Application for Review of
Hollywood Waste Licence (W0129-01)

> Appendix 5: Site Notice
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APPLICATION TO
THE ENVIRONMENTAL PROTECTION AGENCY
FOR THE REVIEW OF A WASTE LICENCE

Murphy Environmental, a registered trading division of Murphy Concrete
(Manufacturing) Ltd. (MCM), is applying to the Environmental Protection Agency for a
Review of Waste Licence W0129-01 in respect of its inert landfill facility at
Hollywood Great, Nags Head, Naul, Co. Dublin (National Grid Reference E315723
N258073). The MCM registered office is located at 6 Hampton Place, Balbriggan, Co.
Dublin.

The Licence Review Application proposes to infill an extended quarry area, and at an
increased rate per year. The proposed rate of fill is 500,000 tonnes per annum. This
review is in accordance with an appropriate planning consent Ref: FO7A/0262. An
Environmental Impact Statement will be submitted to the Agency to accompany this
application.

The relevant waste disposal and waste recovery activities, as per the Third and Fourth

Schedules of the Waste Management Acts 1996 to 2007 and the Waste Management

Licensing Regulations, 2004 (S.I. No. 395 of 2004), to&which this application relate
K

are: &

&

PN
Licensed Waste Disposal Activities, in acco‘%§nce with the Third Schedule of

the Waste Management Acts 1996-2007&0{&
RIS
&
Class 1: Deposit on, in or under Iang\\@@gluding landfill)
Class 5: Specially engineered Iarﬁ%ﬁoincluding placement into lined discrete cells,

which are capped an&Z&é\olated from one another and the environment
[Principal activity] &

Class 13: Storage prior to ﬁgmission to any activity referred to in a preceding
paragraph of this Schedule, other than temporary storage, pending
collection, on the premises where the waste concerned is produced

Licensed Waste Recovery Activities, in accordance with the Fourth Schedule
of the Waste Management Acts 1996-2007

Class 3: Recycling or reclamation of metals and metal compounds
Class 4: Recycling or reclamation of other inorganic materials
Class 13: Storage of waste intended for submission to any activity referred to in a

preceding paragraph of this Schedule, other than temporary storage,
pending collection, on the premises where such waste is produced

A copy of the Application for the Review of Waste Licence W0129-01, accompanying
Environmental Impact Statement, and any further information relating to the
application as may be furnished to the Agency in the course of the Agency’s
consideration of the application, will, as soon as practicable after receipt by the
Agency, be available for inspection or purchase at the Headquarters of the
Environmental Protection Agency, PO Box 3000, Johnstown Castle Estate, Co. Wexford.
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Application for Review of
Hollywood Waste Licence (W0129-01)

> Appendix 6: Newspaper Advertisement

- Please note the original document contains a copy
of the entire newspaper in which the advertisement

was placed
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Comhairle Chontae Liatroma

INVITATION TO TENDER

NORTH LEITRIM REGIONAL WATER
SUPPLY SCHEME - PHASE II

CIVIL WORKS CONTRACT

PROVISION FOR SUPPLY TO LECKAUN GWS AND
FIVEMILEBOURNE PWS
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SeniorExecutive Officer,
Corparate Services
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Co. Dub,

Dun Laoghaire-Rathdown
County Council is subject to
the provisions of the Freedom
of Information Act 1997.
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Application for Review of
Hollywood Waste Licence (W0129-01)

> Appendix 7: Borehole Logs

- For new groundwater monitoring boreholes drilled
for the Waste Licence Review Application
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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 |
v 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 =
o & 5 O R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R S S R S S S R R S S R R R RN m .N
= = >
Soik . R - -
=z ] z & S a8 a8
z32g g| | 8 3 23 5 8
b o0 & ] g ] 2 c @ 0 X
ol ol k= = =09 > o O O
z @ o — F|<S o c Q= &= T w
00 Bl|.wle = S o} BT e}
abr|S @ € o > © > T J I
oPmlo 2 @ 9 © G 8 o o
I |0 o o] X o (2R Ll
ONILS3L "av
IvNOILIdavy
—
@ E s
po o
Sz 2%
- [§]
z 4
N |
5 81k ®
2 &
] =
z w |2
o _ &40 ]
Og =10
OE o
S° E
S
g %75 g9
z 2
=
T
v o2 &,0
glre 8
+@
£ s>
23 o]%85 o
oL gqcg )
Ea
<= -
xd =
=
wm o9 o
Zz . Sz <
o m}
a O o
Q% o o o
= o
Zh §%§
zZn w
>w Is
o n o
NOILVAZT13
0 3dAL
i}
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
) NN
w
=
o
o
x z
2 2 -
% g wlg
= |9e
& 2E %
3] %l 5 g
olg 2
Sle @ 2
5|2 2 2
ols g 4 w
x|$ o £ 2
][ = 3 S
0
QOHLIW ONRIOE fooion iy £ 9
8|oyeJog BuliouoN _M 3
W .-
S3YLAN ° ©° S ] & & 8 & g < 3 B 8 8 R a «
3TvOS H1d3d
L g g d g d g g g g g g g g g a0 ]

‘LNdNI VLVA £20/2/S LAD'NAT 8019 £dO' AOOMATIOH AHdYNIN

EPA Export 25-07-2013:22:03:57




2 MURPHY HOLLYWOOD.GPJ GLDR_LDN.GDT 5/7/07 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,
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20| £ = p= z 3z INSTALLATION
ow | w o z| . E 20 40 60 80 10°  10° 10" 10° 3 AND
;) 2 5 7 eev. | =S| w| < 1 1 1 L ! ! 1 1 gu GROUNDWATER
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& z ZloertHlE (2| 2| & . wWp ———eW 4w <3
°c|g El m |3 P - ,
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- - E
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- 10 ) .
- — Bentonite ]
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C 2 ] ]
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SHEET 1 OF 1

RECORD OF MONITORING WELL BH12

PROJECT: 07507190035 Murphy's Hollywood

DATUM:

BORING DATE: 1/5/07
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N
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SHEET 1 OF 1

RECORD OF MONITORING WELL BH13

PROJECT: 07507190035 Murphy's Hollywood

DATUM:

BORING DATE: 15/04/07
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2 MURPHY HOLLYWOOD.GPJ GLDR_LDN.GDT 5/7/07 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
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Application for Review of
Hollywood Waste Licence (W0129-01)

> Appendix 8: Summary List of Monitoring Locations
- Including monitoring locations as per W0129-01

- Additional monitoring locations for the Waste
Licence Review Application

- Proposed ongoing monitoring locations under the
revised Waste Licence
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Summary List of Monitoring Locations
Murphy Environmental, Hollywood (W0129-01)

Settlement Pond 1

Monitoring as per Monitoring for Proposed Comments
Waste Licence the purpose of Ongoing
W0129-01 the Waste Monitoring
Licence Review Locations,
Application following Review
of W0129-01
Dust
D1 D1 D1 No change
D2 D2 D2 No change
D3 D3 D3A EPA has verbally agreed we can move
this point to beside BH10A for ease of
access
D4 D4 - D4 has been tampered with in the past;
D5 will replace it
- D5 D5 To address a new sensitive receptor. It
is proposed this will replace D4
- D6 - To address a new sensitive receptor,
however ongoing monitoring not
proposed - potential impact can be
assessed by D5
Noise &
N4 N4 N4 w\’change
N5 N5 N5 Q) No change
N6 N6 N6 Q?,Oz\o\v No change
- N7 I\\@O;\@J To address a new sensitive receptor
- N8 SNE To address a new sensitive receptor
- N9 &é’@@— To address a new sensitive receptor,
\\Q 6{\\ however ongoing monitoring not
O \\\\ proposed - potential impact can be
LS assessed by N8
Surface Water 4;’@”
Discharge K
SWD1 SwWD1 SWD1 No change
(discharge after
flowing through silt
trap/oil interceptor)
SWD2 SWD2 SWD2 No change
(Water pumped from Discharge currently inactive, but may be
base of quarry) required again in future
SWD3 SWD3 SWD3 No change
(Water discharge
from new settlement
pond)
SWD4 SWD4 SWD4 No change
(Quarry water
discharge from rock
cell at south of site)
- Flow into - To monitor effectiveness of settlement

ponds - ongoing effectiveness will be
monitoring at SWD3

Flow into

Settlement Pond 2

To monitor effectiveness of settlement
ponds - ongoing effectiveness will be
monitoring at SWD3

Patel Tonra Ltd.

Waste Licence Review Application, July 2007

Page 1 of 2
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Summary List of Monitoring Locations
Murphy Environmental, Hollywood (W0129-01)

Monitoring as per Monitoring for Proposed Comments
Waste Licence the purpose of Ongoing
W0129-01 the Waste Monitoring
Licence Review Locations,
Application following Review
of W0129-01
Leachate
LC1 LC1 LC1 No change
- LC2 LC2 New leachate monitoring BH
- LC3 LC3 New leachate monitoring BH
Surface Water
SW1 SW1 Swi1 No change
SW2 SW2 SW2A Propose to move SW2 closer to the site
to provide a suitable downstream sample
Groundwater
BH4 BH4 BH4 No change
BH5 BH5 BH5 No change
BH6 BH6 BH6 No change
BH8 BH8 - Propose to decommission as appears to
be glamaged/blocked/unsuitable - BH12
\@8 BH13 will replace
BH9 BH9 BH9 X &ONO change
BH10 BH10 BH].O'%)O\\Q\V Propose to decommission BH10 as
BH10A QO«Q’b appears to be damaged/ blocked/
Q‘\}é}\?\ unsuitable and replace with new
y.\\oﬁ@\* borehole, BH10A
BH11 BH11 dJ&:\CB‘HMA Propose to decommission as excavation
0\‘\0.\65(‘ on all sides and replace with new
OQ\\* borehole, BH11A
- - K v BH12 Installed as part of new drilling
,éé‘\ programme
- P BH13 Installed as part of new drilling
programme
- BH14 BH14 Installed as part of new drilling

programme

Patel Tonra Ltd.
Waste Licence Review Application, July 2007

Page 2 of 2
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Application for Review of
Hollywood Waste Licence (W0129-01)

> Appendix 9: Risk Assessment

- For proposed changes to Waste Acceptance Criteria
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1.0 INTRODUCTION

Murphy Environmental has requested that Golder Associates Ireland (Golder) assess the risks
posed to the groundwater and surface water environment by the existing and proposed inert
landfill development at the Murphy Environmental Site, Hollywood Great, Nag’s Head, Naul,
Co. Dublin. This will be referred to as ‘the Site” for the purposes of this report.

Planning permission for landfilling activities at the Site already exists. However, Murphy
Environmental proposes to increase the area of the Site and the volume of waste accepted
(input rate). Furthermore, Murphy Environmental will submit a Waste Licence Review
application to the EPA.

The Council Decision contains an option for Member States to allow the limit values for some
parameters to be higher for individual wastes at individual sites, provided that landfill
operators demonstrate, through risk assessment, that the environmental risks are acceptable.
Under this option, the limits can increase by up to three times the Waste Acceptance Criteria
(WAC) limit value. This report details an assessment of the hydrogeological risks associated
with such a variation (including LandSim modelling), and will\@company the application.

&
S
The assistance of Murphy Environmental and thirdép@g&% in the provision of data for this
work are gratefully acknowledged. og?’:’é\o\
S
NI
&
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2.0 BACKGROUND AND REPORT STRUCTURE

This report provides a Hydrogeological Risk Assessment (HRA) for the Site. Within this
HRA, Golder have assessed the proposed increase in waste volume and Site footprint with
respect to the hydrogeological regime at, and adjacent to, the Site.

The Environmental Protection Agency (EPA) recently agreed a change in the waste
acceptance criteria for poly aromatic hydrocarbons (PAH) for the Murphy Environmental
Hollywood site. The allowable upper concentration limit for PAH was increased from
2mg/kg (for 6 PAHs) (as specified in the Waste Management License) to 100mg/kg (for 17
PAHs) (WOI129-01/WARI14EM, EPA January 2007). As such, it is possible that any leachate
produced by the waste at the Site will have a higher concentration of PAH than for most other
inert sites.

The HRA has been undertaken based on the methodology outlined in the Environment
Agency (England and Wales) guidance documents entitled ‘Hydrogeological Risk
Assessments for Landfills and the Derivation of Groundwater Control and Trigger Levels’
(Environment Agency, 2003) and ‘Guidance on the Mon@ring of Landfill Leachate,
Groundwater, and Surface Water’ (Environment Agenc&@*iOOZ). Consultation of EPA
documents entitled ‘Guidance Documents and Asses%\@eg{\ci'ools on Environmental Liabilities
Risk Assessment and Residuals Management JP1af% incorporating Financial Provision
Assessment (EPA Contract OEE-04-03)" (EPAR2605) and ‘Environmental Risk Assessment
for unregulated Waste Disposal Sites’ has Q@Q@Een undertaken.

O
\(\&\,

N
This report presents the conceptualqﬁg@ (see Chapter 7.0) developed by Golder, based on

. . . O .
information and data (presented in Gltapters 3.0 to 6.0) from the following sources:
3

&
e GSI; QO{\
e  Murphy Environmental;
e Patel Tonra Ltd.;
e Recent installations of five (5 No) new groundwater monitoring locations with
associated permeability testing carried out at the new locations;

e GeoTesting Ltd. (Golder).

Chapter 8.0 details the Hydrogeological Risk Assessment modelling using the LandSim
Version 2.5.17 Monte Carlo Risk Assessment software. LandSim uses probabilistic
performance assessment models to track leachate production, migration and leakage through
engineered and non-engineered structures, followed by leachate migration through the
unsaturated zone to assess the ultimate impact on the aquifer.

A discussion of the modelling results, along with any conclusions and recommendations can
be found in Chapters 9.0, 10.0 and 11.0.
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3.0 SITE DETAILS
3.1 Location and Setting

The Site is located at Irish National Grid co-ordinate 315825, 258140, approximately 19 km
north of Dublin (see Figure RAO1 Revision A). The town of Naul in located to the northwest
of the Site, and Portrane and the Rogerstown Estuary are located to the southeast.

The local area incorporates the quarry and the immediate surrounding area, which is
predominantly agricultural land. The land under the control of Murphy Environmental covers
an area of approximately 40 hectares. The Site is located close to a local topographic high,
which reaches an elevation of 147 m AOD in the west and falls to 99 m AOD along its
eastern boundary.

3.2 Site Development and design summary

This Site has been quarried since the 1940s. Limestone, shale and clay have all been quarried
at various stages during the development of the quarry. Cugggntly, shale bedrock is being
extracted and exported off site. The topsoil, which has beeg\t\d‘:emoved to enable excavation of
the underlying deposits, is stock-piled on-site fog&quﬁ?l the future reinstatement of the
landfill. N
&

The Site has a 15 year planning permissig&d\@low extraction of material and reinstatement
of the land. Landfilling activities com\w@g@\é in 2003, therefore, it is anticipated that the Site
will be operational until 2018. E@%@ﬁ%arn'ing of deep Limestone deposits has ceased.
However, the overlying Shale andgﬁ% clayey deposits continue to be excavated in parallel
with the landfilling of prev iousﬁses of quarrying. Details of the geology at the Site can be
found in Chapter 4.0. <&

Phase 1 of the development is currently being infilled (see Current Landfill Operations,
below). Phase 2 will be constructed to the east of Phase 1, and Phase 3 will be constructed to
the south of both Phases 1 and 2 (see Drawing RA02 Revision A).

The restoration plan for Phase 1 of the quarry involves the construction of three lined landfill
cells, all to contain inert fill. Cells 1, 2 and 3 have fully CQA engineered liners constructed
from local clay. The requirements for the base liner design specification (as per Waste
Licence W0129-01) incorporates a thickness of 1 m clay with a permeability of <1 x 107 m/s.
It is noted that the liner in Cells 1 to 3 has been constructed using a local borrow source —
clays with permeability’s in region of 1 x 10" m/s. The side-walls of each cell are also
composed of this low-permeability clay which has been emplaced against the steep rock walls
of the pre-existing quarry.
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All landfilling to date at the site has taken place in cells engineered to Construction Quality
Assurance (CQA) standards. The following reports detail the CQA data for Cell 1, Cell 2,
Cell 3, and the Cell 3 extension:

e Construction Quality Assurance Validation Report, Final Report, June 2003. White
Young Green, Project No.: C002153.

e Report No. G.031.02 ‘Report to Environment and Resource Management Ltd. On
“Geotechnical Laboratory and Field Testing of Clay Liner System for Cell 2 at
Hollywood Great Inert Landfill Facility, Naul, Co. Dublin”, GeoTesting Ltd, June
2004

e ‘Construction validation report: preparatory works and lining system landfill for inert
waste Cell 3 Waste Licence Register WO129-01" Golder Associates, May 2006

e ‘CQA report on the construction of the clay liner system for the Cell 3 extension,
Hollywood landfill facility, Naul, Co. Dublin’ Golder Associates, February 2007
&
The formation horizon has an agreed final level of 10{%@ m AOD prior to a lining or
engineering works. This essentially means that So%qgﬁ?ponents of the quarry will require
significant amounts of backfilling prior to the og}‘a:gr@lencement of landfilling engineering
(perhaps approaching 20m in places). \\}Qo§
»0‘%}*@0\
O , ,
Cell 2 CQA was undertaken by GeoTc\E@%gO‘ﬁtd. in 2004. The results of the clay liner testing
for Cells 2 and 3 are presented in A}gﬁ\g&ﬁ?ﬁ 2.
&S

Filling of Cell 1 and Cell 2 is url&?way, and both cells are nearing capacity. The construction
of Cell 3 was completed durin%o2006 and has been filled since. It can be estimated that Cells |
to 3 will be nearing completion in mid 2008. Details of the Site layout can be observed in
Figure RA02 Revision A. Following the completion of landfilling activities, it is likely that
the restoration of the land will be for agricultural purposes, which is consistent with the
predominant surrounding land use. The final cap for the site comprises (in compliance with
Waste Licence Register No W0129-01) 150 to 300mm topsoil overlying subsoils, such that
the total thickness of topsoil and subsoils is at least 1 metre.

In compliance with the waste licence each waste phase has a leachate monitoring location.
These monitoring locations comprise concrete rings with HDPE risers, consisting of 50mm
screens which are perforated towards the bottom. The cell bases have a made fall towards the
monitoring location.

3.3 Future Development

Murphy Environmental is currently seeking to amend the planning permission to allow an
increase in tonnage accepted at the Site per year. The proposed increase will raise the annual
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tonnage from 340,000 to 500,000 tonnes per annum. At the same time, Murphy
Environmental is seeking to extend the area of activities. For the purposes of this risk
assessment, the proposed increased annual tonnage of waste (500,000 tonnes per annum) has
been used in all calculations and modelling.

In line with the current Phase 1, works on the future Phases 2 and 3 will involve backfilling
the excavations with quarry waste material to level the floor of the Site to 104.5 m AOD. It is
proposed that the floors of both Phases are progressively lined with clay (sourced on-site) to a
thickness of 1m, with a series of cells created in each Phase. The waste accepted in all future
phases of the landfill will be restricted to inert wastes as outlined below and in Section 2.0.

3.4 Waste inputs

Presently, the Waste Licence held by Murphy Environmental allows for the acceptance of
inert wastes in compliance with the Council Decision 2003/33/EC (2003/33/EC: Council
Decision of 19 December 2002 establishing criteria and procedures for the acceptance of
waste at landfills pursuant to Article 16 of and Annex II to Directive 1999/31/EC). Murphy
Environmental have procedures in place to accept wastes in o@ompliance with the Council
Decision 2003/33/EC, which sets out measures for waste acg@tance criteria at landfill sites.
S
Schedule A.1 of Waste Licence W0129-01 statgs h@t a maximum of 340,000 tonnes per
annum of ‘inert construction & demolition an@é)#t dredging spoils’ can be accepted at the
site. Schedule A.1 also states that an unli\mﬁ@a quantity of ‘inert mineral extraction wastes
arising from quarrying activities’ may @@\gﬁ?pted.
<<é$\°)
This risk assessment supports the\@%oeptance of wastes at up to three times the inert WAC

limit value, as outlined in the Cgiﬂcil Decision as being subject to risk assessment.
®
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4.0 GEOLOGY

4.1

Regional Geology

The region is covered by the Geological Survey of Ireland (GSI), Geology of Meath, Map

Sheet 13 (1999), and supporting pamphlet. These documents report several lithologies in the

area, which are summarised in Table 1, below.

Table 1: Summary of Regional Geology

Lithology

Description

Maximum Thickness (m)

Variable texture, mainly a
clayey to silty matrix with
dispersed pebble clasts of

occasional thin shales

g o Namurian (mid- ) L .
£ | Glacial Till and Boulder o Variable, over 6m thick in certain
b2, . Carboniferous) shale and . .
S | Clay Deposits . areas of the Site
& sandstone, with some
limestone. Where deposits @\0&
are thinner, the matrlxtend N
to be coarser {slltyoégcs%gc@)
Black shales(@\t’l:&'onstone
and subor; siltstone and
WALSHESTOWN ! éﬁ@ '
ri pple,gk @ sandstone bands, | <200m reported
FORMATION
cal éﬁ{)@%s mudstone and
d5@‘§pante
d
Feldspathic micaceous
§ BALRICKARD sandstone with shale and
5 ) . 75-100m reported
= | FORMATION argillaceous fossiliferous
_g micrite
S
Dark grey micrites, turbiditic .
LOUGHSHINNY ) . 100-150m reported. Thickness on-
calcarenites and interbedded .
FORMATION site unclear
shales
Calcarenite and calcisiltite
NAUL FORMATION with minor chert and 0-100m reported

LUCAN FORMATION

Dark grey, well bedded,
cherty, graded limestones

and calcareous shales

300-800m reported
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The geology is typical of the geology of most of Ireland, namely comprising a veneer of
Quaternary glacial deposits overlying Carboniferous limestones and shales. Overlying the
glacial deposits and bedrock is a soil horizon classified as part of the Gley group of soils.

The Quaternary deposits were deposited by an ice sheet that most likely extended from the
Irish midlands, southwards and eastwards across the area. As such, the clasts (which are
largely limestone dominated) included in these deposits may have been transported for some
distance.

The Calp Limestone is a basinal limestone. No Kkarstification has been reported for this
formation.

Structurally, the deposits in this area generally dip at 10 degrees in a broad northerly
direction. There is a general trend of east-west faulting and folding in the region which
corresponds with the Variscan Orogeny period of tectonic activity.

4.2 Local Geology

&
The local geology is illustrated on Drawing RA05 Revisio&@@. It corresponds well with the
regional picture outlined above. Within the quarr%geyegfations have stripped the topsoil,
much of which is stock-piled on-site for ﬁmﬁ Sreinstatement. Quaternary deposits
encountered have included Boulder Clay and §Blge Clay’. Up to 6m in thickness of ‘Blue
Clay’ has been found in the subsoil to thg)gf@@ﬁ of the site. Samples of these deposits have
been tested by Geotesting Ltd. and \Nﬁgg&(\{@ﬁnd to have permeabilities as low as 8.6 x 107"
m/s. This material has been used ast \Qf)rimary source for the liner material that forms the
base of the engineered landfill celligPoPhase 1 (Cells 1, 2 and 3).

o‘éé\

The bedrock beneath the Quafernary deposits at the Site comprises thinly bedded black shales,
conformably overlying dark grey bedded limestones. These are likely to belong to the rocks
of the Balrickard Formation. The limestone is exposed towards the south of the Site where
excavations have been deepest. The GSI consider this bedded limestone to belong to the
Loughshinny Formation.

On-site observations suggest that there is evidence of small scale thrust faulting and
associated chevron folding of the shale deposits running east-west through the centre of the
site.

Recent drilling of groundwater monitoring locations around the site has indicated the
following thicknesses for the overburden and bedrock formations:

e The strata encountered in borehole BH10a consisted of approximately 10m of
overburden overlying 11m of shale. 47m of limestone was found to underlie the shale
but the base of the limestone was not reached.

Golder Associates
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e Borehole BHI1a encountered some 2m of overburden and drilling terminated in 30m
of shale. Limestone was not reached under the shale.

e In borehole BH12, some 5.5m of overburden was encountered. The bedrock consisted
of 40.5m of shale overlying 19m of limestone. Again the final thickness of the
limestone was not proven.

e Borehole BHI3 encountered 6m of overburden overlying 24m of shale. 8m of
limestone was drilled under the shale but the limestone was not fully penetrated.

e Borehole BH14 encountered 6m of overburden overlying 24m of shale. Beneath the
shale, 8m of limestone was penetrated.

The GSI report an estimated thickness for the Loughshinny formation of 100-150m in the
North Dublin Basin.

4.3 On-Site Conditions

Overburden (clays, till etc) material has been removed frongzﬁ}e active quarrying sections of
the site in order to gain access to the bedrock, |€Q\s ?e and limestone formations. The
overburden comprises of dark brown glacial till '@\-:ry dark grey stiff clay (known to the
site staff as the Blue Clay). The majority of l;l}%p “clay deposits are distributed towards the
north-east of the site and are thought to exgé% 6m in thickness. Much of the overburden and
topsoil is stockpiled in the north-east of@%ﬁte for future reinstatement works.
S®

Shale has been exposed and exca\g;aﬁ’ed in the centre of the site. The exposed material is
heavily weathered to orange an@]ack The thickness of the shale is unknown but is likely to
exceed S50m. The bedding of thise rocks dips gently towards the north at approximately 10°.

Where excavations have been deeper in the southern end of the site, the underlying limestone
of the Loughshinny Formation has been exposed. This area is known as the ‘rock cell’ to the

site staff. These rocks outcrop as evenly bedded dark bluish-grey limestone.

Refer to Drawing RA0S5 Revision A for details of the on-site conditions.
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5.0 HYDROGEOLOGY

The following sources were used to describe and assess the existing hydrogeological
conditions at the Site:

e The Groundwater Section of the Geological Survey of Ireland (November 1998),

e Groundwater quality and hydrostatic data from monitoring boreholes installed during
September 1998 in connection with the land restoration project, and

e Slug testing (rising/falling head tests) of boreholes in April/May 2007.
5.1 Aquifer Classification

The Geological Survey of Ireland (GSI) divides the North County Dublin/Meath area into
four principle hydrogeological regions: The Lower Palacozoic; The Kingscourt Qutlier; the
Balbriggan Area; and the Carboniferous Lowlands comprising two main aquifers (the Calp
Limestone and the Dinantian Limestones). &

®®

The Site is located on the Carboniferous I_leands\grgﬁign (specifically the Walshestown,
Balrickard and Loughshinny Formations of the C O‘@l‘mestone), which are considered to be

. . O . .
Locally Important Aquifers. Details of these f@@hons are summarised in Table 2, below.

Table 2. Geological Formations at\]@ﬁ\g@?aul and their aquifer classification (Source:
S &
Qro®%S], 2001)
<
Formation (ggﬁ)escription Aquifer Classification

O
Blackoshales with ironstone, and Main aquifer used for public
WALSHESTOWN | subordinate siltstone and rippled fine suop! ‘nqu Meath Clgss‘f‘e d
FORMATION sandstone bands, calcareous upply | ) ) a
mudstone and biosparite as Locally Important

BALRICKARD Feldspathic micaceous sandstone with

! " Moderately good (Locally
FORMATION shale and argillaceous fossiliferous

micrite Important)
LOUGHSHINNY Dark grey micrites, turbiditic Moderately good (Locally
FORMATION calcarenites and interbedded shales Important)
NAUL FORMATION Calcarenite and cglcisiltitg with minor Moderately good (Locally
chert and occasional thin shales Important)
LUCAN Dark grey, well bedded, cherty, graded Slﬁg:; ﬁ]qg;er'\:::if%lgsgﬁd
FORMATION limestones and calcareous shales as Locally Important
Golder Associates
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5.2 Groundwater Vulnerability

The vulnerability of groundwater to contamination is determined by the thickness and type of
overburden that overlies the aquifer. The Geological Survey of Ireland works on this premise
and categorise groundwater vulnerability into four groups: Extreme; High; Moderate; and

Low as detailed in Table 3, below.

Table 3. Vulnerability mapping Guidelines (Source: Groundwater Protection Schemes —

Dept. of the Environment, EPA & GSI 1999)

Hydrogeological Conditions
g Unsaturated Karst
= Subsoil Permeability (Type) and thickness nsaturate ars
e Zone Features
z
ZE Low
@ High Moderate Permeabilit
£ 9 . . v (Sand/gravel (<30m
3 Permeability Permeability (e.g.| (e.g.clayey . .
. i pAaquifers only) | radius)
(sand/gravel) | sandy subsoil) | subsoil, clasgo
eat) &
S
E G
xreme | o 3.0m 0-30m | & 30m 0-3.0m .
(E) &
S
High G0
>3.0m 3.0 -4@@@ 3.0~ 5.0m >3.0m N/A
(H) N
6 S
&
M°?;;ate N/A $>10.0m 5.0 - 10.0m N/A N/A
"(°L‘;“ N/A N/A >10.0m N/A N/A

Immediately north of the Site there is a veneer of dark-coloured glacial clay (“Blue Clay™) up
to 6m in thickness overlying the sandstones and shale. In turn there is a more extensive
deposit of moraine overlying the Blue Clay, also towards the north of the Site. These deposits
provide a certain level of protection to the underlying Limestone Aquifer, and in accordance

with Table 3, likely provides for a vulnerability rating of low (L) to moderate (M).
5.3 Hydraulic Conductivity of the Geological Deposits
The glacial deposits overlying the bedrock are generally consolidated and have a fine, clayey

matrix. It is understood that a “falling head’ test for permeability was carried out in 2003 by
IGSL on behalf of Priority Construction and White Young Green on samples taken from the
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Blue Clay. This value was 2.7 x 10" m/s. The blue clay deposit has been used as the borrow
source for much of the cell construction at the site.

Further CQA testing was undertaken by Golder on liner material in-situ in Cells 2, 3 and the
Cell 3 extension. Test methodologies consisted of triaxial permeability tests. Results of this
testing on these deposits resulted in hydraulic conductivity (often referred to as permeability)
values ranging from 1.1 x 10" to 8.6 x 107" m/s.

The shale bedrock is a fine-grained rock which is likely to have a low inter-granular (or
matrix) permeability. However, it has fine joints and fractures through which water may be
able to flow, increasing the permeability of the unit as a whole. Where the shales are more
highly weathered they appear to be less siliceous and have weathered to soft clay. These
areas are likely to have a lower permeability and may act as local aquitards, limiting water

movement.

The limestone bedrock, which is also likely to have low matrix permeability, may be more
permeable than the shale rock as a result of the development of fissure and fracture flow
zones. Groundwater flow paths, travel times, and well yleldségan be very variable in such
lithologies depending on the presence or absence of ﬁacture@é

& @
Rising and falling head tests were carried out onoggh @ of the boreholes at the site by White
Young Green (1995) to measure the permea \bf the bedrock. Satisfactory results were

obtained from one borehole (BHS, installe%@&@ shale bedrock), from which a permeability of
1.3 x 10 m/sec was calculated. eQ o

S @
Slug tests (both falling and rising hg;ai‘?tests) were carried out by Golder (April/May 2007) on
boreholes BHI10a, BHI2, B%ﬁ and BHI4, specifically to support this study. The
permeability figures obtained Gre presented in Table 4, below:
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Table 4. Summary of Slug Test Results
Borehole | ©¢0lo9ical Test Method Hydraulic
Unit conductivity (m/s)
Falling Head Test (Hvorslev Methodolgy) 3.55x 10-7 m/s
6.52 x 10-8 m/s
BH10a Limestone Rising Head Test (Bower & Rice (Auto Computer Fit)
Methodology) 2.08 x 10-7 m/s
(Manual Fit)
BH12 Limestone Rising Head Test (Bower & Rice 1.06 x 10-8 m/s
Methodology)
BH13 Shale Rising Head Test (Bower & Rice 232 x 108 s
Methodology)
Falling Head Test (Hvorslev Metge%logy) 1.81x 106 m/s
S q@ 5.97 x 10-7 m/s
BH14 | Limestone Rising Head Tegﬁ@bwer & Rice (Auto Computer Fit)
Me@b@@ogy)
&\\@ 1.12 x 106 m/s
\(\%\ (Manual Fit)

Q\\
It should be noted that the results ﬁhe falling and rising head tests represent the permeability
of the deposit immediately aroyrd the borehole. Although the permeability of the limestone
appears to be similar to that calculated for the shale, on-site observations suggest that the
limestone is well fractured in places, and as such, it could be anticipated that in areas the
hydraulic conductivity may be greater in this unit.

5.4 Quarry de-watering

Up until 21 May 2007, groundwater has been abstracted at two points within the Site
(Drawing RAO3 Revision A). The pump installed in the shale sump to the north of the site
discharged at an estimated mean rate of 1,575m*/week to a silt settling pond. This water was
then discharged to the adjacent water course. The pump in the limestone sump to the south of
the site discharged an estimated mean rate of 1,485m°/week. The water was discharged to the
drain to the east of the site. These abstractions were necessary in order to allow ‘dry’ material
to be excavated from the quarry. The abstracted water was not used at the site.

Former dewatering would have had the affect of lowering the groundwater table immediately

in the vicinity of the quarry. When dewatering ceased in May 2007 in the shale sump,
groundwater levels were recorded at 88.29mAOD. Since then, one month later and on 21

Golder Associates

EPA Export 25-07-2013:22:03:58



July 2007 -13 - 07507190091
Version A.l

June 2007, groundwater levels have risen to 94.22mAOD, which is some 10m below the base
of the landfill liner (restored formation level). It should be understood that groundwater
pumping may resume depending on the needs of the ongoing quarrying and landfilling
operations.

5.5 Groundwater Levels and Flow

In order to supplement the number of groundwater monitoring locations, further drilling was
undertaken and supervised by a Golder engineer in March/April 2007. The aim of the works
was to further characterise the groundwater flow regime, and to estimate the permeability of
the bedrock. A series of rotary core and air rotary boreholes were drilled around the
perimeter of the Site. This work consisted of the following:

e Replacement of the damaged borehole BHI0. A new borehole, BH10a, was drilled to
a final depth of 68m below ground level (bgl). It should allow groundwater quality
and levels to be monitored to the south of the Site.

e Installation of a new monitoring borehole, BH14. @IS is adjacent to the south-

western corner of the Site, and was drilled to a Fnal@pth of 38m bgl.
A

e [nstallation of a new monitoring borehg& @HlZ This was designed to monitor
groundwater in the limestone only, 3@8 s drilled to a depth of 65m bgl, with a
screened section from 50m to 65"‘&(@1@*

& O

e Installation of a new mon@gﬁ% borehole, BH13. This was designed to monitor
groundwater in the shale org\} Sand was drilled to a depth of 48m bgl, with a screened
section between 30m to ﬁm bgl. It should be noted that this borehole was backfilled
from 48m to 40m bglc’wlth bentonite grout to ensure that the installation was only in
the shale bedrock.

e Installation of a new monitoring borehole, BHI 1a (installed to replace BHI11). This
is in the north western corner of the Site and was designed to monitor groundwater in
the shale. This was drilled to a depth of 30m bgl, and was screened between 20m to
30m bgl.

The collection of groundwater level data from these boreholes commenced as they were
commissioned and will continue in accordance with the Licence requirements for
environmental monitoring.

Groundwater levels have been monitored by Patel Tonra Ltd. on a quarterly basis since 2003.
The location of the monitoring boreholes is shown on Figure RA04 Revision A, and the full
set of data is included in Appendix 3. A summary of the groundwater level data is included in
Table 5 below.
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Table 5: Summary of Groundwater Level Data

L Groundwater Level
Borehole Top | Depth of Geological
Bo;;l;ole of Casing Borehole Unit (m AOD)

. (m AOD) (m) Screened Min Mean Max

BH4 97.22 9.0 Limestone 90.96 93.9 97.22
BH5 118.70 34.9 Shale 90.84 95.03 99.92
BHe " 117.31 19.5 Shale 11731 | 117.31* | 117.31
BH8 136.73 4.5 Overburden | 13237 | 133.17* | 133.59
BH9 128.81 49.0 Shale 101.02 | 10276 | 103.97
BH11 121.50 457 Shale 90.52 95.42 100.01

BH10a ? 137.14 68.0 Limestone N/A 88.54 N/A

BH11a ? 100.01 30.0 Shale A 92.72 N/A

&
BH12 ? 146.99 65.0 Limestoge V@ N/A 94.24 N/A
S
BH13 2 146.92 35.0 sg%e@d NA | 111750 | NA
BH14 ? 125.06 38.0 OQ?dd%stone N/A 92.47 N/A

*Groundwater levels above the bavgﬁ e(ﬁevel of 104.5m AOD (ref: WML).

1) Location was observed to bqﬁt&g@mn Therefore level presented is equivalent to the
top of casing. \o

2) Onedip event, no range @‘data vet available at this recent installation.
(\
§

Until March 2007, there were six boreholes on-Site which functioned as groundwater
monitoring points (BH4, BHS, BH6, BH8, BH9 and BHI11). A further borehole, BH10 was
dry. It is noted that BH8 appeared to intercept perched groundwater in the shale, presenting
groundwater levels which were above those recorded in all other on-site boreholes.

It is noted from the above data that neglecting the three possibly perched groundwater
boreholes in the shale, there does not appear to be a pronounced difference between
groundwater levels in the shale and those in the limestone (Drawing RA04). Groundwater
levels appear to collectively contour and locally provide for a dip in the water table (crossing
both units) suggesting flow to the abstraction sumps (now redundant). The groundwater
contour plot presented suggests that most boreholes at the site are currently up gradient to the
former abstraction sumps.

In order to create a more regional picture of the recent groundwater flow regime, groundwater
monitoring data collected at the Site on the 11 October 2005, was combined with groundwater
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data collected by RPS Consultants at a nearby site in Toomin on the 12 October 2005. This
provided a wider coverage of the area, and allowed a regional groundwater flow direction to
be inferred. The groundwater contours from October 2005 are shown on Drawing RA04
Revision A. The approximate gradient of this groundwater flow is 1:35.

On the basis of this information, the inferred regional groundwater flow direction is from the
west to the east. This tends to follow local topography as the land dips gently to the east, and
suggests some contribution to local watercourses along the lengths of the stream. BH6 at the
northern tip of the site is known to exhibit artesian conditions. This is consistent with
groundwater baseflow to the stream at the northern end of the site.

5.5.1 LongTermChange

Following the on going completion and restoration of the landfill, it has become unnecessary
to continue pumping groundwater from the two sump locations. At present the groundwater
level at the site is depressed by the recently terminated dewatering of the bedrock from the
sump in the shale and the sump in the limestone (Drawing RA05 Revision A). This indicates
that under present circumstances all monitoring wells on thegperlmeter of the site are up
gradient of the landfill, and the sumps are likely to represegt the down gradient locations in
terms of current groundwater quality. Since the abs\qa%&?ns have ceased, the groundwater
level has been observed to rise locally in the shalgﬁs Ap (in a dedicated installed monitoring
point formed from concrete rings). This is exg% to continue until the regime beneath the
site returns to the regional flow dlrectlon\tf‘} #he east, and is currently having the effect of
changing the groundwater flow behav l(gﬁ lﬁ)\?he vicinity of the site. One month after pumping
has ceased in the shale sump, groune[@'%qé?levels have raised by approximately 6m (Appendix
3). They remain about 10m below @é’ formation level of the landfill.
&

The return to the natural groflﬁdwater flow conditions at the site will be less favourable in
terms of the risk assessment modelling than the ‘pumped conditions’. Following recovery of
the groundwater table (and a return of flow locally to the east), both the unsaturated zone will
have reduced (thereby reducing the pathway length to the water table), and the dilution
available in the aquifer will reduce as radial flow to the sumps is replaced by natural
groundwater underflow. Within the LandSim model, a 1m unsaturated zone only has been
relied upon throughout the full life-cycle of the landfill. Given where the water table is at
present, there is an element of conservatism (or worst case) to this approach.

5.6 Groundwater Quality

A summary of the groundwater monitoring programme forming Schedule D.4 of the Waste
Licence is set out in Table 6 below. Groundwater quality monitoring data has been collected
on a quarterly basis since 2003. The full set of data is included in Appendix 3, and a
summary of selected parameters is included in Table 7. Mean values recorded are in all cases
below their respective EU Drinking Water Standards (DWS).
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Table 6: Groundwater Monitoring Regime

Suite Monitoring Location Measurement or Analysis Required Frequency
BH4, BHS, BH6, BH8 .
Water Level ’ ’ ’ " Elevation (m AOD) Quarterly
BH9, BHI 1
Field BH4, BHS, BH6, BH8 ..
’ ; ’ " Conductivity, Temperature, pH Quarterly
Measurements BHO9, BH11
Laboratory BH4, BHS, BH6, BH8 _
o ’ ; ’ " “‘Murphy Suite’ Quarterly
Analysis BH9, BH11
Table 7: Summary of Groundwater Quality Data
Ammoniacal Nitrogen
BHID as N (mg/l) cl (mg/l) Sulphate as SO, (mg/l) cd (mgfl)
n Min. Max. | Mean n Min Max. | Mean n Min Max. | Mean Min Max. | Mean
BH4 15 01 04 0.35 15 18 42 188 15 18 &1 335 0.0002 | 0.0039 [0.00133
BHS 15 01 08 0.227 15 22 3 2387 15 18 36&‘ 248 0.0002 | 0.0054 | 0.0022
S
BHE 15 01 04 0.29 15 18 29 2067 15 35 \\g\% 466 0.0002 | 0.0049 | 0.0015
-
BH8s 15 01 09 0.31 15 24 60 43,93 15(\%.@ 1027 187 0.0002 | 0.0036 [0.00118
WS
BHS 15 01 0.3 013 15 18 40 22,67 o%@ 3 73 421 0.0002 | 0.0037 [0.00115
\\ \~)(
BHIO | O Q\\"@’n
&
BH11 15 02 1 0.41 15 15 41&6\&\% 15 8 72 276 0.0005 ] 0.0145 | 0.0071
~
<<0\ A\\Q)
X
\
&
ca
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6.0 HYDROLOGY
6.1 Rainfall and Evaporation

Total long-term rainfall and potential evapotranspiration for the area are reported by Met
Eireann at Dublin Airport for the period 1961 to 1990. The site is located 19 km north of
Dublin Airport where average annual rainfall is reported as being 732mm per year and
potential evapotranspiration is reported as being 418.4 mm per year. The difference in the
two values of 313.6 mm per year provides a first order estimate of the effective rainfall to
grass-covered areas around the Site.

6.2 Surface Drainage

In terms of surface water features, there are several streams which rise within 500m of the site
(see Drawing RAO1 Revision A). A stream runs along the northern boundary, flowing east
towards the Rogerstown Estuary. To the south of the site, another stream rises in farmland;
this also flows east towards the estuary. To the west of the site, another stream rises and flows
west before turning south and eventually east, again finally ﬂ%\'ing towards the estuary. A
spring has been reported in the golf course to the south g@tﬁe site. This spring supplies a

small lake. CQ
SEE
AN
6.3 Surface Water Quality R
R
S @

X3
Surface water quality data has been co\{t&%éﬁoby Patel Tonra Limited on a six-monthly basis
as part of the Waste Licence condi@b\f\ﬁnce 2003. The sample locations are upstream and
downstream of the Site, and are Shgxﬂ’on on Figure RAO1 Revision A. The full set of data is
included in Appendix 4, and a{{gﬁ\mmary of selected parameters in comparison to selected
standards is included in Taq'ﬁe 8 below. In all cases it can be observed that mean
concentrations are below the threshold quoted.

Table 8: Summary of Surface Water Quality Data 2004 — 2007

. Ammoniacal . .
Chloride . Cadmium Nickel
Sulphate (mg/l)) (me/l) N(I[tn“g)ﬁ';n (mg/l) (mg/l)
Surface Water
Regulations 200 250 3.11 0.005 -
Class 3*
SWi1
Min 31 18 0.1 Not Monitored Not Monitored
Max 299 53 0.3 Not Monitored Not Monitored
Mean 165 39.75 0.1375 Not Monitored Not Monitored
Std dev 189.5046 9.9535 0.0144 Not Monitored Not Monitored
SW2
Min 110 30 0.1 Not Monitored Not Monitored
Max 254 61 0.3 Not Monitored Not Monitored
Mean 182 39.625 0.125 Not Monitored Not Monitored
Std dev 101.8234 9.54594 0.01071 Not Monitored Not Monitored

*SI No. 294/1989 — European Communities (Quality of Surface Water Intended For The Abstraction of Drinking Water)

Regulations 1989
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7.0 CONCEPTUAL SITE MODEL

7.1 Definitions

In the definition that has become accepted by the environmental and waste industries, there
are three components to any risk assessment:

. The source is the potentially contaminative components of the leachate that will be
generated by the percolation of infiltrating precipitation through the waste;

. The pathways are any routes linking the source with the receptors including the landfill
liner, the unsaturated zone, and the saturated zone in which attenuation processes may
occur; and

o The receptors are groundwater and surface water bodies that are connected to the
source by the pathways, such as surface watercourses, local supply boreholes, or
springs.

Should either one of the source, pathway, or receptor be absent from the site setting,
negligible risk will be posed to the groundwater and surface water environment. The three
components of the risk posed from the disposal of waste at site are described in the following

sections. $
&
)
7.2 Source Term 0&30«79
G
\\}Q N

generated from the decompOSItlon of “ﬁs&rlﬂlm the Site. Where available, site specific
leachate quality data is used as a sm&gé‘ Igﬁn

Leachate quality monitoring has on undertaken at one (1 No) location on a bi-annual basis
since 2004 (LC1). The Iocati@@%fthe monitoring point is shown in Figure RA05 Revision A.

The full set of results is included in Appendix 3 and summarised in Table 9 below.

Table 9: Summary of Leachate Quality Data 2004 — 2007

Sulphate  Chloride A'g;:‘;‘;f}fa' Cadmium Nickel
(mg/D) (mg/l) (molh (mg/l) (mg/l)
LC1
Min 1847 1771 2 Not Monitored Not Monitored
Max 2901 2871 10.8 Not Monitored Not Monitored
Mean 2363.7 23194 79 Not Monitored  Not Monitored
Std dev 361.6 4358 2.88 Not Monitored Not Monitored

Ammoniacal nitrogen, chloride and sulphate are currently included in the environmental
monitoring programme, and can be used as indicators of the presence of leachate.
Ammonium concentrations can be observed to be very low within the site leachates, which
will reflect the lack of biodegradable wastes. Sources of chloride have likely derived from
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materials accepted from Spencer Dock in Dublin, while the sulphates have likely originated
from C&D Trommell Fines previously accepted to the site. The latter have not been accepted
to the site since around the end of 2006. The full range of chloride and sulphate
concentrations determined to date in the site leachates will be modelled in all current and
future areas of the site.

Nickel and cadmium have not previously been included in the monitoring regime, but will be
modelled to assist in determining the impact from a potential List I and List II substance
which may be present in the site.

As set out by Council Decision 2003/33/EC, it is possible to take waste up to three times the
inert Waste Acceptance Criteria strength into an inert landfill site. It is understood that this
has been occurring periodically at the Murphy Environmental site for specific waste streams.
As a consequence, the maximum leachate concentrations considered within the site simulation
(LandSim model) for cadmium and nickel has been selected at three times the Co
concentrations as outlined for inert wastes. The Co concentrations are equivalent to those that
would be present in the first liquid to emerge from maximum strength inert wastes as part of a
percolation test. This is considered to be a very conservative\;wproach to determining likely
(’;@é
G

The parameters selected for modelling provide fogﬁz? réhge of contaminant behaviours from a

leachate strengths at three times the relevant WAC values.

conservative unretarded anion (chloride) to g<hgavily retarded metal (cadmium). PAHs

specifically have not been modelled. PAH%QS\@EISt of a large range of substances which have

differing characteristics. It is suggeste: @?the parameters selected provide for a range of

contaminant transport behaviours wh&%&@%ll cover most aspects of specific PAH compounds.
\6\00

&

7.3 Pathways &
OO

Following the recent cessation of active groundwater control at the site (likely to be
temporary only) and associated rise in groundwater level, within the model a 1m unsaturated
zone only has been relied upon within the LandSim model. On this basis, any leachate
forming within the waste mass could have the potential to migrate through the following
pathways:

. leachate seepage via the base and sidewalls of the Site into the unsaturated zone and
then any groundwater contained within the underlying strata. Migration via the side
walls into any perched units are assumed to ultimately also contribute to the main water
table beneath the site; and

. leachate breakthrough at the interface of the cap and then as overland flow into any
local surface water drainage channels.

The first pathway could be considered to be characteristic of normal operating conditions at
the site. Sidewall leachate migration in relation to basal leakage is typically insignificant,
particularly when leachate heads are low. The latter pathway would only be possible if
leachate heads were not controlled within the waste, and the basal liner could support large
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enough leachate heads to allow for breakout at the surface. Often in deep clay lined landfills
(i.e. no synthetic lining component) the leachate may accumulate on the base until leakage
equals cap infiltration. At this time an equilibrium is reached and the leachate head will
accumulate no further. In any case, it is assumed here that breakout via the cap would be
prevented in the long term by active leachate management as necessary.

7.3.1 Pathway through the Landfill Containment Engineering

Based on the above understanding, leachate could potentially seep through the engineered
containment system. This would be driven by the accumulation of leachate on the base of
each landfill cell, resulting in a head gradient across the basal lining. This would allow
leachate to migrate outwards into the unsaturated backfill deposits below.

Any leachate seeping through the landfill liner will be attenuated by dispersion and sorption
processes. The amount of sorption onto the clay liner that may occur will depend on the
partition coefficients (Kd) of the contaminants present in the leachate with respect to the clay
properties.
&
<@
&
NG
The quarrying activities at the Site have resultetgjio‘ﬁe excavation of in-situ shale into the
. . . O .
limestone unit. The basal formation level of gfedandfill is to be brought to 104.5 m AOD

using the existing quarry wastes in compl@ﬁ(@\with the Waste Licence requirements. It is

7.3.2 Pathway through the Unsaturated Zone

assumed that the rise in groundwater le\ \{v\\fﬁllowing the cessation of active dewatering at the
site, will result in the preservation 0{;@ it%saturated zone beneath the clay liner of at least 1m
in thickness. Any contaminant attegﬁgtion within the backfilled unsaturated materials will be
conservatively neglected withino{ﬁ model.

7.3.3 Pathway through the aquifer

The bottom of the quarry lies largely on the base of the shale, which until recently has been
subject to de-watering activities. The two abstraction sumps at the site previously formed the
elevation of the saturated bedrock directly beneath the landfill. This has now risen by several
meters within the past month, and is envisaged to return to tie in with the natural groundwater
drainage towards the east. The saturated material will consist largely of in-situ shale and
limestone as well as backfilled material sourced on-site (broken and weathered shale). Figure
RA06 Revision A is a geological cross section, showing the recent site conditions with regard
to groundwater levels and restoration levels.
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7.4 Receptors
7.41 Compliance Points

The guidance document Hydrogeological Risk Assessments for Landfills and the Derivation
of Groundwater Control and Trigger Levels (Environment Agency, 2003a) states that:

“Member States shall take the necessary steps to:
a) Prevent the introduction into groundwater of substances in List [; and

b)  Limit the introduction into groundwater of substances in List I so as to avoid pollution
of this water by these substances.”

Therefore the following compliance points for List I and List II substances are used in the risk

assessment.

7.4.1.1 Groundwater Receptor &
NS

&
RS
In respect of potential leakage through the basal or&\ﬁi%\gall lining system, the compliance

point for the List I substances will be at the poi%?&@ntry into the main groundwater table
below the site. \\}Qo\‘>\\
Q&
‘ . . O e
The compliance point for List 11 subs\(@&é& will be groundwater at the down gradient Site
boundary. For the purposes of theq‘f%@\z?ssessment it is assumed that BH4 or BH11a is the
. . O .
boundary receptor (i.e. following thg gradual return to drainage towards the east).
3

&

{\
7.4.1.2 Surface Water Re&gptors

The proximity of the Site to local watercourses suggests that these will also be potential
secondary receptors where groundwater provides an element of baseflow. Within this
context, compliance with the protection of groundwater at the Site boundary should be
protective of surface water features. Surface water, as such, has therefore not been considered
further.
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8.0 MODELLING METHODOLOGY
8.1 Introduction

The probabilistic software proposed for the Murphy Environmental Site Hydrogeological
Risk Assessment is LandSim v2.5.17. LandSim has been developed by Golder for the
Environment Agency (England & Wales). This approach will allow the computer simulation
of leakage through the base of various phases to be modelled on the basis of key landfill
design parameters and its setting.

Few of the input parameters (such as cap infiltration) are known exactly. However, each
parameter can be described by a range of possible/probable values incorporating the available
information. During each simulation the parameters are assigned a value from within the
defined ranges. After say 500 iterations, a range of possible predicted leakage or outcome
values are obtained and it becomes possible to quantify the likelihood of a certain outcome.

This approach uses statistical distributions or probability density functions (PDF’s) to
characterise some of the input parameters. Each time a calcu\lgion is carried out, one value
from the defined input distributions is chosen by the cg&a‘,puter code and for example a
concentration at the receptor is calculated. Each res&lp rlﬁgtored such that after repeating the
same calculation many times, an output distribugao@r the concentration at the receptor is
obtained. The distribution output is given @Q:&é‘?ms of percentiles (%iles). These %iles
specify the probability with which a certa'@(\l@hle (e.g., leakage rate) will not be exceeded.
For instance, if the 95%ile of a Ieakage\ \gjﬁslstribution is given as 0.1 msfday, there is a 95%
chance that the actual leakage rate \Qﬁlq&gbelow or equal to 0.1 m*day. It follows that there
is also a 5% chance that the actual l@zﬂtoage rate will be above this.

&

(\
8.2 KeyLandSim In puti’%rameters and Modelling Rational
8.3 Landfill Phases or Cells

Within the software, each phase the current and proposed landfill will be considered
separately within the quantitative modelling. The existing engineered cells (Cell 1, 2 and 3 —
separated by Im high bunds) are considered as Phase 1. The areas that will be developed in
the near future to the east and north are considered Phase 2. The areas to the south are
considered Phase 3. Since risks associated with these areas in terms of leachate quality and
depth are conceptual, there is no reason to assume that source terms or potential migration
characteristics will be significantly different in each phase. The model allows for a
cumulative impact from the completed site as a whole at the down stream boundary.

8.3.1 Source term

The source terms to be used for individual phases at the site are summarised in Table 10
below.
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Table 10. Leachate source concentrations

Phase Contaminant Concentration (mg/l)

Chloride' Sul phate' Cadmium? Nickel® Justification
Phase 1, Min 1771 1847 0.0006 0.0036 Chloride and Sulphate values are
. min., mean and max.
2and 3 leely 2319 2264 0.006 0.036 concentrations as monitored in
Max 2871 2901 0.06 0.36 Phase 1 Leachate Sump (LC1).
(Triangular) (Triangular) (Log (Log Max. Cadmium and Nickel values
triangular) triangular) &€ chosen as three times the Co

concentrations as per EU Council
Decision

' Concentrations taken from bi-annual leachate monitoring of LC1. Min and Max values are taken as actual minimum and
maximum concentrations recorded during the monitoring penod

* Concentrations taken as three times the inert Co concentrations as per Council Decision of 19 December 2002 establishing
criteria and procedures for the acceptance of waste at landfills pursuant to Article 16 of and Annex II to Directive 1999/31/EC
(2003/33/EC).

Data are entered into the software as probability density functions (PDFs). PDFs can be
entered as either linear distributions, or typically if the data range exceeds an order of
magnitude, as log distributions. PDFs are produced either u\gyg the modeller’s judgement
and by using statistical techniques (e.g. histograms) dependu\@ on the quantity of the data.
N
Within LandSim, leachate concentrations will gts \CBe designed to decline with time as
leachable contaminants are flushed from the wﬁ?@*mass. The magnitude of the decline will
be influenced by the thickness of the wg@?g@e\md the infiltration rate through time. The
restoration plans as provided by M Environmental allow for an indication of the
proposed thickness of waste at Holl)@%sﬁ
&6\
8.3.2 Cell geometry O{&\
;

The cell geometries used in the LandSim model are listed in Table 11 below.

Table 11. Landfill dimension

Phase Floor Area * Cap Area ®
m’ m’
Phase 1 26,000 42,800
Phase 2 40,800 46,100
Phase 3 81,000 102,900

X Plan areas determined by AutoCAD from conceptual site layout. Inter-cell berms are circa Im high in Phase 1

and are likely to be similar in Phases 2 and 3.

The capping system for the future phases is conceptual at this stage. It is understood that it
will be compliant with Waste Licence W0129-01.

The waste thickness values used in Landsim are derived by comparing at the final restoration
elevation and subtracting the finished cell floor level and allowing the highest and lowest
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points of the restoration surface to represent the thickest and thinnest parts of the waste body.
Table 12 presents the estimated future waste thicknesses.

Table 12. Estimated final waste thicknesses

Floor Level mAOD Distribution chosen Justification

Estimated as approximate maximum difference
Phase 1 (Cell 1,2.3) 105.5 Uniform (16.5,29.5) between post settlement restoration plan and
existing Phase 1 design floor level

Estimated as approximate maximum difference
Phase 2 105.5 Uniform (2.5,19.5) between post settlement restoration plan and
proposed Phase 2 design floor level

Estimated as approximate maximum difference
Phase 3 105.5 Uniform (9.5.42.5) between post settlement restoration plan and
proposed Phase 3 design floor level

8.3.3 Leakage from the different phases

Leakage rates can be calculated from contained landfill areasdf details of the lining system
and leachate heads are known. The current Phase 1 constrgi€tion relies on a low permeability
basal and side-wall liner. The current and future ph@é{ﬁ the site will be modelled using the
available CQA data from the site to date. It is a@g@ned within the model that the same clay
source will be used throughout the deve[{(@(@nt and that these will remain the same
properties as those installed to date. e&c}\ \&\
o8 (\

It is assumed that leachate heads w‘flé@ controlled at <Im in Phases 2 and 3 throughout the
lifecycle of the site, and a 1m hea o lll be introduced to the model in these areas. In Phase 1,
leachate heads are modelled&@a range between Im and 3m (with Im as the most likely
value). The latter recognises the current short term leachate heads in Cell 1 at the site.

8.3.4 Hydrogeological regime

8.3.4.1 Recharge

As part of the requirements for a Groundwater Risk Assessment, likely recharge rates to the
site should be provided that highlights the likely leachate production rates per year. Table 13
below provides potential rainfall infiltration rates to various elements of the current and future
site. These data are based on phase footprint areas and infiltration rates. During the active
period of the site, the difference between total and effective rainfall data (1961-1990,
recorded at Dublin Airport) has been used for infiltration rates to the waste mass, and during
the post closure phase 50mm/year infiltration rate has been used as being representative of
that through the final cap (150 to 300mm topsoil and subsoil 700 to 850mm so that total
thickness will be no less than 1 metre).

Table 13. Predicted site infiltration volumes (annual)
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Estimated cap area | Leachate production rates per year | Justification
(m?) (m?)
Site active Capped site Difference
(@0.5228m/yr) (@ 0.05m/yr) | between total and
Phase 1 42,800 22384.4 2140 effective rainfall
(Cell m/yr on exposed
1,2,3) waste and mean
Phase 2 46,100 24110.3 2305 estimated
Phase 3 102.900 53816.7 5145 infiltration m/yr
through CQA cap

8.3.5 Pathways and receptors

Characteristic CQA data for the clay liner used in Phase | of the landfill has been utilised
from Cells 2 and 3. PDF’s were generated from the data provided that relate to the hydraulic
properties of the liner system (Appendix 2). Table 14 summarises the distributions used in
the LandSim model. It is assumed that the same clay source will be used in future phases.

Table 14. Clay liner propert;eg@‘

&

Parameter Distribution chosen O&A.@ Justification

Hydraulic conductivity | Triangular (9.4E-11 Qﬁiﬁﬁ 0, 3.7E- | Range of data from CQA
(m/s) 10) (\Q information.

Moisture content Triangular (0&6’6@(\] 66, 0.2 Range of data from CQA
(fraction) SN \\Q, information

Q\'
6\

Basal leakage from both the curﬁéﬁt and future landfill phases at Murphy Environmental will
typically seep down throughcﬁle basal liner and into the unsaturated portion of the made
ground (in this case made ground will be site material used to restore and level the quarry
floor). It is assumed that the groundwater level recovery will be such that at least a Im
unsaturated zone will remain below the base of the liner at all times. Values used to represent
the unsaturated zone within the model are provided in Table 15 below.

Table 15. Unsaturated zone properties

Parameter Distribution chosen Justification

Pathway length (m) Single (1) Assumed minimum
following groundwater
recovery

Moisture content Uniform (0.01, 0.035) Golder judgement for

(fraction) seepage through fractured
strata/backfill
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Leachate may enter the groundwater and would be expected to migrate along the known
regional groundwater flow direction to the east. Parameters to describe the aquifer pathway
are derived from the available site specific data for the relevant units. Distributions chosen
are presented in Table 16 below.

Table 16. LandSim inputs to represent the aquifer pathway (bedrock)

Parameter Distribution chosen Justification

Aquifer Log uniform (1E-6, 1E-5) | Based on site specific slug test data and

hydraulic taking into account the potential for a more

conductivity permeable fracture network

Porosity (%) Uniform (0.05, 0.1) Derived from mean values for shale and
limestone in Freeze and Cherry 1979

Hydraulic Single (0.03) Based on regional water table gradient

gradient

8.3.6 Retardation and decay

d
&

Partition coefficient (kd) data for contaminant transeg,rtg%delling that will be used for the

. . N

site is presented in Table 16 below. oﬁ’o 1S

&
Table 16. Partition coefficient dgﬁé\l@éd in modelling the landfill liner
S
—s

Contaminant | Kd (Vkg) | Distribytien | Justification
Cadmium 600 ‘S,ingle‘;q,ij Golder judgement based on values in ConSim Help files
Nickel 20, 66 U@;m ConSim Help files
Chloride 0 Single Treated as unretarded
Sulphate 0 Single

It should be noted that no contaminant retardation has been allowed for within either the
unsaturated zone or the aquifer. This is conservatively based on the fact that most flow will
probably be via fractures and retardation would be minimal. Not of the contaminants
modelled are organic and none will be subject to biodegradation processes. These have
therefore also been neglected within the model in all pathways.
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9.0 RESULTS
The impacts determined from the scenario described above are provided below.
9.1 Listlsubstances

The drinking water quality standard for cadmium is 0.005mg/l. In all cases the model
predicts that the concentrations of cadmium reaching the water table are lower than this
threshold. The maximum value reported beneath the site had a concentration of 0.004mg/I at
the 95%ile (beneath Phases 1 and 3). The most likely values (50%ile) discharge
concentrations ranged from 0.001mg/I to 0.0006mg/1.

9.2 Listlland non listed substances

Table 18 below presents the concentrations predicted at the downstream site boundary. These
are cumulative results from all landfill phases.

Table 18. List II and non listed concentration in the aqui@@roft the site boundary
SN @O

Time to peak 50%ile oogf’;\d Time to peak 95%ile

conc. (years) conceng&\ 0 conc. (years) concentration
Chloride 77 53 é;;\i@ 66 172
Nickel 1600 06009 1374 0.003
Sulphate 86 S5 74 179

£
a‘é‘\o

&
The EU Drinking Water Sta%ﬁards (DWS) for chloride, nickel and sulphate are 250mg/I,
0.05mg/1, and 250mg/I respectively. It can be observed that the 95%ile results (can be view
as worst case result from the model) are all less than their corresponding DWS values. The
50%ile values, which can be viewed as the most likely result from the model, are all
considerably lower than the 95%ile output and the corresponding DWS.
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10.0 CONCLUSIONS AND RECOMMENDATIONS

Golder have completed an assessment of the risks posed to the water environment from the
current and future landfilled areas at the Murphy Environmental Landfill Site at Hollywood.
The landfill has been developed since 2003 and all areas to date have CQA installed clay
lining systems. Future phases at the site will have an equivalent lining system. The risks
have been assessed for specified leachate heads on a phase by phase basis and with respect to
a cumulative impact for the total development.

10.1 Leachate and Groundwater Composition

Available analysis of the leachate in the site suggests that concentrations for some parameters
can be above those typical of inert landfills in general. However, within this context leachate
concentrations may vary significantly from one phase to another, as the site progresses, due to
the waste streams accepted and within the context of the inert waste list acceptable.
&
Routine leachate quality data for the site is available. Anghonlum concentrations are very
low, reflecting the lack of biodegradable materials a@;eg&:d to the site. Most analysis is for
inorganic parameters. One PAH measurement hadog&}e@ than detect return (<0.2mg/1).
\\}Q N
Groundwater in boreholes surrounding the\ﬁggﬁ% currently judged to have good groundwater
quality. Historically all wells are llkelk\cﬁ\l@a\e been up gradient of the landfill as water was
abstracted from the centre of the qu@i?r *%?‘le at two sump locations. As and when abstraction
is terminated, natural flow in the lr@ﬁedlate vicinity is expected to gradually resume towards
the east in line with the reglonal Aﬁnd
O

10.2 Leakage Rates

Based on the works completed, the performance of the current and future phases identified
was derived from predicted leakage. These calculations were based on up to a potential 3m
head in Phase 1, and a 1m head in future areas across the site. It is concluded that the leakage
rate from the site will be directly proportional to the leachate head on the site base.

10.3 Impact on Water Environment

The LandSim modelling undertaken has simulated leachate strengths up to what are
considered to be greater than those likely generated by waste streams at three times the WAC
limit value for inert landfills. Impacts associated with this source term have been determined
probabilistically in conjunction with the likely long term shape to the water table beneath the
site.
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Output from the LandSim v2.5 contaminant transport modelling using the above
hydrogeological understanding, is consistent with no discernible discharge of List I
substances (cadmium) and no cumulative concentration of non-List | contaminants (chloride,
sulphate or nickel) in the aquifer beyond their respective Drinking Water Standards.

10.4 Review

A limitation of this assessment includes an absolute source term for the future site in
particular. Golder believes that this has been constrained as well as possible given the need to
determine leachate strengths at three times the WAC values and the early stage of the site
development to date. More source term information will become available as the site grows
and this can be fed back into the Hydrogeological Risk Assessments. It is recommended that
these are undertaken every five years to allow for an on going review and verification of the
model.
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Cell 1 WYG/Priority Construction/IGSL
Moisture Content Mean Effective | Coefficient of
Sample Dry Density (Mg/m?) Stress Permeability
Sample Layer Type (kPa) ky, (m/s)
TPA N N - - - - - 2.7x10 1
Cell 2 - Summary of Results of Triaxial Permeability Tests
Moisture Content Mean Effective | Coefficient of
Sample Dry Density (Mg/m?) Stress Permeability
Sample Layer Type Initial Final Initial Final (kPa) k,, (m/s)
HOL
S2 2.5kg Bulk 1.73 1.79 21 20 35 8.6 x 107!
HOL
S3 2.5kg Bulk 1.87 1.9 13 16 35 1.1x10™"°
HOL 2006 Layer 1 | U100 1.969 2.022 12.8 15.2 50 1.9x10™°
HOL 2007 Layer 1 | U100 1.833 1.895 12.8 15.3 50 2.0x107°
HOL 2008 Layer 1 | U100 2.126 1.983 11.5 15 50 3.0x107°
HOL 2009 Layer 2 | U100 1.854 1.903 15.3 17 50 2.5x107°
HOL 2010 Layer 2 | U100 1.902 1.924 13.1 16.4 50 6.3x107°
HOL 2017 Layer 2 | U100 1.88 1.91 15 16 90 1.3x10°
HOL 2018 Layer 3 | U100 1.84 1.86 16 17 90 2.1x107°
HOL 2019 Layer 3 | U100 1.78 1.8 17 18 90 4.6x 1070
HOL 2020 Layer 3 | U100 1.85 1.87 15 16 90 3.2x107°
HOL 2035 Layer 4 | U100 1.87 1.89 14 16 90 18x10 "
Cell 3 - y of Its of Triaxial Permeability Tests
Mean
Content i Coefficient of
Dry Density (Mg/m?) Stress Permeability
Sample Layer Initial Final Initial Final (kPa) ky, (m/s)
HYD 6100 Layer 1 1.77 1.86 18 22 90 2.1x107°
HYD 6101 Layer 1 1.87 1.94 17 19 90 1.8x10™°
HYD 6102 Layer 1 1.86 1.9 14 19 90 1.1x10°
HYD 6103 Layer 2 1.88 1.94 16 17 90 1.2x10™°
HYD 6104 Layer 2 1.9 1.94 13 17 90 2.1x107°
HYD 6105 Layer 2 1.82 1.87 16 20 90 1.1x10™°
HYD 6106 Layer 3 1.87 1.91 16 16 90 1.0x10"°
HYD 6107 Layer 3 1.94 1.99 14 16 90 1.4x10™°
HYD 6108 Layer 3 1.9 1.95 13 17 90 1.5x10°
HYD 6109 Layer 4 1.95 1.98 13 15 90 9.8x 107!
HYD 6110 Layer 4 1.91 1.94 13 16 90 9.4x 107!
HYD 6111 Layer 4 1.95 2 14 15 90 TIx10"
Cell 3 Extension - Co-efficient of Permeability Determinations (from site after placeme@‘ @
e
Dry Density Moisture Content | Effective| Coefficient s\O’K
(Mg/m?) (%) Stress | Permeabi b
Sample Layer nitial ina nitial ina (kPa) kv ( N
Cayer 1 N) N\
HYD 7001 (TP) * 1.58 1.57 19 20 90 %ﬁx@
HYD 7002 Layer 1 1.59 1.58 17 18 90 Q575107
HYD 7003 Layer 2 1.7 1.71 15 16 90 )~ 3qx10™
HYD 7004 Layer 3 1.7 1.7 15 16 9 P41x10"°
HYD 7005 Layer 4 1.7 1.7 12 13 B %JD\( 37x107°
S
N
Column1 Bin Frequency s\\’ :
9.4E-11 1 o Histogram
Mean 2E-10 1.33E-10 6 N4
Standard Error 2E-11 1.71E-10 2 § 7
Median 1.7E-10 More g) . :
Mode 1.1E-10 § 4
Standard Deviation 8.3E-11 33
Sample Variance 6.9E-21 £,
Kurtosis -0.376 1 1 |:| I:l
Skewness 0.71505 0
Range 2.8E-10 9.4E-11 1.32667E- 1.71333E-  More
Minimum 9.4E-11
Maximum 3.7E-10 Bin
Sum 3.3E-09
Count 18
Confidence Level(95.0%) 4.1E-11 Triangular (9.4e-11, 2.2e-010, 3.7e-10)
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Client:
Site:
Monitoring Point:

Location of Monitoring Point:

Murphy Environmental
Hollywood W0129-01

BH-4

East of site - ca. 520m

Parameter Units Drinking |EPA Trigger|| Q2, 2003 |Q3, 2003|Q4, 2003|Q1, 2004|Q2, 2004| Q3, 2004 (Q4, 2004(Q1, 2005( Q2, 2005 |Q3, 2005(Q4, 2005(Q1, 2006| Q2, 2006 | Q3, 2006 |Q4, 2006|Q1, 2007|Q2, 2007
Water Levels for | (Baseline)
Directive WL 151-1
(98/83/EC)
Arsenic mg/| 0.01 N/A 0.003 | 0.002 | 0.003 | 0.004 | 0.001 | 0.002 | 0.002 | 0.003 | <0.001 | 0.005 | 0.004 | 0.005 | 0.006
Potassium mg/| N/A N/A 1.3 1.4 1.6 1.6 1.6 1.8 1.6 1.2 1.2 1.2 1.6 1.4 1.4 1.6 1.5 1.6 1.6
Sodium mg/I| 200 80 11.3 13.8 10.6 7.5 11 7.1 49 13 13 13 10.5 12.5 8.5 15 10 14 13
Total 6 PAHs1 mg/I 0.0001 N/A - - - - - <0.2 <0.2 <0.00001}<0.00006/<0.00006{<0.00006|<0.00006 <0.00001| <0.00001
Total Phenols mg/I| N/A 0.1 <0.01 0.04 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.001 <0.01
Barium* mg/I N/A N/A - - - - - <0.05 <0.05 0.05 0.05 0.04 0.04 0.04 <0.001 0.04 0.04 0.06 0.04
Calcium mg/I| N/A N/A 116.4 108.4 110.2 78.31 100.7 108 99.9 125 109 95 108 120 34 128 119 170 152
Iron mag/| 0.2 N/A <0.001 0.059 0.002 0.001 0.005 0.007 0.061 0.006 0.005 <0.005 | <0.005 | 0.005 <0.002 | <0.002 | <0.002 0.044 0.018
Manganese mg/! 0.05 N/A 0.004 0.008 | <0.001 | <0.001 | 0.003 | <0.001 | 0.001
Total Organic Carbon mg/I| N/A 50 14 3 <2 6 4 2 <2 <2 <2 6 5 <2 7 <2 2 4 4
Chloride mg/I| 250 75 19 25 19 20 18 20 22 20 29 24 20 35 42 27 29 57 45
Sulphate mg/I| 250 150 19 20 18 19 28 22 28 33 40 31 19 51 61 56 57 100 107
Total Oxidized Nitrogen mg/| N/A N/A <0.3 <0.3 <0.03 1.9 0.4 0.4 1.3 0.5 2.6 1.1 <0.3 3.9 5.6 3.9 3.3 8.6 9.1
Conductivity mS/cm 2.5 1 0.577 0.578 0.444 0.565 0.561 0.586 0.722 0.645 0.666 0.612 0.571 0.702 0.751 0.612 0.636 0.842 0.708
Dissolved Oxygen mg/| N/A N/A 4.4 8.5 9.1 7.1 3.3 5.7 5.5 - 4.8 4.1 5.4 5.5 4.9 2.3 4.34 3.87 3.44
pH pH 6.5<pH<9.5|| 6<pH<9 7.73 7.47 7.33 7.1 7.06 7.56 8.05 7.5 7.73 6.59 7.42 6.9 7.46 7.27 7.53 7.86 7.71
Ammoniacal Nitrogen mg/l NH4-N 0.39 N/A <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2% <0.2 <0.2 0.3 <0.2 <0.2 <0.2 <0.2 <0.2 <0.3
Cyanide mg/! 0.05 N/A (GBI <005 | <0.05 | <0.05 | <0.05 | <0.05 | <@05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | >0.05
Chemical Oxygen Demand mg/| N/A N/A - - 158 \. \\O
Odour N/A N/A N/A - None None None None NOQS:\\ None None None None None None None None None None None
Reddish &@?&]QE/ Light Light Red / |Orange/ Brown /
N/A N/A N/A - Orange Brown Brown Brown{\«gg iment Brown Brown brown / |brown to| Reddish | Brown High High Brown High

Colour (;’90* Sediment| clear Sediment|Sediment Sediment| Clear
Water Level mOD N/A N/A 97.22 96.27 95.85 95.89 Qé?&fy 94.01 94.2 93.96 93.78 93.12 93.52 92.89 92.89 92.34 91.92 93.14 92.87
Temperature oC N/A N/A - 9 10 S a2 - 9 9 9 9 10 9 9.7 13.4 11.5 10.5 13.3
Mercury mg/| 0.001 N/A <0.00005 - - <0.00005] % - - - <0.00005 - <0.00005 - - - <0.00005 -
Total Solids mg/I N/A N/A - - - 1007, G - - - 361 - - - 790 - - - 1141 -
Boron mg/| N/A N/A <0.05 - - <0.08 - - - <0.05 - - - 0.022 - - - 0.031 -
Magnesium mg/I N/A N/A 5.47 - - 546 - - - 6.47 - - - 6.57 - - - - -
Total Chromium mg/I 0.05 N/A <0.05 - - <0.05 - - - <0.05 - - - 0.01 - - - 0.007 -
Total Phosphorus mg/I N/A N/A <0.05 - - 0.06 - - - <0.05 - - - 0.48 - - - 0.79 -
Cadmium mg/| 0.005 0.004 <0.0004 - - <0.0004 - - - 0.0039 - - - 0.001 - - - <0.0004 -
Copper mg/I 2 0.5 <0.005 - - 0.005 - - - <0.005 - - - <0.001 - - - <0.0001 -
Lead mg/| 0.01 N/A 0.006 - - <0.005 - - - <0.005 - - - <0.001 - - - <0.0001 -
Zinc mg/I N/A N/A <0.005 - - <0.005 - - - 0.005 - - - 0.014 - - - 0.012 -
Fluoride mg/| 1.5 N/A <0.5 - - 0.3 - - - 0.4 - - - 0.3 - - - <0.1 -
Orthophosphates mg/| N/A N/A <0.03 - - <0.03 - - - <0.03 - - - 0.03 - - - 0.05 -
Faecal Coliforms cfus/100ml 0 N/A - - - <1 - - - <15 - - - <1 - - - <1 -
Total Coliforms cfus/100ml 0 N/A - - - e - - <1 - - - - - B @
Organochlorine Pesticides pg/l 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Organophosphorus Pesticides pg/l 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Semi Volatile Organics pg/l N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic plus TICS ug/l N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic Compounds pg/l N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
List I and II Substances*** ug/| N/A N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
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Client:

Site:

Monitoring Point:

Location of Monitoring Point:

Murphy Environmental
Hollywood W0129-01

BH-5

Within site — north

Parameter Units Drinking EPA Trigger|| Q2, 2003 [Q3, 2003(Q4, 2003|Q1, 2004|Q2, 2004|Q3, 2004(Q4, 2004|Q1, 2005/Q2, 2005/Q3, 2005(Q4, 2005|Q1, 2006| Q2, 2006 (Q3, 2006(Q4, 2006|Q1, 2007|Q2, 2007
Water Levels for | (Baseline)
Directive WL 151-1
(98/83/EC)
Arsenic mg/| 0.01 N/A <0.002 0.006 0.006 0.007 0.008 0.005 0.006 <0.002 | 0.009 0.007 0.007 0.008 0.007 0.006 0.009 0.006 0.008
Potassium mg/I N/A N/A 1.4 1.2 1.4 1.6 1.4 1.8 1.6 1.4 1.2 1.2 1.4 1.3 1.4 1.3 1.3 1.7 1.5
Sodium mg/I| 200 80 25 19 20.4 32 20.5 13.5 18 43 17 22 18 18 14 19 14 19 15
Total 6 PAHs1 mg/| 0.001 N/A - - - - - <0.2 <0.2 <0.00006/<0.00006|<0.00006<0.00001{ <0.00001{<0.00001
Total Phenols mg/I| N/A 0.1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Barium* mg/I N/A N/A - - - - - 0.05 0.05 0.07 0.07 0.057 0.067 0.06 0.07 0.07 0.07 0.078 0.053
Calcium mg/| N/A N/A 106.5 116.3 117.5 104.8 101.8 105.6 92.49 117 108 106.1 119 111 116 113 131 123 112
Iron mag/| 0.2 N/A <0.001 0.023 <0.001 0.001 <0.001 0.006 0.051 0.005 <0.005 | <0.005 0.005 <0.002 | <0.002 | <0.002 | <0.002 0.05 <0.002
Manganese mag/| 0.05 N/A
Total Organic Carbon mg/I| N/A 50 44 2 3 4 5 3 <2 3 5 11 7 3 5 <2 4 3 5
Chloride mg/| 250 75 22 31 24 25 23 23 22 22 24 23 23 23 24 24 22 26 26
Sulphate mg/I 250 150 18 20 21 20 23 24 22 36 28 29 28 27 26 26 24 27 21
Total Oxidized Nitrogen mg/I| N/A N/A <0.3 <0.3 <0.3 5.5 0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 0.3 0.8 0.6 <0.3
Conductivity mS/cm 2.5 1 0.485 0.656 0.615 0.648 0.634 0.642 0.765 0.74 0.671 0.654 0.66 0.665 0.666 0.582 0.62 0.643 0.57
Dissolved Oxygen mg/| N/A N/A 4.5 9.1 8.9 7.1 3.8 5 6.3 - 2.8 4.1 5.2 4.5 3.2 2.46 4.16 4.58 5.23
pH pH 6.5<pH<9.5 6<pH<9 7.64 7.31 6.97 6.96 7.06 7.27 7.74 7.13 7.36 7.02 7.06 6.52 6.93 6.95 7.71 7.33 7.07
Ammoniacal Nitrogen mg/l NH4-N 0.39 N/A 0.3 <0.2 <0.2 <0.2 <0.2 <0.2&¥ 0.2 0.2 <0.2 0.2 <0.2 0.2 <0.2 0.3
Cyanide mg/| 0.05 N/A <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <Q,©5 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.005 <0.05 <0.05 <0.05
Chemical Oxygen Demand mg/| N/A N/A - - 334 N O
ST -
Odour N/A N/A N/A - None None None None N ;:s\o‘ None of:l):)lzr None None None None None None None None None
Blackish \\}Q“’\'\}*w Dark Dark Blaf:k / Blaf:k / quck / Blaf:k / Blaf:k / Blaf:k /
N/A N/A N/A - Clear Clear Clear Gre QQ ar | brown / Black Oily Oily Black Black High Oily Oily Oily
Colour _CY,\\O\@‘ Black sheen Sheen Sediment| sheen sheen Black sheen
Water Level mOD N/A N/A 99.92 99.39 98.98 99.32 9885 96.36 95.22 94.45 93.51 93.12 92.87 92.95 92.32 91.82 91.12 91.47 103.82
Temperature °C N/A N/A - - - 9.3 |1 10 9 10 9 11 10 9 8.6 14.5 10.8 10.3 13
Mercury mg/I 0.001 N/A <0.00005 - - <0.00005[ - - - <0.00005 - - - <0.00005 - - - <0.00005 -
Total Solids mg/| N/A N/A - - 888 538 & - - - 691 - - - 1955 - - - 748 -
Boron mg/| N/A N/A <0.05 - - <0.05 - - - <0.05 - - - 0.022 - - - 0.028 -
Magnesium mg/I N/A N/A 8.52 - - ],0@8‘6 - - - 12.57 - - - 11.18 - - - - -
Total Chromium mg/| 0.05 N/A <0.05 - - <0.05 - - - <0.05 - - - 0.01 - - - 0.009 -
Total Phosphorus mg/| N/A N/A 1.19 - - 2.38 - - - 0.96 - - - 2.49 - - - 3.64 -
Cadmium mg/| 0.005 0.004 <0.0004 - - <0.0004 - - - - - - 0.003 - - - 0.0007 -
Copper mg/I 2 0.5 <0.005 - - 0.005 - - - <0.005 - - - 0.009 - - - 0.006 -
Lead mg/| 0.01 N/A <0.005 - - 0.001 - - - 0.001 - - - 0.005 - - - <0.001 -
Zinc mg/| N/A N/A 0.017 - - <0.005 - - - <0.005 - - - 0.01 - - - 0.17 -
Fluoride mg/| 1.5 N/A <0.5 - - 0.5 - - - 0.5 - - - 0.5 - - - 0.3 -
Orthophosphates mg/| N/A N/A <0.03 - - <0.03 - - - 1.43 - - - 2 - - - 2.81 -
Faecal Coliforms cfus/100ml 0 N/A - - - <1 - - - <15 - - - <1 - - - <1 -
Total Coliforms cfus/100ml 0 N/A - - - _ - - - <1 - - - - - - _:
Organochlorine Pesticides ug/I 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Organophosphorus Pesticides ug/I 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Semi Volatile Organics ug/I N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic plus TICS ug/I N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic Compounds ug/| N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
List I and II Substances*** ug/I N/A N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -

EPA Export 25-07-2013:22:03:59



Client:
Site:
Monitoring Point:

Location of Monitoring Point:

Murphy Environmental
Hollywood W0129-01

BH-6

North of site — ca. 240m

Parameter Units Drinking EPA Trigger|| Q2, 2003 |Q3, 2003|Q4, 2003|Q1, 2004(Q2, 2004|Q3, 2004|Q4, 2004|Q1, 2005(Q2, 2005|Q3, 2005|Q4, 2005(Q1, 2006(Q2, 2006|Q3, 2006|Q4, 2006(Q1, 2007(Q2, 2007
Water Levels for || (Baseline)
Directive WL 151-1
(98/83/EC)
Arsenic mg/| 0.01 N/A - <0.002 | <0.002 [ <0.002 | <0.002 | <0.002 | <0.002 [ <0.002 _ <0.001 | <0.001 <0.001 | <0.001 <0.001 | <0.001 <0.001 0.001
Potassium mg/| N/A N/A 5.6 6.6 7 6.8 6.4 8 6.8 8.2 7.2 7 6.4 6.1 6 5.7 5.5 6.1 6.8
Sodium mg/| 200 80 24.5 19.5 27.5 21 21 14 18.5 22 19 21 18.5 17.5 20 23 16.5 18.5 17.5
Total 6 PAHs1 mg/| 0.0001 N/A - - - - - <0.2 <0.2 <0.00006| <0.00006( <0.00006| <0.00001] <0.00001| <0.00001
Total Phenols mg/| N/A 0.1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Barium* mg/| N/A N/A - - - - - 0.05 0.05 0.08 0.21 0.05 0.06 0.05 0.06 0.05 0.05 0.1 0.06
Calcium mg/| N/A N/A 117 107.8 121.1 61.02 105.9 117.2 102.6 130.1 88.83 95.32 113.1 105.9 125.8 111.7 110 113.7 102.6
Iron mg/| 0.2 N/A 0.007 0.021 <0.001 <0.001 | <0.001 0.005 0.055 0.005 0.196 <0.005 0.011 <0.002 | <0.002 [ <0.002 | <0.002 0.056 0.138
Manganese mg/| 0.05 N/A 0.025 <0.001 [ <0.001
Total Organic Carbon mg/| N/A 50 36 <2 <2 <2 4 2 <2 <2 <2 4 6 <2 3 <2 <2 0.002 3
Chloride mg/| 250 75 18 29 20 22 20 21 19 20 20 19 20 20 21 21 20 25 21
Sulphate mg/| 250 150 51 61 44 45 46 54 49 45 41 47 48 46 51 36 35 33 38
Total Oxidized Nitrogen mg/| N/A N/A <0.3 <0.3 <0.3 0.6 <0.3 <0.3 <0.3 0.4 <0.3 <0.3 <0.3 <0.3 0.3 <0.3 <0.3 <0.3 <0.3
Conductivity mS/cm 2.5 1 0.725 0.747 0.553 0.737 0.724 0.767 0.879 0.793 0.737 0.739 0.731 0.745 0.745 0.624 0.647 0.664 0.603
Dissolved Oxygen mg/| N/A N/A 4.6 8.3 9.3 7.2 4.3 6.7 6 - 4.3 8 5.4 5.9 5.54 3.39 1.55 5.56 4.41
pH pH 6.5<pH<9.5 6<pH<9 7.49 7.47 7.17 7.21 7.04 7.47 8.18 7.52 7.75 6.79 7.54 6.89 7.12 7.06 7.22 7.66 7.53
Ammoniacal Nitrogen mg/l NHa-N 0.39 N/A 0.3 <0.2 0.3 Fd @2 BEE <0.2 0.3 0.2 02 [ os 0.3
Cyanide mg/| 0.05 N/A 0.28 <0.05 <0.05 <0.05 <0.05 <0.05 QQ@S <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Chemical Oxygen Demand mg/| N/A N/A - - 37 N
Odour N/A N/A N/A - None None None None Ngrté:(;\o) None None None None None None None None None None None
. g&é . . . . Clear / Light
N/A N/A N/A - Clear Slightly Clear Black <\‘>@ / Black Blac_k Oily Blac.k Oily Blac_k Oily Blac.k Oily Clear Clear Trace of bro%vn / BIS-C|k /
Brown (\? iment Film Film Film Film . 1y

Colour O IS Sediment| yellow sheen Black
Water Level mOD N/A N/A 117.31 117.31 117.31 117.31 11738 117.31 117.31 117.31 117.31 117.31 117.31 117.31 117.31 117.31 117.31 117.31 117.31
Temperature oC N/A N/A - - - 9.1 [ Ng 9 9 8 8 11 10 8 10.4 12.7 10.6 10.4 10.8
Mercury mg/I 0.001 N/A <0.00005 - - <0.00005} .o - - - <0.00005 - - - <0.00005 - - - <0.00005 -
Total Solids mg/| N/A N/A - - 1668 Y - - - 414 - - - 358 - - - 452 -
Boron mg/| N/A N/A <0.05 - - <0.05%> - - - 0.06 - - - 0.076 - - - 0.086 -
Magnesium mg/| N/A N/A 17.01 - - 19634 - - - 21.66 - - - 19.07 - - - - -
Total Chromium mg/I 0.05 N/A <0.05 - - %0.05 - - - <0.05 - - - 0.01 - - - 0.009 -
Total Phosphorus mg/| N/A N/A 0.08 - - 1.37 - - - 0.11 - - - 0.07 - - - 0.33 -
Cadmium mg/| 0.005 0.004 <0.0004 - - 0.0007 - - - 0.0049 - - - <0.001 - - - <0.0004 -
Copper mg/I 2 0.5 <0.005 - - 0.005 - - - <0.005 - - - 0.013 - - - <0.001 -
Lead mg/| 0.01 N/A <0.005 - - 0.001 - - - <0.005 - - - <0.001 - - - <0.001 -
Zinc mg/| N/A N/A <0.005 - - <0.005 - - - 0.007 - - - 0.017 - - - 0.012 -
Fluoride mg/| 1.5 N/A <0.5 - - 0.3 - - - 0.4 - - - 0.4 - - - 0.3 -
Orthophosphates mg/I N/A N/A <0.03 - - <0.03 - - - <0.03 - - - 0.03 - - - 0.04 -
Faecal Coliforms cfus/100ml 0 N/A - - - <1 - - - <15 - - - <1 - - - <1 -
Total Coliforms cfus/100ml 0 N/A - - - <1 - - - - - - - - - _:
Organochlorine Pesticides ug/I 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Organophosphorus Pesticides ug/I 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Semi Volatile Organics ug/I N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic plus TICS ug/I N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic Compounds ug/| N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
List I and II Substances*** ug/I N/A N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
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Client: Murphy Environmental
Site: Hollywood W0129-01
Monitoring Point: BH-8
Location of Monitoring Point: Within site - west
Parameter Units Drinking |[[EPA Trigger| Q2, 2003 (Q3, 2003(Q4, 2003|Q1, 2004|Q2, 2004|Q3, 2004(Q4, 2004|Q1, 2005|Q2, 2005|Q3, 2005(Q4, 2005|Q1, 2006|Q2, 2006|Q3, 2006(Q4, 2006|Q1, 2007|Q2, 2007
Water Levels for | (Baseline)
Directive WL 151-1
(98/83/EC)
Arsenic mg/| 0.01 N/A - <0.002 | <0.002 | <0.002 | <0.002 | <0.002 [ <0.002 0.005 <0.001 Dry <0.001 <0.001 <0.001 Dry <0.001 <0.001 0.001
Potassium mg/| N/A N/A 2.3 8.8 5.6 2.6 4.4 4.6 3.4 3.8 2 Dry 5.6 3.8 3.8 Dry 5.1 2.2 5.5
Sodium mg/| 200 80 26 20 29.5 29.5 23.5 17.5 23.5 36 25 Dry 26.5 26.5 27.5 Dry 18 26 24
Total 6 PAHs1 mg/| 0.0001 N/A - - - - - <0.2 <0.2 Dry <0.00006| <0.00006 Dry <0.00001| <0.00001|<0.00001
Total Phenols mg/| N/A 0.1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 Dry <0.01 <0.01 <0.01 Dry <0.01 <0.01 <0.01
Barium* mg/| N/A N/A - - - - - 0.05 <0.05 0.08 0.04 Dry 0.088 0.074 0.053 Dry 0.054 0.063 0.069
Calcium mg/| N/A N/A 40.84 86.89 53.32 33.19 71.56 43.91 40.46 78.01 42.81 Dry 109.6 74.65 44.73 Dry 79.68 66.42 173.3
Iron mg/| 0.2 N/A 0.042 0.028 0.022 0.008 <0.001 0.032 0.097 0.007 <0.005 Dry 0.011 0.008 <0.002 Dry <0.002 0.057 0.022
Manganese mg/| 0.05 N/A 0.002 0.034 0.021 Dry 0.005 Dry 0.012
Total Organic Carbon mg/| N/A 50 5 8 6 5 7 8 7 5 6 Dry 12 5 5 Dry 8 6 10
Chloride mg/| 250 75 58 24 46 57 26 49 53 42 58 Dry 31 39 60 Dry 28 64 40
Sulphate mg/| 250 150 66 187 73 33 134 59 50 122 52 Dry 172 171 74 Dry 142 83 181
Total Oxidized Nitrogen mg/| N/A N/A 10.7 4.4 10 10 8.2 11 10.8 7.9 9.7 Dry 16.2 8 8.9 Dry 5.1 7.9 <0.3
Conductivity mS/cm 2.5 1 0.442 0.618 0.373 0.422 0.557 0.44 0.54 0.606 0.455 Dry 0.748 0.633 0.211 Dry 0.525 0.505 0.792
Dissolved Oxygen mg/| N/A N/A 4.8 7.8 5.8 Dry 5.7 4.6 5.88 Dry 3.89 3.16 0.78
pH pH 6.5<pH<9.5 6<pH<9 6.79 6.77 6.74 Dry 6.73 Dry 6.6 7.4 7.03
Ammoniacal Nitrogen mg/l NH4-N 0.39 N/A <0.2 <0.2 <0.2 Dry <0.2 <0.2 <0.2 Dry <0.2 0.3 0.3
Cyanide mg/| 0.05 N/A <0.05 <0.05 <0.05 <0.05 <Q(@E <0.05 <0.05 Dry <0.05 <0.05 <0.05 Dry <0.05 <0.05 <0.05
Chemical Oxygen Demand mg/| N/A N/A - 190 N O Dry Dry
Odour N/A N/A N/A - None None None None Non%ﬂ\j ?None None None Dry None None None Dry None None None
X
B:(/)(\EAI/':]I / Brown / High g@fg@ Brown / | Brown/ | Brown / Brl?)&\]/:/’: / Dark
N/A N/A N/A - High High Brown SedimergQ J\l&;h High High High Dry Brown Brown High Dry Brown Bro_Wn /
) Sediment N (@Ediment Sediment | Sediment | Sediment . Dark High
Colour Sediment ey Sediment Brown | Sediment
Water Level mOD N/A N/A 133.36 133.49 133.59 133.45 132, 133.44 133.38 133.15 133.44 Dry 132.38 133.23 133.53 Dry 133.46 133.38 133.12
Temperature °C N/A N/A - - - 10 KO0 11 10 10 9 Dry 12 9 11.1 Dry 13.6 9.9 17
Mercury mg/| 0.001 N/A <0.00005 - - <o.000058<}" - - - <0.00005 - - - <0.00005 - - - <0.00005 -
Total Solids mg/| N/A N/A - - 579 & - - - 382 - - - 2710 - - - 6723 -
Boron mg/| N/A N/A <0.05 - - <0.Q§ - - - <0.05 - - - 0.026 - - - 0.03 -
Magnesium mg/| N/A N/A 6.69 - - ZA5 - - - 12.86 - - - 13.14 - - - - -
Total Chromium mg/| 0.05 N/A <0.05 - - <0.05 - - - <0.05 - - - 0.004 - - - 0.002 -
Total Phosphorus mg/| N/A N/A <0.05 - - 0.27 - - - 0.18 - - - 2.02 - - - 5.51 -
Cadmium mg/| 0.005 0.004 0.0004 - - <0.0004 - - - 0.0036 - - - <0.001 - - - <0.0004 -
Copper mg/I 2 0.5 <0.005 - - <0.005 - - - 0.005 - - - <0.001 - - - 0.003 -
Lead mg/| 0.01 N/A <0.005 - - <0.005 - - - <0.005 - - - <0.001 - - - 0.001 -
Zinc mg/| N/A N/A 0.021 - - <0.005 - - - 0.014 - - - 0.021 - - - 0.014 -
Fluoride mg/I 1.5 N/A <0.5 - - 0.1 - - - <0.1 - - - <0.01 - - - <0.1 -
Orthophosphates mg/I N/A N/A <0.03 - - <0.03 - - - 0.03 - - - 0.12 - - - 0.05 -
Faecal Coliforms cfus/100ml 0 N/A - - - <1 - - - <15 - - - - - - <1 -
Total Coliforms cfus/100ml 0 N/A - - - _ - - - <1 - - - - - - _:
Organochlorine Pesticides ug/I 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Organophosphorus Pesticides ug/I 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Semi Volatile Organics ug/I N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic plus TICS ug/I N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic Compounds ug/| N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
List I and II Substances*** ug/I N/A N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -

EPA Export 25-07-2013:22:03:59



Client:
Site:
Monitoring Point:

Location of Monitoring Point:

Murphy Environmental
Hollywood W0129-01

BH-9

Within site - north west

Parameter Units Drinking EPA Trigger|| Q2, 2003 |Q3, 2003(Q4, 2003|Q1, 2004|Q2, 2004|Q3, 2004(Q4, 2004|Q1, 2005/Q2, 2005|Q3, 2005(Q4, 2005|Q1, 2006/Q2, 2006|Q3, 2006(Q4, 2006|Q1, 2007|Q2, 2007
Water Levels for || (Baseline)
Directive WL 151-1
(R /Q/ECY
Arsenic mg/| 0.01 N/A <0.05 <0.002 | <0.002 | 0.006 | <0.002 | 0.004 | 0.005 |JGNOBGMN| <0.001 | 0.006 | 0.003 | 0.003 | 0.002 | 0.005 | 0.004 | 0.004 | 0.003
Potassium mg/| N/A N/A 0.7 1 0.6 0.6 0.8 1 0.8 0.4 0.8 0.8 0.7 0.6 0.5 0.6 0.6 0.7 0.8
Sodium mg/| 200 80 14.5 17.5 26.5 44.5 19 8.7 13.8 27 19 16 15 14.5 15.5 18.5 12.5 14 14
Total 6 PAHs1 mg/| 0.0001 N/A - - - - - <0.2 <0.2 <0.00006( <0.00006| <0.00006| <0.00001| <0.00001| <0.00001
Total Phenols mg/| N/A 0.1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Barium* mg/| N/A N/A - - - - - <0.05 <0.05 <0.05 0.015 0.005 0.006 0.004 0.003 0.005 0.004 0.016 0.008
Calcium mg/| N/A N/A 78.73 87.83 97.42 81.15 81.57 89.39 85.78 111 93 83 97.59 88.55 94.36 95.32 93.27 90.25 96.51
Iron mg/| 0.2 N/A 0.023 0.004 <0.001 <0.001 0.004 0.054 0.003 <0.005 <0.005 0.006 0.009 0.01 <0.002 | <0.002 0.039 0.018
Manganese mg/!| 0.05 N/A 0.022 0.02 0.007 0.024 0.007 0.021 0.022 | <0.001 | <0.001 | 0.034
Total Organic Carbon mg/| N/A 50 27 3 3 4 6 3 2 3 3 7 6 3 4 2 4 2 4
Chloride mg/| 250 75 40 31 19 20 18 20 20 20 29 21 20 21 22 21 18 22 22
Sulphate mg/| 250 150 34 59 44 34 35 31 46 50 73 42 35 37 39 38 34 25 42
Total Oxidized Nitrogen mg/| N/A N/A <0.3 <0.3 <0.3 0.6 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
Conductivity mS/cm 2.5 1 0.516 0.569 0.419 0.525 0.52 0.502 0.638 0.633 0.626 0.529 0.504 0.519 0.251 0.449 0.458 0.488 0.443
Dissolved Oxygen mg/| N/A N/A 5.2 8.3 9.1 7 4.3 5.4 5.6 - 3.2 3.4 5.6 5.5 2.67 1.61 2.74 1.82 0.81
pH pH 6.5<pH<9.5 6<pH<9 7.22 7.14 6.8 6.67 6.57 7.04 7.17 7 7.25 6.94 6.52 6.76 6.9 7.01 7.54 6.92
Ammoniacal Nitrogen mg/l NH4-N 0.39 N/A <0.2 <0.2 <0.2 0.3 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.3 <0.2 <0.2 0.2 <0.2 <0.2
Cyanide mg/| 0.05 N/A <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.0\§3’ <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Chemical Oxygen Demand ma/! N/A N/A - - 15 N
Odour N/A N/A N/A - None None None None None . \\ﬂone None None None None None None None None None None
] ’ . Clear / . ) .
N/A N/A N/A - Clear Clear Clear Clear %%Q% Clear Light Light Light Light Clear - Clear - Clear - Light

Colour & O&@ Yellow brown brown brown Yellow Yellow Yellow Brown Clear Clear
Water Level mOD N/A N/A 103.22 102.64 102.37 103.97 103.37 ¢° #0v.22 103.21 103.92 103.41 102.46 101.4 102.87 102.71 102.39 101.2 104.06 103.79
Temperature °C N/A N/A - - - 9.1 1()'\\0\(\2‘ 10 9 10 9 10 10 10 11.4 13.5 12 10.6 17
Mercury mg/| 0.001 N/A <0.00005 - - <0.00005| ¥ &% - - <0.00005 - - - <0.00005 - - - <0.00005 -
Total Solids mg/| N/A N/A - - 346 [ N & - - 334 - - - 334 - - - 341 -
Boron mg/I N/A N/A <0.05 - - <0.05 Y &V - - - <0.05 - - - 0.013 - - - 0.018 -
Magnesium mg/| N/A N/A 3.65 - - 6.66 « - - - 5.87 - - - 4.03 - - - - -
Total Chromium mg/| 0.05 N/A <0.001 - - <0.05v - - - <0.05 - - - 0.006 - - - 0.006 -
Total Phosphorus mg/! N/A N/A <0.05 - - 07 - - - 0.15 - - - 0.23 - - - 0.6 -
Cadmium mg/| 0.005 0.004 <0.0004 - - <9.0004 - - - 0.0037 - - - <0.001 - - - 0.0005 -
Copper mg/I 2 0.5 <0.005 - - <0.005 - - - 0.005 - - - <0.001 - - - <0.001 -
Lead mg/| 0.01 N/A <0.005 - - <0.005 - - - <0.001 - - - <0.005 - - - <0.001 -
Zinc mg/| N/A N/A 0.023 - - <0.005 - - - 0.009 - - - 0.018 - - - 0.014 -
Fluoride mg/| 1.5 N/A <0.5 - - 0.4 - - - 0.2 - - - 0.1 - - - <0.1 -
Orthophosphates mg/I N/A N/A <0.03 - - <0.03 - - - 0.074 - - - <0.003 - - - <0.03 -
Faecal Coliforms cfus/100ml 0 N/A - - - - - - <15 - - - <1 - - - -
Total Coliforms cfus/100ml 0 N/A - - - - - - <1 - - - - - - -
Organochlorine Pesticides pg/l 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Organophosphorus Pesticides pg/l 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Semi Volatile Organics pg/l N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic plus TICS pg/l N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic Compounds ug/l N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
List I and II Substances*** pg/l N/A N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -

EPA Export 25-07-2013:22:03:59



Client:
Site:
Monitoring Point:

Location of Monitoring Point:

Murphy Environmental
Hollywood W0129-01

BH-10

Within site - south west

Parameter Units Drinking EPA Trigger|| Q2, 2003 |Q3, 2003|Q4, 2003|Q1, 2004(Q2, 2004|Q3, 2004|Q4, 2004|Q1, 2005(Q2, 2005|Q3, 2005|Q4, 2005(Q1, 2006(Q2, 2006|Q3, 2006|Q4, 2006(Q1, 2007(Q2, 2007
Water Levels for || (Baseline)
Directive WL 151-1
(QR/QR/EC)
Arsenic mg/| 0.01 N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Potassium mg/| N/A N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Sodium mg/| 200 80 Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Total 6 PAHs1 mg/| Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Total Phenols mg/| N/A 0.1 Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Barium* mg/| Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Calcium mg/| N/A N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Iron mg/| 0.2 N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Manganese mg/| 0.05 N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Total Organic Carbon mg/| N/A 50 Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Chloride mg/| 250 75 Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Sulphate mg/| 250 150 Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Total Oxidized Nitrogen mg/| N/A N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Conductivity mS/cm 2.5 1 Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Dissolved Oxygen mg/| N/A N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
pH pH 6.5<pH<9.5 6<pH<9 Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Ammoniacal Nitrogen mg/l NH4-N 0.39 N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Cyanide mg/| 0.05 N/A Dry Dry Dry Dry Dry Dry Dry§5° Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Chemical Oxygen Demand mg/| N/A N/A Dry Dry Dry Dry Dry Dry ,{Bﬁ/ Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Odour N/A N/A N/A Dry Dry Dry Dry Dry Dry - &\vDry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Colour N/A N/A N/A Dry Dry Dry Dry Dry Dlé\{\\ i Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Water Level mOD N/A N/A Dry Dry Dry Dry Dry moﬁ'}rgb Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Temperature °C N/A N/A Dry Dry Dry Dry Dry N\}Q“@}v Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Mercury mg/I 0.001 N/A Dry Dry Dry Dry Dryé‘\’\w Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Total Solids mg/I N/A N/A Dry Dry Dry Dry Dﬁ}’ QQ Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Boron mg/I N/A N/A Dry Dry Dry Dry . Q‘S@g\’ Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Magnesium mg/I N/A N/A Dry Dry Dry Dry 60\ \*Jﬁ'Py Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Total Chromium mg/| 0.05 N/A Dry Dry Dry Dry  |O° Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Total Phosphorus mg/I N/A N/A Dry Dry Dry Dry, O Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Cadmium mg/| 0.005 0.004 Dry Dry Dry D> Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Copper mg/I 2 0.5 Dry Dry Dry (pr Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Lead mg/I 0.01 N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Zinc mg/| N/A N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Fluoride mg/| 1.5 N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Orthophosphates mg/| N/A N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Faecal Coliforms cfus/100ml 0 N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Total Coliforms cfus/100ml 0 N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Organochlorine Pesticides pg/l 0.1 N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Organophosphorus Pesticides ug/l 0.1 N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Semi Volatile Organics ug/l N/A N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Semi Volatile Organic plus TICS ug/l N/A N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
Semi Volatile Organic Compounds ug/| N/A N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
List I and II Substances*** ug/l N/A N/A Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry Dry
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Client:

Site:

Monitoring Point:

Location of Monitoring Point:

Murphy Environmental
Hollywood W0129-01

BH-11

Within site - north east

Parameter Units Drinking |[[EPA Trigger| Q2, 2003 |Q3, 2003|Q4, 2003(Q1, 2004(Q2, 2004|Q3, 2004|Q4, 2004|Q1, 2005(Q2, 2005|Q3, 2005|Q4, 2005|Q1, 2006(Q2, 2006|Q3, 2006|Q4, 2006(Q1, 2007(Q2, 2007
Water Levels for | (Baseline)
Directive WL 151-1
(98/83/EC)
Arsenic mg/| 0.01 N/A <0.05 <0.002 | <0.002 [ <0.002 | <0.002 | <0.002 0.004
Potassium mg/| N/A N/A 1.4 1.4 1.4 0.8 1.6 1.8 1.4 4.6 3 4.2 2.9 2 5.6 8.4 13 36 7.4
Sodium mg/| 200 80 12 15 13 8.8 13.5 7.8 11.4 38 15 26 17 16 14 19 16.5 23.5 14.5
Total 6 PAHs1 mg/| 0.0001 N/A - - - - - <0.2 <0.2 <0.00006| <0.00006| <0.00006| <0.00001] <0.00001| <0.00001
Total Phenols mg/| N/A 0.1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Barium* mg/| N/A N/A - - - - - <0.05 <0.05 <0.05 0.019 0.028 0.023 0.019 0.022 0.023 0.022 0.039 0.019
Calcium mg/| N/A N/A 47.12 41.25 45.18 41.47 45.26 49.44 49.37 67 55 74 68 58 74.97 68.89 70.83 72.41 67.01
Iron mg/| 0.2 N/A 0.49 0.023 0.004 <0.001 <0.001 <0.001 0.046 0.002 <0.005 0.009 0.015 0.021 <0.002 | <0.002 | <0.002 0.05 0.009
Manganese mg/| 0.05 N/A
Total Organic Carbon mg/| N/A 50 5 <2 <2 3 4 <2 <2 <2 4 44 6 3 3 <2 4 4 3
Chloride mg/| 250 75 41 31 18 18 16 16 15 20 27 28 20 19 19 19 17 24 19
Sulphate mg/| 250 150 72 42 34 43 54 29 22 19 15 27 13 8 12 11 13 9 12
Total Oxidized Nitrogen mg/| N/A N/A <0.3 <0.3 <0.3 0.4 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
Conductivity mS/cm 2.5 1 0.373 0.328 0.251 0.336 0.341 0.338 0.389 0.5 0.41 0.53 0.447 0.43 0.438 0.441 0.491 0.69 0.421
Dissolved Oxygen mg/| N/A N/A 5 7.4 9.3 7 4.8 6.3 6.1 - 3.5 3.4 5.6 3.8 1.68 2.81 2.85 3.28 1.98
pH pH 6.5<pH<9.5 6<pH<9 6.81 6.88 7.29 6.41 6.67 6.86 7.1 7.95 6.88 6.82 6.86 6.69 6.96 7.45 8.47 6.93
Ammoniacal Nitrogen mg/l NH4-N 0.39 N/A <0.2 <0.2 0.3 <0.2 <0.2 <0.2 A 0.2 0.3 0.3 <0.2 0.2 <0.2 0.3 0.3 <0.2
Cyanide mg/| 0.05 N/A <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <Q(@E <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Chemical Oxygen Demand mg/| N/A N/A - - 27 J0©
Rl Slight Slight Slight Slight Slight Slight Slight Slight
N/A N/A N/A - None None None None N <" None None None 9 "eggy "eggy "eggy "eggy "eggy "eggy "eggy
Odour 00«@6 Odour smell” smell" smell” smell" smell” smell" smell”
DA
Slightly | Slightly BlackierQQéf\é}\ Slightly | Slightly Slightly Yellow Browm/
N/A N/A N/A - Brown Brown Black Gr \\45\ Clear Brown Clear Clear cloudy cloudy Clear Clear vellow | particles | Red High
Colour RO Sediment| Clear
Water Level mOD N/A N/A 100.07 99.59 99.24 99.44 0‘9\8\;@ 95.73 94.08 96.78 95.9 95.53 95.31 92.28 91.78 91.26 90.52 90.94 108.37
Temperature °C N/A N/A - - - 9.2 | N1 10 9 10 9 10 10 9 10.4 12.8 10.9 9.9 12.4
Mercury mg/| 0.001 N/A <0.00005 - - <0.00005'§ - - - <0.00005 - - - <0.00005 - - - <0.00005 -
Total Solids mg/| N/A N/A - - 4545?;*\ - - - 260 - - - 253 - - - 445 -
Boron mg/| N/A N/A <0.05 - - <p®5 - - - <0.05 - - - 0.023 - - - 0.029 -
Magnesium mg/| N/A N/A 4.57 - - 4.37 - - - 9.21 - - - 9.13 - - - - -
Total Chromium mg/I 0.05 N/A <0.001 - - <0.05 - - - <0.05 - - - 0.006 - - - 0.008 -
Total Phosphorus mg/| N/A N/A <0.05 - - 0.17 - - - 0.16 - - - 0.09 - - - 1.36 -
Cadmium mg/| 0.005 0.004 - - - - - 0.0042 - - - <0.001 - - - <0.0004 -
Copper mg/I 2 0.5 <0.005 - - <0.005 - - - 0.005 - - - <0.001 - - - <0.001 -
Lead mg/I 0.01 N/A <0.005 - - <0.005 - - - <0.005 - - - <0.001 - - - <0.001 -
Zinc mg/| N/A N/A 0.016 - - 0.153 - - - 0.008 - - - 0.022 - - - 0.016 -
Fluoride mg/| 1.5 N/A <0.5 - - 0.1 - - - 0.1 - - - 0.1 - - - 0.2 -
Orthophosphates mg/| N/A N/A <0.03 - - <0.03 - - - 0.12 - - - 0.06 - - - 0.1 -
Faecal Coliforms cfus/100ml 0 N/A - - - <1 - - - <15 - - - <1 - - - <1 -
Total Coliforms cfus/100ml 0 N/A - - - <1 - - - - - - - - - 1 -
Organochlorine Pesticides ug/I 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Organophosphorus Pesticides ug/l 0.1 N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -
Semi Volatile Organics ug/I N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic plus TICS ug/l N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
Semi Volatile Organic Compounds pg/l N/A N/A - - - <1 - - - <0.001 - - - <0.001 - - - <0.001 -
List I and II Substances*** ug/l N/A N/A - - - <0.01 - - - <0.00001 - - - <0.00001 - - - <0.00001 -

EPA Export 25-07-2013:22:03:59



Client:
Site:
Monitoring Point:

Location of Monitoring Point:

Murphy Environmental
Hollywood W0129-01

SwWi1i

Clonany Bridge (North (upstream) of site, ca. 280m)

Parameter Units Surface Salmonid || Q2, 2003 [Q4, 2003(Q2, 2004|Q4, 2004|Q2, 2005|Q4, 2005|Q2, 2006|Q4, 2006|Q2, 2007
Water Water (Baseline)
Regulations || Regulations
Clace R
Chloride ma/! 250 N/A 53 38 18 43 39 45 41 41 45
Conductivity mS/cm 1 N/A 0.446 0.545 0.251 0.579 0.499 0.958 0.29 0.653 0.691
Dissolved Oxygen mg/| N/A >9
pH pH 5.5-9.0 6-9 7.7 7.74 7.29 7.93 7.91 7.48 8.07 7.93 8.2
Ammoniacal Nitrogen mg/l NH4-N 3.11 0.7 0.3 <0.2 0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Total Suspended Solids mg/| - 25 60 <10 1& <10
Chemical Oxygen Demand mg/I| 40 N/A 16 <15 <15 18 <15 31 <15 17 16
Temperature °C >25 N/A - -, o - 10 - 11 9.1 12 8.4
Total 6 PAHs1 mg/! 0.001 N/A - S - <0.2 - - - - -
Sodium mg/! N/A N/A - 7 O 19 - - 25 - - 11.88
Magnesium mg/! N/A N/A - B <0.05 - - 16.82 - - 25
Maganese mg/! 1 N/A - Q& - 0.006 - - 0.308 - - 0.229
Orthophosphate mg/! N/A N/A A @ - 0.72 - - 0.05 - - <0.03
Sulphate mg/I 200 N/A R - 31 - - - - 164
Total Alkalinity mg/| N/A N/A O - 210 - - 180 - - 280
< o®
6\0
&
S

EPA Export 25-07-2013:22:03:59



Client:
Site:
Monitoring Point:

Location of Monitoring Point:

Murphy Environmental
Hollywood W0129-01

SW2

Joinery Bridge (East (downstream) of site, ca. 1630m)

Parameter Units Surface Salmonid | Q2, 2003 |Q4, 2003|Q2, 2004(Q4, 2004|Q2, 2005|Q4, 2005|Q2, 2006|Q4, 2006(Q2, 2007
Water Water (Baseline)
Regulations [[Regulations
Clace R
Chloride mg/I 250 N/A 42 41 30 38 34 61 38 33 40
Conductivity mS/cm 1 N/A
Dissolved Oxygen mg/| N/A >9 .
pH pH 5.5-9.0 6-9 7.8 7.57 8.24 8.15 8.12 7.57 8.12 8.12 8.17
Ammoniacal Nitrogen mg/INNH4- 3.11 0.7 <0.2 <0.2 <0.2&‘ <0.2 <0.2 0.3 <0.2 <0.2 <0.2
Total Suspended Solids ma/l - 25 <10 <10 <10 <10 7 I <o <10
Chemical Oxygen Demand mg/| 40 N/A <15 <15 ‘o\\<15 <15 <15 18 <15 <15 <15
Temperature °c >25 N/A - - \*’r&“ 10 - - - 10.7 11.5 10.6
Total 6 PAHs1 ma/I 0.001 N/A - RS - <0.2 - - - - -
Sodium mg/! N/A N/A - & 15.5 - 32.5 - - - 12.04
Magnesium mg/| N/A N/A - P S - <0.05 - 17.76 - - - 19.5
Maganese mg/I 1 N/A -0 - 0.011 - 0.018 - - - 0.005
Orthophosphate mg/| N/A N/A R - 0.29 - <0.03 - - - <0.03
Sulphate mg/| 200 N/A - - 110 - - - - 154
Total Alkalinity mg/| N/A N/A S - 270 - 130 - - - 230
&6\6\
S

EPA Export 25-07-2013:22:03:59




Client: Murphy Environmental

Site: Hollywood W0129-01
Monitoring Point: LC-1
Location of Monitoring Point: Within Cell 1
Parameter Units Surface Q3, 2004 |Q2, 2005|Q3, 2005(Q1, 2006|Q3, 2006(Q1, 2007|Q2, 2007
Water
Regulations
Clace R
Potassium mg/| N/A 150 60 42 81 103 95 88
Sodium mg/| N/A 650 900 2500 2720 1500 1250 900
Total Phenols mg/| 0.1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Chloride mg/| 250 2090 2787 2871 1864 2555 2298 1771
Sulphate mg/| 200 1847 2901 2585 2032 2101 2117 2263
Total Oxidised Nitrogen mg/| N/A <0.3 2 <0.3 <0.3 <0.3 <0.3 <0.3
Conductivity mS/cm 1 8.725 13.16 10.89 11.8 - 9.2 4.32
pH pH 5.5-9.0 7.48 5.59 4.64 6.21 6.35 7.12 6.08
] . mg/l NH,4-
Ammoniacal Nitrogen N 3.11 8.7 2 7.8 7.3 9 10 10.8
Chemical Oxygen Demand mg/| 40 61 - 56 18 78 68 112
STight STight
Odour None None None Musty None Organic | Organic
N/A N/A smell smell
Bright Orange
Orange, | yellow - | . - Orange,
. tint. High .
Colour high orange / solids Orange high
sediment high cloud;; sediment | Orange
N/A N/A sediment Sediment| Cloudy
Leachate Level m N/A - - 93.1 - 93.27 92.5 93.3
Temperature °C N/A 11 11 13 12 15.2 13 17.2
Total 6 PAHs ma/| 0.001 <0.2 - e - - - -
Barium mg/| 1 <0.05 - S- - - - -
R
SEa
S A
N
e
S0
N
L &
SRS
&£
N
N
N
\0
$)
S
&
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Chloride

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance

2319.428571
164.7244246
2298

#N/A
435.8198623
189938.9524

Frequency
1770
2000
2300
2600
2900
More

oNKHNNO

Kurtosis -1.782120004

Skewness 0.032690771

Range 1100

Minimum 1771

Maximum 2871

Sum 16236

Count 7 Triangular Distribution (1771, 2319, 2871)

Bin Frequency

Mean 2263.714286 1845 0

Standard Error 136.6871148 2045 2

Median 2117 2245 2

Mode #N/A 2445 1

Standard Deviation 361.6401131 2645 1

Sample Variance 130783.5714 2845 0

Kurtosis 0.32411138 3045 1

Skewness 0.985287646 More 0

Range 1054

Minimum 1847

Maximum 2901

Sum 15846

Count 7

Log Sulphate Log Sulphate Bin Frequency

1847 7.52131798 7.5 0
2901 7.972810784 Mean 7.714393711 7.6 1
2585 7.857480787 Standard Error 0.058042393 7.7 3
2032 7.616775809 Median 7.657755271 7.8 1
2101 7.650168701 Mode #N/A 7.9 1
2117 7.657755271 Standard Deviation ~ 0.153565737 8 1
2263 7.724446646 Sample Variance 0.023582436 More 0

Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

-0.04093037
0.748244514
0.451492804
7.52131798
7.972810784
54.00075598
7

Log Triangular (1847, 2208,2901)

Chloride
2.5
> 27
3
5 15
: ]
o051 I:l
0 ; ; ; ; ;
1770 2000 2300 2600 2900 More
Bin
Sulphate Histogram
2.5
> 2
3
$ 15
g .|
) %] I] I] I]
0
1845 2245 2645 3045
Bin
Log Sulphate Histogram
35
3t
g 257
220
g 1
I o1y
est [T
0 e e ey
75 77 79 More
Bin
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Moisture Content (%)

20 Column1
16 Histogram
15.2 Mean 16.89310345
15.3 Standard Error 0.359868991 16
15 Median 16 I
17 Mode 16 14+
16.4 Standard Deviation 1.937953824 12 +
16 Sample Variance 3.755665025 > 101
17 Kurtosis 0.700133245 <
18 Skewness 0.789498098 3 8T
16 Range 9 2 51
16 Minimum 13 *
22 Maximum 22 4T
19 Sum 489.9 2+
19 Count 29 0 i ) ) ) |
17 Confidence Level(95.0%) 0.737158201 ' ' ' ' '
17 13 148 16.6 18.4 20.2 More
20 Bin
16
16
17
15 Bin Frequency  Cumulative %
16 13 1 3.45%
15 14.8 0 3.45%
20 16.6 15 55.17%
18 18.4 7 79.31%
16 20.2 5 96.55%
16 More 1 100.00%0,-
13 é\\\ff
Triangular (0.13, 0.166, 0.22) (’;@
VG
73S
&
) &\?\
O
2
o
Gy
S
N
C
&
S
(\
QO
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Cell 1 WYG/Priority Construction/IGSL
Moisture Content Mean Effective | Coefficient of
Sample Dry Density (Mg/m?) Stress Permeability
Sample Layer Type (kPa) ky, (m/s)
TPA N N - - - - - 2.7x10 1
Cell 2 - Summary of Results of Triaxial Permeability Tests
Moisture Content Mean Effective | Coefficient of
Sample Dry Density (Mg/m?) Stress Permeability
Sample Layer Type Initial Final Initial Final (kPa) k,, (m/s)
HOL
S2 2.5kg Bulk 1.73 1.79 21 20 35 8.6 x 107!
HOL
S3 2.5kg Bulk 1.87 1.9 13 16 35 1.1x10™"°
HOL 2006 Layer 1 | U100 1.969 2.022 12.8 15.2 50 1.9x10™°
HOL 2007 Layer 1 | U100 1.833 1.895 12.8 15.3 50 2.0x107°
HOL 2008 Layer 1 | U100 2.126 1.983 11.5 15 50 3.0x107°
HOL 2009 Layer 2 | U100 1.854 1.903 15.3 17 50 2.5x107°
HOL 2010 Layer 2 | U100 1.902 1.924 13.1 16.4 50 6.3x107°
HOL 2017 Layer 2 | U100 1.88 1.91 15 16 90 1.3x10°
HOL 2018 Layer 3 | U100 1.84 1.86 16 17 90 2.1x107°
HOL 2019 Layer 3 | U100 1.78 1.8 17 18 90 4.6x 1070
HOL 2020 Layer 3 | U100 1.85 1.87 15 16 90 3.2x107°
HOL 2035 Layer 4 | U100 1.87 1.89 14 16 90 18x10 "
Cell 3 - y of Its of Triaxial Permeability Tests
Mean
Content i Coefficient of
Dry Density (Mg/m?) Stress Permeability
Sample Layer Initial Final Initial Final (kPa) ky, (m/s)
HYD 6100 Layer 1 1.77 1.86 18 22 90 2.1x107°
HYD 6101 Layer 1 1.87 1.94 17 19 90 1.8x10™°
HYD 6102 Layer 1 1.86 1.9 14 19 90 1.1x10°
HYD 6103 Layer 2 1.88 1.94 16 17 90 1.2x10™°
HYD 6104 Layer 2 1.9 1.94 13 17 90 2.1x107°
HYD 6105 Layer 2 1.82 1.87 16 20 90 1.1x10™°
HYD 6106 Layer 3 1.87 1.91 16 16 90 1.0x10"°
HYD 6107 Layer 3 1.94 1.99 14 16 90 1.4x10™°
HYD 6108 Layer 3 1.9 1.95 13 17 90 1.5x10°
HYD 6109 Layer 4 1.95 1.98 13 15 90 9.8x 107!
HYD 6110 Layer 4 1.91 1.94 13 16 90 9.4x 107!
HYD 6111 Layer 4 1.95 2 14 15 90 TIx10"
Cell 3 Extension - Co-efficient of Permeability Determinations (from site after placeme@‘ @
e
Dry Density Moisture Content | Effective| Coefficient s\O’K
(Mg/m?) (%) Stress | Permeabi b
Sample Layer nitial ina nitial ina (kPa) kv ( N
Cayer 1 N) N\
HYD 7001 (TP) * 1.58 1.57 19 20 90 %ﬁx@
HYD 7002 Layer 1 1.59 1.58 17 18 90 Q575107
HYD 7003 Layer 2 1.7 1.71 15 16 90 )~ 3qx10™
HYD 7004 Layer 3 1.7 1.7 15 16 9 P41x10"°
HYD 7005 Layer 4 1.7 1.7 12 13 B %JD\( 37x107°
S
N
Column1 Bin Frequency s\\’ :
9.4E-11 1 o Histogram
Mean 2E-10 1.33E-10 6 N4
Standard Error 2E-11 1.71E-10 2 § 7
Median 1.7E-10 More g) . :
Mode 1.1E-10 § 4
Standard Deviation 8.3E-11 33
Sample Variance 6.9E-21 £,
Kurtosis -0.376 1 1 |:| I:l
Skewness 0.71505 0
Range 2.8E-10 9.4E-11 1.32667E- 1.71333E-  More
Minimum 9.4E-11
Maximum 3.7E-10 Bin
Sum 3.3E-09
Count 18
Confidence Level(95.0%) 4.1E-11 Triangular (9.4e-11, 2.2e-010, 3.7e-10)
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APPENDIX 5
LANDSIM MODEL AND RESULTS
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RECORD OF RISK ASSESSMENT MODEL

Proyect. Risk Assessmert
Project Number Risk 0000

Murphy Environmenal

Risk Assessmert by Golder Associates March 2007

Customer. Murphy Environmental

Calculation Settings

Number of iterations: 501

Results calculated using sampled PDFs
Full Calculation

Clay Liner:
Retarded values used for simulation
No Biodegradation

Unsaturated Pathway:
Unretarded values used for simulation

No Biodegradation

Saturated Vertical Pathway:
No Vertical Pathway

Aquifer Pathway:
Unretarded values used for simulation \\/é”'
No Biodegradation Og(\é\
S
. . o &
Timeslices at: 30, 100, 300, 1000 éz?@\
RS
&
Q5 <
&
Decline in Contaminant Concentration in Leachate 'Q&(\\O
A\
S
Cadmium é\QOQ Non-Volatile
c (ka/l): 0.1589 6?5’\\ m (kg/l): 0.0823
&
Chloride Non-Volatile

¢ (kg/l): 0.2919

Nickel
¢ (kg/): -0.1479

Sulphate
¢ (kg/): 0.1209

Rollywood RA 2007 (SB) - 2 sim 22/06/2007 07:48:55

m (kg/l): 0.0298

Non-Volatile
m (kg/l): 0.0987

Non-Volatile
m (kg/l): 0.0166

Page 101 15
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Prosect: Risk Assessment
Project Number: Risk 0000

Muphy Environmental

Risk Assessment by Goider Associates March 2007

RECORD OF RISK ASSESSMENT MODEL

Custiomer: Murphy Environmental

Background Concentrations of Contaminants

Justification for Contaminant Properties

All parameters assumed to be unretarded in fractured bedrock

All units in milligrams per litre

Holiywood RA 2007 (SB) - 2 sim

22/08/2007 07:48:55

Page 2 of 15
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RECORD OF RISK ASSESSMENT MODEL
Project: Risk Assessmemnt

Project Number: Risk 0000 Customer: Murphy Envirenmental

Murphy Envircnmertal

Risk Assessmert by Golder Assooates March 2007

Phase: Existing Phase 1 (cell 1,2,3)

Infiltration Information

Cap design infiltration (mm/year): NORMAL(50,5)
Infiltration to waste (mm/year): NORMAL(523,52.3)
End of filling (years from start of waste deposit): 6

Justification for Specified Infiltration
Infiltration to open waste is based on difference between regional specific total rainfall and effective rainfall. Cap
design infiltration is Golder judgement for CQA installed clay cap.

Duration of management control (years from the start of waste disposal): 20000

Cell dimensions

Cell width (m): 210

Cell length (m): 123.8 0@'
Celi top area (ha): 4,28 §®
Cell base area (ha): 2.5998 O&\\O;,zg\
Number of cells: 1 o‘éﬁ@\

Total base area (ha): 2@9@&&‘

Total top area (ha): %00%2‘8

Head of Leachate when surface water breakout occurs (m) ‘ Q&"%’\&INGLEUG.S)

Waste porosity (fraction) QO&\\\'\@Q UNIFORM(0.2,0.3)
Final waste thickness (m): KQOQ UNIFORM(16.5,29.5)
Field capacity (fraction): [g\,\\o UNIFORM(0.15,0.2)
Waste dry density (kg/l) QOQ UNIFORM(1.25,1.75)

Justification for Landfill Geometry
Measured from site specific drawing of cell design to date

Holtywood RA 2007 (S8) - 2. um 22/08/2007 07-48:55 Page 3 of 15
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RECORD OF RISK ASSESSMENT MODEL
Project: Risk Assessment

Project Number: Fask 0000 Customer. Murphy Enviconmental

Nurphy  Environmental

Risk Assassment by Golder Associates March 2007

Source concentrations of contaminants
All units in milligrams per litre

Declining source term

Cadmium LOGTRIANGULAR(0.0006,0.006,0.06)
Substance to be treated as List 1
Chloride TRIANGULAR(1771,2319,2871)
Data are spot measurements of Leachate Quality
Nickel LOGTRIANGULAR(0.0036,0.036,0.36)
Data are spot measurements of Leachate Quality
Sulphate TRIANGULAR(1847,2264,2901)

Data are spot measurements of Leachate Quality

Justification for Species Concentration in Leachate
Sulphate and chloride concentrations based on PDF of leachate monitoring to data in Phase 1. Maximum nickel
and cadmium concentrations are set at 3 times the maximum parmissible leachate strength corresponding to the

inert waste acceptance criteria. \\,052"
&
&
S
. . Q
Drainage Information Oéz?es\
SO
O
Fixed Head. §0 Q@\
Head on EBS is given as (m): '(\é{(\\o TRIANGULAR(1,1,3)
A\
SO
Justification for Specified Head \00

9
it is assumed that the leachate head on the baﬁ\of Phase 1 will be kept at 3m or less above the site base. 1m
is judged to be the most likely with respect @&he Phase as a whole outside Cell 1.

Hollywood RA 2007 (SB) - 2. um 22/06/2007 D7:48:55 Page4of 15
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Project: Risk Assessment
Project Number: Risk 0000

Muptty Environmeral

Risk Assessment by Golder Assocates March 2007

RECORD OF RISK ASSESSMENT MODEL

Customer: M_rphy Environmentat

Barrier Information

There is a single clay barrier

Justification for Engineered Barrier Type
Based on design specification to date

Design thickness of clay (m):
Density of clay (kg/l):

Pathway moisture content (fraction):

Justification for Clay: Liner Thickness
Based on design specification to date

Hydraulic conductivity of liner (m/s):
Pathway longitudinal dispersivity (m):

Justification for Clay: Hydraulics Properties
Generated from site specific CQA data

Retardation parameters for clay liner
Uncertainty in Kd (I/kg):

Cadmium

Chloride

Nickel

Sulphate

Justification for Liner Kd Values by Species

SINGLE(1)
UNIFORM(0.18,0.24)
TRIANGULAR(0.13,0.166,0.22)

TRIANGULAR(9.4e-011,2.2e-010,3.7e-010)
SINGLE(0.1)

G SINGLE(O
(G omazo
KL *\\ UNIFORM(20,66)

\ooQ SINGLE(0)
§)

&

Chloride and sulphate are unretarded and kd has been set at 0. Nickel kd is conservatively based on range in

ConSim Help Files for sand and unspecified conditions. Kd for cadmium is Golder judgement based on data from

ConSim Help Files.

Holywood RA 2007 (SB) - 2.sim

22/06/2007 07:48:55 Page Sof 15
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RECORD OF RISK ASSESSMENT MODEL
Project: Risk Assessment

Project Number: Risk 0000 C.stomer: Murphy Environmenal

Murphy Environmental

Risk Assessment by Golder Associales March 2007

Backfill and fractured bedrock pathway parameters
Modelled as unsaturated pathway

Pathway length (m): SINGLE(1)

Flow Model: porous medium
Pathway moisture content (fraction): UNIFORM(0.01,0.035)
Pathway Density (kgfl): UNDEFINED

Justification for Unsat Zone Geometry
Assumed to be 1m, and thus that the water table does not rise above this threshold following recovery.

Pathway hydraulic conductivity values (m/s): SINGLE(1e-007)

Justification for Unsat Zone Hydraulics Properties

High value conservatively assumed such that it does not impact on site leakage rates.

Pathway longitudinal dispersivity (m): SINGLE(0.1)
Justification for Unsat Zone Dispersion Properties \\,052"
10% pathway length. o&é
S
Retardation parameters for Backfill and fractured bedrock pathway Oéz? @S\O
Modelled as unsaturated pathway Q\\}Q S
No retardation values used in this simulation. 00 @\\
Check 'Unretarded Contaminant Transport' setting under snmgﬁ{ﬁ preferences.
QO‘Q&@’
Aquifer Pathway Dimensions for Phase 6\00
Pathway length (m): @*\ UNIFORM(166,344)
Pathway width (m): S SINGLE(241)
Hottywood RA 2007 (SB) - 2.sam 22/08/2007 07.48:55 Page 6 of 15
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RECORD OF RISK ASSESSMENT MODEL
Profect: Risk Assessment

Project Number R:sk 0000 Customer: Musphy Environmental

Murphy Environmental

Risk Asssssmert by Golder Associates March 2007

Phase: Proposed Phase 2

Infiltration Information

Cap design infiltration (mm/year): NORMAL(50,5)
Infiltration to waste (mm/year). NORMAL(523,52.3)
End of filling (years from start of waste deposit): 2

Justification for Specified Infiltration
Infiltration to open waste is based on difference between regional specific total rainfall and effective rainfall. Cap
design infiltration is Golder judgement for CQA installed clay cap.

Duration of management control (years from the start of waste disposal). 20000

Cell dimensions

Cell width (m): 280

Cell length (m): 146 R4

Cell top area (ha): 4.61 §®

Cell base area (ha): 4,088 O@LQ@

Number of cells: 1 Oé?? ©

Total base area (ha): éﬁ%@@f

Total top area (ha): ;\\0(\{@6H

Head of Leachate when surface water breakout occurs (m) .\Qééf\;O\%INGLEUOJ)

Waste porosity (fraction) Qo*@{\q UNIFORM(0.2,0.3)

Final waste thickness (m): 6\00 UNIFORM(2.5,19.5)

Field capacity (fraction): égf\ UNIFORM(0.15,0.2)

Waste dry density (kg/l) QOQ UNIFORM(1.25,1.75)

Justification for Landfill Geometry

Set to ensure surface breakout does not occur in contaminant transport model.
Hallywood RA 2007 (SB) - 2.sim 22/06/2007 07:48:55 Page 7 of 15
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Project: Risk Assessment
Project Number: Risk 0000

Murphy Ervironmental

Risk Assassment by Golder Associates March 2007

RECORD OF RISK ASSESSMENT MODEL

Cuslemer: Murphy Environmental

Source concentrations of contaminants
All units in milligrams per litre

Declining source term

Cadmium

Chloride

Nickel

Sulphate

Justification for Species Concentration in Leachate

Sulphate and chloride concentration based on PDF of leachate monitoring data to date in Phase 1.

LOGTRIANGULAR(0.0006,0.0086,0.06)
Substance to be treated as List 1
TRIANGULAR(1771,2319,2871)

Data are spot measurements of Leachate Quality
LOGTRIANGULAR(0.0036,0.036,0.36)

Data are spot measurements of Leachate Quality
TRIANGULAR(1847,2264,2901)

Data are spot measurements of Leachate Quality

Maximum

nickel and cadmium concentration set at 3 times the maximum permissible leachate strength corresponding to the

inert Waste Acceptance Criteria.

Drainage Information

Fixed Head.
Head on EBS is given as (m):

Justification for Specified Head

@0&
S
S
NE
AN
VS
Q&
S
&é;@%%INGLE(n
OOQ\\

Based on 95%ile output from LandSim leachate ?‘i)nage system performance

Holtywoad RA 2007 (S9) - 2.sim

&

22/06/2007 07:48:55

EPA Export 25-07-2013:22:03:59
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RECORD OF RISK ASSESSMENT MODEL
Propect: Risk Assessment

Project Number. Risk 0000 Customer: Murphy Environmental

Muply  Environmerntal

Risk Assessmert by Golder Associates March 2007

Barrier Information

There is a single clay barrier

Justification for Engineered Barrier Type
Based on proposed design specification

Design thickness of clay (m):
Density of clay (kg/l):

Pathway moisture content (fraction):

Justification for Clay: Liner Thickness
Based on proposed future design specification

Hydraulic conductivity of liner (m/s):

SINGLE(1)
UNIFORM(0.18,0.24)
TRIANGULAR(0.13,0.166,0.22)

TRIANGULAR(9.4e-011,2.2e-010,3.7e-010)

Pathway longitudinal dispersivity (m}: SINGLE(0.1)
Justification for Clay: Hydraulics Properties R4
Based on site specific CQA data from Phase 1. §0®
S
Retardation parameters for clay liner Oéz? QJS\O
Uncertainty in Kd (I/kg): RN
Cadmium : QQ%N%QLE(GOO)
. PO
Chloride '\Q&(\\o SINGLE(0)
Nickel & %‘& UNIFORM(20,66)
Sulphate \&Q SINGLE(0)
@&\0
Justification for Liner Kd Values by Species QOQ

Chloride and sulphate are unretarded and kd has been set at 0. Nickel kd is conservatively based on range in

ConSim Help Files for sand and unspecified conditions.

ConSim Help Files.

Holtywood RA 2007 (SB) - 2 sim

22/06/2007 07:48:55

Kd for cadmium is Golder judgement based on data from

Page 9ol 15
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ot Risk " RECORD OF RISK ASSESSMENT MODEL
Project: Risk Assessme:

Project Number: Risk 0000 Customer Murphy Envircomemal

Murphy Environmental

Risk Assessment by Golder Associates March 2007

Backfill and fractured bedrock pathway parameters

Modelled as unsaturated pathway

Pathway length (m): SINGLE(1)

Flow Model: porous medium
Pathway moisture content (fraction): UNIFORM(0.01,0.035)
Pathway Density (kg/l): UNDEFINED

Justification for Unsat Zone Geometry
Assumed to be 1m, and thus that the water table does not rise above this threshold following recovery.

Pathway hydraulic conductivity values (m/s): SINGLE(1e-007)

Justification for Unsat Zone Hydraulics Properties
High value conservatively assumed such that it does not impact on site leakage rates.

Pathway longitudinal dispersivity (m): SINGLE(0.1)
Justification for Unsat Zone Dispersion Properties \\,052"
10% pathway length §0®
S
Retardation parameters for Backfill and fractured bedrock pathway 0(,5? @S‘O
Modelled as unsaturated pathway Q\‘}Q @\
No retardation values used in this simulation. ;\\000@\\
Check 'Unretarded Contaminant Transport' setting under sin‘&iﬁi@\%references.
S
Aquifer Pathway Dimensions for Phase é\QOQ
Pathway length (m): S UNIFORM(16.5,163.5)
Pathway width (m): & SINGLE(314)
Holtywood RA 2007 (SE) - 2 wm 22/06/2007 0748 ' 55 Page 100l 15
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a RECORD OF RISK ASSESSMENT MODEL
Project Risk Assessment

Project Number Risk 0000 Gustomer. Murphy Environmental

Murphy Environmental

Risk Assessmert by Golder Associates March 2007

Phase: Proposed Phase 3

Infiltration Information

Cap design infiltration (mm/year): NORMAL(50,5)
Infiltration to waste (mm/year). NORMAL(523,52.3)
End of filling (years from start of waste deposit): 7

Justification for Specified Infiltration
Infiltration to open waste is based on difference between regional specific total rainfall and effectve rainfall. Cap
design infiltration is Golder judgement for CQA installed clay cap.

Duration of management control (years from the start of waste disposal): 20000

Cell dimensions

Cell width (m): 400

Cell length (m): 202.5 R4
Cell top area (ha): 10.29 §®
Cell base area (ha): 8.1 O@ﬁ;@
Number of cells: 1 Oé?? ©

Total base area (ha): %&Q S

Total top area (ha): ;\\008@.829

Head of Leachate when surface water breakout occurs (m) | \(\é? ‘(\\0\$ SINGLE(10.1)

Waste porosity (fraction) QO‘@@ UNIFORM(0.2,0.3)
Final waste thickness (m): 6\00 UNIFORM(9.5,42.5)
Field capacity (fraction): 6535\ UNIFORM(0.15,0.2)
Waste dry density (ka/l) QOQ UNIFORM(1.25,1.75)

Justification for Landfill Geometry
Set to ensure leachate breakout does not occur in contaminant transport model

Holtywood RA 2007 (SB) - 2 sim 22/06/2007 07.48:55 Page 1101 15
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RECORD OF RISK ASZESSMENT MODEL
Project: Risk Assessment

Project Number: Risk 0000 Customes: Murphy Environmental

Mearphy Environmental

Risk Assassment by Golder Assocates March 2007

Source concentrations of contaminants
All units in milligrams per litre

Declining source term

Cadmium LOGTRIANGULAR(0.0006,0.006,0.06)
Substance to be treated as List 1
Chloride TRIANGULAR(1771,2319,2871)
Data are spot measurements of Leachate Quality
Nickel LOGTRIANGULAR(0.0036,0.036,0.36)
Data are spot measurements of Leachate Quality
Sulphate TRIANGULAR(1847,2264,2901)

Data are spot measurements of Leachate Quality

Justification for Species Concentration in Leachate
Sulphate and chloride concentration based on PDF of leachate monitoring data to date in Phase 1. Maximum
nickel and cadmium concentrations set at 3 times the maximum permissible leachate strength corresponding to the

inert Waste Acceptance Criteria. R4
&
&
S
. . Q
Drainage Information Oé?@\
RN
O
. Q5 <
Fixed Head. N
&
Head on EBS is given as (m): '(\éé O SINGLE(1)
&
< N
Justification for Specified Head 6\00
Based on 95%ile output from LandSim model of ég{bnceptual leachate drainage system
S
Hobywood RA 2007 (SB) - 2 sim 22/06/2007 07-48:55 Page 12015
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Project: Risk Assassmers
Project Number: Risk 0000

Muphy Environmental

Risk Assessmeri by Golder Associates March 2007

RECORD OF RISK ASSESSMENT MODEL

Customer. Murphy Environmental

Barrier Information

There is a single clay barrier

Justification for Engineered Barrier Type
Based on proposed design specification

Design thickness of clay (m):
Density of clay (kg/):

Pathway moisture content (fraction):

Justification for Clay: Liner Thickness
Based on proposed future design specification

Hydraulic conductivity of liner (m/s):

SINGLE(1)
UNIFORM(0.18,0.24)
TRIANGULAR(0.13,0.166,0.22)

TRIANGULAR(9.4e-011,2.2e-010,3.7e-010)

Pathway longitudinal dispersivity (m): SINGLE(0.1)
Justification for Clay: Hydraulics Properties R4
Based on site specific CQA data from Phase 1. §0®
S

Retardation parameters for clay liner Oéz? @S\O
Uncertainty in Kd (I/kg): \\,&%&\}*
Cadmium éi\\oﬁ\(\s}ﬁzeuz(eom
Chloride '\Q\é{(,\\o@SINGLE(O)
Nickel Qo\ A‘\\Q UNIFORM(20,66)
Sulphate \&Q SINGLE(0)

@&\0
Justification for Liner Kd Values by Species QOQ

Chloride and suplhate are unretarded and kd has been set at 0.
ConSim Help Files for sand and unspecified conditions.

ConSim Help Files.

Holtywood RA 2007 (SB) - 2 sim

22/068/2007 07:48:55

Nickel kd is conservatively based on range in

Kd for cadmium is Golder judgement based on data from

Page 130f 15
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RECORD OF RISK ASSESSMENT MODEL
Project: Risk Assessment

Project Number. Risk 0000 Customer- Murphy Environmental

Murphy Environmental

Risk Assessmert by Golder Associates March 2007

Backfill and fractured bedrock pathway parameters
Modelled as unsaturated pathway

Pathway length (m): SINGLE(1)

Flow Model: porous medium
Pathway moisture content (fraction): UNIFORM(0.01,0.035)
Pathway Density (kg/l): UNDEFINED

Justification for Unsat Zone Geometry
Assumed to be 1m, and thus that the water table does not rise above this threshold following recovery.

Pathway hydraulic conductivity values (m/s): SINGLE(1e-007)

Justification for Unsat Zone Hydraulics Properties
High value conservatively assumed such that it does not impact on site leakage rate.

Pathway longitudinal dispersivity (m): SINGLE(0.1)
Justification for Unsat Zone Dispersion Properties 0@'
10% pathway length ,@@‘
S
&
Retardation parameters for Backfill and fractured bedrock pathway ,,52? &‘\O
o

Modelled as unsaturated pathway S
No retardation values used in this simulation. oQ @*
Check 'Unretarded Contaminant Transport’ setting under smufé‘f) ﬁpreferences

<<é \\\\Q
Aquifer Pathway Dimensions for Phase s\oo

Qo
Pathway length (m): [ggf\\ UNIFORM(11.5,248.5)
Pathway width (m): S SINGLE(435)
Formation pathway parameters
No Vertical Pathway

Holtywood RA 2007 (S8) - 2 sim 22/06/2007 07-48.55 Page 14 of 15
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RECORD OF RISK ASSESSMENT MODEL
Project: Rusk Assessment

Project Number: Risk 0000 Customer. Murphy Environmental

Murphy Environmertal

Risk Assessment by Goider Associates March 2007

Bedrock (Shale/limestone) pathway parameters
Modelled as aquifer pathway.

Mixing zone (m): UNIFORM(15,20)
Justification for Aquifer Geometry

Pathway length calculated by LandSim based on Phase arrangement in Domain Area Window. Pathway width
measured from site drawing of current and future phases.

Pathway regional gradient (-): SINGLE(0.03)
Pathway hydraulic conductivity values (m/s): LOGUNIFORM(1e-006, 1e-005)
Pathway porosity (fraction): UNIFORM(0.05,0.1)

Justification for Aquifer Hydraulics Properties

Hydraulc conductivity based on site specific slug test data. Allowance has been made for the potential for a
fracture network. Gradient information and been provided by a regional water tab@tontour plot. Porosity is based
on average values for shale and limestone from Freeze and Cherry 1979. §®

@\\‘q@
Pathway longitudinal dispersivity (m); LOGW @M(Z.BZS)
o
Pathway transverse dispersivity (m): Lg@ FORM(0.6,9.75)
00Q S
& &
Justification for Aquifer Dispersion Details &Q O
NN
Longitudinal dispersivity taken as 10% pathway Ieng(ly{o\i\bﬁverse dispersivity taken as 3% of pathway length
x@Q
O

Retardation parameters for Bedrock (. Sha/e/limest@ﬁ) pathway

Modelled as aquifer pathway.

No retardation values used in this simulation.

Check ‘Unretarded Contaminant Transport' setting under simulation preferences.

Haollywood RA 2007 (SB) - 2 sim 22/08/2007 07:48:55 Page 150015
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LandSim Version 2.5

Project Name: Risk Assessment

Customer:Murphy Environmenta

Results: Existing Phase 1 (cell 1,

2,3), Cadmium Concentration at base of Unsaturated Zone [mg/l]

4

7.000E-03F

6.000E-03]

5.000E-03

4.000E-03

Concentration at base of Unsaturated Zone [mg/l)

3.000E-03 / \\
2 0005-035 rrrrrrrrrr / & -
: f / N
] / )
1 &
1.000E-03 - TN T
b N2
0.000E+00 ¥ 1 v ¥ ¥ B v v 1 * L] v ¥ 1 () ¥
0 2000 4000 6000 80007 §,000 12,000 14,000 16,000 18,000 20,000
{\Q GTime [years]
N
| — 5th Pg\ﬁ — 50th Percentile —— 95th Percentile .
R
, )
\Hollywood RA 2007 (SB) - 2.sim 6\0 22/06/2007 07:48:55
3
A
oY
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LandSim Version 2.5

Project Name: Risk Assessment

Customer:Murphy Environmental

Results: Proposed Phase 2, Cadmium Concentration at base of Unsaturated Zone [mg/l]
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c
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LandSim Version 2.5
Project Name: Risk Assessment
Customer:Murphy Environmental
Resuits: Proposed Phase 3, Cadmium Concentration at base of Unsaturated Zone [mg/l]
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LandSim Version 2.5

Project Name: Risk Assessment

Customer:Murphy Environmental

Results: Sulphate Concentration at Compliance Point [mg/l]

200

160

pry
[$4)
o

140
1304
120

Concentration at Compliance Point [mg/l])
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L.andSim Version 2.5

Project Name: Risk Assessment

Customer:Murphy Environmental

Results: Chiloride Concentration at Compliance Point [mg/l]
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LandSim Version 2.5
Project Name: Risk Assessment
Customer:Murphy Environmental
Results: Nickel Concentration at Compliance Point [mg/l]
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APPENDIX 6
BOREHOLE LOGS
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Monitoring Well BH 4

Mon-it’o.ring Well Log

Client ;. Seamus Murphy.
Locatlon : Hollywood, Co. Dubiin
Job No: 1g98
Date : 3/g/98
Description : Monitoring Well

Drifling Company : Glovers Site Investigations Lid.

Drilling Method @ Air Rotary
Drillers Name :
National Grid Co. Ord. 1 325044 East
Ground Surface Elev, 1 98.9 m OD Malin
Logged by : Ciare Gtanville

Sample
5 Depth

258 mm Casing

200 mm Casing §...

150 rom Casing | -
1 Water Stike

Inflow miday

Faling Head Kimie}

SE\e!i & Auger
Number
SPT

Typs
gl

4 Air Rotary

257842 North
Head

~ Drilling Notes and
.- ‘Btrata Description

Construction
Details = 98

i
!

P .
g

LD
[Ae]

H i
i 3
. i
-3 - B PR S O .

|

L3
s

0-3m TILL

3-10m Limestona BEDROCK

JETEESTOITY IXPTURTVES HEYNTaY: POPSITORS

Gravel Bentonite Paliats

50 mm HDPE Riger in 200 i Hole
2

50 mm HDPE Screen ity 200 mm 'Hole
Metres Q.0

[EARERARLR RS CEEEE

R s s T T

LEEIAE LEEAY

yrees

iYL

K.T.Cullen -& Co. Ltd.

Hydr_ogeo!ogicq}.; :&_,:._;E(;Lr_i_r,opmenial ' Qgpsu‘itanls

(4]
&

Sampla / Test Legand
U - U100 Tubes

58 - Slit Spoon :
SPT + Standard Penetrafion Test

Figure No.
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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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H
! Well Log i
, well No. BH10 Grid Reference ' !;
i
i
- project No. 1698 Client Seamus Murphy Drift Date 4/8/01 a
i
"well Type Location Hollywood Great Geologist C Connery
- i
-e SUBSURFACE PROFILE | i
Lan
: L. _ Well Consfruction ]
. Descripton Depth | Symbaol i;
- Ground Surface 0
 Boulder clay K :
s1iff brown very sandy gravelly clay containing ;] ]
\cobbles and boulders / +7]
. Limestone Bedrock 3
Limestone 10
. .
15~
HI
. 20-F
25
H
30 R
75 W 1
\ ﬁ Lol 1.1 l_
OQQ R e i I
é;\\si\é\ 3 s S
l ‘Q&\O 40 |i111[’1
e 6( l: ls T Il
<<O \\\\' T
QQ 45 | T
¢ R
6\ |
i X 50 T 1 + 11 [ H
O(\O¢\ N e
o 55 : :1 T 1'1
: ] ‘L 1 L_ 1 1_]
60 —l'[[[ fl !:I
] T I. ’_:
e
| DS S
S . S|
70~ : . :’ . :‘
T :1 lT. I l?
?5 Lliiliii'
: St ot o
80 lJ T 1| I I i
1 ) I
b I | 1
ey T 1l 1 ’1
— End of Borahole 85
g Brill Method Air rotary Hole Size {mm) 200
‘ Casing Length {m) 84 Ground Level {mOD)
T ]~ < Driler Glovers Site Investigations Static Water Level {bgl)
wL.Cullen & Co. Ltd.
R S
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EYANS R

Geologist Ben Whitfieki
Well Construction

Orill Dote 3/8/01

Syinbol

FHIL 2o

)

Fx.una [LLTE 5]

EPA Export 25-07-2013:22:04:00

Hole Size (mm)-200
Static Waier Level (bgh

TOC (mOQD)

FTHHET T SRR

SBNERY (8 =% 44

{m}

Depth

(o YT Y

35.0—

40.0

450

50.0
L]

i

Well L.og

Grid Reference
Client Seamus Murphy

Logation Hollywood Great

SUBSURFACE PROFILE

Clay o
Fieny to stiff grey brown sandy ¢ravelly CLAY

sontaining cobbies-and boulders
Shale.

Description
Groung Surface

Well No, B+t
Project No. 16848
WeH Type

Brown SHALE

Fill

m, Fil)

Shale

Black SHALE

Deifler Glovers Site Investigations

Drili Method A Rotary
Casing Length {m) &




SHEET 1 OF 1
DATUM:

BORING DATE: 5/3/2007

RECORD OF MONITORING WELL BH10A

PROJECT: 07507190035 Murphy's Hollywood

LOCATION: Murphy's Hollywood
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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 RC)
20| £ = p= z 3z INSTALLATION
ow | w o z| . E 20 40 60 80 10°  10° 10" 10° 3 AND
;) 2 5 7 eev. | =S| w| < 1 1 1 L ! ! 1 1 gu GROUNDWATER
Ful g DESCRIPTION < g1Zleg] & grL-IIEkAPFQSTRENGTH ?:[:]\Q $ 8: 8 WATER CONTENT PERCENT Sy OBSERVATIONS
& z ZloertHlE (2| 2| & . wWp ———eW 4w <3
°c|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 52| e
o HE ]
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 _:
- 5o ;
- 55 ;
x g
:— 65 _:
- 3
DEPTH SCALE LOGGED: AS
1:350 CHECKED: TVM
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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 BH12 SHEET 1 OF 1
LOCATION: Murphy's Hollywood BORING DATE: 13/04/07 DATUM:
a DYNAMIC PENETRATION HYDRAULIC CONDUCTIVITY,
y 2] SOIL PROFILE SAMPLES . RESISTANCE, BLOWS/0.3m k k, cm/s I Y] INSTALLATION
go ':E I~ o o 6 5 4 -3 ; z
ol . o o . 2 20 40 60 80 10°  10°  10° 10 ZE AND
oK > T ey z|S|w| S L L L +' ° L ! 1 1 =41 GROUNDWATER
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