and average values calculated based on this dataset and
the input values are summarised in Table 8.14.
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Table 8.14 Background groundwater quality concentrations

Concentration (mg/l)
Parameter Distribution
min Likely max
Arsenic Log Triangular 0.00026 0.00503065 0.025
Barium Log Triangular 0.006 0.02655294 0.06
Cadmium Log Triangular 0.00003 0.0011075 0.0039
Chloride Triangular 18 32.6462264 57
Chromium Log Triangular 0.0009 0.0068 0.0237
Copper Triangular 0.001 0.00266667 0.005
Fluoride Triangular 0.1 é\\‘fg ©0.25714286 0.4
F
Lead Triangular O@‘@'{@} 0.00288889 0.006
IAALS)
O
Mercury Single R 0.0005
y QZ &
XN
Nickel NAE &
RN
SO
Selenium T%gé@ular 0.0012 0.00248 0.005
S
hat (@‘\\ Tri 1 5.08 49.0798148 244.77
Sul og Triangular . . .
ulphate K g g
Zinc Log Triangular 0.002 0.0196875 0.169
Molybdenum Log Triangular 0.0002 0.01048 0.043
Antimony Triangular 0.003 0.0034 0.004
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8.3.3 Receptors

8.3.3.1 Relevant European Legislation

The original Groundwater Directive (80/68/EEC) defined two lists of substances
that were deemed to pose the greatest risk to groundwater quality, referred to as
List I and List II. The Water Framework Directive (WFD, 2000/60/EC) and the
Groundwater Daughter Directive (2006/118/EC) identify a wider range of
potential pollutants and refer to them as ‘hazardous substances’ or ‘non-hazardous
pollutants’.

Hazardous substances are defined in the WFD as “substances or groups of
substances that are toxic, persistent and liable to bio-accumulate, and other
substances or groups of substances which give rise to an equivalent level of
concern.” A non-hazardous pollutant is any substance capable of causing
pollution that has not been classified as a hazardous substance.

Of those contaminants potentially present in leachate at the site only Cadmium
and Mercury are classed as hazardous substances, with the remaining substances
classed as non-hazardous pollutants. &

N

A requirement of the WFD is that the member states rg@St ensure that all
reasonable measures are taken that are required o d1d the entry of hazardous
substances into groundwater and, for non-ha gl%? pollutants, to limit input into
groundwater so as to avoid pollution or si ,L&nt and sustained upward trends or
deterioration in status of the groundwat @:&I’\y The purpose of a risk assessment
is to validate whether the proposed m@@%&ifés will meet the requirements of the
WED. L

NS

O &

8.3.3.2 Modelled Comgﬂ%nce Points and Assessment Limits

3
Concentrations of hazardog@\substances at the base of the unsaturated zone are
assessed in the model. ©

Concentrations of non-hazardous pollutants are assessed in groundwater at the site
boundary, by modelling a phantom monitoring well placed directly down gradient
on the land-ownership boundary. The modelled concentrations in groundwater at
the site boundary are compared to appropriate drinking water standards, as
presented in Table 8.16. As the hazardous cells are those which pose the highest
level of risk to groundwater, the receptor well was placed down-gradient of the
cell at the shortest distance between the landownership boundary and the nearest
hazardous cell in the direction of groundwater flow. This distance was
approximately 270 m.
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8.34 Primary Model Results

8.3.4.1 Model Outputs

The primary model results are presented in the following sections including
information on the sensitivity analysis.

The model was run for 1000 iterations. This means that the model re-ran the
Monte Carlo simulation 1000 times, each time randomly selecting parameters
from those defined. This ensures that the results from the model are not a single
selection of results but are results from multiple runs.

Five fixed time slices were chosen for the model runs and these were

concentrations after 30 years, 100 years, 300 years, 1000 years and 20,000 years

(i.e. infinity).

8.3.4.2 Statistical & graphical results

The statistical results from the LandSim model are presented in Appendix A1.2.

LandSim V 2.5 calculates concentrations of each parametgr at the set time slices.

It is accepted best practice to consider the concegtra&i&\ns at the 95 percentile.
Q

LandSim V2.5 allows the concentrations at different percentiles to be displayed
graphically as reverse-cumulative plots. Tkt dita displays each time slice
separately on the same graph and the 9%5‘})\&%%&16 concentration can be read
from these graphs also. ég\\l@

S

R o
The only hazardous substances @‘ﬁ‘\@%ned by the Water Framework Directive and

Groundwater Daughter Directi@e&%vith the potential to be present are Cadmium
and Mercury and their concentgations at the base of the vertical pathway are
summarised in Table 8.15.(@‘\\

S

Reverse cumulative plotso for the concentrations of each ‘hazardous substance’ at
the base of the unsaturated zone and the vertical pathway are presented in
Appendix A1.3. From these, the 95™ percentile concentrations at the base of the
unsaturated zone and vertical pathway are presented in Table 8.15.
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Table 8.15 Summary 95" percentile concentration of ‘hazardous substances’
at the base of the unsaturated zone and vertical pathway

Concentration at the base

Concentration at the base

of the unsaturated zone of the vertical pathway
Drinking Time period Time period
Parameter Water Cell 95" after which 95" after which
Standard | number | 5epcentile the percentile the
(mg/l) conc. concentration conc. concentration
(mg/1) is detected (mg/1) is detected
(years) (years)
Existing 0 NA 0 NA
IN1 0 NA 0 NA
IN2 0 NA 0 NA
IN3 0 NA 0 NA
NHla 0 NA 0 NA
NHI1b 0 NA & 0 NA
Cadmium | 0.005' | NH2 0 NA o@é 0 NA
Hla 0 boﬁ\:g:@ 0 NA
H1b 0 é?oi\:& NA 0 NA
H2a 0@\%‘ NA 0 NA
H2a : Qr%§§ NA 0 NA
ma b0 NA 0 NA
H3b §\C N 0 NA 0 NA
Exigting 0 NA 0 NA
IN1 0 NA 0 NA
IN2 0 NA 0 NA
IN3 0 NA 0 NA
NHla 0 NA 0 NA
NHI1b 0 NA 0 NA
Mercury 0.001' | NH2 0 NA 0 NA
Hla 0 NA 0 NA
H1b 0 NA 0 NA
H2a 0 NA 0 NA
H2a 0 NA 0 NA
H3a 0 NA 0 NA
H3b 0 NA 0 NA
T'S.1.278/2007 European Communities (Drinking Water) (No.2) Regulations 2007
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These results show that after 20,000 years concentrations of the “hazardous
substances’ do not exceed Drinking Water Standards. These results illustrate that
groundwater is not at risk from ‘hazardous substances’ from the proposed
development.

The cumulative frequency plots of the concentrations of each contaminant at the
phantom receptor well placed on the site boundary are presented in Appendix
A1.4. The 95" percentile concentrations of these are summarised in Table 8.16.
If the contaminant was detected in more than one time slice then the data from all
the time slices will be presented.

In order to allow the contribution of contamination caused by the landfill to be
differentiated from the background concentrations, a separate version of the model
was created. This model was run with no background concentrations of any
parameter present.

The print out of the LandSim model summarising the input parameters are
presented in Appendix A2.1. The concentrations at the phantom well from this
model are presented in Appendix A2.2 and are summarised in Table 8.16. This
allows a comparison of the results from the models with and without background
concentrations. It highlights how much of the predicted concentrations are due to
background concentrations rather than due to the propos development.

&
oﬁ@.\@
S
&b
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S
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&
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N
;\0
&
S
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Table 8.16 Summary 95™ percentile concentration of all parameters at the
phantom receptor well.

Model which includes background Model which does not include background
Drinking concentrations of parameters in concentrations of parameters in
Water groundwater groundwater
Contaminant Standard
(mg/l) 95t Time period after which 05™ percentile Time period after which
percentile the concentration is concp (mg/l) the concentration is
conc. (mg/l) | detected (years) - (g detected (years)
Arsenic 0.01" 0.014 All 9.9x10° 20,000
0.0001 300
Barium 0.7 0.04 All 0.018 1,000
0.007 20,000
Cadmium | 0.005' 0.002 All 8.6x10° 20,000
Total 0.0001 20,000
o 0.05' 0.015 All
chromium .
&
5l 0.004 30, 100, 300, 1000 Qé‘ 0.0006 20,000
Copper 0.005 20,000 & N
Mercury 0.001" 0.0005 All aé?oe(\é 0 All
&
Molybdenum |  0.072 0.02 AR 0.0005 20,000
< X<
0 03, 160,800, 1000
: 0.02' P 0.0003 20,000
Nickel 0.0003 &5 30,000 :
| ) 0 All
Lead 0.025 0.005 L $ All
OQ 5
Antimony 0.005" 0.004  |&° All 25x10 20,000
& 65x10° 1,000
- o1 004§ All ; >
Selenium 00 00089 0.0002 20,000
Zinc 53 0.08 All 0.003 20,000
7.6x 107 30
1.59 100
Chloride 250" 51 All 137 300
0.92 1,000
0.03 20,000
0.001 100
0.35 30, 100, 20,000
. 1 0.02 300
Fluoride 1 0.009 1.000
0. 00, 1000 ; :
36 300, 0.001 20,000
0.0003 30
136 30, 20,000 s 4 100
Sulphate 250" 5.23 300
141 100, 300 442 1,000
138 1000 0.103 20,000
''S.1.278/2007 European Communities (Drinking Water) (No.2) Regulations 2007
*> WHO Health
3 UK Drinking Water Standard
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The results presented in Table 8.16 illustrate that arsenic is the only contaminant
to exceed the Drinking Water Standard in the phantom receptor well when the
model includes background concentrations of contaminants. The maximum
concentration of arsenic modelled was 0.014 mg/l which is 0.004 mg/1 above the
drinking water standard.

As outlined in previous sections a large element of conservatism has been built
into the model as it does not account for the confining nature of the aquifer, the
second low permeability layer within the hazardous liner etc.

The model run without the background concentrations shows that the
concentration of arsenic will not exceed the drinking water standard for arsenic,
indicating that the modelled result is due to the background concentration. This
result is confirmed by the results presented in Table 8.18 when the liner in one
cell is modelled to represent a significant defect resulting in much greater leakage,
the concentration of arsenic does not increase.

Furthermore the partition coefficient of arsenic used is relatively low compared to
values obtained in a wider literature search. If a higher value for retardation was
used the model would not fail for arsenic.

These results demonstrate that resulting arsenic concentragions will not be present

down-gradient above background levels. §é
N
FNS
& &
KM
S
W &
&
RO
8
SK
K
&
&
S
D 6877.30 | Issue 1| 6 December 2010 | Arup Page 64

EPA Export 27-07-2013:00:32:20



MEHL Murphy Environmental Hollywood Ltd. Integrated Waste Management Facility
Hydrogeological Quantitative Risk Assessment

8.3.4.3 Sensitivity Analysis

A sensitivity analysis was undertaken to assess the impact that changing certain
parameters would have on the model. The model was shown to be sensitive to
changes in the parameters outlined below:

e Management control period: The management control period was set to the
length of time which the cells are operational (active filling), i.e. 35 years
(from 2003). Beyond this the model assumes the landfill would not be
maintained (i.e. leachate removal would cease and leachate levels would rise
etc). As expected the results of the model are sensitive to the length of the
management control period. If the management control period is increased
then the modelled concentrations of contaminants at the receptors are lower.
A conservative approach was undertaken with assigning this parameter and as
such the values generated are conservative. The management control period
could reasonably be increased.

e Aquifer parameters: The model is sensitive to the aquifer parameters such as
the aquifer thickness, porosity, gradient and permeability values. These
values influence the amount of dilution which takes place in the aquifer. The
values assigned were based on extensive experience g&working in the Irish

context and as such are reasonable. &
&

e Vertical pathway: the presence of the saturage vertical pathway serves to
reduce the amount of leachate which reach€sdhe aquifer. The presence of
saturated aquitard overlying the aquife&o dt is modelled as the vertical
pathway, was confirmed during the c\dﬁvestigation. BH16 in the northern
part of the site, beneath H2a, wasdtilfed to a depth of 60 mbgl and only
reached the top of the Balrick mation. For this reason, the parameters
chosen can be justified. Qé\$§

: R
e Retardation: Contaminangswere allowed to be retarded as they moved
through each pathway. g%nservative contaminant-specific retardation
parameters were chos@? (the lowest of quoted ranges).

The model was also slightly sensitive to changes in other parameters such as the
moisture content of the unsaturated zone. However, the changes did not have a
significant influence on the results of the model.

Some parameters were highlighted as uncertain (e.g. the size of the sump for the
internal drainage layer in the DAC, dry density of inert waste). The sensitivity
analysis illustrated that the model output was not significantly influenced by these
parameters.

The sensitivity analysis indicated that the parameters chosen for the model are the
most appropriate and in some cases are highly conservative.
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8.3.4.4 Discussion

The results of the primary model indicate that with all the mitigation measures in
place, no significant impact will be observed at a phantom receptor well placed on
the site boundary. No exceedances of appropriate drinking water standards in
groundwater in the Loughshinny aquifer at the site boundary are predicted. With
respect to “hazardous substances’ concentrations are non-detectable after 1000
years and are only detected in the 20,000 year time slice.

It should be noted that the model can be considered highly conservative for the
following reasons:

¢ Groundwater in the Loughshinny aquifer is confined beneath overlying
Namurian strata in the area of the hazardous cells, however it is modelled as
unconfined. The confining strata will limit the movement of leachate from the
hazardous cells downwards to the aquifer.

e The non-hazardous cells are located on the aquifer. For this reason an extra 1
m of material with a permeability of 6.6 x 10™° m/s is to be placed beneath the
liner of the non-hazardous cells. This liner has not been modelled as LandSim
cannot represent this type of lining system. For this reason, the results from
the non-hazardous cells are conservative as they do ngfreflect the extra
protection provided by this liner. N

¢ The modelling of the hazardous cell liner isxgonServative as is does not
incorporate the second low permeability o@ diner built into the DAC system.
$

e The management control period has Shodelled as 35 years, the period of
active filling of the cells. The modef asSumes that after this period there is no
leachate management and leac é&@ad can rise within the cells resulting in
greatly increased leakage. (" <‘§\

SN

e It will be a requirement of &@Qvaste licence that the closure, restoration and
aftercare management plaift be implemented. Surrender of the licence will
only be accepted by the<EPA when it has been demonstrated that there will be
no risk of significant@ollution from the site.

e Conservative input parameters have been used throughout the model and the
95™ percentile results have been assessed.

D 6877.30 | Issue 1| 6 December 2010 | Arup Page 66

EPA Export 27-07-2013:00:32:20



MEHL Murphy Environmental Hollywood Ltd. Integrated Waste Management Facility
Hydrogeological Quantitative Risk Assessment

8.4 Supplementary Models

Following consultation with the Environmental Protection Agency (EPA)
supplementary models were created. The details of these are outlined below.

8.4.1 Supplementary Model 1 - Major defect in DAC liner

The first supplementary model was created to assess the impact to groundwater if
there was a fault in the liner of one of the hazardous cells. This was simulated in
LandSim V2.5 by allowing a single cell to leak at a significantly higher rate by
increasing the permeability of the DAC liner.

H3b was chosen as the cell that should be allowed to leak at a higher rate as it is
the largest cell and will produce the most leachate.

All the input parameters outlined in section 8.3 were used for the supplementary
model except for the permeability of the DAC liner in cell H3b. The 6permeability
of the liner for this cell was increased to range from 1 x 10™ - 1 x 10 m/s.

The print out from the LandSim model are summarised in Appendix A3.1.

&

&

8.4.1.1 Results & Discussion &
S

The model was run for the same time slices ang%y&fber of iterations as the
i del tlined i tion 8.3.4.1, °
primary model as outlined in section 8.3. .oéi? >

- BIRNAN :
The statistical results from the LandSm&{ﬁg@%l are presented in Appendix A3.2.
O

QO
Reverse cumulative plots for the cg@}@@ations of each ‘hazardous substance’ at
the base of the unsaturated zone o{lﬁ e vertical pathway are presented in
Appendix A3.3. From these, ﬁﬁq@%t percentile concentrations at the base of the
unsaturated zone and Vertical\@(thway are presented in Table 8.17.

&

&
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Table 8.17 Summary 95" percentile concentration of ‘hazardous substances’
substances at the base of the unsaturated zone and vertical pathway when the
liner of cell H3b leaks

Concentration at the base | Concentration at the base
of the unsaturated zone of the vertical pathway
Drinking Time period Time period
T 95t after which 95t after which
Standard | number | |ercentile the percentile the
(mg/) conc. concentration conc. concentration
(mg/1) is detected (mg/l) is detected
(years) (years)
H3b 0.00025 300
Cadmium | 0.005'
271 1000 0.58 1000
Mercury 0.001" H3b 0.012 1,000 0.0096 20,000

T'S.1.278/2007 European Communities (Drinking Water) (No.2) Regulations 2007

These results indicate that if a hazardous cell starts to leak at a significantly
increased rate that hazardous substances would enter the\g?oundwater beneath the
site at concentrations exceeding drinking water standagds.

The cumulative frequency plots of the concent&%@ﬁg of each contaminant at the
phantom receptor well placed on the site bcﬁ@‘}y are presented in Appendix
A3.4. The 95" percentile concentrations$f ghiese are summarised in Table 8.18.
If the contaminant was detected in moee than one time slice then the data from all
the time slices is presented. If a ti %ﬂé\e is not listed below for any parameter
then that parameter was not dete¢ted At that time slice (i.e. its concentration was 0
mg/l). QOOQ*&
\6\0
&

&
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Table 8.18 Summary 95™ percentile concentration of all parameters at the

phantom receptor well with a significant defect in the liner of cell H3b

Time period after
Contaminant Drinking Water 95™ percentile which the
Standard (mg/l) conc. (mg/l) concentration is
detected (years)
Arsenic 0.01" 0.014 All
0.043 30
0.343 100
Barium 0.7 0.678 300
0.066 1,000
0.044 20,000
Cadmium 0.005" 0.002 All
0.015 30, 100, 200
0.05" 0.016 1,000
Total chromium 0.017 20’000
51 0.003 30, 100, 300, 1000
Copper 0.005 o 20,000
i
Mercury 0.001' 00005 4" All
S
Molybdenum 0.07* 0.825 All
A\
; 1,000
Nickel 02! PN 2
e 0.0 & 65003 20,000
0.025! ‘ 0<QA@” 0.005 30, 100, 300, 1,000
. Q
Lead & 0013 20,000
. &
Antimony 0.003X 0.004 All
X 0.004 30, 100, 20,000
Selenium 007" 0.02 300
& 0.005 1,000
O\.)
0.084 30, 100, 20,000
Zinc 53 0.134 300
0.438 1,000
51 30, 1,000, 20,000
Chloride 250" 678 100
115 300
0.35 30, 20,000
3.8 100
Fluorid !
uoride 1 23 300
0.43 1,000
146 30, 20,000
841 100
Sulphat 250"
Hphate 30 304 300
152 1,000

'S 1.278/2007 European Communities (Drinking Water) (No.2) Regulations 2007

2 WHO Health

3 UK Drinking Water Standard
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These results indicate that if the DAC liner fails the contaminants with low
retardation (e.g. chloride, sulphate) will be detected at a phantom monitoring well
at concentrations above drinking water standards.

However, it should be noted that as outlined in section 8.3.2.1 there are two low
permeability liners built into the DAC system and the lower of these has not been
taken into account.

In reality if the DAC liner starts to leak, there will still be the second low
permeability liner present. A leak detection and collection system will be
incorporated in the drainage layer between the two low permeability liners. This
will ensure that any leaks in the upper DAC liner will be detected and leachate
leakage controlled.

8.4.2 Supplementary Model 2 - No liners in place

The second supplementary model simulates the impact to groundwater if the
waste is placed directly on the geological formation and no engineered barrier
system (liner) is constructed.

This is clearly an unrealistic scenario; however it demonf:%ates the level of
protection which the proposed engineered liners prov1d% r the protection of
groundwater.

The inputs for this model are the same as tho ?\@' the primary model however no
Engineered Barrier System (EBS) is selec he input parameters for this

model are presented in Appendix A4.1 {\Q ,\

It should be noted that LandSim V %k‘ﬁl requires the head of the liner to be
fixed in this simulation. Itisa hxgh Munrealistic scenario that the leachate head

would be maintained where théf%q% no liner in place.
5\

8.4.2.1 Results angoqﬁlecussion

The model was run for the same time slices and number of iterations as the
primary model as outlined in section 8.3.4.1.

The statistical results from the LandSim model are presented in Appendix A4.2.

Reverse cumulative plots for the concentrations of each ‘hazardous substance’ at
the base of the unsaturated zone and the vertical pathway are presented in
Appendix A4.3. From these, the 95" percentile concentrations at the base of the
unsaturated zone and vertical pathway are presented in Table 8.19.
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Table 8.19 Summary 95™ percentile concentration of ‘hazardous substances’
at the base of the unsaturated zone and vertical pathway when there is no

landfill liner
Concentration at the base of Concentration at the base of the
Drinking the unsaturated zone vertical pathway
Parameter Water Cell 95th Time period 95th Time period after
Standard | number orcentlle after which the e el which the
(mg/1) cﬁnc (mg/l) concentration is cgnc (mg/l) concentration is
’ detected (years) ’ detected (years)
Existing 0 0
IN1 0 0
IN2 0 0
IN3 0 0
NHla 0 0
NH1b 0 0
Cadmium | 0.005' NH2 0 & 0
Hla 0 0(9® 0.0038 20000
)
Hlb 0 NG 0.0039 20000
5
H2a 0 . R 0.0048 20000
kQJ
H2a @g\\oil‘\é 0.0047 20000
H3a ERR 1000 0.0062 20000
O
QPR
H3b ng@\ 0047 300 0.051 1000
Existi% 5 0 0
&
Byt 0
IN2 0 0
IN3 0 0
NHIla 0 0
NH1b 0 0
NH2 0 0
Mercury 0.001"
Hla 0.0014 20000 0.014 20000
H1b 0.0014 20000 0.022 20000
H2a 0.0013 20000 0.019 20000
H2a 0.0017 20000 0.021 20000
H3a 0.0021 20000 0.026 20000
0.0045 1000 0.00033 1000
H3b
0.0022 20000 0.049 20000
1'S.1.278/2007 European Communities (Drinking Water) (No.2) Regulations 2007
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These results indicate that if no landfill liners are used the groundwater beneath
the site will be impacted by ‘hazardous substances’. The landfill liners are
therefore an essential measure required to achieve compliance with the Water
Framework Directive. It should be noted that in the MEHL facility every cell will
have an appropriate liner.

However, it should be noted that the concentrations at the base of the vertical
pathway are higher than those at the base of the unsaturated zone. This would not
be expected and indicates that the model is unstable for this scenario.

The cumulative frequency plots of the concentrations of each contaminant at the
phantom receptor well placed on the site boundary are presented in Appendix
A4.4. The 95" percentile concentrations of these are summarised in Table 8.20.
If the contaminant was detected in more than one time slice then the data from all
the time slices will be presented.

Table 8.20 Summary 95™ percentile concentration of all parameters at the
phantom receptor well when there is no landfill liner

. Drinking Water 95™ percentile Time period aftef WI.HCh
Contaminant Standard (mg/l) cone. (mgh) the concentration is
g ) A\g} detected (years)
. 4 30, 100, 300, 100
A ) 1 _ Q&i ) ) 5
e 001 30,015 200000
b K
& S50.044 30
SO 0.11 100
Bartum 0.7°,9 Qé 0.8 300
L 0.22 1000
&8 0.044 200000
. <
Cadmium K@%os 0.002 All
f" 0.015 30, 100, 300
Total chromium -Jo° 0.05' 0.016 1000
0.017 200000
Copner 51 0.004 30, 100, 300, 1000
pp 0018 200000
Mercury 0.001" 0.0005 All
Molybdenum 0.07% 0.025 All
0 30, 100, 300
Nickel 0.02' 0.006 1000
0.0003 200000
0.005 30, 100, 300, 1000
L ) 1 5 5 5
cad 0.025 0.006 200000
Antimony 0.005' 0.004 All
0.004 30, 100, 20,000
Selenium 0.01' 0.019 300
0.02 1000
0.084 30, 100
Zinc 53 0.098 300
0.37 1000
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. Drinking Water 95" percentile Time period after WI.HCh
Contaminant Standard (mg/l) conc. (mg/l) the concentration is
detected (years)
0.084 200000
50.48 30
769.62 100
Chloride 250" 176.62 300
54.73 1000
49.88 200000
0.35 30
3.14 100
Fluoride 1 2.66 300
0.81 1000
0.35 200000
141.71 30
991.68 100
Sulphate 250" 372.23 300
165.70 1000
140.35 200000
!'S.I. 278/2007 European Communities (Drinking Water) (No.2) Regulg@%\ns 2007
2 WHO Health & ,z@
3 UK Drinking Water Standard O s\é

S
These results indicate that if no engineer, \riers are used on the site then

groundwater at the site boundary Wo%d‘eé&eed drinking water standards.
However, these results are lower t @‘guld be expected, only 3 time drinking
water standards (with the exce%éb%@ selenium).

As outlined in section 8.4.2 the\h%%d of leachate still has to be fixed in this
simulation despite there being o liner system in place. This is highly unrealistic
and for this reason it is 1M§5{%hat the results presented are un-conservative and
explains why they are lower than expected.
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8.5 Further Work

Further work related to groundwater protection at the site is outlined below:
e A Groundwater and Surface Water Monitoring Plan, incorporating levels and
quality will be a consultation requirement of the waste licence.

e Site investigation boreholes drilled in the centre of the site will be grouted up
carefully to ensure that no vertical pathways exist beneath the proposed cells.

e A Closure Restoration and Aftercare Management Plan (CRAMP) will be
developed and submitted to the Environmental Protection Agency for
approval. Following the cessation of operation at the site the CRAMP will be
implemented to the Environmental Protection Agency satisfaction.
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9 Conclusions

A detailed hydrogeological investigation was undertaken on the MEHL site in
order to develop a conceptual model for the site using site specific data that
describes the groundwater system in the vicinity of the site.

Based on this information a detailed quantitative risk assessment (QRA)
modelling exercise was undertaken as part of this assessment using the program
LandSim v2.5. This model was used to quantify the potential risk to
groundwater and groundwater based receptors from the proposed development.

The primary model developed used the landfill design criteria as provided by the
landfill designer and all site specific geological and hydrogeological data
collected during this assessment. The primary model is designed to represent the
impact on the environment of leachate leaking from the landfill on the
environment. The primary model assumes that the landfill will be constructed as
described in the Engineering Planning Report (WYG, 2010).

A summary of the results of the primary model are presented below:

e No ‘hazardous substances’ (List 1) predicted to be in groundwater beneath the
site (and therefore none detected at the phantom recgﬁ)r well);

e ‘Non-hazardous pollutants’ (List 2), metals, hlq%\e and sulphate predicted to
be present in groundwater beneath the site &b e Drinking Water Standards
after 20,000 years; oé,?? QJS\

: . N .
¢ No contaminants at concentrations g\l@@}Drmkmg Water Standards predicted
to be present at the phantom Wellé-‘;:%@tor.

S
The results of the LandSim monﬁ\g&@indicate the risk to groundwater quality at
wells down gradient of the site%o@‘l be insignificant.

5\
Although the primary modeld 0designed to represent the landfill and surrounding
environment it should be noted that these results are considered conservative for
the following reasons:

e The main aquifer unit beneath the site (the Loughshinny Formation) is
observed to be confined, and locally artesian, and therefore downward
movement of leachate will be limited by the lower permeability overlying
horizons. However the model assumes the aquifer is unconfined.

e Lower liner (0.5 m of material with a hydraulic conductivity of 1x10™ m/s)
within the DAC system has not been modelled.

e The additional low permeability layer to be installed beneath the non-
hazardous cells has not been modelled.

e The additional low permeability bentonite enhanced soil (BES) layer to be
installed beneath the liner for the non-hazardous cells has not been included in
the model.

¢ The management control period has been modelled as unrealistically short.
The actual management control period will be determined by the EPA.
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Supplementary models were created following consultations with the EPA. The
first supplementary model was developed to simulate the impact of the proposed
development on groundwater if there was a significant defect in the liner of the
hazardous cells. The second supplementary model was developed to simulate the
impact of the proposed development on groundwater without any landfill liners.
The supplementary models represent highly unrealistic scenarios and have been
developed to assess the level of protection the engineered liners provide.

The results of the supplementary models are summarised below:

e ‘Hazardous substances’ and ‘non-hazardous pollutants’ (List 1 and List 2)
predicted to be present in groundwater beneath the site;

e ‘Hazardous substances’ and ‘non-hazardous pollutants’ (List 1 and List 2)
predicted to be present in a phantom well receptor placed on the down-
gradient boundary of the MEHL site.

A Groundwater and Surface Water Monitoring Plan, incorporating level and
quality monitoring, will be a requirement of the waste licence.

A Closure Restoration and Aftercare Management Plan (CRAMP) will be
developed and submitted to the Environmental Protection Agency for approval.

Following the cessation of operation at the site the C will be implemented
to the satisfaction of the Environmental Protecti%r} /§§ncy.
S
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Figure 1 Site Location Map

Figure 2 Groundwater Monitoring Network

Figure 3 Area Topography Map

Figure 4 GSI Geology Map

Figure 5 Site Investigation Locations

Figure 6 Site Geological Map

Figure 7 Indicative North-south Cross Section

Figure 8 River Basin District Boundaries and Groundwater Bodies
Figure 9 Site specific Aquifer Classification

Figure 10 GSI Groundwater Vulnerability

Figure 11 Groundwater Abstractions

Figure 12 Groundwater Levels from 20/05/2010 and Schematic Contours
Figure 13 Schematic Conceptual Model

Figure 14 Proposed Site Layout
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