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Tier 2 Report Churchtown Landfill

1. Introduction

1.1 Background

Limerick Co Council operated a historic landfill site at Churchtown, Newcastle West
during the period 1950 to 1986. In accordance with the requirements of the Waste
Management (Certification of Historic Unlicensed Waste Disposal and Recovery Activity)
Regulations 2008 (S.I. No. 524 of 2008), Limerick County Council is required to achieve
Certification of Authorisation for the site. The Certification process requires that an
Environmental Risk Assessment is carried out in accordance with the EPA document -
‘Code of Practice: Environmental Risk Assessment for Unregulated Waste Disposal
Sites’.

In accordance with the EPA Code of Practice, the Environment Risk Assessment is

carried out in three phases; &
&
\.
e Tierl Conceptual Site Model and gﬁs@creenmg and Prioritisation
5\0
e Tier2 Site Investigations and \g@mg
Q
e Tier3 Refinement of nggl,\%géd Quantitive Risk Assessment.

This report contains the results o?@ﬁe Tier 2 site investigations carried out at
Churchtown historic landfill site dl,l\(}ﬂg the period November 2012 to August 2013. The
investigations were carried %ﬂ: in accordance with the EPA Code of Practice:
Environmental Risk Assessm%nt for Unregulated Waste Disposal Sites. The site
investigations were carried out in three phases:

e Preliminary Investigation March 2012
e Main investigation December 2012
e Additional Investigation March 2013

The onsite investigations were designed and supervised by Tobin Consulting Engineering

and the Environment Section of Limerick Co Council.

Limerick Co Council Page 1
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Tier 2 Report Churchtown Landfill

1.2 Limitations

This report consolidates the factual information obtained from each phase of the Tier 2
site investigations and provides information on the contamination sources, pathways
and receptors at Churchtown landfill site.

The Tier 1 Report for Churchtown Landfill Site contains information on the operational
history of the site together with geological information and the preliminary
environmental risk assessment which is not included in this report. The Tier 1 Report
also contains a detailed draft report produced by Tobin Consulting Engineers titled
Newcastle Risk Assessment for Churchtown Landfill Site- September 2007 which provides
information on the extensive site investigation and monitoring carried out at the site in
2007.

This report contains mainly factual information intended for use and interpretation in a
separate follow on report, Tier 3 Report for Churchtown Landfill.

1.3 Report structure \\,?57’
This report is divided into two volumes. Volume one cgn*?ams

e Reports and surveys carried out direct Q5,55&,,2>~l:|mer|ck Co Council

e Summary of surveys and mvestlga\tjb%’s produced by external Consultants

e Additional site information @%&%e waste body, existing leachate collection

system and capping layer. KOOQ
\O
&
OO

Volume two contains:

e Site investigation and survey reports produced by external Consultants

e Ongoing LFG monitoring 2013

e Appendices for site investigations carried out by directly by Limerick Co Council.
e Ecological Assessment

e Historical monitoring data from 2001 to 2003

e Environment assessment of receiving waters.

e Gas Sim Model

Limerick Co Council Page 2
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Tier 2 Report

Churchtown Landfill

Table 1 shows a schedule of the location with the report of the various investigations

and surveys.

Table 1: Schedule of Site Investigation and Survey Reports.

Trail Hole Report

Limerick Co Council

Main Report in Chapter 2.1,
Appendix to report contained
Volume 2 - Appendix 1

Slit Trench Report

Limerick Co Council

Main Report in Chapter 2.2,
Appendix to report contained in
Volume 2 - Appendix 2

Geophysical Survey Minerex Geophysics | Report summarised in Chapter
Ltd 2.3, full report contained in
Volume 2 - Appendix 3
Pump Test Tobin Consulting Regg:rt summarised in Chapter

Engineers 0&?‘&, full report contained in

o@;\& Volume 2 - Appendix 4
Gas Monitoring Boreholes Limerick Co &6?1;@\” Report contained in Chapter 3.2,
‘\O(\Q;&@* Appendix to report contained in

&é:’\o\é\ Volume 2 - Appendix 5

VOC Surface Emissions and Ogé?k\%ﬁonitoring Report summarised in

Flux Box Survey Irgl@%d Chapter3.3, full report

;é:\\ contained in Volume 2 -
S

Appendix 6.

VOC monitoring adjacent to
Old Landfill Site.

AWN Consulting

Report summarised in
Chapter3.4, full report
contained in Volume 2 -
Appendix 7.

Environmental Assessment of
receiving waters for
Churchtown Landfill.

Limerick Co Council

Report summarised in
Chapter3.5, full report
contained in Volume 2 -
Appendix 8.

Survey, sampling and analysis
of Waste Materials from
Landfill in Churchtown,
Newcastle West

BHP Laboratories

Report summarised in Chapter4,
full report in Volume 2 —
Appendix 9

Limerick Co Council
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Tier 2 Report

Churchtown Landfill

Historic Sampling Analysis
from Pumping Station

Limerick Co Council

Information summarised in
Chapter 4.5, information
contained in Volume 2 -
Appendix 10

LFG Model for Churchtown
Landfill Site

Tobin Consulting
Engineers

Report summarised in Chapter
5.3, full report in Volume 2 —
Appendix 11

Appropriate Assessment:
Screening Document

Limerick Co Council

Report summarised in Chapter

6, full report in Appendix 12

Limerick Co Council

Page 4

EPA Export 10-05-2019:03:42:06



Tier 2 Report Churchtown Landfill

1.4 Tier 1 Risk Assessment

The preliminary CSM and risk screening for the site is contained in the Limerick Co
Council report Tier 1 Report for Churchtown Historic Landfill Site. The site is classified as
a HIGH risk site in accordance with the EPA Code of Practice. The CSM for the site is
contained in the Tier 1 report and is reproduced below:

Limerick County Council

Comhairle Chontae Luimnigh

" Landfill
gas

WVAWAAY T eachate

I:l Topsoil
D Subsoil

. ; ; . . . -7 Waste
SPR 3: Migration of leachate to private wells o(@ox @
. . . Bedrock
SPR 5: Migration of leachate to the underlyi ,Qq&fer. ecroc
. . N § Water
SPR 10:Lateral migration of landfill ga%@zg by houses. Table
\Q&‘{)\\’ PROJECT: Churdchtown
Qé ‘\\Q’ TITLE: csMm
K(,OQ DATE: 18/11/11
-~ SCALE:  NTS
A(\§ SHEET:
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Tier 2 Report Churchtown Landfill

2 Onsite Site investigations

The objective of the site investigations was to provide information to confirm or
otherwise the HIGH risk classification for the site as well as informing the quantitative
risk assessment to be undertaken as part of the Tier 3 Report.

The intrusive onsite investigations consisted of trial holing and slit trenching and the
installation of additional monitoring boreholes. The non-intrusive investigation
consisted of two geophysical surveys.

2.1 Trial Hole Report

2.1.1 Objective
The objectives of excavating trial holes were to provide information on:

e The age and composition of the waste

e Volume of the waste égﬁ’f
N
e Extent of the waste 3§ ﬁo\
O& Ké\

e Potential for LFG and leachate productQ@Qp“0

D
e Depth to bedrock and water table O(\Qé\&‘

&
e Condition of existing cappingLé%&o
AN
e Allow sampling of the wastg@?\d leachate
\0
&
2.1.2 Methodology P

10 trial holes were excavated during the preliminary site investigation carried out
between the 13™ and the 18" February 2012. One additional trial hole, TH11 was
excavated on the 3™ December 2012 to provide information to provide information on

the source of high conductivity levels detected during the geophysical survey.
The location of the trial holes are shown in Volume 2 -Appendix 1 on Drg ref: C -01.

The trial hole logs including photographs and detailed descriptions are shown in Volume

2 - Appendix 1.

Limerick Co Council Page 6
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Tier 2 Report Churchtown Landfill

The trial holes were excavated on a 40 x 40 metre rectangular grid. The location of each
trial hole was set out using a one metre sub accuracy GPS. Minor changes were made to

THO5 and THO9 to avoid an overhead power line.

The trial hole excavations were carried out under the supervision of Mr Barry Murphy,
Executive Engineer, Limerick Co Council. A 20 T tracked excavator was used which

permitted a maximum depth of 5 metres for the trial holes.

The top soil and subsoil was stripped and set to one side for latter reinstatement. The
nature and depth of the capping layer was recorded and photographed. The excavation

was continued in 300 m layers down to a maximum depth of 5 metres.

The trial holes were photographed and logged in accordbgnce with British Standards
BS5930:1999+A2: Code of Practice for Site Investlgatlo&? The trial hole locations were
mapped onto the site specific topographE%lo r@?ﬁ drawn to Irish National Grid

&
coordinates. S @\}

monitor. The spoil heap was also m@?\ltored for LFG using the gas monitor and a 1 metre
\,

long searcher bar driven mto(t)@@cson heap.

The factual information obtained from the trial holes in conjunction with the
geophysical survey and analytical and sampling results are presented in Chapter 5 of this

report.

Limerick Co Council Page 7
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Tier 2 Report Churchtown Landfill

2.2 Slit Trench Report
2.2.1 Objective
The objectives of taking the slit trenches were:
e Establish the extent of the waste around the site perimeter

e Provide information on the capping layer.

2.2.2 Methodology

12 Slit Trenches were excavated on the 15™ February 2012, using a 20-tonne tracked
machine fitted with a 450 mm wide bucket. An additional 3 number slit trenches were
excavated on the 20" April 2013. The slit trenches were excavated under the

supervision of Ms Carol Sweetnam, Executive Scientist, Regional Waste Office.

The location of the slit trenches is shown on drawing ref:\ggpz contained in Volume 2 -

%\é

O
-
o

Appendix 2

&)
<O
The slit trench logs including photographs argqggé%m in Volume 2 - Appendix 2.
Q

A
S
The extent of the slit trenches were | d using a sub metre hand held GPS. Each slit
S &
trench was photographed and a bjr&é?\’description was given of the waste encountered
O

ad the condition of the cappin%ﬁer.
OO

It was not possible to extend Slit Trenches SLO7 to SL14 to the site boundary due to a
line of mature trees. No slit trenches were taken along the eastern perimeter of the site
as the Tier 1 Risk Assessment Report (Tobin, 2007) established that the waste body

extends onto the residential properties.

Slit trenches SLO3 to SLO6 show that the waste body extends beyond the northern
boundary of the site. Slit trenches SLO7 to SL14 show that the waste body extends very
close to the southern boundary of the site. SLO4 and SL15 show the extent of the waste

body.

Limerick Co Council Page 8
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Tier 2 Report Churchtown Landfill

The information obtained from the slit trenches and the geophysical survey is used to

define the extent of the waste body in Chapter 5.8 of this report.

Limerick Co Council Page 9
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Tier 2 Report Churchtown Landfill

2.3 Geophysical Report by Minerex Geophysics Ltd.

Minerex Geophysics Ltd. carried out a geophysical survey in 2012 consisting of EM31
ground conductivity, 2D resistivity and seismic refraction profiling. The main objective of
the survey was to determine the extent and volume of the waste body and depth to

bedrock.

In June 2013, Minerex carried out a further seismic survey of 8 short profiles in
properties located along the eastern boundary of the site. The aim of the survey was to

define the landfill boundary as precisely as possible.

The survey report and detailed results are contained in Volume 2 -Appendix 3 and

should be consulted for a detailed description of the sitgf The main findings of the
N

g;é\é

)
S8
The boundary of the waste is well\} g@ed when combining the geophysics
Q&
surveys, slit trenches and historig@o@é;
N

geophysics report are:

e The waste body extends{(obgyl@\nd the northern and eastern present site
boundaries. The eastern b\gg&%Qdary of the site has been accurately defined using

seismic profiling. 00(@\

e The base of the quarry floor is 63 — 65 m AOD. The existing ground level varies
from 68 to 78 m AOD. The thickness of the waste body is 5 to 15 metres;

e The waste body is approximately 1.86 Ha and contains approximately 186,000
m? of waste.

e The resistivity data shows that it is likely that some leachate has penetrated in to

the bedrock occurs at the north-east of the site.

The factual information obtained from geophysical report in conjunction with trial
holing and slit trenching, analytical and sampling results are presented in Chapter 5 of

this report.

Limerick Co Council Page 10
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Tier 2 Report Churchtown Landfill

2.4 Pump Test Report - Tobin Consulting Engineers

Tobin’s Consulting Engineers supervised the installation of two additional groundwater
monitoring boreholes and three gas monitoring boreholes in November and December
2013. The additional monitoring boreholes were installed by Irish Drilling Limited and
the factual site report is contained in Volume 2 — Appendix 4

A 5 day pump test was carried out in December 2013 to provide information on the
groundwater flow regime at the site.

The additional site investigation and pump test results are contained in Volume 2 -
Appendix 4 and should be consulted for a full description of the test.

The main findings of the additional monitoring boreholes and pump test are:

e The direction of groundwater flow is from the north east to south west direction

towards the tributary of the Dooally River. &
&
S

e The underlying limestone has a moderate tg Io@‘permeablllty estimated as 4.5 x

107 m/s. ;\o’\

G
e The transmissivity of the bedrock |§®\@fo moderate and estimated at 2 m*/d.
Fo
e The landfill site does not havg\%&@ajor impact on the Dooally River.
QQ
\6\0
&
OO

Limerick Co Council Page 11
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Tier 2 Report Churchtown Landfill

3 Onsite Surveys and Monitoring

7 onsite surveys were carried out as part of the Tier 2 Site investigations. 4 related to
LFG, 2 related to human presence and one to surface water quality in the nearby

Dooally River.

3.1 Landfill Gas Survey 2012
A Landfill Gas (LFG) survey was taken as part of the Tier 2 Preliminary Site Investigation

carried out in December 2012. The purpose of the survey was to check for the present
of LFG in houses surrounding the landfill site and to check for the presence of LFG

during and after the excavation of the trial holes.

The gas survey was carried out by Mr Barry Murphy, Ex%gutive Engineer, Limerick Co

. &
Council. &

R
The measurements were taken with a GFM 4&&@%5 hand held gas detector. Searcher

bars were used to sample the subsoils tgé‘aémaxmum depth of 1 metre. Searcher bars

were also used to detect the pr%%&e of LFG in the spoil heaps created during

N
o°®
&

excavation of the trail holes.

Picture 1: Monitoring of spoil heap for LFG

Limerick Co Council Page 12
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Tier 2 Report Churchtown Landfill

The gas sampling locations are shown on Figure 1 below.

Figure 1: Location of Gas Survey monitoring points fo&g@
5\
&
The results of the LFG survey are presentedQﬂ?&ble 2 below:
@
Table 2 Landfill Gas Monitoring Results & &Q
KO
Location Location TypeQOZ@‘ \Ql'ime/ Date | % CH; | % CO, H,S Pressure
No Description 6\(’ ppm mb
A
&
1 THO1 Saftface 18/02/2011 | O 0.1 1007
2 THO2 Surface 17/02/2012 | 0.1 0.1 0 1016
3 THO3 Surface 17/02/2012 | 0.1 0.1 0 1016
4 THO4 Surface 17/02/2012 | O 0.1 0 1016
5 THO5 Surface 17/02/2012 | O 0.1 0 1016
6 THO6 Surface 17/02/2012 | 0.1 0.1 0 1016
7 THO7 Surface 17/02/2012 | 0.1 0.1 0 1016
8 THOS8 Surface 17/02/2012 | 0.1 0.1 0 1016

Limerick Co Council Page 13
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Churchtown Landfill

Location Location Type Time/Date | % CH, | % CO, H,S Pressure
No Description ppm mb
9 THO9 Surface 17/02/2012 | 0.1 0.1 0 1016
10 TH10 Surface 18/02/2012 | O 0.1 0 1007
11 Eastern Subsurface | 18/02/2012 | O 0.1 0 1007

Boundary
12 Eastern Subsurface | 18/02/2012 | 0.1 0.1 0 1007
Boundary
13 Eastern Subsurface | 18/02/2012 | 0.1 0.1 0 1007
Boundary
14 No.2 Evergreen | Living 18/02/2012 | 0.1 0.1 0 1007
Close Room
15 No. 3 Evergreen | Living 18/02/2012 | O @é 0.1 0 1007
S
Close Room o&* ,é\*
PN
16 Dwelling House | Living 18/%%\%;@@2 0 0.1 0 1007
Room ‘\00 é’\
fé’}@o
NN
SN
Qo®

LFG was not detected at any Ioca\t%(()’n within the site during and after the excavation of

trial holes in December. LFG g\ﬁs not detected in any of the three houses sampled.

3.2 Gas Monitoring Boreholes

Three gas monitoring boreholes were installed in December 2012 along the eastern

boundary of the site in order to assess the level of LFG at the eastern perimeter of the

site. The purpose of the boreholes was to check for the presence and concentration of

LFG along the eastern perimeter of the site.

Limerick Co Council
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Tier 2 Report Churchtown Landfill

The location of the boreholes is shown in Figure 2 below:

i

Figure 2: Location of Gas Monitoring Boreholes

[ Lol

@

The boreholes were monitored using a h@c@a‘éld gas monitoring Model GF 450. The
following parameters were recorded onegagﬁ‘wsn

L
e Methane Qé®°q’
O
e Carbon Dioxide \é\(’
e Oxygen o‘é\

O
e Differential pressure between borehole and atmosphere
e Gas Flow
e Atmospheric pressure

The rise /fall in atmospheric pressure were gauged from data taken at Shannon
meteorological station.

The results of the monitoring with appropriate certification for the gas monitor is
contained in Volume 2 - Appendix 5 of this report. A summary of methane levels for
each borehole is shown on the following page:

Limerick Co Council Page 15
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Table 3: Methane Readings at Churchtown boreholes

Date Atmospheric GW1 GW2 GW3
Pressure (%) (%) (%)
(mbar)
14/03/2013 1011 steady 24.8 38.2 63.6
24/05/2013 1014 steady 35.7 4.3 72.8
04/06/2013 1027 falling 26.4 3.2 10.3
25/06/2013 1030 rising 30.4 11 0.0
05/07/2013 1028 falling 36.5 4.1 73.6
09/08/2013 1015 steady 28.6 4.2 4.0

Note: No differential pressure was recorded between the boreholes and atmosphere
and no gas flows were recorded.

&

&
&

3.3 Gas Survey by Odour Monitoring Ire@ﬁnﬁ
Odour Monitoring Ireland carried out a Vg%ﬁ(gi‘g Organic Compound (VOC) walkover
surface emissions survey and a flux bO)gs%@ey in May 2013. The main objective of the
survey was to quantify landfill gas z@r\%\a& emissions on and adjacent to the site.
\°0
The survey report is contamed@ Volume 2-Appendix 6 and should be consulted for a

full description of the survey and results.
The main findings of the report are:

e The total VOC's emissions as methane from the permanently capped areas

within the site is less than the guidance value of 100 ppm in LFTGN 07.

e The total VOC’s as methane exceed the guidance value of 500 ppm at the top of
boreholes GW1 and GW3.

e The flux chamber results within the site complied with the guideline limit values

in LFTGN 07.

Limerick Co Council Page 16
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e Elevated VOC's were recorded with the hand held monitor at two localised
hotspots to the east of the site, 129 ppm in the undeveloped site and 634 ppm in

one garden.

e The flu chamber results exceed the guideline limits in LFTGN at three locations to
the east of the site.

¢ Insufficient differential pressure was recorded as GW1, GW2 and GW3 to create
gas flows.
3.4 Gas Survey by AWN Consulting
AWN Consulting carried out a Volatile Organic Compound (VOC) monitoring survey at
five locations on and adjacent to the Churchtown landfill site in June 2013. Active
monitoring was carried out over a 2 hour period at each location on the 4™ June 2013
Passive monitoring was conducted at three locations adi@&‘oe?ﬁt to the eastern perimeter

&
of the site between the 4™ June and the 4™ July 2(}353,5\*
o??’qp“o

The main objective of the survey was tc&&%ntlfy landfill gas emissions at private

properties located along the eastern p&fi‘r@é\ter of the site.
0)
The survey report is contained in \(dﬂxme 2 - Appendix 7 and should be consulted for a

full description of the survey a@&{"\results
The main findings from the gas survey are:

e Benzene levels exceeded Council Directive 2008/50/EC annual mean level of 5

ug/m3 at two locations, a large garden shed and domestic garage.

e The concentrations of VOC detected at all locations during active sampling were

below the limits of detection

Comment Benzene is very mobile in the environment and its source is likely to be of
recent origin. There may be a secondary source of contamination at the site connected

with leakage of fuel from storage tanks. Further investigations and long term monitoring

Limerick Co Council Page 17
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Tier 2 Report Churchtown Landfill

may be required to establish the source of the benzene and to establish an annual mean

level.

3.5 Environmental Assessment of Receiving Waters

There are no surface water outfalls from the Churchtown landfill and consequently the
Tier 1 Report did not identify any significant environmental risk to surface waters.
However, the hydrogeological report for the site identified the possibility of a
groundwater connection between the site and the Dooally River which flows

approximately 500 metres to the south of the site.

Limerick Co Council carried out a biological water quality survey in May 2013 on the
Dooally River in the vicinity of the landfill site. The sam_@ﬁng was carried out by Mr Rob
Imbusch, Scientist, Limerick Co Council in accordq&gﬁvlth the EPA Q-rating scheme.

&oo%
The report is contained in Volume 2 - @qué?mdlx 8 and should be consulted for full
& §
details of the site. \&9(\
SO
(;OQ

The key find of the report is th:i&@nurchtown landfill site is not having an impact on the

biological water quality of théﬁ)ooally River in the vicinity of the site.

Limerick Co Council Page 18
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Tier 2 Report Churchtown Landfill

3.6 Survey of Possible Receptors

The extent of the waste body is larger than envisaged at the time of the Tier 1 Desktop
study particularly with regard to the eastern boundary. Consequently, an insitu survey
was required to update the number of human receptors sitting directly over the waste
body and within 50 metres of the site.

The survey shows that there is one shed which extends directly over the waste body, as
shown on Picture 1 below.

Picture 2 Building Directly Over Waste Body

o 1 building directly over the waste body, as discussed above and as shown
on Picture 1 above;

o 15 properties within 50 metres of the waste body;

o 57 properties within 250 metres of the waste body.

Limerick Co Council Page 19
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Tier 2 Report Churchtown Landfill

3.7 Survey of Private Wells
There are no private wells within 250 metres of the landfill site. The closest private well

is located 260 metres to the south-west of the landfill site on the lands of Mr. Peter
Leonard. This well was installed in 2007. The well was bored to a depth of 40 metres.
The well is used to supply water for cattle and horses only and is not used for human

consumption. The well has never been sampled, to date.

The houses to the south and east of the site are supplied from the Newcastle West
public water supply. The Newcastle West supply is supplied from the River Deal, the
intake is located 3.5km south-east of NCW. The cluster of houses located 500 metres of

the south-west are on the Killaughteen group water scheme which is supplied from the

Newcastle West public water supply. é\\‘»&
Ao'@
NE
AN
e
Figure 3: Location of Private®Vells Q\\:‘\é)\)
Syl

Private Well

(Co-ords 127122, 134562)

Figure Location of Public Water Mains

Limerick Co Council Page 20
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Tier 2 Report Churchtown Landfill

4 Tier 2 Sampling and Analysis

4.1 Introduction
The EPA Code of Practice and additional information from Matrix 1-Guidance for

Preliminary Investigations for all Unregulated Waste Disposal Sites sets out the sampling

requirements for site investigations at historic landfills.

The sampling and analysis results for the Tier 2 investigation are contained in Volume 2

— Appendix 9. The sampling was carried out in three phases summarised below:

Table 4: Summary of Tier 2 Sampling

Phase Date ‘ Company Items
Preliminary February 2012 | BHP Ltd Solid Waste
Investigation Leachate

égﬁ?f Soil Samples
ﬁo%\ Surface Water
\A.
;40(:0*(&\ Sample
Main Investigation December ggﬁ\;@ﬁol Borehole samples
2012 ‘c\%‘@}c‘)ratories Surface water
F

S samples

Additional Investigation | April 20]@)*@‘\9 City Analysts Ltd Surface water
6\00 Boreholes
000@\

The solid waste samples were sampled to show comparison with Council Decision
2003/33/EC European Waste Acceptance Criteria (WAC) analysis, as per the BS EN
12457/3 testing standard.

Soil samples were analysed in accordance with BS5930 and tested for particle size

analysis, Attenberg Limits and permeability.

The onsite samples during the Preliminary Investigation were taken by Mr Paul

O’Sullivan of BHP, Thomondgate, Co. Limerick. The following samples were taken:
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Table 5: Samples taken by BHP

Sample Sampling Location Parameters Tested
Type (bgl = below ground
level)

Leachate THO2 — 4.4 metres bgl | Table C.2 of EPA Landfill Manual — ‘Landfill
THO3 — 2.5 metres bgl | Monitoring’, 2003

THO4 — 3.8 metres bgl | S/ 12/2001 - Water Quality (Dangerous
THOS5 — 1.8 metres bgl | Substances) Regulations, 2001

Solid Waste | THO2 — composite Council Decision - 2003/33/EU Acceptance Criteria
THO3- composite for Landfill for Inert Waste
THO4 — composite

Surface Leonard’s Ditch Table C.2 of EPA Landfill Manual- ‘Landfill

water Monitoring’, 2003

S112/2001 - Wa\(t\gﬁ%uality (Dangerous
» .
Substancggz. ggaulat/ons, 2001

£8

Capping THO4 Pagﬁ:&‘ﬁfze Distribution

layer N
ave &

Subsoil THO5 o~@*§grmeability

QOOQ*\ Attenberg Limits
Particle Size Distribution
& Moisture Content

The analytical and test results are contained BHP report Survey, sampling and analysis of
Waste Materials from Landfill in Churchtown, Newcastle West -see Volume 2 - Appendix

9.

4.2 Solid Waste Analysis

A summary of the solid waste sample analysis results for TH02, THO3 and THO4 with a
comparison with the Acceptance Criteria for Landfill for Inert Waste — (Council Decision -

2003/33/EU) is presented on the following Tables 6, 7 and 8.
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Table 9 provides a comparison of the organic parameters from TH02, THO3 and TH04
with Table 2.1.2.2 of the Acceptance Criteria for Landfill (Council Decision - 2003/33/EU).
Parameters exceeding the criteria for non-hazardous waste are highlighted in red.

The solid waste samples indicate that the waste body at Churchtown can be considered

as non-hazardous in accordance with EU Waste Acceptance Criteria;
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Table 6 Waste Acceptance Criteria for Trial Hole — TH02

THO2 Limit Values for Inert Waste Limit Values for Non-
(Council Decision 2003/33/EC) Hazardous Waste
Determinant (Council Decision 2003/33/EU)
21/kg | 10I/kg 21/kg | 10I/kg 21/kg | 10I/kg
(mg/kg Dry (mg/kg Dry 0.1 I/kg (mg/kg Dry (mg/kg Dry 0.1 I/kg (mg/kg Dry (mg/kg Dry 0.1 I/kg
Substance) | Substance) (mg/l) Substance) | Substance) (mg/l) Substance) | Substance) (mg/l)

Arsenic 0.002| <0.001| 0.002 0.1 0.5 0.06 0.4 2 0.3
Barium 0.012 0.004 0.012 7 20 4 30 100 20
Cadmium <0.001 0.001 0.006 0.03 0,04 0.02 0.6 1 0.3
Total Chromium 0.04 0.002 0.011 0.2 & 0.5 0.1 4 10 25
Copper 049 | 0.027| 0.096 09/ 2 0.6 25 50 30
Mercury <0.0002 | <0.0002 | <0.0002| 08088  001]| 0.002 0.05 0.2 0.03
Molybdenum 0012 0001| 0002 | <53 0.5 0.2 5 10 35
Nickel 0.18 0004| 0027 [Ss° 02 0.4 0.12 5 10 3
Lead 0024| 0011] 0032419 0.2 0.5 0.15 5 10 3
Antimony <0.001| <0.001| <@OQi|  0.02 0.06 0.1 0.2 0.7 015
Selenium 0.004 0.001 9@8’1 0.06 0.1 0.04 0.3 0.5 0.2
Zinc 021| 0.014] £0.039 2 4 1.2 25 50 15
Chloride 18.8 2.49 ” 16.7 550 800 460 10000 15000 8500
Fluoride 0.74 0.16 0.52 4 10 25 60 150 40
Sulphate 254 24.7 224.7 560 1000 1500 10000 20000 7000
Dissolved Organic Carbon 108 120 G0N 240 500 160 380 800 250
Total Dissolved Solids 378 1012 - 2500 4000 - 40000 60000 .
Phenol Index 0.008 0.012 0.124 0.5 1 0.3
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Table 7 Waste Acceptance Criteria for Trial Hole — THO3

THO3 Limit Values for Inert Waste Limit Values w;sl\:gn Hazardous
(Council Decision 2003/33/EC) . e

Determinant (Council Decision 2003/33/EC)

2l/kg | 101/kg | O | 21kg | 101/kg | kg | 21k 10 I/kg 0.1 I/kg

Sibstonce) | Subeioncs) | oo | Subeiance) | Subsianegy | @~ | SBETY | Slheoney | (mon

(mg/)

Arsenic <0.001 | <0.001| 0.001 0.1 05| 0.6 04 2 0.3
Barium 0024 | 0.006 [0.036 7 20 4 30 100 20
Cadmium <0.001 | 0.001 | 0.006 0.03 0.04 [, 0.02 0.6 1 03
Total Chromium 007| 0.012]0.018 0.2 Q5 0.1 4 10 25
Copper 0.31 0.18 | 0.049 09| & 2 0.6 25 50 30
Mercury <0.0002 | <0.0002 | <0.002 | 0.003¢#~° 0.01| 0.002 0.05 0.2 0.03
Molybdenum 0.008 | 0.002 | 0.003 &3 05 0.2 5 10 35
Nickel 0039| 0019] 0054 | 5°0.2 04| 012 5 10 3
Lead 0.024| 0.009]0.036 [&&” 0.2 05| 0.5 5 10 3
Antimony <0.001 | <0.001 | <0.004 &% 0.02 0.06 0.1 0.2 0.7 015
Selenium 0002 0.001]0008 | 006 01| 004 03 0.5 0.2
Zinc 016 | 0.024] 0622 2 4 1.2 25 50 15
Chloride 98 107 ] 231 550 800 460 10000 15000 8500
Fluoride 0.68 0.15]0.25 4 10 25 60 150 40
Sulphate 101 127 | 459 560 1000 | 1500 10000 20000 7000
gfi‘ﬂfd Organic 82 270 - i 0 w0 380 800 250
Total Dissolved Solids 458 880 - 2500 4000 - 40000 60000 -
Phenol Index 0.122 |  0.036| (.5 0.5 1 0.3
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Table 8 Waste Acceptance Criteria for Trial Hole — THO4

THO4 Limit Values for Inert Waste Limit Values for Non Hazardous
(Council Decision 2003/33/EC) Waste
Determinant (Council Decision 2003/33/EU)
21/kg | 101/kg 21/kg | 10I/kg 2 1/kg 10 I/kg
(mg/kg Dry | (mg/kgDry | 0.1 1/Kg | (mg/kgDry | (mgkgbry | 0.11/kg (mg/kg Dry (mg/kg Dry 01 I//|kg
Substance) | Substance) (mg/l) Substance) | Substance) (mg/l) Substance) Substance) Gzl
Arsenic 0.4 2 0.3
<0.001| <0.001| 0.002 0.1 0.5 0.06
Barium 0.036 0.014 | 0.041 7 20 4 30 100 20
Cadmium <0.001| 0.011| 0.007 0.03 004 0.02 0.6 1 03
Total Chromium 0.019 0.008 | 0.032 02| &fos 0.1 4 10 2.5
I
Copper 0.3 0.21| 0.049 0% 2 0.6 25 50 30
N
Mercury <0.0002 | <0.0002 | <0.002| o008 0.01 0.002 0.05 0.2 0.03
\) N
Molybdenum 0.012 0.001| o0.001 | $%%.3 0.5 0.2 5 10 3.5
i E 5 10 3
Nickel 0.043 0.008 | 0.0545.8" 0.2 0.4 0.12
-
Lead 0.021 0.006 | 0©3L] 0.2 0.5 0.15 5 10 3
O
Antimony <0.001 | <0.001 | <05001 0.02 0.06 0.1 0.2 0.7 015
Selenium 0.001 0.001 |<£0.001 0.06 0.1 0.04 0.3 0.5 0.2
i Y 25 50 15
zZinc 0.11 0.036 | 0.029 2 4 1.2
Chloride 80 19.1 229 550 800 460 10000 15000 8500
Fluoride 0.62 0.6 0.43 4 10 2.5 60 150 40
Sulphate 208 19.1 295 560 1000 1500 10000 20000 7000
Dissolved Organic Carbon 360 180 -I 240 500 160 380 800 250
Total Dissolved Solids 1010 568 - 2500 4000 - 40000 60000 -
Phenol Index 0.245 0.048 0.185 0.5 1 0.3
Limerick Co Council Page 26

EPA Export 10-05-2019:03:42:07




Tier 2 Report

Churchtown Landfill

Table 9 Organic Parameters for Solid Waste Samples

Limit Values for

Determinant (mg/kg) THO2 THO3 THO4 Inert Waste

(Council Decision

203/33/EC)
BTEX <0.01 <0.01 <0.01 6
R
PCBs <0.001 ®é<0.001 <0.001 1
. . N
Mineral Oil (C10 to C40) <0.1 é&@& <0.1 <0.1 500
. \‘0
PAHs (16) <0.005° &% <0.005 <0.005 -
N
F
G°

Organic Carbon value is less than 800 mg/I.

S
Note 1: EC Council decision 2003/33/EC allows a higher fﬁ;@@
5\

QO

O
to be admitted by a competent authority provided that the Dissolved
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4.3 Leachate Analysis
Liquid samples were analysed to show comparison with Table C.2 of EPA Landfill

Monitoring Manual 2003.

The key finding of the BHP report is that the water samples meet the standards set

down in SI 12/01 Water Quality (Dangerous Substances) Regulations 2001.

e The leachate samples from the trial holes indicate very low levels of
contamination. The ammonia levels from the 4 trial holes samples indicate
slightly elevated levels in the range 64 to 75 mg/I.

e The leachate does not contain elevated levels of heavy metals or organic
parameters;

e The water sample from Leonard’s ditch does not exhibit parameters associated
with leachate.
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Table 10 Leachate Parameters

Typical
Determinant Units | THO2 | THO3 | THO4 | THO5 Lg?fejgls e EneGre

*Note 1
Water Level m 4.4 2.5 3.8 1.8 N/A N/A
Temperature °c 11 11 12.6 12.4 9.8 N/A
pH-value 6.6 6.48 6.4 6.76 6.68 7.35
Conductivity uS/em | 1942 | 1667 | 1418 681 429 10,000
Ammonia (as NHs-N) mg/l | 646 | 7528 | 70.73 | 63.75 0.43 902
Nitrate (as NOs) mg/I 1.55 0.81 0.9 (\Q 2.66 0.53 3.1
Nitrite (as NO») mgl | <0.1 <0.1 ¢ | <01 <0.1 03
Total Oxidised Nitrogen (as N) mgl | 0.35 0.18 0.2 0.6 0.12 ]
BODs mg/! 11 9°d 25 28 3 253
cop mg/ | 158 | Gy | es9 84 44 1,770
Calcium mg/I 48.9 \00?5.4 824 65.8 54.2 117
Magnesium mg/l | 1564 2249 | 2116 | 17.86 16.83 166
Sodium mg/l | 3451 | 3456 | 3654 | 39.77 62.11 1,400
Potassium mg/ll | 32.05 | 2199 | 4187 | 44.68 34.1 791
Iron ug/! 560 453 652 893 <1 1,530
Manganese ug/l 206 11 24 406 759 300
Cadmium ug/l <0.1 <0.1 <0.1 <0.1 <0.1 <10
Total Chromium ug/l <1 <1 1 <1 <1 70
Copper ug/l <1 <1 <1 <1 <1 70
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Typical
Determinant Units | THO2 | THO3 | THoa | THos | -onards Methanogenic
*Note 1
Nickel ug/l <1 <1 <1 <1 <1 140
Lead ug/I 2 2 2 3 3 130
Zinc ug/l 12 12 13 14 7 780
Arsenic ug/l <0.9 <0.9 <0.9 <0.9 <0.9 9
Boron ug/l 9 11 16 8 12 -
Mercury ug/l <0.2 <0.2 <02 | £02 <0.2 <0.1
Sulphate mg/I 6.1 19.9 5.42 J\& 9.63 10.43 35
Chloride mg/ | 478 | 717 | 475° | 476 51.27 1,950
i &
'\P")O'ybate Reactive Phosphorus (as |0 | g 23 o.24ﬁ(\Q\.f&o‘b.24 0.75 0.15 2.7
Total Cyanide mg/l 0.05 O&&?\%&\ 0.031 0.032 0.015 -
Fluoride mg/I 0.13 Qo%@%S <0.05 0.14 0.12 -
Atrazine ug/l <1 5\°OY<1 <1 <1 <1 -
Dichloromethane ug/l <10<€¢\ <1 <1 <1 <1 -
\YJ
Simazine ug/I <1 <1 <1 <1 <1 -
Toluene ug/I <1 <1 <1 <1 <1 -
Tributyltin ug/l <0.001 | <0.001 | <0.001 | <0.001 <0.001 -
Total Xylenes ug/I <1 <1 <1 <1 <1 -
* Note 1: Median Values for Methanogenic Leachates Sampled from Large Landfills with a Relatively Dry High Waste Input Rate’

(Table 7.2, EPA Landfill Manual — ‘Landfill Site Design’ 2000)
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4.4 Geotechnical Testing

BHP carried out geotechnical testing on two soil samples taken at Churchtown landfill
site. The purpose of the samples was to provide information on the insitu subsoils and
on the composition of the existing capping layer.

A sample of the subsoil from beneath the waste at TH10 was sampled and analysed for
e Permeability
e Attenberg Limits
e Particle Size Distribution
e Moisture Content

The detailed soil analysis results are contained in Volume 2 - Appendix 9, the results are
summarised below:

Liquid Limit 40
Plasticity Limit 19 é\’é&
&
Plasticity Index 21 O@;@
AN
Moisture Content  22.2% \§QO§$
&
% CLAY 52% S
i
% SILT 35% N
OKA\\Q
Permeability 1x10™% m/sé.\oOQ

The subsoils consist of a Igﬁé’: brown firm CLAY with a massive structure and
intermediate plasticity. The native subsoils have an extremely high CLAY content and
low permeability. These soils have the potential to form an effective barrier to prevent
leachate migrating to the underlying aquifer.

The existing capping layer in the eastern section of the site contains a large fraction of
fractured shale stone with very little cohesive material. A sample was taken from the
capping layer at THO4 and analysed for particle size distribution in accordance with IS EN
933-1.

The analysis indicates that 95% of the sample consists of gravel.
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4.5 Historic Leachate Monitoring by Limerick Co Council
In 1990, Limerick County Council constructed a sump and a pumping station in the

south-west corner of the site. Surface water from the site was discharged via a rising

main to the foul public main.

In the period 2001-2003 Limerick County Council Environmental Laboratory analysed

samples from the pumping station. The analysis results are contained in Appendix 10. A

comparison if the median results with the ‘Median Values for Methanogenic Leachates

Sampled from Large Landfills with a Relatively Dry High Waste Input Rate’ (Table 7.2,

EPA Landfill Manual — ‘Landfill Site Design’ 2000) is given below, with elevated

concentrations highlighted in yellow.

Table 11 Leachate Samples from Pumping Station

&.
Determinant Units Li@é’rick County BHP Trail
(mg/l unless otherwise R ouncil Pumping Hole
stated) O&()\’é\ tation Results Results
& 2001 to 2003 - 2012
S Median Median

- A
pH-value §:$°é 7.6 6.54
conductivity (EtSfem) 718.5 1542

(‘0\ O
alkalinity (CaCO3) Kgo@ 350.5
(®)
COD (@\ mg/I 60.5 297
Q

BODs i mg/| 12.34 18
TOC mg/I 17
ammmoniacal-N mg/I 5.24 67
nitrate-N mg/l 1.27 1.225
sulphate (as SO,) mg/I 11.04 7.865
Chloride mg/I 31.54 a7.7
Sodium mg/I 25.51 35.55
Magnesium mg/I 23.25 19.51
Potassium mg/I 28.08 36.96
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Determinant Units Limerick County BHP Trail
(mg/l unless otherwise Council Pumping Hole
stated) Station Results Results
2001 to 2003 - 2012
Median Median
Calcium mg/I 66.3 70.6
Chromium mg/I 0.0102 1
Manganese mg/l 0.154 115
Iron mg/I 1.3 606
Nickel mg/I 0.02 <1
Copper mg/I 0.01004 <1
Zinc mg/I 0.04 12.5
Cadmium mg/I <0.1
_(\}&’
Mercury mg/l & <0.2
NS
Lead mg/| <P 2
G
Sl
@‘Qé*
é} N

The analysis indicates that the wateg&@\ples taken from the pumping station in 2002-

2003 showed very slight levels of c%@ﬁmmatlon
O

&

&
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5 Site Information

5.1 Exiting LFG Collection and Treatment System
There is no LFG collection or treatment system at Churchtown site.

5.2 Existing Leachate Collection and Treatment System

The site is unusual in that there is no surface water outfall or perimeter drainage
ditches. All surface water drains towards the south-west corner of the site. Shortly after
the closure of the site in the late 1980’s, there was considerable ponding of
contaminated water in the south-west corner of the site. Some the water overflowed
onto the adjoining property. To prevent further surface water ponding, a concrete sump
and pumping station was installed at the lowest part of t\l\}@ site and connected to the
public foul main via a 100 mm rising main. v‘é\é

QY Q@

0 S
The pumping station operated from the Iaég@%'s until approximately 2004. The

pumping station was re-commissioned duﬁ%éé?he main site investigation in 2012 and is

é’ N
now operational. The pumping stat| gf?ectlvely removes slightly contaminated water
: S
from the site. S Q
O
»
&

&

5.3 Gas Sim Model By Tobin Consulting Engineers
Tobin Consulting Engineers carried out a Gas Sim Model to estimate the volume of LFG

now being produced at the site.

The report is contained in Volume 2 Appendix 11 and should be consulted for full details

of the site.
The main findings of the report are:

The theoretical volume of LFG produced in 2012 is in the order of 21 m? / hour. The

theoretical volume in 1986 at the time of closure of the site was 54 m3/hour.
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5.4 Type of Waste - EU Decision 2003/33/EU
Council Decision 2003/33/EU specifies the uniform classification and acceptance

procedure for the landfill of waste in the EU (including Ireland). The Decision provides
criteria for the classification of waste into three categories - inert, non-hazardous and

hazardous.

During the Tier 2 Preliminary Site Investigation, BHP Laboratories Ltd. took solid waste
and leachate samples from Trial Holes - THO2, THO3 and THO04. A further leachate
sample was taken from Trial Hole - THO5. A summary of the analyses results are
contained in Chapter 4.2 with the full analyses results sheets contained in Volume 2

Appendix 9.

The analyses results indicate that the waste material at Churchtown complies with the
criteria for non hazardous waste and is very close to cor’Qe)Iymg with the criteria for inert
waste (with the exception of TOC limit). i@

5.5 Composition of Waste °§f§

The waste at Churchtown landfill &gﬁtgs‘\conswts predominately of domestic and
commercial waste with some pocl@&@?’mdustrlal and inert waste. The commercial and
domestic waste types are Iargelgé\xcfb mmgled throughout the site. The inert waste occurs
in high concentrations at thé&™ outh west of the site in the vicinity of THO6 and TH11.
Some industrial waste consisting of plastic moulds were uncovered at the northern

extent of the site in THO1.

No hazardous waste was uncovered during the site investigations. Records held by
Limerick County Council show that the site generated numerous odour and vermin
complaints from local residents. If an effort to mitigate the problem, Limerick Co Council
employed a full time gateman with instructions to exclude hazardous and malodourous
waste from the site. In addition, the County Engineer in the 1970’s instructed that the

waste be covered with equal volumes of inert backfill.
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The trial holes indicate that the waste throughout the site was mixed with a very high
fraction of inert material, predominately fractured shale sourced locally but also with
subsoil and occasionally C&D material. The high stone content provides numerous
drainage pathways for the downward migration of surface water and the upward

migration of LFG.

The waste body exposed in the trial holes, with the exception of THO5 is dry and
contains very little perched leachate. The waste body at THO5 is noticeably wetter that
elsewhere and contains leachate at 1.5 metres below ground level. THO5 is located at
the lowest part of the site and the waste body is underlain by CLAY subsoils rather that
bedrock. The waste at THO5 does not contain the large fraction of inert backfill that

occurs elsewhere on site.
&
The European Waste Codes provide a system for cataI@ng and assigning waste codes

PN
to different types of waste. The following types \Q@a@te were uncovered in trial holes:

VS
Table 12 Waste Types Found at Churchtown Land (l%
PO

EWC Category \o‘%\\o Description

S
Code )

O
o

02 Waste from Food PreoJ\pé\ration Fatty waste discovered in Slit Trench - SLO1
© likely to have originated from a former
commercial cheese manufacturer in the area.

15 Waste Packaging Paper and cardboard packaging in Trial holes -
THO1, THO2, THO5

Plastic packaging in Trail Holes -
THO1,THO2,THO5,TH10

Textile packaging in Trial Holes - THO1,THO5

16 End of life vehicles Car tyre in Trial Holes - THO3,TH10

Car exhaust in Trial Hole - THO2

17 Construction and Demolition Concrete, bricks in Trial Hole - THO6
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EWC Category Description
Code
waste Soil and stones in Trial Hole - THO6
20 Municipal wastes including Paper and cardboard in all Trial Holes except
household waste and similar Trail Hole - THO9

commercial and industrial waste _ ‘
Glass in all Trial Holes.

Biodegradable kitchen waste in all Trial Holes
except Trial HoleTHO9

Clothes in very small quantities in all Trial
Holes except Trial Hole - THO9

Nappies in Trial Holes - THO1, THO5 and THO9

Textiles hlglgdd’\’ecomposed found in very small
quan'@gﬁm all Trial Holes except Trial Hole -

H &
oS
‘00@3 tteries — 2 small batteries in Trial Hole -
RS
\(\09\0\0 THO7.
<<0\ A'\\Q
K(,OQ Discarded electrical equipment —washing
J
égi\‘ machine in Trial Hole - THO5.

Wood — small quantities in Trial Hole - THO3

Plastic —in all Trial Holes except Trial Hole -
THO9.

Metals —in all Trial Holes except Trial Hole -
THO9.

Bulky waste-milk churn and washing machine
in Trial Hole - THO6, 50 gallon drum in Trial
Hole THOS8.
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5.6 Waste Age
The waste body at Churchtown ranges from 27 to 78 years old.

Waste disposal started at the site in the mid 1930’s when the site was in private
ownership. Limerick County Council acquired the site in the late 1940’s and operated a
landfill site until the site closed in 1986. Waste disposal intensified in the early 1970’s

when Limerick Co Council started a commercial waste collection service.

The waste at the site appears to have been placed in two phases. The earliest waste,
predating the 1960’s was placed at the front of the site adjacent to the public road and
existing site entrance. The waste is totally decomposed and contains no plastic, timber
or metals. The main waste body was placed progressively across the entire site. Plastic

was found in all trial holes and newspapers dated from September 1977 to May 1986

&
were found in eight trial holes \Q@\
o\ﬁ\@

5.7 Volume of Waste & QJS‘O
The Minerex Geophysics report estimates @%&%e volume of the waste body, including

‘QOQ
inert backfill is 186,000 m> ogé’§

&\é’\

There was no weigh bridge in ogé?atlon during the operation phase of Churchtown
landfill. However, the volumeoéae?\waste can be estimated from the An Foras Forbatha
Report — ‘National Database on Waste 1986’ indicates that the site accepted 10,000

tonnes of waste per annum.

There are no figures available from 1935 to 1970, but the volumes of waste deposited
would have been relatively low. Local knowledge says that commercial waste was
collected on a daily basis from the town of Newcastle West using a horse and cart until

the early 1960’s.
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The ERSI Report - 1’Estimating Historical Landfill Quantities to Predict Methane
Emissions’ provides some guidance on the volumes of waste that were landfilled in the
period 1960 to 2008. The report estimates that 1.98 million tonnes of waste was
landfilled in 1960. Combining this with the 1961 census figures indicates that
approximately 700 kg of waste was landfilled per head of population per annum.
Churchtown landfill site was used mainly for Newcastle West town and environs which
had a combined population of around 3,500. Therefore an approximation for the

annual tonnage of waste in 1960 was:

3,500 x 0.7 = 2450 tonnes.

Assuming a figure of 2,500 tonnes per annum for the period 1935 to 1970, the total
volume of waste at Churchtown landfill becomes:

) &
Table 13 Amount of Waste Deposited &
&
Period Waste (Tonnes / %{“\\lﬁ) Total (Tonnes)
5\0
1935 to 1969 2 5@8&“’ 87,500
1970 to 1979 é&;@oo 50,000
1980 to 1986 \(,0® 10,000 70,000
($)
&
Ooafgtal 207,500

Assuming a relatively low waste density of 1.5 tonnes/m?, this equates to a waste
volume of 138,000 m>. This figure does not include for inert backfill material which was

placed in unusually large amounts at the site in order to reduce odour complaints.

! Working Paper 333 December 2009
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5.8 Extent of the Waste
The waste body at Churchtown is 1.86 Hectares in extent. The waste body extends

beyond the current site boundary to the north and east of the site. The extent of the

waste body is shown on Drg 5 in the Minerex Geophysics report and shown in outline

below.

Figure 4: Extent of Waste Body

Minerex
Gaophysics Limied

mﬁ.ug:unn—owu
T (01) 551000
Tux, (T11) #510033

Wb -"'-lw-li

TN T dmerinl Conunty Comell

TROECT Chmrcherwm Landfill, Hewoustie W.

Goophyaical Sorvey

Map &: i rp

STATUS:  DBet

The extent of the waste body has been defined using the following data:

e Cobra probes from Tobin Report 2007

e Slit trenches carried out Limerick Co Council 2012-13

e Geophysical survey 2012

e Additional seismic survey 2013

See Tier 1 Report

See Appendix 2

See Appendix 3

See Appendix 3

Limerick Co Council
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5.9 Decomposition of the Waste
The waste body is highly decomposed throughout the site and consists largely of plastic

packaging with occasional fragments of glass, timber, textiles and metal. Organic waste

and paper are largely absent throughout the site.
There are pockets of less decomposed waste in the vicinity of THO3, THO5 and TH10.

The state of decomposition can be gauged from the presence or absence of different
waste materials. The typical decomposition sequence for the waste streams, starting

with the fastest decomposition rate is:

Food and organic waste

Paper and cardboard

&0
Clothes and Textiles >
RS

)
Wood o@ﬁ\
AN
S
Mo
PN
R Mastic
S
There was no organic food wasteém@ne Trial Holes or Silt Trenches, with the exception
A
of Slit Trench - SLO1 and a preoié’#\ved fragment of orange peel in Trial Hole - THO3. Most
O
papers, cardboard, textiles and timber have fully decomposed although there are
occasional small fragments surviving of each waste type in each trial hole. The localised
variations in waste decomposition may be due to the formation of micro environments

created by the entombing of sections of waste in intact plastic bags.

The Ground Conductivity Geophysical Survey indicates that there are large amounts of
metal in the waste body along the eastern perimeter of the site and at one location in
the south-west section of the site. TH11 was excavated at the hotspot in the south-west
of the site. A large fraction of metal objects including a fridge, milking churn and wire

meshing was uncovered.

Limerick Co Council Page 41

EPA Export 10-05-2019:03:42:07



Tier 2 Report Churchtown Landfill

Most large metal objects exposed in the trial holes showed low levels of corrosion which

may indicate that large sections of the waste body are very dry.

The waste in THO9 is completely decomposed with the exception of glass bottles. There

is no plastic at this location.

All the Trial Holes were monitored during excavation for LFG with a hand held gas
meter. No methane was detected in any Trial Hole. However, the disturbance of the

waste produced detectable transient odours at THO3, THO5, TH10 and TH11.

5.10 Depth and Composition of the Capping Layer.

There is no engineered capping layer at Churchtown landfill site. The existing cap is
highly permeable and allows the free ingress of surface water and migration of LFG to
the atmosphere.

&.

N
Following closure of the site in the mid 1980’s, the \@a‘?te body was capped off with

S
variable depths of fractured shale, topsoil and 2 ér\naterial. There is no CLAY subsoil
_ & &
layer at the site. SO
\Sooqé}

The existing capping layer can be q@’ﬁg&ﬂered in three areas. The cap in the eastern
section of the site consists mainly Q@ractured shale stone covered with a very shallow
layer of topsoil/vegetation. Totgé‘\svestern part of the site consists mainly of a loose
topsoil layer lying directly on the waste. The third area is centered on THO6 and THO11

and consists of coarse C&D material lying directly on the waste.

Within each area there is a high degree of variability in the depth and composition of
the capping layer. The capping layer was recorded at 11 trial holes and 12 slit trenches.
The thickness of the capping layer varies from 0.1 to 1.0 metres but is typically just 0.3

metres — refer to Table 14 for details.
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Table 14: Composition of Existing Capping Layer

Trial Hole / | Depth of Capping Composition of Capping Layer
Slit Trench Layer
(m)

THO1 0.6 0.1 metres of topsoil overlying 0.5 metres of coarse

gravel.
THO2 0.9 0.3 metres of topsoil overlying 0.6 metres of

fractured shale stone.
THO3 0.1 Topsoil
THO4 1.8 0.1 metres of topsoil overlying 1.7 metres of

fractured stone backfill.
THO5 0.3 Topsoil R

&
THO6 0.8 Constructio@%é\\bemolition material
& 5°
- KQ0§)\\'
THO7 0.2 Tops%@\@
;‘%‘\é
THOS 0.2 I@%@n
Pz §\0’
THO9 0.3 [STopsoil
O
&

TH10 03 5" | Topsoil
TH11 0.7 Construction and Demolition material
SLO1 0.2 Coarse gravel
SLO2 0.4 0.3 metres of topsoil overlying 0.1 metres of coarse

gravel.
SLO3 1.0 0.3 metres of topsoil overlying 0.7 metres of

fracture stone backfill.
SLO4 0.4 Topsoil
SLO5 0.4 Coarse gravel.

Limerick Co Council
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Trial Hole / | Depth of Capping Composition of Capping Layer
Slit Trench Layer
(m)

SLO6 0.5 Topsoil

SLO7 0.7 Topsoil

SLO8 0.5 Topsoil

SL10 0.3 Topsoil

SL11 0.3 0.2 metres of Topsoil overlying 0.1 metres of

coarse gravel.
SL12 0.2 0.4 metres of topsoil overlying 0.2 metres of gravel.
Qéo&

&
BHP Laboratories Ltd. carried out a particle sg@ @%tnbuhon analysis on the stone

capping material in the eastern section 0\@@ §S|te which shows that the material

complies with 6F1/6F2 capping matena@%@eflned in the Specification for Road Works.

This material is free draining and V\@,ﬂ Qé\rmlt surface water to penetrate into the waste
Q

body. It will also provide a flow pagh for LFG to vent to the atmosphere.
&
N

O
The capping layer in the western part of the site consists of a shallow layer of topsoil
which sits directly on the waste body. There is also an extensive area capped with C&D
material in the vicinity of Trial Hole - THO6. The shallow top soil layer does not provide a

permeable barrier to prevent the ingress of surface water.

6 Appropriate Assessment
Limerick Co Council carried out a screening report in accordance with the requirements

of Article 6(3) of the EU Habitats Directive (92/43/EEC) to determine if a full Appropriate

Assessment was required at the site.
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The report is contained in Volume 2 Appendix 12 and should be consulted for full

details of the site.

The key findings of the report are that a full Appropriate Assessment is not required for

the site.

Signed:

Barry Murphy EE
Environment Section

Limerick County Council

Limerick Co Council
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Limerick Co. Council TRIAL PIT NO.
TPO1
FLocation: Co-ordinates: E127460 N134660 Date:
Churchtown, NCW  [Level: 76.922 17/02/2012
IDimensions Method: Logged by:
Sx1x4.7 20 T excavator B. Murphy LCC
[Depth (M)] Sample Field Record Reduced | Depth (m) | Legend Stratum Description
Level | Thickness
0.0 76.92 :{Top Sail, very gravelly.
no odours MADE GROUND comprising very fine
(0.6) granular gravel with no waste
0.5
: MADE GROUND comprising coarse angular
- dbackfill with a high concentration of
no organic commercial waste. The waste contains small
waste in this 7) plastic filters and small offcuts.
1.0 layer :
1.2 .l
NS ::j MADE GROUND comprising domestic waste
: mixed%prough coarse granular backfill with
very dry {1.0) “nnTn” occ%sélonal small amounts of clay. Waste
Paper dated 17 :::: \\:sé:\&\tams plastic bags, bottles, r.neta| frame,
2.0 July 1983 29 f,.é\;c} appies and.paper. The waste is largely
d ae,‘i@b MADE GROUND comprising coarse angular
(o, Q°< 9\:’“ stone layer with no waste.
° @
&\
! (\& \O
o \‘\&.7
Very dry ‘QCQ" MADE GROUND comprising domestic waste
3.0 throughout \6\ : - {mixed through with course angular stone
OQ°¢\ : : backfill. Waste is largely decomposed with
q no odours.
{2.0)
4.0
4.7 End 72.22 4.7 il
General Remarks:
This trial is located on the northern boundary of the site. The waste body extends beyond the perimeter fence into
the adjoining field.
This trial hole contains both commercial and domestic waste. The commerical waste consists of plastic objects and
dates from post 1984.
The exposed waste was very dry throughout and contains a very highpercentage of stone backfill.
The waste is largely decomposed with no odours or gas detected.

Limerick Co. Council
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O N b e, A
(\ o)
Photo 1: Commercial Waste at 1 metre ;3?’:9@
O .K

Photo 2: Plastic objects - small dimater pipes, filters and

mesh
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Limerick Co. Council TRIAL PIT NO.
TPO2
|Location: Co-ordinates: E127420 N134620 Date:
Churchtown, NCW  |tevel: 75.267 14/02/2012
Dimensions Method: Logged by:
5x1x5.2 20 T excavator B. Murphy LCC
Depth (M)] Sample Field Record Reduced | Depth (m) | Legend Stratum Description

Level | Thickness

0.0 75.26

topsoil, brown, friable
No odour or gas (0.3}

MADE GROUND compirsing coarse angular
Sample taken o . .
PSD stone backfill with very occassional plastic
bags.
Material complies with 6F1/6F2 of
Specification for Road Works

{0.6)

74.36 0.9
1.0 *.*.".".IMADE GROUND comprising low fraction of
- 1. - -ldomestic waste mixed with angular stone
o+ 111 backfill. Waste contains mainly bottles and
(1.1) ::: :::::: plastic. There is some clay interspersed with
no odour or gas - . "."."dthe stone. The waste is highly decomposed.

&

i The wag@ééppears slighly wet at 2.0 metres

2.0 :::::::::@\ii@lackincolour.

2. éjg’; W spaper dated June 1983 found.
73.06 22 )P

Waste (05 [asnMADE GROUND with increase in waste
sample ; fraction with large amounts of plastic

&
taken. R sheeting and some cardboard.
NI
<<c§~ '\\\Lo) Waste is slightly wet throught out this layer.
N
O
3.0 {3
72.0 3.2
QO\ -« "-"-IMADE GROUND comprising low fraction of
“+7- "+ - lwaste mixed with coarse granular stone with
".. 1. . Jappreciable amount of clay.
-~."."."|Waste continues below trial hole
-1l IWaste is largely decomposed and consists of
leachate at 4.0 _-i+.-o-[plastic and glass.
4.0 *.'. . JCar tyre and exhaust at 3.6 metres
metres. :
leachate (3.0 :: : :: : = : ]
Sample ...'.-
-..2.-JLeachate at base of trial hole
5.0 P
5.2 End 70.06 52 DR

General Remarks:

This trial is located in the western section of the site which was largely overgrown. The top soil is marginally deeper
at this location. The granular backfill in the upper metre is very porous.

The backfill below 3 metres contains more clay than any other of the trial holes. Leachte flowed into the excavation
at 4.0 metres below ground level. The flow reduced gradually over a 20 minute period. The waste in the bottom
metre was wetter that any where else on the site.

Limerick Co. Council
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Photo 7: Trial Hole 2 with leachate at base |
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Limerick Co. Council TRIAL PIT NO.
TPO3
lLocation: Co-ordinates: E127460 N134620 Date:
Churchtown, NCW  |Level: 76.83 14/02/2012
|Dimensions Method: Logged by:
Sx1x5.2 20 T excavator B. Murphy LCC
|IDepth (M)}  Sample Field Record Reduced | Depth (m) | Legend Stratum Description
Level | Thickness
0.0 76.73 0.1
Offensive, rancid MADE GROUND comprising very high waste
odour which ontent mixed with coarse angular stone
dissipated after 20 backfill. The waste is contained in black
minutes. Aplastic bags which are largely intact. The
Methane at 0.5% Jwaste is domestic in nature and contains
(1.4) plastic, bottles, cardboard and organic
waste. The waste has not decomposed.
1.0 Newspaper dated January 1986
75.33 15 e
no odour (0.3) ¥ BE GROUND comprising coarse granular
75.03 1 $|:backfill with no waste
068\@ MADE GROUND comprising domestic waste
2.0 QOG. %9\ : ; :: mixed with granular stone backfill. The waste
Inflow of leachate (0 @" ..7.7. fis largely decomposed. Waste contains
Compostite {fom the south at é"}\ocﬁ\é\\ -~ -~ .".Iplastic, bottles, tin cans.
waste |5 5 metres. 74.3304{&\0*;5 ..... Ingress of leachate at 2.5 metres.
sample & ;«0’ MADE GROUND comprising coarse granular
R (05) backfill with no waste
\6\ .
3.0 1\9\\73.83 3.0
<ol e MADE GROUND comprising domestic waste
2.t Imixed with granular stone backfill. The waste
“+ =+« lis largely decomposed with no odours
""" detected. The waste contains small amounts
noodour | | Qi
7 | of timber, plastic, bottles, tin cans.
..... The clay content of the backfill increases
40 ingress of leachate - . lwith depth below 3.5 metres and is red in
at40metres. | | oo colour.
leachate .22 Jwaste continues below the base of the trial
sample iy hole.
72.13 4.7  JomIAchcn
General Remarks:
The capping layer is non existant at this location. The top 1.5 metres of the trial hole contains a high concentration of
domestic waste which has not fully decomposed. This waste is likley to be the final waste placed at the landfill site in
1986.
This waste produced an offensive odour which lasted for approximaltey 20 minutes. However, elevated gas levels of
methane and hydrogen sulphide were not detected.
The trial hole indicates that unusually large volumes of stone backfill were used to form cover layers.

Limerick Co. Council
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Photo 4: red coloured saw dust at 3.2 metres
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Limerick Co. Council TRIAL PIT NO.
TP0O4
Location: Co-ordinates: E127500 N134620 Date:
Churchtown, NCW Level: 76.98 14/02/2012
Dimensions Method: Logged by:
Sx1x5.0 20 T excavator B. Murphy LCC
[Depth (M) Sample Field Record Reduced | Depth (m) | Legend Stratum Description
Level | Thickness
0.0 76.88 0.1 b iTop soil
No odour MADE GROUND comprising angular stone
Sample taken backfill with very occassional fragments of
of stone plastic.
backfill
(1.7)
1.0
&
75.18 1.8 v@é
20 (@,@%ADE GROUND comprising domestic waste
’ 28 - Imixed with angular stone backfill and small
Jamount of clay. The waste is highly
- ldecomposed. The waste consists of plastic,
. 4bottles, metal cans, cardboard and some
*.Jpaper.
- IThe waste is very dry throughout.
.+ .IThe was some seepage of leachate into the
3.0 _--|excavation at 3.8 metres.
- INewspaper dated 26 May 1984 recovered
.+t lat 2.3 metres.
3.2) [
no odour TR T
40 ingress of leachate Tl
at 3.8 metres. Yofnta o]
leachate SororoEa)]
sample ]
5.0 71.98 50 e
General Remarks:
This trial hole is located close to the eastern boundary of the site. The waste is highly decomposed with no odours or gas
detected during the excavation. The upper 1.8 metres consists of free draining angular stone which contains very small
amounts of waste.
The waste body from 1.8 to 5.0 metres is very consistent and consists of plastic, metal cans, and some paper. The waste
fraction is low and mixed evenly through the stone backfill layer. The waste is very dry down to 3.8 metres. There was an
inflow of leachate at 3.8 metres.
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Limerick Co. Council TRIAL PIT NO.
TPO5

|Location: Co-ordinates: E127380 N134575 Date:

Churchtown, NCW Level: 70.11 16/02/2012
Dimensions Method: Logged by:
S5x1x5.0 20 T excavator B. Murphy LCC

IDepth (M) Sample Field Record Reduced | Depth {m) | Legend Stratum Description
Level | Thickness

0.0

(0.3) opsoil

69.81

:JMADE GROUND with very high waste fraction.
JThe waste consists of plastic, paper, nappies,
:Imetal cans. There were some animal bones at 0.4
Ametres.

JThe waste is very wet and black in colour. There
Hwas a very slight and transient burnt odour.
AThere was a strong flow of leachate into the
:}excavation from the east. The flow rate was
approximatley 100 litres per minute and
continued for approximately 40 minutes.

transient odour, no
gas detected

Waste sample (1.2
1.0

Leachate
sample 68.61 1.5

.7+7.1.|MADE&EROUND. The waste below 1.5

e 0 nn! mygd‘es is largely decomposed but very wet.
P ‘\ . q‘ﬁe waste contains plastic, bottles and

2.0 é\:\dé timber planks and partially decomposed
transient odour, no S 3?@@: ; - :: metal sheets.

gas detected Qo\d - .. .|Newspaper dated September 1977 at 1.8

R (\é\ metres.
9@(’(@%) oeteth There was large plastic sheeting at 2.8

.. 7. .".Imetres, sheets of partially decomposed

. -"."."Imetal sheets at 3.4 and a car exhaust at 3.6

3.0 & o+ Ametres.

(N

/<\
C‘% Oﬁ/.
%,

4.0 66.11| 40 [
Subsoil sample Light brown firm CLAY with massive
LL 40 structure and intermediate plasticity.
PL 19
PI 21 There is no waste in this layer and this may
MC 22 be the native subsoils.

5.0 65.11
General Remarks:

This trial hole is located in the south-west corner of the site. This is the lowest part of the site. The site is very wet and
partially water logged. Surface water run off and leachate from across the entire site is likely to flow towards this trial
hole.

The upper 1.5 metres of waste is largely undecomposed and contains very little backfill. This waste may have been placed
shortly before the site closed in 1988. The waste below 1.5 metres appears to be commerical with a high fraction of
metal sheets and large plastic wrapping.

The trial hole is located within 20 metres of the borehle LWO03.

This trial hole extended below the waste body into a CLAY subsoil. This subsoil may be an imported backfill dating back to
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Trial Hole 05

Tier 2 Report Churchtown Landfill

' Photo 1: Top sif.o"

Photo 2: domestic waste with animal jaw bone
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Photo 4: Spoil heap for THOS
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excavated waste very wet
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Tier 2 Report Churchtown Landfill

' Photo 8: soil beneath waste
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Tier 2 Report Churchtown Landfill

Limerick Co. Council TRIAL PIT NO.
TPO6
Location: Co-ordinates: E127420 N134580 Date:
Churchtown, NCW Level: 74.65 16/02/2012
Dimensions Method: Logged by:
6.5x1x5.0 20 T excavator B. Murphy LCC
|Depth (M) Sample Field Record Reduced | Depth {m){ Legend Stratum Description
Level [ Thickness
0.0 74.65 MADE GROUND comprising C&D waste
consisting of broken bricks, concrete,
no odour (0.8) ) L
crushed stone. Very little waste in this layer.
73.85 0.8
10 ... IMADE GROUND comprising highly
’ .. 7."."Jdecomposed waste consisting mainly of
.:.ooo.x Iplastic, glass bottles, occassional textiles and
“..."."Ipaper. The waste is very dry and mixed with
no odour -7+ - "a stone granular / clay backfill. The waste
.. .7 Mfraction is low throughout the trial hole. The
20 _-.+.-.+Jclay content of the backfill is low down to
L3,/ netres and increases slightly below this
.7.7.7. gbut the stratum appears to be free draining.
"8 There was a small amount of seepage at 3.5
SR
a0 metres.
3.0
-.- JNewpaper dated May 1986 at 1.8 metres
small amount of 3
seepage at 3.5
-|A largely intact milk churn was found at 1.8
-‘|metres.
4.0
Qooé . pL
-*.‘Iwashing machine was found at 3.0 metres.
very faint and Spnves
transient odour at
5.0 4.7
*-IWaste continues below base of trial hole
6.0
6.5 68.15 6.5
General Remarks:
This trial hole is located in an overgrown area towards the centre of the site. The capping layer consists of 0.8 metres of
C&D type material. The waste material is very decomposed at this location with no organic material present. The waste
material is also very uniform with depth.
The waste material is very dry through out the trial hole.
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‘ Photo 2: waste very dry and decomposed [
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Churchtown Landfill

Tier 2 Report

waste at 3 metres

Photo 3

hﬂilk churn at 1.8 metres
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\ Photo 4
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Tier 2 Report Churchtown Landfill
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Photo 6: Milk churn, washing machine and paper dated
May 1986
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Tier 2 Report Churchtown Landfill

Limerick Co. Council TRIAL PIT NO.
TPO7
Location: Co-ordinates: E127460 N134580 Date:
Churchtown, NCW Level: 76.142 16/02/2012
|Dimensions Method: Logged by:
6.2x1x5.0 20 T excavator B. Murphy LCC
|Depth (M) Sample Field Record Reduced | Depth (m) | Legend Stratum Description
Level { Thickness
0.0 “dTop soil with some waste - 2 small corroded
0.2 Abatteries.
|MADE GROUND comprising high waste
ontent with very high plastic content.
no odour Waste is largely decomposed and consists of
(1.2) plastic bags,glass bottles, textile fragments,
1.0 i{samll amount of paper, metal tins.
74.64 15 i
*J{MADE GROUND comprising decomposed
""" lwaste mixed with angular stone backfill and
e .::: soil. Waste consists of plastic, glass and a
2.0 - (-1« -1 Jsmall.amount of paper.
T T\I&g\f’]ay fraction in the backfill increases
R ::Jb\elow 3.0 metres.
no odour s .
- .- |Magazine dated October 1984 at 1.8 metres
3.0 i
small amount of
seepa >
4.0 epage ‘¢\
5|
71.34 4.8 5
5.0 MADE GROUND comprising clay backfill
containing very small amounts of waste.
6.0
69.94 6.2
General Remarks:
The capping layer consists of 0.2 metres of topsoil.
The waste body is largely decomposed at this location. The waste is combined with an angular stone backfill down to 4.8
metres. The backfill below 4.8 metres is predominately clay and contains very little waste.
The waste in the trial hole is very dry.
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Tier 2 Report Churchtown Landfill
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Photo 4: waste at 2 metres l
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Tier 2 Report Churchtown Landfill
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Tier 2 Report Churchtown Landfill

Limerick Co. Council TRIAL PIT NO.
TPO8
Location: Co-ordinates: E127500 N134580 Date:
Churchtown, NCW  |Level: 76.837 16/02/2012
|Dimensions Method: Logged by:
5.6x1x5.2 20 T excavator B. Murphy LCC
|Depth (M)] Sample Field Record Reduced | Depth (m) | Legend Stratum Description
Level | Thickness
0.0 | Topsoil
76,637 0.2 B
""" IMADE GROUND comprising decomposed
1+ Jwaste with a very high metal content - 50
No odour or gas ..7. 7.~ Jgallon drum, metal frame and small diamter
“.°."."Imetal pipes mixed with stone backfill.
(1.5)
1.0
75.137 1.7
no odour or gas (0.3) Layer of domestic waste, burning evident,
74.837| 20 | nappies, paper, plastic.
"."."."IMADE GROUND comprising commerical and
20 A Q@ﬁ\ﬁic waste mixed with stone and clay
©.7. " hatkfill. The clay content of the backfill
\§Q°§, creased below 3.0 metres.
. yQé\& | The waste is largely decomposed with no gas
Seepageat 2.5 @('}§0 2 |or odours detected.
metres \0&\6\ .".". . JThe waste is very dry.
QO\ *\\0’ “-"."-"llarge amont of white plastic packaging
\QOQ =" "Ibetween 1.8 and 2.0 metres.
3.0 é\o (3.6) .*. 7. ."INewspaper dated August 1984 at 2.4
OOQ :.:::::::metres
4.0 Sk
5.0 S
56 End 71.237 T
General Remarks:
The capping layer consists of 0.2 metres of topsoil.
The waste is largely decomposed throughout the trial holes with no odours or gas detected. There is a mixture of
commercial and domestic waste in the trial hole.
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Photo 2: 50 gallon drum
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Tier 2 Report Churchtown Landfill
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Photo 4: small amount of seepage at 2.5 metres
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Tier 2 Report
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Tier 2 Report Churchtown Landfill

' Photo 7: Trial Hole 08 |
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Tier 2 Report Churchtown Landfill

Limerick Co. Council TRIAL PIT NO.
TPO9
Location: « Co-ordinates: E127405 N134580 Date:
Churchtownfﬁ\[@V Level: 71.046 16/02/2012
Dimensions Method: Logged by:
6.0x1x50 20 T excavator B. Murphy LCC
|Depth (M) Sample Field Record Reduced | Depth (m) | Legend Stratum Description
Level | Thickness
0.0 71.05 Topsoil
(0.3}
-‘fwaste which is completely decomposed.
-JThe waste consists of glass bottles
. *.|embedded in a clinker, granular material.
o - IThere is no plastic, textiles, timber or
' “"lorganic waste throuhgout the trial holes.
*.*|The waste is very dry.
2.0 G
& éo@'
7S
3.0 (o
(557
s
5O @
¢
SO
N6Y
N
R
5\0 T
4'0 \o n.u.-..-.
N\ e
Qg .....
c® nTH B8
5.0 Pl
65.65| 54 foiiiin
Light brown firm CLAY with massive
structure. There is no waste in this strata.
6.0 b>.Us| 6.0
General Remarks:
This trial hole is located at the southern perimeter of the site adjacent to the site entrance. The waste at this location is
considerable older that any other location on site. The 1840 historic map suggests that an older quarry located to the
south of the public road encroached onto this part of the site.
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Photo 3: clay below waste
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Tier 2 Report Churchtown Landfill

a
% 4Limegrick Co. C i 1AL PIT NO.
a1y Em ck Co. Cauncil .C TRIA o
« TP10
|Location: Co-ordinates: ) [5@7530 N134540 Date:
Churchtown, NCW Level: 75.16 17/02/2012
|Dimensions Method: Logged by:
7.5x1x5.0 20 T excavator B. Murphy LCC
{Depth (M) Sample Field Record Reduced | Depth {m) | Legend Stratum Description
Level | Thickness
0.0
{0.3) opsoil
74.86
MADE GROUND comprising commercial waste
(0.5) ‘Jwith long strips of plastic,
74.36 0.8
‘MADE GROUND comprising domestic and
transient rancid ‘Jlcommaercial waste mixed with stone/clay backfill.
1.0 odour, no gas ‘| The layer contains partially decomposed
‘Jdomestic waste with a transient rancid odour.
(1.7) ‘IPartially corroded metal sheeting and car tyre at
.3 metres, white plastic packaging at 1.6
metres.
Newspaper dated December 1983 at 1.5 metres.
ngress of d@achate at 1.8 metres.
Seepage of a'rge cgncrete pillar at 1.8 to 2.0 metres removed
withcexcavator.
leachate from 1
e north 73.16 20 {
Q Light brown firm CLAY with massive
& bl structure. No waste in this strata
X N ———
K \é\ ==
& ‘\\Q e
% Q\\ ey
QO =
6\ [ -—rr i ]
X EEEERNESER
3.0 o¢\ ——=—=mm
Q(Q [ o]
-]
[ e=meemmaa]
(3.0) [
===
===y
[ ]
oo ]
[ =]
e oz ]
]
TR
= —-=— =]
[
[ —————-]
[ = ]
[ == ——]
[ remmcicimmiiose end
e
5.0 70.16 5.0
General Remarks:
This trial hole is located in the south-east corner of the site to the rear of the houses in Evergreen Close.
The trial hole contains a mixture of commercial and domestic waste. The domestic waste is not fully decomposed.
The waste is just 2.0 metres deep at this location and overlies a firm light brown sany CLAY. There is no waste throuhg the
3 metre CLAY stratum. The clay may be the natural subsoil which overlies the bedrock in the area. The clay is similar to
that found at the base of THOS and TH0S.

Limerick Co. Council

EPA Export 10-05-2019:03:42:09



Trial Hole 10

Tier 2 Report Churchtown Landfill

Photo 2: domestic waste at 1.3 metres l
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Photo 3: §poi| heap |
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Photo 8: Clay beneath waste
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Tier 2 Report Churchtown Landfill
Limerick Co. Council TRIAL PIT NO.
TP11
Location: Co-ordinates: E127406, N134575 Date:
Churchtown, NCW Level: 73.5 03/12/2012
Dimensions Method: Logged by:
4.0x1.0x5.0 1357 B. Murphy LCC
|Depth (M) Sample Field Record Reduced | Depth {m)| Legend Stratum Description
Level | Thickness
0.0 “INo topsoil, C&D material consisting of
(0.2 i .
733 :Icrushed rock and subsoil
strong offensive :|MADE GROUND comprising commercial
odour detected at waste with very high metal content including
0.7 metres, “Imetal frame and wire mesh.
persisted as trial 0.8) Ano organics, textiles or paper
hole was Fridge recovered 1 metre below ground
D excavated. 725 1.0
“{MADE GROUND consisting mainly of
granular stone backfill with a small fraction
of waste. Small fraction of white organic
(0.9) matggial
(S
| &
2.0 71.6
High content of industrial type waste, plastic
offcuts and washers, some organic material
71.3
<& MADE GROUND highly decomposed
0*\ & domestic waste mixed with granular stone
E . . .
S backfill. Some evidence of burning
{\\6\ (1.4) throughout this layer.
o‘\é
3.0 O
68.9 36
MADE GROUND small fraction of highly
domestic waste mixed with grey granular
backfill and clay.
4.0 .
(1.2) Large sheets of plastic towards the bottom
of this layer.
Bedrock not encountered
Seepage of black
4.8 liquid at 4.5 metres| 68.7 4.8
General Remarks:
This trial was excavated to investigate the very high magnestic response found during the geophysical survey carried out
in March 2012.
The trial hole indicates that the upper sections of the waste contain a high fraction of metal.
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Photo 2: Waste with high metal and plastic
content
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Tier 2 Report Churchtown Landfill

Photo 3: metal frame®
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Phoo 4: wire meshng
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Slit Trench Report

EPA Export 10-05-2019:03:42:09



Tier 2 Investigation Churchtown Landfill NCW

Slit Trench  1to 12 15" February 2012
Slit Trench 13 to 15 20™ April 2013

Slit Trench No. 1:

GPS Co-Ordinates: E -127 422 & N -134 641

Location: Adjacent to bare batch in adjoining field — 0.3m from boundary fence
Start Time: 09.15

Finish Time: 09.40

Findings:

Depth (m) | Findings

0-0.2 Loose gravel

0.2 Black bag of waste visible

04 Off-white fatty substance visible. Strong ‘fatty’ type odour
A lot of plasticsvisible &
Some cardboard “é\\'

Note: RN

N}
- Waste was visible adjacent to the boundary %,@@ﬁ\ 0.4m
- Times on photographs are incorrect.

O
&
S
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Slit Trench No. 2:

GPS Co-Ordinates: E -127 413 & N -134 635

Location: Started trench adjacent to dry surface water drain
Start Time: 09.45

Finish Time: 09.55

Findings:

Depth (m) | Findings

0-0.3 Loose well drained clay sail

0.3-04 Layer of gravel

0.55 Small quantities of textiles & plastic visible
0.8 Plastics visible with some glass inter-dispersed
Note:

- Waste was visible at approx. 1.6m from the surface water drain

- Times on photographs are incorrect up to 11.09 correct tiér&ne of 09.50 then entered.
N3

,\@é

. 16/02/2012°09:64 AM

-

%

Picture 2: Slit trench 2
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Slit Trench No.3:

GPS Co-Ordinates: E -127 404 & N -134 626

Location: Started trench approx 0.5m from dry surface water drain
Start Time: 10.00

Finish Time: 10.15

Findings:

Depth (m) | Findings

0-0.3 Loose well drained clay soil with gravel inter-dispersed

0.3 Broken shale

1.0 Waste visible mostly plastic with some glass.
Black decayed waste inter-dispersed with the clay — no odour
Large concrete boulder (approx. 1m?)

Note:

- Waste was visible at face of the silt trench é\o‘g"

S

Picure 3: Slittrench 3 -
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Slit Trench No.4:

GPS Co-Ordinates: E -127 395 & N -134 606

Location: Started trench approx 0.5m from dry surface water drain — on a steep incline
just to N of thefield gate.

Start Time: 10.45

Finish Time: 11.00

Findings:
Depth (m) | Findings
0-0.4 Loose well drained clay soil
0.5 Plastics & glassvisible
Note:
- Waste was visible approx. 1.5m from dry surface water drain

TR A

icture 4: Slit trehch 4
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Slit Trench No.5:

GPS Co-Ordinates: E -127 440 & N -134 650

Location: To the E of dlit trench No. 1 & W of TH1. Started trench approx 0.5m from
boundary ditch

Start Time: 11.20

Finish Time: 11.30

Findings:

Depth (m) | Findings

0.1 Gravel layer

04 Waste visible — mostly plastics with some textiles
Note:

- Waste was visible at face of the silt trench

Picture 5: Slit trench 5

EPA Export 10-05-2019:03:42:10



Slit Trench No.6

GPS Co-Ordinates: E -127 479 N -134 668

Location: To the E of TH1. Started trench approx 0.6 from boundary ditch
Start Time: 11.40

Finish Time: 11.55

Findings:

Depth (m) | Findings

0-0.5 Loose well drained clay sail

0.5 Waste visible — mostly plastics with some glass. No odour
Note:

- Waste was visible at face of the silt trench

1) |
: b A X o ; ,5.?!':-92;'2-312 11:a00m0
RN - 0 T 2 =AY x|

Picture 6: Slit tfen'c'h‘
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Slit Trench No.7

GPS Co-Ordinates: E -127 392 N-134 543

Location: Along the southern boundary of site, W of entrance gate. Started trench approx
5.6m from boundary ditch due to overhead wire.

Start Time: 12.05

Finish Time: 12.30

Findings:

Depth (m) | Findings

0-0.7 Loose well drained clay soil

0.7 Small quantities of waste mostly glass. No plastic

1 Small quantities of plastic. Cover of milk churn & spring of

mattress.

1.3-1.7 Glass visible. Fine sandy reddish ashy materia present with
pieces of broken glass mixed through it

Note:
- Waste was visible approx. 0.7m from face of the silt trench.
- Beer bottle removed from trench inscribed with * O’ Congior & Son Kanturk Castle’
- Freedraining soil throughout the 1.7m trial hole. &

S

%

Picture 7: Slittrench 7
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Slit Trench No.8

GPS Co-Ordinates: E -127 404 N-134 532
Location: Just to the W of entrance gate. Started trench approx 2.1m from boundary

ditch.

Start Time: 12.45
Finish Time: 13.00

Findings:

Depth (m) | Findings

0-0.5 Loose well drained clay soil

0.5 Small quantities of waste mostly glass and small quantities
of plastic

0.7 Glass evident (older type bottles)

1.1 A lot of broken glass evident at base of dlit trench

Note:

- Glasswas visible at face of the silt trench.
- Freedraining soil throughout the 1.1m tria hole.

N - .’

Picture 8: Slit tr

= 0&‘
!

.
-

nch 8 '
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Slit Trench No.9

GPS Co-Ordinates: E -127 442 N-134 550

Location: Just to the E of entrance gate to the rear of House Nol Evergreen Crescent.
Started trench approx 1.1m from boundary ditch.

Start Time: 14.00

Finish Time: 14.35

Findings:

Up to a distance of 7.4m from boundary fence

Depth (m) | Findings

0.2 Poorly draining clay soil

0.9 Heavy wet clay soil —small quantity of water evident
6" black open-ended plastic pipe evident approx. 3.8m from
boundary

2.1 No evidence of waste

Note: Slit trench adjacent to concret slab (2.5m* 1.5m) overlying afine gravel base

From 7.4m from boundary fence

Depth (m) | Findings K
0-0.15 Gravel layer S
0.15 Waste visible — plastics, glass & sopié téxtiles & metal —no
odour 5
0.6 Seepage evident S
G ‘\\O\ é\

e L

Picture 9: Slit tren 9
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Slit Trench No.10

GPS Co-Ordinates: E -127 473 N-134 548

Location: Adjacent to container between House Nol & No2 Evergreen Crescent. Started
trench approx 15m from boundary ditch (unable to get closer due to trees).

Start Time: 14.55

Finish Time: 15.10

Findings:

Depth (m) | Findings

0-0.3 Freely draining sandy clay

0.3 Waste visible — plastics, glass & woven bags

Picture 10: Slit trenc 0
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Slit Trench No.11

GPS Co-Ordinates: E -127 485 N-134 541
Location: Between House No2 & No3. Started trench approx 4m from boundary ditch
Start Time: 15.20

Finish Time: 15.35

Findings:

Depth (m) | Findings

0-0.2 Loose well drained clay

0.2 Gravel layer

0.3 Small quantities of waste visible

0.5 Waste visible — alot of plastics, glass & textiles. Healtlogs

25kg plastic bag which when opened appeared to have
decayed household waste — no odour

Y da

Pt
Picture 11: Slit trench 11
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Slit Trench No.12

GPS Co-Ordinates: E -127 515 N-134 538

Location: Rear of House No4. Started trench approx 4m from boundary ditch
Start Time: 15.45

Finish Time: 16.00

Findings:

Depth (m) | Findings

0-0.4 Loose well drained clay

04 Gravel layer

0.5-0.7 Waste visible - plastics, glass, metal, paint brush

18/02/2012103:48 PM
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Slit Trench No. 13:

GPS Co-Ordinates: 127510E, 134526.8N

Location: Adjacent to southern boundary of site adjacent to Evergreen Close
Start Time: 11:10

Finish Time: 11:30

Findings:
Depth (m) | Findings
0-0.2 Loose friable topsoil.

0.2-0.8 Domestic waste, no organics, highly decomposed,
predominately plastic and glass with some metal.. High
Concentration of coarse angular stone. The waste is very dry.

Note:
The southern extent of the waste was not established due to the presence of large conifer
trees on the boundary.

Picture 12: SIi Trenc 13

L
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Slit Trench No. 14:

GPS Co-Ordinates: E -127485 & N -134530

Location: southern boundary adjacent to Evergreen Close
Start Time: 11:45

Finish Time: 12:00

Findings:

Depth (m) | Findings

0-0.2 loose top soil

0.2-0.6 Domestic waste, highly decomposed, no organics, mainly
plastic with some glass.

Picture 13: Southern boundary

Note:

The southern end of the waste was not reached due to the line of mature tress adjacent to
the southern boundary.
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Slit Trench No. 15:

GPS Co-Ordinates:127447E, 134553N

Location: Southern boundary adjacent to Evergreen Close
Start Time: 12:30

Finish Time: 12:45

Findings:

Depth (m) | Findings

0-0.2 loose friable topsoil

0.2t0 0.4 granular subsoil with no waste.
04t00.8 brown stiff clay

Note:

Picture 14ﬂig_trencp 3
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Appendix 3
Geophysical Survey
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Churchtown Landfill Site, Newcastle West, Co. Limerick
Geophysical Survey

EXECUTIVE SUMMARY

1. Minerex Geophysics Ltd. (MGX) carried out a geophysical survey in 2012 consisting of EM31 Ground
Conductivity, 2D-Resistivity and seismic refraction for the Tier 2 preliminary Site investigation of the

historic Churchtown Landfill Site in Newcastle West, Co. Limerick.

2. The main objectives of the survey were to determine ground conditions in general, the extent, depth,

volume and nature of the waste, information on the capping and possible leachate from the site.

3. In June 2013 a seismic survey consisting of 8 short profiles was added in the east of the landfill area in

some residential gardens. The aim was to define the landfill boundary as precisely as possible.
4. This report also includes the data from four 2D-Resistivity Profiles that were done in 2007 by BRG Ltd.

5. The draft report in 2012 made some recommendations that were carried out by the client and the results

are included in this final report.

6. The boundary of the landfill is well defined when taking all t@b'previous Gl, geophysics and historical

maps into account. The area within the boundary (Black ancgfﬁ"agenta line on Map 3) is 1.86 ha.
S
S
7. The base of the landfill and floor of the former qu@l’zgé?e at a level of 63 — 65 mOD. Given the ground
%
elevations of 68 — 78 m on the landfill the thi@@%gs\\s of the waste body is 5 — 15m. Using the area of

S
1.86 ha and an average thickness of 10 meﬂﬁ%@would be a volume of 186000 m°.
Q

K
0N
8. There is no evidence of an engineereﬁ %ping layer though a general trend of higher resistivities at the
o
surface indicates more granular gra\@ecfly material and stone or rock fill at the surface. This may provide

some capping function. &

@)

9. Resistivity data shows that it is likely that some leachate occurs into the rock below the landfill.

Minerex Geophysics Limited Report Reference: 5711f-005.doc
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Churchtown Landfill Site, Newcastle West, Co. Limerick
Geophysical Survey

1. INTRODUCTION

1.1 Background

Minerex Geophysics Ltd. (MGX) carried out a geophysical survey for the Tier 2 preliminary site investigation
for the historic Churchtown Landfill Site in Newcastle West, Co. Limerick. The survey consisted of EM31
Ground Conductivity, 2D-Resistivity and seismic refraction (p-wave). The survey is part of the ground
investigation for the landfill. The survey was commissioned by Limerick County Council. Other work items like
trial pits, slit trenches and sampling were done by Limerick Co. Co. in February 2012 at the same time as the
geophysical survey. In June 2013 a seismic refraction survey was added to determine the landfill boundary in
the residential gardens to the east of the site. Four 2D-Resistivity Profiles done in 2007 were also added to

this report.
1.2 Objectives
The main objectives of the first geophysical survey in 2012 were set out by the client in the tender:

. Identify the extent of the former landfill site and quarry

&
&
. Provide information on the depth and nature of the\{l\‘/aifé%ody
: 0&0\6\
. Quantify the volume of the waste oé?es\
SO
. Provide information on the depth and ext of the capping layer
A
o Look for evidence for leachate m&r‘%@}? from the site
RN

O

The detailed objective of the seismic su\réey in June 2013 was:

N
. Identify the landfill boundaFyOprecisely in the gardens to the east
1.3 Site Description
The landfill site is situated in a former limestone quarry and has a size of approx. 2 ha. A topographical
survey was carried out in 2007 and is used as a background map in the maps of this report. The elevations
on the site range from 68 to 78 mOD. The site slopes from NE to SW. The surrounding topography generally

slopes from East to West. Some parts of the site are overgrown. The site is described in detail in the Tier 1 —

Landfill Risk Assessment report.
1.4 Geology

The bedrock geological map of the Shannon Estuary (GSI, 1999) indicates that the survey area is underlain
by the Waulsortian limestone formation, described as massive unbedded lime-mudstone. These limestones

are typically very clean and liable to karstification.

The Tier 1 and Tier 2 reports detail the site investigations carried out at the Churchtown Landfill Site.
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Churchtown Landfill Site, Newcastle West, Co. Limerick
Geophysical Survey

1.5 Report

This report includes the results and interpretation of the geophysical survey. Maps, figures and tables are
included to illustrate the results of the survey. More detailed descriptions of geophysical methods and
measurements can be found in GSEG (2002), Milsom (1989) and Reynolds (1997).

The client provided maps of the site and the digital version was used as the background map in this report.
Elevations were surveyed on site and were incorporated into the data for the vertical sections. The system

used in this report is Irish transverse Mercator (ITM).

The interpretative nature and the non-invasive survey methods must be taken into account when considering
the results of this survey and Minerex Geophysics Limited, while using appropriate practice to execute,

interpret and present the data, give no guarantees in relation to the existing subsurface.
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Churchtown Landfill Site, Newcastle West, Co. Limerick
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2. GEOPHYSICAL SURVEY
2.1 Methodology

The methodology for the geophysical survey consisted of EM31 Ground Conductivity, 2D-Resistivity and
Seismic Refraction Profiles. The survey locations are indicated on Map 1. There are four 2D-Resistivity
profiles and eight seismic refraction profiles. The geophysical survey parameters for the profile are listed in
Table 1.

All geophysical surveys are acquired, processed and reported in accordance with British Standards BS
5930:1999 + A2:2010 ‘Code of Practice for Site Investigations’.

Table 1: Data Acquisition Parameters for Geophysical Profiles

Profile Electrode/Geophone Number of Profile Length/m
Name Interval/m Electrodes/Geophones
R1- R4 3 64 189

&
S1-S8 3 24 R 69

O
. S
2.2 EM31 Ground Conductivity 4?0\0\
R \@6

the west and north where clearance was m@@@’r previously available. Along each line a reading of ground
conductivity was taken every second \A@}e\\@’alklng along. The locations (small crosses on Map 2) were
measured with a sub-meter accuracy S@SES DGPS system attached to the EM31 and all data was jointly
stored in a data logger. The conduog&%\ty meter was a GEONICS EM31 with Allegro data logger and NAV31
data acquisition software. The ms%ument was checked at a base station, the readings were stable and no

drift occurred.

EM31 ground conductivity determines the bulk conductivity of the subsurface over a typical depth between 0
and 6 m bgl. and over a radius of approx. 5m around the instrument. Landfill waste and leachate have higher
conductivities than most geological materials and can be located within the depth range of the meter. When
looking for clay, silt and water infill within rock occurring at relatively shallow depth the EM31 can find
anomalous rock zones with a vertical extent of approx. 3m. The measurements are disturbed by metal and
other conductive objects within the range of the instrument and therefore no geological interpretations can be
made in the vicinity of such man-made objects. Either readings were not taken near sources of interference

in the first place or notes were taken by the operator in order to account for these in the interpretation.
2.3 2D-Resistivity

During 2D-Resistivity surveying data is acquired in the form of linear profiles using a suite of metal electrodes.
A current is injected into the ground via a pair of electrodes while a potential difference is measured across a

second pair of electrodes. This allows for the recording of the apparent resistivity in a two-dimensional
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Churchtown Landfill Site, Newcastle West, Co. Limerick
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arrangement below the profile. The data is inverted after the survey to obtain a model of subsurface
resistivities. The generated model resistivity values and their spatial distribution can then be related to typical

values for different geological materials.

2D-Resistivity profiles with electrode spacing of 3m were surveyed at the locations shown on Map 1. The

readings were taken with a Tigre Resistivity Meter and Imager Cables.
2.4 Seismic Refraction

In the seismic refraction survey method a p-wave is generated by a source at the surface resulting in energy
travelling through surface layers directly and along boundaries between layers of differing seismic wave
velocities. Processing of the seismic data allows geological layer thicknesses and boundaries to be

established.

The seismic survey consisted of p-wave seismic refraction profiling. Each of the profiles consisted of 24
geophones with 3 m spacing, resulting in lengths of up to 69m per profile. The recording equipment consisted
of a 24 Channel DMT Summit engineering seismograph with 4.5 Hz vertical geophones. The seismic energy

source consisted of a hammer and plate. A zero delay trigger was u§9d to start the recording.
&
\Q
Seismic Refraction generally determines the depth to\\h%gé%ntal or near horizontal layers where the

S
compaction/strength/rock quality changes with an aoc{y%> cy of 10 — 20% of depth to that layer. Where low
velocity layers are present or where layers dip wﬂh@Qg&é than 20 degrees angle the accuracy becomes much
less. In loose and soft ground like a landfill the@@\@%c energy gets heavily attenuated and usually on 3—6 m

depth penetration is possible. J‘ §
ES
N

2.5 Site Work 2012 &
&

o~
The data acquisition was carried ©ut on the 13" and 14" of February 2012. The weather conditions were

variable throughout the acquisition period. Health and safety standards were adhered to at all times.
The locations and elevations were surveyed with a TRIMBLE RTK-GPS to accuracy < 0.02m.

2.6 Site Work 2013

The data acquisition for the 2013 seismic refraction survey was carried out on the 25" June 2013. The
geophone spacing used was 1 m in order to resolve the seismic velocity of the shallow subsurface with high
resolution. Otherwise the seismic refraction method was done as described above. There were 8 seismic

refraction profiles done named S11 — S18 and they are indicated on the location maps.
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3. RESULTS AND INTERPRETATION

The interpretation of geophysical data was carried out utilising the known response of geophysical
measurements, typical physical parameters for subsurface features that may underlay the site, and the

experience of the authors.
3.1 EM31 Ground Conductivity

The EM31 ground conductivity values were merged into one data file and contoured and gridded with the
SURFER contouring package. The contours are created by gridding and interpolation and care must be taken
when using the data. The contour map is overlaid over the location and base map (Map 2) and the values in

milliSiemens/metre (mS/m) are indicated on the colour scale bar.

Low conductivities would indicate either shallow bedrock or dry sandy and gravelly overburden while higher
conductivities would indicate deeper bedrock and clay-rich overburden. Very high or very low conductivities

indicate interference from manmade metal objects or occur over the waste body.

Middle range values (15 — 25 mS/m) indicate gravelly clay outside tg@ landfill in the field to the west or areas

where the waste is relatively thin close to that field boundary in tt@Nest and inside the landfill area).

N Q@
The high values (> 25 mS/m) are concentrated over&@@@ghest part of the landfill where they indicate the

largest thickness of the waste and leachate wﬂhm@ﬂﬁ%aste The transition from high to low values can be
seen on the property without a building betv&gert@i‘he R521 and the landfill. The gradient in the readings

indicates the landfill boundary. q
S A*\

A line of high readings occurs in the flelg\fb the west close to the road. There is no visible obvious reason for
these high readings that must be cauﬁgd by subsurface metal. The subsequent site investigation showed that

this is a buried power cable.
3.2 2D-Resistivity Profiles

The 2D-Resistivity data was positioned and inverted with the RES2DINV inversion package. The
programme uses a smoothness constrained least-squares inversion method to produce a 2D model of the
subsurface model resistivities from the recorded apparent resistivity values. Three variations of the least
squares method are available and for this project the Jacobian Matrix was recalculated for the first three
iterations, then a Quasi-Newton approximation was used for subsequent iterations. Each dataset was
inverted using seven iterations resulting in a typical RMS error of < 2.1%. The resulting models were colour

contoured with the same scale for all profiles and they are displayed as cross sections (Figure 1a and 1b).

The resistivities cover a wide range of values. The high values at depth indicate clean limestone bedrock
while low values indicate the presence of the landfill waste body. The lowest values within the landfill are

most likely caused by a combination of waste material and water within the landfill body.
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The resistivities at depth are generally quite high which is consistent with the clean (non-argillaceous)
limestone rock type. It confirms that the undisturbed rock is a clean limestone, which means it has no or
very low shale or mud content. The high resistivities indicate that the limestone is liable to karstification but

does not have to be karstified.
3.3 Seismic Refraction Data 2012

The seismic refraction data was positioned and processed with the SEISIMAGER software package to give a
layered model of the subsurface. The numbers of layers has been determined by analysing the seismic
traces and up to 5 layers were used in the individual models. All seismic profiles were subject to a
standardised processing sequence which consisted of a topographic correction which was based on
integrated elevation data, first break picking, tomographic inversion, travel-time computation via ray-tracing
and velocity modelling. Following each processing stage QC procedures were adhered to. The resulting layer
boundaries are shown as thick lines overlaid on the 2D-Resistivity cross sections (Figure 1a and 1b). The

seismic velocities obtained within the layers are annotated on the sections.

S1 and S8 were done outside the landfill to model the normal geolog|cal ground conditions in a down gradient
direction. S2, S6 and S7 were done to cross the boundary of thedzv\aste body and determine the edge of the
former rock quarry. S4 and S5 are over the lower part of th g@%ﬂll to see if the bottom can be reached. S3 is

entirely within the landfill waste body. éz?:s\o*

S1 and S8 indicate that the succession of grouaﬁ ers is quite normal going from soft topsoil over firm to
stiff gravelly clay and weathered bedrock to gﬁéoi@ rock. The layer 4 (Figures 1a and 1b) is a typical transition
layer between overburden and strong bé‘a@:?( and can contain weathered rock but also very consolidated
overburden. Notable is a thickening of t&e overburden and weathered rock layer on S8 (at 60-100m on R8)

which is also the lowest point of thgjgund across the road from the westernmost point of the landfill.

S2, S6 and S7 show the lateral change between landfill waste body and the natural geology quite well and the
modelling could prove the edge of the former rock quarry well. The large difference of seismic velocities
across the boundary causes a good contrast and the first breaks in the seismic shot records allow an

excellent locating of the former quarry edge.

S3 is at the thickest part of the landfill and it is not possible to make any deduction about the depth of the
landfill. This was to be expected because of the strong attenuation of the seismic signal in the loose waste
body. Some variations of the seismic velocity within the waste body could be modelled and improved the

model accuracy. This shows that the waste has a quite narrow band of seismic velocities (0.25 to 0.5 km/s).

S4 and S5 still do not show the base of the landfill although it is thinner than at S3. S5 allows some estimation
about the depth to the limestone which is significant close to the site entrance. It shows that the former quarry
floor was located deeper than the current site entrance (also found in the slit trenches). S4 shows a curious
change from normal condition in the waste body as there is an area with high seismic velocities (modelled

with 3 km/s). This is likely an area of backfilled very compact and hard stones or rocks though it could be also
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an area of rock that was not excavated in the former quarry. It is noted that the highest resistivities within the

landfill occur at this location.

3.4 Interpretation

Abbreviated trial pit and well logs are shown on the sections where ground investigation points are close to

the geophysical profiles. For a full description of the logs the report should be used.

Table 2 summarises the interpretation. The interpretation follows the seismic layers and then is extrapolated

along the resistivity sections. The interpretation has been made from all available information including the

well logs and trial pits. The base of the landfill which is the old quarry floor has been interpreted from the

boreholes and the resistivities as no seismic profile has reached the base.

The interpretations are drawn on Figures 2a and 2b. Layers are indicated by the hatch pattern. The

magenta dashed line on R 2 and R3 indicates the water table within the landfill as indicated by the sudden

increase in resistivities around this level.

Table 2: Summary of Results and Interpretation &
N
@é
Layer General General Come\ec ion/Stren | Interpretation
N
Seismic Resistivity g%@ck Quality
o
Velocity Range (Ohmm) Qo\Q&\?\
R '\OQ 3‘\
ange &S
KO
(km/sec) RN
NN
X
1 0.25-0.3 <160 . & Soft/Loose Overburden (Soil or Topsoil)
&
2 0.25-0.5 <350 Loose/soft Waste - Landfill
3 0.7-15 <240 Firm to stiff Overburden (Clay)
4 2.1 <480 Weathered or hard | Weathered Rock or
Overburden (Clay)
5 3.5-43 > 240 Strong Strong Limestone
- - <60 - Possible Leachate outside
Landfill Waste Body
On S4 3.0 > 320 - Solid  Object/Layer  within
Landfill
Map 3 summarises some of the interpretations made in this report.
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3.5 Seismic Refraction Interpretation 2013

The seismic modelling with ray tracing and interpretation was aimed at defining the landfill boundary as
precisely as possible. The layers and velocity ranges used previously on this project were used as far as
possible, with some modifications visible on the legend of Figure 3. The results and interpretation of profiles

S11 — 518 are displayed on Figure 3.

The 8 seismic profiles (S11 — S18) show quite varying results in term of ground model and background
geology. The boundary between waste body natural ground is not always sharp and seismic velocities are

quote similar at a shallow depth inside and outside the fill.

Profile 18 shows a ‘normal’ ground layering with rock at depth and no indication for waste and landfill

material. There is no landfill material in this back garden.

Profiles 15 — 17 show the boundary by the drop in the faster velocity layers to the west where they are
replaced by lower velocity layers representing the landfill. Profile 11 shows the same pattern where the landfill

occurs just at the western profile end.

Profiles 12 — 14 show an opposed pattern where the ground gets é@gé compacted and possibly more gas-rich
towards the east. Therefore the boundary was placed at \{hg\%é’astern zone where the velocity get less. On

Profile 14 the landfill boundary is outside the profile an k@h from the previous survey.

Overall confidence about the landfill boundary Iogé?é\&ﬁ}is good at profiles 11 and 15 — 17. On profiles 12 and
13 the confidence is less. There is no Iandﬂl%e@r profile 18, and along profile 14 and the old profile S2 the

boundary is most eastward. KL \\\\q

S\
The boundary may not always be s%rp with some mixing of landfill and overburden material likely. The

boundaries as displayed here shonQa ‘best fit’ solution and are useful for the estimation of size and extent of
the landfill.

3.6 2D-Resistivity Interpretation 2007

The resistivity profiles carried out in 2007 have been re-processed with elevations and the same inversion
and display parameters as in the 2012 survey. The results are similar as in the 2012 survey. The older

profiles have been displayed in Figure 1c and are interpreted in Figure 2c.
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4. CONCLUSIONS

This chapter summarises the conclusion based on the objectives and topics investigated.

Lateral extent of waste and boundary

The boundary of the landfill is well defined when taking all the previous Gl, geophysics and historical maps
into account. The edge of the former quarry has been found at S2, S6, and S7 and twice on R1. R1 runs over
the edge of the landfill at an oblique angel therefore the boundary appears less focuses than elsewhere. The
boundary has been also modelled on S11 — S17 while S18 is outside the landfill. It also shows on the
northern end of R3-2007.

The boundary has been drawn on Map 3 as a black line and for S11 — S17 as a magenta line. The area

within the boundary is 1.86 ha.

Volume of waste

The base of the landfill and floor of the former quarry are at a level of 63 — 65 mOD. Given the ground
elevations of 68 — 78 m on the landfill the thickness of the waste@pﬁ'y is 5 — 15m. Towards the field in the
west it is likely that the thickness will decrease to Om as ths‘EM@q values approach the background values.
N
Using the area of 1.86 ha and an average thickness ofcg‘gg;\@tfere would be a volume of 186000 m®.
SE
Nature of waste N
@
&
In this report the whole landfill body was a@é?es%ed as waste though it is known from the trial pits and slit
Q) N\
trenches that there are significant volum<ég§§} made ground consisting of clay and sand/gravel with little or
S\

no waste material within the landfill. There is no indication in the resistivities or other physical parameters
that allow a distinction between tbﬁ%e materials. The waste body as described throughout this report is
determined by the low resistivities of the waste that is spreading through solution as leachate and therefore

equalises the resistivities.

Capping layer

There is a general trend of higher resistivities at the surface (dry waste) with lower resistivities (saturated
waste) near the top. At the very top resistivities change mainly between > 80 Ohmm (green) to < 80 Ohmm
(yellow — brown). Higher values indicate more granular gravelly material and stone or rock fill while lower

values represent clay and waste material.

Deepest part of landfill and possible leachate vertical below landfill

New and old resistivity profiles for the site indicate lower resistivities stretching deeper than the expected final
depth of the landfill (as defined from previous boreholes). This area is centred on the highest part of the
landfill and mapped on Map 3. The reason is most likely that there is leachate into the subsurface vertically

downwards into the rock below the landfill.
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Underground Power Cable

An anomaly found by EM31 in the field to the west was identified as an underground power cable coming

from the overhead power line and running west to a residential property.
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FOREWORD

The borehole records have been compiled from an examination of the samples by a Geotechnical
Engineer and from the Drillers’ descriptions. The work was carried out in accordance with BS5930
(1999) and BS1377 (1990).

The report presents an opinion on the configuration of the strata within the site based on the
borehole results. The assumptions, though reasonable, are given for guidance only and no liability
can be accepted for changes in conditions not revealed by the boreholes.

EPA Export 10-05-2019:03:42:11



-------

Newcastle West Landfill Restoration

Appendix 1
Appendix 2
Appendix 3

Introduction
The Site & Geology
Fieldwork

Borehole Records
Pump Test Records
Gas & Groundwater Readings

EPA Export 10-05-2019:03:42:11



....... Newcastle West Landfill Restoration

1.0 Introduction.

Irish Drilling Ltd. (IDL) was instructed by Tobin Consulting Engineers., on behalf of Limerick
County Council, to carry out a site investigation on the site of the proposed Newcastle West
Landfill Restoration.

This site investigation was carried out to allow for the installation of gas and groundwater
monitoring standpipes at the disused landfill site.

The fieldwork commenced on November 29" 2012 and was completed on December 4"
2012,

2.0 Site & Geology
The site is located at Churchtown, Newcastle West, County Limerick.

Geological Survey maps of the area indicate that the site is underlain by Carboniferous
Limestone Rock Formations.

A Site Plan, prepared by the client’s representatives and showing ‘as-built’ fieldwork locations,
is included with this report.

3.0  Fieldwork. 55
&
The following plant was mobilised to site to carry out fi e@m@k operations:
o?f’ &
A BBS37 GoTract Rotary Core Drilling Rig. S &?9

Q
Fieldwork carried out to date has included thﬁt&bwmg

RO
Three rotary boreholes, using openhol%ﬁ'@hg techniques, were carried to a depth of 6.00m
below ground level. OQ
6\0
A 50mm diameter gas standpipe installed in the boreholes to allow for the monitoring of
gas levels over a prolonged perigé\of time.

Two rotary core boreholes were carried out to establish overburden conditions and rockhead
and to establish the nature and integrity of the underlying rock.

Wireline drilling techniques, using GeoboreS size drill strings, were carried out to recover
100mm diameter soil and rock core samples at location BH 09.

PQ size (84mm diameter core samples) rotary core drilling was carried out at borehole BH 10.

The samples were stored in wooden boxes and returned to the laboratory where there were
logged and photographed by a Geotechnical Engineer.

A 50mm diameter standpipe was installed in borehole BH 10 to allow for the monitoring of
groundwater levels over a prolonged period of time.

The rotary core boreholes were carried out using a BBS37 GoTract Rotary Core Drilling Rig to
depths ranging from 20.00m to 30.00m below ground level.

Borehole BH 09 was carried out using GeoboreS size drill strings to allow for the completion of
a Pump Test using a 100mm diameter submersible pump.

Data loggers were installed in a number of boreholes to act as observation wells during the
pump test operations.
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Q> h"q
R g Newcastle West Landfill Restoration

A 72-hour Pump Test was carried out on December 10" 2012 by Hydro-Environmental
Services Limited and the results of this Pump Test are presented as a ‘stand-alone’ report and
are included in the appendices.

On completion of the Pump Test operations the temporary steel casing was removed from the
borehole BH 09 and a 50mm diameter standpipe was installed to allow for the monitoring of
groundwater levels over a prolonged period of time.

Reference should be made to the engineering logs for a detailed description of the ground
conditions encountered.

The borehole locations were set out on site using a GPS Surveying Unit and the co-ordinates
are included on the logs presented in the appendices.

The fieldwork was carried out in accordance with BS5930 (1999), Code of Practice for Site
Investigations.

Ronan Killeen
Chartered Engineers
Irish Drilling Limited
January 7" 2013.
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APPENDIX 1

BOREHOLE RECORDS
(ROTARY CORE)
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DRILLHOLE LOG

Project
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IDL AGS3 UK DH NEWCASTLE WEST LANDFILL BHS 9 AND 10 DEC 21 2012.GPJ IDL TP TEMPLATE.GDT 7/1/13

DRILLHOLE LOG

Project Newcastle West Landfill Restoration

Location

Newcastle West , Co Limerick
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From (m)} To (m)| Type

Return (%)

GENERAL
REMARKS

50mm standpipe installed to
6m depth.
Gas monitoring tap fitted.

All dimensions in
metres
Scale 1:62.5

Council

Client Limerick County

Method/ Hydreq
Plant Used

Bit  Geobore
DesignS

Driller
NV

Logged By
E
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DRILLHOLE LOG

Project Newcastle West Landfill Restoration

Location

Newcastle West , Co Limerick

Job No Date Ground Level (m)

75.50

29-11-12
29-11-12

Co-Ordinates ()

E 127,515.7 N 134,542.5

DRILLHOLE No
BH 3

Engineer

Tobin

Sheet 1

[e]
=
—

Rev.

RUN DETAILS

STRATA

Depth] TCR | (SPT) Depth

Red'ed

DESCRIPTION

(SCR)| Fracture
Date RQD | Spacing

(Thick-

Legend
ness)

Level Discontinuities

Detail

Main

Geology
Instrument/

LI B B B B B R

(6.00)

TT T

%,
2,

69.50 6.00

C
%

TTT T T I T T [T I T T

Open hole drilling - no recovery.

77 Backfill

instruction.

BH terminated at 6.00m bgl on RE's

Drilling Progress and Water Observations

Rotary Flush

Wa

Date Strike

Casi Core Dia
Depth | pepthi ) eDia

Time mm

ter .
Standing

From (m) To (m)| Type

Return (%)

GENERAL
REMARKS

50mm standpipe installed to
6m depth.
Gas monitoring tap fitted.

All dimensions in

mensi Client Limerick County
Scale 1:62.5

Method/ Hydreq
Council

Plant Used

Bit
DesignS

Geobore

Driller

Logged By
E
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|

# oz,
> e
& 2,
s‘L%

IDL
DRILLHOLE LOG
Project Newcastle West Landfill Restoration Location DRILLHOLE No
Newcastle West , Co Limerick
Job No Date 04-12-12 Ground Level (m) Co-Ordinates () BH 9
04-12-12 67.97 E 127,350.5 N 134,567.6
Engineer Sheet 1 of 4
Tobin Rev.
RUN DETAILS STRATA E
TCR | (SPT) . Depth B |E=
Saebll(SCR) | Fracture | Re4d \ cocndl (Thick- DESCRIPTION < 2%
RQD | Spacing ness) Discontinuities Detail Main SRR
0.00 r 0.00 m to 13.90m: overburden. Open hole drilling - no recovery. % 2
- K4
s &
N *6\
C o@&'é\
o PN
C S &
- SN
C QQ &&\
C O
3 R
NA : O
SN
S
N
: O
L O
C 3
- ‘¢\
&
0 N O
Q] r (13.00)
Drilling Progress and Water Observations Rotary Flush GENERAL
Date Time | Depth Deotﬁasngia Corrr?nll) 1a Strikgvatgliandinz From (m) To(m)| Type | Return (%) REMARKS
0 30.00 | water| 100% || 50mm standpipe installed to
30m depth.
Gas monitoring tap fitted.
All dirrrrllgtr;gisons in | Client Limerick County Method/  Hydreq Bit  Geobore| Driller Logged By
Scale 1:62.5 Council Plant Used Design$ NV EAT
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}ow,
& L,
iL”%

IDL
DRILLHOLE LOG
Project Newcastle West Landfill Restoration Location DRILLHOLE No
Newcastle West , Co Limerick BH 9
Job No Date 04-12-12 Ground Level (m) Co-Ordinates ()
04-12-12 67.97 E 127,350.5 N 134,567.6
Engineer Sheet 2 of 4
Tobin Rev.
RUN DETAILS STRATA . E
EZ
o] TR0 T[] Do DESCRIPTION
RQD | Spacing ve ness) Discontinuities Detail Main o A
N Open hole drilling - no recovery.
r (continued)
NA E
13.00 54.97 - 13.00 .
C N’ No recovery.
r ,@é‘ Probable weathered rock.
NA L (0.90) Q
2 - SN
@) 54.07 P 13.90 S
- 13.90 m to 14.50m:&§%rg;}nact as Weathered LIMESTONE rock.
NI - weathered rock, (Q S Recovered as angular medium to
14.50 - \5& coarse gravel and cobble sized clasts
- 1450 mto ,gb% : Non-intact as with some orange and orange brown
A weatheredfdck No recovery as tube | Clay and orange iron stain and smear.
[ failed uring drilling, 14.50m to 17.50m: core loss due to
C OO tube failing to lock.
- SN
- \QOQ
& F (3.80) 5\\0
= 4
5| NRNI S
17.50 -
50.27 - _17.70
NI I 1F 17.70 m to 30.00m: Medium spaced, | Extremely strong apparently massive
100 I ' T dipping 36 to 38°, undulating, locally | grey 'marbled’ light grey and white fine
(93) 1 T irregular, locally interlocking, and medium grained sparry
43 T TF smooth, with a little grey clay and LIMESTONE.
15 [ orange iron stain and smear. Weathered with a colour change to
[ TF 17.90 m to 18.05m: Joint: subvertical | light grey along discontinuities
19.00 T [ = dip, undulating, smooth, with orange | penetrating lmm to 2mm,
T iron stain, open.
T 1 18.35 mto 18.85m: Joint: subvertical
100 1 It dip, undulating, smooth, with orange
©8) ITL: and orange brown iron stain, open.
92 I I
Drilling Progress and Water Observations Rotary Flush GENERAL
Date | Time | Depth | pop™ ™y |“n™| sirike | Sianding || From (m]_To(m)| Type [Retum (%))  REMARKS
50mm standpipe installed to
30m depth.
Gas monitoring tap fitted.
All diggtr;seisons in | Client Limerick County Method/  Hydreq Bit  Geobore| Driller Logged By
Scale 1:62.5 Council Plant Used DesignS NV E
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|
S ALY,
5 ©

IDL
DRILLHOLE LOG
Project Newcastle West Landfill Restoration Location DRILLHOLE No
Newecastle West , Co Limerick
Job No Date 04-12-12 Ground Level (m) Co-Ordinates () BH 9
04-12-12 67.97 E 127,350.5 N 134,567.6
Engineer Sheet 3 of 4
Tobin Rev
RUN DETAILS STRATA . g
TCR | (SPT) , Depth EE
DaltD:Dth (SCR){ Fracture l}?g’:ld Legend| (Thick- DESQRIPTION '% ,E 4
RQD | Spacing ness) Discontinuities Detail Main R R
I T I Extremely strong apparently massive R N
20.50 Tt grey 'marbled’ light grey and white fine
3 D) T and medium grained sparry
[ Tt LIMESTONE,
I 20.80 m to 20.95m: Joint: subvertical | Weathered with a colour change to
100 —t dip, undulating, rough, with a little light grey along discontinuities
(3_5,) Tt orange brown iron stain, open. penetrating 1mm to 2mm. (continued)
[t 21,10 m to 21.20m: Joint: dipping
4 C 1t 60°, undulating, i i
A g, interlocking,
22.00 ' [ rt smooth, with orange and orange
F brown iron stain, open.
[E
I L
100 2 _TF
(2‘11) I 1 TF 22.75 m to 22.90m: Joint: subvertical
|y dip, undulating, smooth, with minor
L It orange brown iron stain, open. g
23.50 7t 23.10 m to 23.50m: Joint: subvesfical
7 T dip, undulating, rough, wi nge
Tt (12.30)| and orange brown iro open.
100 I _—( ) 23,70 m to 24.05m; &té(:lbvenical
©3) I l | dip, undulating, redgh@¥ith orange
63 T L and orange br: j#h stain, open.
’ ot S
- &
25.00 Tt g
" {\&%}(\‘
CTf SN
100 3 ' &®
©1 [ Tt \é . .
62 [T 125.75 m to 26.05m: Joint: subvertical
[ 1 & dip, undulating, smooth, with minor
I [ Tt ¢ | dark orange brown iron stain, open.
26.50 T 26.10 m to 27.90m: Joint: subvertical
11 ™ Tt dip, undulating, locally planar, rough,
[ with a little orange brown clay and
0 | I L some orgnge and orange brown iron
96) Tt stain and smear, open.
8 T T
7 L TF
—t
28.00 I l I+
Tt
_F
100 3 "
(82) —t
59 —t
[ TF
29.50 T : It .
(1908 4 Lt A=
[ TF (=0t
30.00| 92 37.97C Tt 30.00 S=N
Drilling Progress andC Water Obcservgtions Rotary Flush GENERAL
: 1 ore Dia Wat
Date Time | Depth | pepti ™ enia |~ em | Strike | Standing || From (m) To (m)| Type | Return (% REMARKS

30m depth.

50mm standpipe installed to

Gas monitoring tap fitted.

All dimensions in
metres
Scale 1:62.5

Client Limerick County
Council

Method/ Hydreq
Plant Used

DesignS NV

Bit  Geobore| Driller Logged By
E
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O DR’((,
%

S IDL
o DRILLHOLE LOG
Project Newcastle West Landfill Restoration Location DRILLHOLE No
Newcastle West , Co Limerick
e BH 10
Job No Date 03-12-12 Ground Level (m) Co-Ordinates ()
04-12-12 75.10 E 127,421.9 N 134,630.3
Engineer Sheet 1 of 3
TObiIl Rev.
RUN DETAILS STRATA o E
TCR | (SPT) . Depth 8 EE
Da]t)eemh (SCR)| Fracture I}_ec%c? Legend|(Thick- DES.CRIPTION % g 5
RQD | Spacing ¢ ness) Discontinuities Detail Main R
0.00 r 0.00 m to 13.20m: overburden. Open hole drilling - no recovery.
3 ¥
: ¢
C S
- NN
: K&
- PN
: e
C QQK é)\?
C Q¥ <
r O &
g &
r . (\& \O
L o @(\
s L
3 R
r O
o O
C 3
C c¢\
L QOQ
0 N
Drilling Progress and Water Observations Rotary Flush GENERAL
Date Time | Depth Dent%asngia COI‘;?HI]) ia Strikgvatgrtanjing From (m) To (m)| Type | Return (%) REMARKS
0 20.00 { water| 100% || 50mm standpipe installed to
20m depth.
Gas monitoring tap fitted.
All dimetr;sions in | Client Limerick County Method/ Hydreq Bit PQ Driller Logged By
Sc;?ee 1 :6682.5 Council Plant Used Design NV E
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S, DL
DRILLHOLE LOG
Project Newcastle West Landfill Restoration Location DRILLHOLE No
Newecastle West , Co Limerick BH 1 0
Job No Date 03-12-12 Ground Level (m) Co-Ordinates ()
04-12-12 75.10 E 127,421.9 N 134,630.3
Engineer Sheet 2 of 3
Tobin Rev.
RUN DETAILS STRATA L
TCR [ (SPT) , Depth B EE
S (SCR) | Fracture | R4y oo or gl (Thick- DES,CR]P TION HEE:
RQD | Spacing ness) | Discontinuities Detail Main 6|28
N Open hole drilling - no recovery.
X (continued)
13.20 61.90 E 13.20 X
[ 1} 13.20 m to 20.00m: Medium spz;g@: Extremely strong apparently massive
I | T dipping 18 to 20°, irregular, loc light grey 'marbled' brownish white
92 2 [t interlocking, rough, wi y fine and medium grained sparry
(8%) T IF orange brown clay and fych orange | LIMESTONE,
66 I T brown and orange i @1 and Weathered with a colour change to
[ T smear. R N light grey along discontinuities
14.50 ) | | i N && penetrating 1mm to 2mm.
[ O
Ot &é}\@@é
100 P N
(96) T AR
7 -y €
5 —+ &
16.00 | IF @70 m to 16.00m: Joint: subvertical
: i ] T 4¢dip, undulating, locally irregular,
T QOQ rough, with a little orange brown clay
[ _1F and minor orange iron stain, open.
100 5 [ T(6.80) | 16.15 mto 16.80m: Joint: subvertical
(95) [ _1Ir dip, undulating, locally irregular,
56 I l = rough, with a little orange brown clay
& and minor orange iron stain, open.
17.50 L1 17.30 m to 17.80m: Joint: subvertical
5 Tt dip, undulating, locally irregular,
Tt rough, with a little orange brown clay . .
. ™ TL and much orange and orange brown 17.80 to 20.00m: becoming brownish
G2 I I [ C iron stain smear and powder, open. grey vuggy weakly dolomitised.
5 s
14 T
[ 1t 18.50 m to 20.00m: Non-intact as 18.50m: non-intact as angular fine to
19.00 T 1—[ - weathered rock. No recovery as coarse gravel and cobble sized clasts
: T possible washout of fines during with much orange brown clay and =
T T1F drilling. much orange brown iron stain and S
90 NR/NI T smear. -5
(V] 1t -
0 T =
20.00 55.10-—1F 20.00 =
Drilling Progress and Water Observations Rotary Flush GENERAI
Date Time Depth DeDtgaE ngia COII;?H? 12 Stnkgvat%liandme From (m To (m) Type Return (%) REMARKS
50mm standpipe installed to
20m depth.
Gas monitoring tap fitted.
Alldimensions in | Client Limerick County ~ | Method/ Hydreq Bit PQ Driller Logged By
Scale 1:62.5 Council Plant Used Design NV E
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IDL
DRILLHOLE LOG
Project Newcastle West Landfill Restoration Location DRILLHOLE No
Newcastle West , Co Limerick
tle % BH 10
Job No Date 03-12-12 Ground Level (m) Co-Ordinates ()
04-12-12 75.10 E 127,421.9 N 134,630.3
Engineer Sheet 3 of 3
Tobin Rev.
RUN DETAILS STRATA . g
TCR | (SPT) . Depth EE
bl (SCR) | Fracture | Red'ed |y ooor g (Trick- DES?RIPTION < |5 %
RQD | Spacing ness) | Discontinuities Detail Main G |E &
N BH terminated at 20.00m bgl on RE's
r instruction.
3 &
C ¢
C &
C SN
- HF
- PN
C &
C K
- N
c O &
L é; &(\
C RO
: NN
L QO\ ‘&\Q
£ QQ®
C A
r O
3
- &
)
Drilling Progress and Water Observations Rotary Flush GENERAL
Date Time | Depth Dept}cl:asngia COI‘;?HI,) 1a Stﬁk}ayat.eﬁliandin_g_ From (m) To(m)| Type | Return (%) REMARKS
50mm standpipe installed to
20m depth.
Gas monitoring tap fitted.
All dirrrr;eetr;gisons in | Client Limerick County Method/ Hydreq Bit PQ Driller Logged By
Scale 1:62.5 Council Plant Used Design NV E
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Irish Drilling Lid Pumping Test at Newcastlewest

1.0 PUMPING TEST RESULTS

1.1 INTRODUCTION

Hydro-Environmental Services {HES) were commissioned to complete a 72 hour pumping test at
an old restored landfill site near Newcastlewest, Co. Limerick.

Along with the pumping well (PW1) a total of 5 no. observation wells were monitored during the
pumping test. These were MW03, MW06, MW0O7, MW08, MW10. The layout of the pumping well
and the monitoring wells are shown on Figure 1.

This report provides recorded water level data from the pumping test and subsequent recovery
period. Field chemistry data and flow data, which were recorded regularly throughout the test,
are also presented.

1.2 PW1 - PUMPING TEST METHODOLOGY

A 4" electrical submersible pump was installed in the pumping well PW1 on
10th December 2012. A 2" discharge line (40m of 2" layflat discharge hose) was laid out and
directed away from the pumping well with the final outfall fo a County Council owned
stormwater culvert located on the public road to the south of the site. A 2" mag meter
{electrical water meter) was connected along the discha line and a gate valve was also
inciuded (in-line) to allow reguiation/variation of the di¥charge rate (flow), if required. The
pump was connected to a 6 KV diesel genero@r,ﬁ\ photograph of the flowmeter and
discharge line is shown below. 09'7

“Diver"! water level dataloggers were installed in the pumping well (PW1) and the five
observation wells [MW3, MW6, MW7, MW8 and MW 10) to allow continuous monitoring of water
levels during the pumping test and subsequent recovery test. Groundwater levels were
recorded in the pumping well at 1 minute intervals and in the observation wells at 5 or 15
minute infervals for the duration of the fest.

! Water level pressure transducers wnh mbuh‘ dotclogger
(hitp:

HES Report No.: P1211 1 Report Date: 04 January 2013
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Irish Drilling Ltd Pumping Test at Newcastlewest

The pumping test was completed in accordance with BS5930: 1999 — Code of practice for site
investigations, and with BS6316: 1992 Code of practice for test pumping of water wells.
Additional guidance on pumping test methodology was taken from Wright, 1985.

Manual groundwater level monitoring in the pumping well was completed when possible at
the intervals shown in Table A. Discharge (flow) from the pumping well was also recorded
regularly throughout the test. Manual water level monitoring was also completed regularly in
the observation wells during the test.

Table A. Groundwater level monitoring frequencies.

Time Interval Monitoring Frequency

0-2 mins Every 30 seconds

2-5 mins Every 1 minute

5-20 mins Every 2 minutes 30 seconds

20-40 mins Every 5 minutes

40-60 mins Every 10 minutes

60-75 mins Every 15 minutes

75-100 mins Every 25 minutes

100-120 mins Every 20 minutes

2-8 hours Every 30 minutes

&

1.3 PW1 - PRE-PUMPING TEST )

&

A standard step test was initially attempted on @%‘@umping well on 10 December 2012,
however due to the relatively low discharge ra e to the low vield of the pumping well) of
the well this was abandoned. Instead ag pre-pumping test lasting approximately
45 minutes was undertaken. Initially Pvgq as pumped af a discharge rate of 0.5L/s
(43.2m3/day); however by the end o $@-pumplng test the discharge rate was regulated
down fo 0.3L/s {25.9m3/day) which is méis ated long-term sustainable yield of the well.

<<O \\
1.4 PW1 - PUMPING TEST RES‘LFE%

The 72 hour pumping test in cvgéf PW1 was initiated at 09:00 on 11 December 2012. Starting
water levels recorded in the pumping well and observation wells prior to the initiation of the
pumping test are summarised in Table B below. The water levels for the observation wells and
PW1 shown in Table B are not static water levels as the production well was developed for a
period of 1 to 2 hours on 10 December 2012. In addition the 45 minute pre-pumping test was
also completed on this date. The well development and pre-pumping test appear to have
lowered the water levels in the observation wells prior to the initiation of the 72 hour pumping
test on 11th December 2012. This was indicated by the excess recovery noted in a number of
the monitoring wells.

Table B. Starting Water levels recorded prior to initiation of pumping test.

Well ID Water Level Water Level
{mAOD)* {mbdl)
PW1 To be updated 4.0
MWQ3 To be updated 6.97
MWO0é To be updated 5.52
MWO07 To be updated 5.09
MWO08 To be updated 7.58
MW10 To be updated 8.80

mMAOD - meters above Ordnance Datum Malin Head
mbdl - meters below datum level

The pumping rate remained relatively constant throughout the 72 hour test, but did show some
decline falling from an initial rate of 0.3L/s {25.92m3/day} to a rate of 0.26L/s (22.44m3/day)
fowards the end of the test. Discharge measurement recordings are shown in Appendix 1.

HES Report No.: P1211 2 Report Date: 04t January 2013
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Irish Drilling Ltd Pumping Test at Newcastlewest

The water level recovery in the pumping well was only monitored for a period of 2 hours after
the pumping test due to a requirement that the submersible pump had to be removed on
completion of the pumping test. The water level recovery in the observation wells {i.e. by
means of data loggers only} was monitored for a period of 72 hours after the pumping test.

A drawdown and recovery plot for PW1 is shown as Figure 2 and a combined plot of
drawdown and recovery for observations wells MW03, MW06, MW07, MW08 and MWI10 s
shown as Figure 3. Water level data recorded during the pumping test are presented in
Appendix Il. The corrected data have been compared and adjusted to manual dip data to
ensure that the data provided in the appendices are correct and internally and externally

consistent. Maximum drawdown data recorded during the pumping test are summarised in
Table C.

The recovery plots show that some of the observation wells (i.e. MW03 and MWO07) recovered
to a higher level than the starting water level shown in Table B. This is likely due to the effect of
the production well development lowering the water table prior to the initiation of the
pumping test. Also, rainfali recharge prior to and during the pumping test may also be a factor.
The recovery plots also indicate that there might be an external influence, such as a pumping
well, in the vicinity of the site that is affecting the water levels in the observation wells.

Table C: Maximum drawdown recorded during pumping test.

Well ID Drawdown Water Level (mbdl) Distagoaep from pumping well
(m) & (m)

PW1 13.699 17.699 4. To be updated
MWO03 0.614 7.584 R To be updated
MWO06 0.173 5693 &G To be updated
MWO7 0.319 5.409 Q& To be updated
MWO08 0.653 8.238" @ To be updated
MW10 0.287 .9@6?}@0“ To be updated

RN
<<Qo®
$

1.5 HYDROCHEMISTRY f
N\

o
Field hydrochemisiry (i.e. Terrﬁberafure, Electrical Conductivity and pH) of the discharge water
were recorded at the well head using a calibrated YSI 556 multi-meter probe and flow through
cell. These data are shown in Table D below.

Table D: Field Hydrochemisiry Data.

] Electrical pH [ H* i
Date Time Conductivity | Temperature ion | Visual
(uS/cm) (°C)
11/12/2012 | 09:45 970 11.4 8.5 Cloudy/silty
11/12/2012 15:20 980 11.3 7.6 Cloudy/silty
11/12/2012 16:45 977 10.9 7.3 Cloudy/silty
12/12/2012 | 08:15 984 11.3 7.5 Cloudy/silty
12/12/2012 16:34 991 11.9 7.6 Cloudy/silty
13/12/2012 | 08:15 988 11.7 7.7 Cloudy/silty
13/12/2012 18:40 992 11.8 7.7 Cloudy/siity
14/12/2012 | 09:02 994 12.0 7.7 Clearing
HES Report No.: P1211 3 Report Date: 04t January 2013
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Irish Drilling Ltd

Pumping Test at Newcastlewest
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British Standards 1999 BS5930 - Code of Practice for Site Investigations.
Institution

British Standards 2003 BS 1SO14686:2003 - Hydrometric determinations —
Institution Pumping tests for water wells — Considerations and

guidelines for design, performance and use.

Wright, G.R. - Geological
Survey of Ireland
Information Circuiar 85/2,

1985 | Pumping Tests: A guide to the testing of water wells
for public, industrial, and farm supplies.

HES Report No.: P1211

4 Report Date: 04t January 2013

EPA Export 10-05-2019:03:42:11
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Irish Drilling Ltd

Pumping Test at Newcastlewest

HES Report No.: P1211
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Irish Drilling Ltd Pumping Test at Newcastlewest

APPENDIX |
PW1 DISCHARGE DATA

HES Report No.: P1211 3 Report Date; 04t January 2013

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services

Appendix |

&

Date / Time m3/day
11/12/2012 09:10 25.920
1171272012 09:12 25.920
11/12/2012 09:15 21.600
11/12/2012 09:20 22.464
11/12/2012 09:21 23.328
11/12/2012 09:22 24.192
11/12/2012 09:50 24.192
11/12/2012 10:19 23.328
11/12/2012 10:30 23.328
11/12/2012 10:40 23.328
11/12/2012 10:50 24.192
11/12/2012 11:00 24.192
11/12/2012 11:10 23.328
11/12/2012 11:20 23.328
11/12/2012 11:30 24.192
11/12/2012 11:40 24.192
1171272012 11:50 24.192
11/12/2012 12:00 24.192
11/12/2012 12:10 24.192
11/12/2012 12:20 24.192
11/12/2012 12:32 24.192
1171272012 12:40 24.192
11/12/2012 12:50 24192
11/12/2012 13:00 24182 5
11/12/2012 13:10 24199
11712/2012 13:20 4192
11/12/2012 1330 | oS, ©3.328
T1/12/2012 1410 . 23.328
11/12/2012 1520 O 23.328
11/12/2012 1640 & | 24.192
17/12/2012 20:30" 23.328
12/12/2012 0B:15 24.192
12/12/201216:29 23.328
13/12/2012 07:36 24.192
13/12/2012 18:37 23.328
14/12/2012 08:56 23.328
14/12/2012 09:55 22.464

P1211

PW1 Discharge Measurements

EPA Export 10-05-2019:03:42:12



Irish Drilling Ltd Pumping Test at Newcastiewest

APPENDIX I
ALL PUMPING TEST WATER LEVEL DATA

HES Report No.: P1211 7 Report Date: 04* January 2013

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211

Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
11/12/2012 08:45 4,000 11/12/201213:25 14.868 11/12/2012 18:00 15.243
11/12/2012 08:50 3.994 11/12/201213:30 14.920 11/12/2012 18:05 15.271
11/12/2012 08:55 5.089 11/12/201213:35 14.941 11/12/2012 18:10 15.253
11/12/2012 09:00 5.565 11/12/2012 13:40 14978 11/12/201218:15 15.227
11/12/201209:10 13.430 11/12/2012 13:45 15.001 11/12/2012 18:20 15.219
11/12/201209:15 9.807 11/12/2012 13:50 14971 11/12/2012 18:25 15.228
11/12/2012 09:20 10.296 11/12/2012 13:55 14.980 11/12/2012 18:30 15.235
11/12/2012 09:25 11.464 11/12/2012 14:00 15.013 11/12/2012 18:35 15216
11/12/2012 09:30 12.070 11/12/2012 14:05 15.004 11/12/2012 18:40 15.223
11/12/2012 09:35 12.798 11/12/2012 14:10 15,039 11/12/2012 18:45 15.215
11/12/2012 09:40 13.347 11/12/2012 14:15 15.021 11/12/2012 18:50 15.235
11/12/2012 09:45 13.686 11/12/2012 14:20 15.030 11/12/2012 18:55 15215
11/12/2012 09:50 14.175 11/12/2012 14:25 15.021 11/12/2012 19:00 15.232
11/12/2012 09:55 14.223 11/12/2012 14:30 15010 11/12/2012 19:05 15.250
11/12/2012 10:00 14.291 11/12/2012 14:35 15.017 11/12/201219:10 15.240
11/12/2012 10:05 14.399 11/12/2012 14:40 15.036 11/12/2012 19:15 15.262
11/12/201210:10 14.425 11/12/2012 14:45 15.055 11/12/2012 19:20 15.271
11/12/201210:15 14.480 11/12/2012 14:50 15.041 11/12/201219:25 15.239
11/12/2012 10:20 14.576 11/12/2012 14:55 15.050 11/12/2012 19:30 15.251
11/12/2012 10:25 14.587 11/12/2012 15:00 15.067 11/12/2012 19:35 15.261
11/12/2012 10:30 14.618 11/12/2012 15:05 15.074 11/12/2012 19:40 15.257
11/12/2012 10:35 14.662 11/12/2012 15:10 15,087 1171292012 19:45 15.248
11/12/2012 10:40 14.651 11/12/201215:15 15.075 18/12/2012 19:50 15.244
11/12/2012 10:45 14723 11/12/2012 15:20 15117 & §°11/12/2012 19:55 15.236
11/12/2012 10:50 14.752 11/12/201215:25 15187 57| 11/12/2012 20:00 15.244
11/12/201210:55 14,743 11/12/2012 15:30 JR1E” 11/12/2012 20:05 15.267
11/12/2012 11:00 14.820 11/12/201215:35 | 15349 11/12/2012 20:10 15.278
11/12/2012 11:05 14.815 11/12/2012 15:40 g \M15.263 11/12/2012 20:15 15.285
11/12/201211:10 14.808 11/12/2012 15:45 & 15.241 11/12/2012 20:20 15.303
11/12/201211:15 14,797 11/12/201 29560 15.266 11/12/2012 20:25 15.330
11/12/2012 11:20 14.827 11/12/201245:55 15.250 11/12/2012 20:30 15.323
11/12/201211:25 14.813 11/12/2882 16:00 15.244 11/12/2012 20:35 15.284
11/12/2012 11:30 14.821 11/}232012 16:05 15.250 11/12/2012 20:40 15.291
11/12/2012 11:35 14.846 11/12/201216:10 15.271 11/12/2012 20:45 15.308
11/12/2012 11:40 14.898 11/12/2012 16:15 15.285 11/12/2012 20:50 15.372
11/12/2012 11:45 14.893 11/12/2012 16:20 15.219 11/12/2012 20:55 15.389
11/12/201211:50 14.885 11/12/2012 16:25 15.192 11/12/2012 21:00 15.425
11/12/2012 11:55 14.907 11/12/201216:30 15.199 11/12/2012 21:05 15.425
11/12/2012 12:00 14.857 11/12/2012 16:35 15.167 11/12/2012 21:10 15.452
11/12/2012 12:05 14.899 11/12/2012 16:40 15.177 11/12/2012 21:15 15.446
11/12/201212:10 14.898 11/12/2012 16:45 15.163 11/12/2012 21:20 15.441
11/12/201212:15 14.880 11/12/2012 16:50 15.180 11/12/2012 21:25 15.407
11/12/2012 12:20 14.900 11/12/2012 16:55 15211 11/12/2012 21:30 15.388
11/12/201212:25 14.927 11/12/2012 17:00 15.151 11/12/2012 21:35 15.388
11/12/2012 12:30 14.943 11/12/2012 17:05 15.097 11/12/2012 21:40 15.368
11/12/201212:35 14.903 11/12/201217:10 15.131 11/12/2012 21:45 15.361
11/12/2012 12:40 14.893 11/12/201217:15 15.125 11/12/2012 21:50 15.349
11/12/2012 12:45 14.927 11/12/2012 17:20 15.115 11/12/2012 21:55 15.367
11/12/2012 12:50 14.933 11/12/2012 17:25 15.139 11/12/2012 22:00 15.369
11/12/2012 12:55 14.948 11/12/201217:30 15.134 11/12/2012 22:05 15.337
11/12/2012 13:00 14.894 11/12/2012 17:35 15.159 11/12/2012 22:10 15.307
11/12/2012 13:05 14.952 11/12/2012 17:40 15.191 11/12/2012 22:15 15.306
11/12/201213:10 14.917 11/12/201217:45 15.224 11/12/2012 22:20 15.301
11/12/201213:15 14913 11/12/2012 17:50 15.229 11/12/2012 22:25 15311
11/12/2012 13:20 14.902 11/12/2012 17:55 15.221 11/12/2012 22:30 15.351

Appendix I PW1 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211

Date / time WL [mbdl) Date / time WL [mbdl| Date / fime WL (mbdl)
11/12/2012 22:35 15.381 12/12/201203:10 15.566 12/12/2012 07:45 15.415
11/12/2012 22:40 15.406 12/12/201203:15 15.556 12/12/2012 07:50 15.415
11/12/2012 22:45 15.415 12/12/2012 03:20 15.547 12/12/2012 07:55 15.415
11/12/2012 22:50 15.408 12/12/201203:25 15.564 12/12/2012 08:00 15.420
11/12/2012 22:55 15.438 12/12/2012 03:30 15.579 12/12/2012 08:05 15.448
11/12/2012 23:00 15.456 12/12/2012 03:35 15.581 12/12/2012 08:10 15.440
11/12/2012 23:05 15.476 12/12/2012 03:40 15.574 12/12/2012 08:15 15.452
11/12/2012 23:10 15.496 12/12/2012 03:45 15.570 12/12/2012 08:20 15.452
11/12/2012 23:15 15.497 12/12/2012 03:50 15.605 12/12/2012 08:25 15.451
11/12/2012 23:20 15.514 12/12/2012 03:55 15.610 12/12/2012 08:30 15.619
11/12/2012 23:25 15.527 12/12/2012 04:00 15.609 12/12/2012 08:35 15.553
11/12/2012 23:30 15.532 12/12/2012 04:05 15.616 12/12/2012 08:40 15.527
11/12/2012 23:35 15.532 12/12/2012 04:10 15.618 12/12/2012 08:45 15.525
11/12/2012 23:40 15.526 12/12/201204:15 15.606 12/12/2012 08:50 15.512
11/12/2012 23:45 15514 12/12/2012 04:20 15.617 12/12/2012 08:55 15.505
11/12/2012 23:50 15.510 12/12/2012 04:25 15.632 12/12/2012 09:00 15,502
11/12/2012 23:55 15.517 12/12/2012 04:30 15.627 12/12/2012 09:05 15.480
12/12/2012 00:00 15.505 12/12/2012 04:35 15.408 12/12/2012 09:10 15.494
12/12/2012 00:05 15.505 12/12/2012 04:40 15.610 12/12/2012 09:15 15.491
12/12/201200:10 15.503 12/12/2012 04:45 15.612 12/12/2012 09:20 15.491
12/12/201200:15 15.498 12/12/2012 04:50 15.542 12/12/2012 09:25 15.494
12/12/2012 00:20 15.507 12/12/2012 04:55 15.511 12/4272012 09:30 15.493
12/12/2012 00:25 15515 12/12/2012 05:00 15.547 12/2012 09:35 15.497
12/12/2012 00:30 15514 12/12/2012 05:05 15619 4°12/12/2012 09:40 15.499
12/12/2012 00:35 15.520 12/12/201205:10 154885 | 12/12/2012 09:45 15.494
12/12/201200:40 15.523 12/12/201205:15 R 12/12/2012 09:50 15.502
12/12/201200:45 15.525 12/12/201205:20 | 348414 12/12/2012 09:55 15.496
12/12/2012 00:50 15.526 12/12/2012 05:25¢P " 15.392 12/12/2012 10:00 15.501
12/12/2012 00:55 15.523 12/12/2012 0535 § 15.371 12/12/2012 10:05 15.490
12/12/2012 01:00 15.535 12/12/201 fdgzg% 15.379 12/12/2012 10:10 15.505
12/12/201201:05 15.534 12/12/201%05:40 15.378 12/12/2012 10:15 15.495
12/12/201201:10 15.530 12/12/28Y2 05:45 15.367 12/12/2012 10:20 15.495
12/12/201201:15 15.513 12/¢$2012 05:50 15.354 12/12/2012 10:25 15515
12/12/201201:20 15.525 12/12/2012 05:55 15.374 12/12/2012 10:30 15518
12/12/201201:25 15.516 12/12/2012 06:00 15.365 12/12/2012 10:35 15513
12/12/2012 01:30 15.526 12/12/2012 06:05 15.353 12/12/2012 10:40 15.523
12/12/201201:35 15.522 12/12/2012 06:10 15.384 12/12/2012 10:45 15516
12/12/201201:40 15.521 12/12/201206:15 15.365 12/12/2012 10:50 15.522
12/12/2012 01:45 15.521 12/12/2012 06:20 15.365 12/12/2012 10:55 15.523
12/12/201201:50 15.517 12/12/2012 06:25 15.355 12/12/2012 11:00 15512
12/12/201201:55 15.539 12/12/2012 06:30 15.354 12/12/2012 11:05 15.500
12/12/2012 02:00 15,542 12/12/2012 06:35 15.377 12/12/2012 11:10 15.517
12/12/2012 02:05 15.531 12/12/2012 06:40 15.366 12/12/2012 11:15 15519
12/12/2012 02:10 15.530 12/12/2012 06:45 15.371 12/12/2012 11:20 15.522
12/12/201202:15 15.533 12/12/2012 06:50 15.372 12/12/2012 11:25 15.527
12/12/2012 02:20 15.529 12/12/2012 06:55 15.372 12/12/2012 11:30 15.539
12/12/2012 02:25 15,548 12/12/2012 07:00 15.364 12/12/2012 11:35 15.541
12/12/2012 02:30 15.566 12/12/2012 07:05 15.365 12/12/2012 11:40 15.541
12/12/201202:35 15.558 12/12/2012 07:10 15.379 12/12/2012 11:45 15.539
12/12/2012 02:40 15.567 12/12/2012 07:15 15.386 12/12/2012 11:50 15.539
12/12/2012 02:45 15.550 12/12/2012 07:20 15.392 12/12/2012 11:55 15.529
12/12/2012 02:50 15.559 12/12/2012 07:25 15.396 12/12/2012 12:00 15.542
12/12/2012 02:55 15.541 12/12/2012 07:30 15.397 12/12/2012 12:05 15.544
12/12/2012 03:00 15.552 12/12/2012 07:35 15.401 12/12/2012 12:10 15.533
12/12/2012 03:05 15.549 12/12/2012 07:40 15.391 12/12/2012 12:15 15.551

Appendix Il PW1 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211

Date / time WL (mbdl) Date / time WL (mbdi) Date / time WL (mbdl)
12/12/2012 12:20 15.543 12/12/2012 16:55 15916 12/12/2012 21:30 16.047
12/12/2012 12:25 15.540 12/12/2012 17:00 15.893 12/12/2012 21:35 16.052
12/12/201212:30 15.527 12/12/2012 17:05 15.870 12/12/2012 21:40 16.044
12/12/2012 12:35 15.533 12/12/201217:10 15.861 12/12/2012 21:45 16.049
12/12/2012 12:40 15.525 12/12/201217:15 15.851 12/12/2012 21:50 16.048
12/12/2012 12:45 15.534 12/12/2012 17:20 15.856 12/12/2012 21:55 16.051
12/12/2012 12:50 15.543 12/12/2012 17:25 15.845 12/12/2012 22:00 16.069
12/12/2012 12:55 15.555 12/12/2012 17:30 15.847 12/12/2012 22:05 16.073
12/12/2012 13:00 15.557 12/12/2012 17:35 15.847 12/12/2012 22:10 16.058
12/12/2012 13:05 15.554 12/12/2012 17:40 15.855 12/12/2012 22:15 16.061
12/12/2012 13:10 15.573 12/12/2012 17:45 15.842 12/12/2012 22:20 16.052
12/12/201213:15 15.567 12/12/2012 17:50 15.847 12/12/2012 22:25 16.042
12/12/201213:20 15.596 12/12/2012 17:55 15.854 12/12/2012 22:30 16.046
12/12/2012 13:25 15.596 12/12/2012 18:00 15.874 12/12/2012 22:35 16.044
12/12/2012 13:30 15.600 12/12/2012 18:05 15.880 12/12/2012 22:40 16.039
12/12/201213:35 15.605 12/12/2012 18:10 15.883 12/12/2012 22:45 16.046
12/12/2012 13:40 15.594 12/12/2012 1815 15.893 12/12/2012 22:50 16.038
12/12/2012 13:45 15.597 12/12/2012 18:20 15.901 12/12/2012 22:55 16.033
12/12/2012 13:50 15.592 12/12/2012 18:25 15910 12/12/2012 23:00 16.037
12/12/2012 13:55 15.582 12/12/2012 18:30 15.895 12/12/2012 23:05 16.032
12/12/2012 14:00 15.589 12/12/2012 18:35 15.894 12/12/2012 23:10 16.043
12/12/2012 14:05 15.585 12/12/2012 18:40 15912 12/3202012 23:15 16.034
12/12/2012 14:10 15.589 12/12/2012 18:45 15910 J&712/2012 23:20 16.042
12/12/2012 14:15 15.593 12/12/2012 18:50 15923 4712/12/2012 23:25 16.043
12/12/2012 14:20 15.601 12/12/2012 18:55 15,909 55| 12/12/2012 23:30 16.056
12/12/2012 14:25 15.593 12/12/2012 19:00 R 12/12/2012 23:35 16.035
12/12/2012 14:30 15.597 12/12/201219:05 |, & 745933 12/12/2012 23:40 16.026
12/12/2012 14:35 15.591 12/12/201219:10.¢P V15,942 12/12/2012 23:45 16.039
12/12/2012 14:40 15.614 12/12/2012 1935 8 15.944 12/12/2012 23:50 16.025
12/12/2012 14:45 15.617 12/12/201249:89 15.961 12/12/2012 23:55 16.031
12/12/2012 14:50 15.619 12/12/201%19:25 15.967 13/12/2012 00:00 16.042
12/12/2012 14:55 15.633 12/12/2802 19:30 15.983 13/12/2012 00:05 16.044
12/12/2012 15:00 15.634 12/¢92012 19:35 15.995 13/12/2012 00:10 16.035
12/12/2012 15:05 15.641 12/12/2012 19:40 15.994 13/12/2012 00:15 16.039
12/12/201215:10 15.676 12/12/2012 19:45 16.007 13/12/2012 00:20 16.047
12/12/2012 15:15 15.672 12/12/2012 19:50 16.001 13/12/2012 00:25 16.043
12/12/2012 15:20 15.684 12/12/2012 19:55 15.994 13/12/2012 00:30 16.052
12/12/2012 15:25 15.680 12/12/2012 20:00 15.993 13/12/2012 00:35 16.056
12/12/2012 15:30 15.672 12/12/2012 20:05 15.982 13/12/2012 00:40 16.049
12/12/2012 15:35 15.689 12/12/2012 20:10 15.990 13/12/2012 00:45 16.060
12/12/2012 15:40 15.692 12/12/2012 20:15 15.999 13/12/2012 00:50 16.064
12/12/2012 15:45 15.681 12/12/2012 20:20 15.990 13/12/2012 00:55 16.068
12/12/2012 15:50 15.686 12/12/2012 20:25 15.989 13/12/201201:00 16.083
12/12/2012 15:55 15.691 12/12/2012 20:30 15.986 13/12/2012 01:05 16.095
12/12/2012 16:00 15.711 12/12/2012 20:35 15.991 13/12/201201:10 16.130
12/12/2012 16:05 15.700 12/12/2012 20:40 15.991 13/12/201201:15 16.156
12/12/2012 16:10 15.722 12/12/2012 20:45 15.986 13/12/2012 01:20 16.177
12/12/2012 16:15 15.733 12/12/2012 20:50 16.008 13/12/201201:25 16.173
12/12/2012 16:20 15.746 12/12/2012 20:55 16.025 13/12/2012 01:30 16.166
12/12/2012 16:25 15.737 12/12/2012 21:00 16.024 13/12/2012 01:35 16.165
12/12/201216:30 15.748 12/12/2012 21:05 16.033 13/12/2012 01:40 16.161
12/12/2012 16:35 15,762 12/12/2012 21:10 16.041 13/12/2012 01:45 16173
12/12/2012 16:40 15.992 12/12/2012 21:15 16.048 13/12/2012 01:50 16.160
12/12/2012 16:45 15.979 12/12/2012 21:20 16.047 13/12/201201:55 16.176
12/12/2012 16:50 15.935 12/12/2012 21:25 16.058 13/12/2012 02:00 16.186

Appendix lI PW1 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211

Date / time WL (mbdl) Date / time WL (mbdi) Date / time WL (mbdl)
13/12/2012 02:05 16.204 13/12/2012 06:40 16.263 13/12/201211:15 16.338
13/12/201202:10 16.219 13/12/2012 06:45 16.260 13/12/2012 11:20 16.356
13/12/2012 02:15 16.241 13/12/2012 06:50 16.259 13/12/201211:25 16.346
13/12/201202:20 16.257 13/12/2012 06:55 16.265 13/12/2012 11:30 16.357
13/12/201202:25 16,256 13/12/2012 07:00 16.274 13/12/2012 11:35 16.363
13/12/201202:30 16.241 13/12/2012 07:05 16.256 13/12/2012 11:40 16.351
13/12/201202:35 16.256 13/12/201207:10 16.258 13/12/2012 11:45 16.359
13/12/2012 02:40 16.243 13/12/201207:15 16,267 13/12/2012 11:50 16.361
13/12/201202:45 16.224 13/12/2012 07:20 16,269 13/12/2012 11:55 16.355
13/12/2012 02:50 16.216 13/12/201207:25 16.273 13/12/2012 12:00 16.360
13/12/2012 02:55 16.208 13/12/2012 07:30 16,270 13/12/2012 12:05 16.358
13/12/2012 03:00 16.218 13/12/2012 07:35 16.281 13/12/201212:10 16.359
13/12/2012 03:05 16.215 13/12/2012 07:40 16.294 13/12/201212:15 16.372
13/12/201203:10 16.198 13/12/2012 07:45 16.301 13/12/2012 12:20 16.378
13/12/201203:15 16.205 13/12/2012 07:50 16.431 13/12/2012 12:25 16.389
13/12/201203:20 16.206 13/12/2012 07:55 16.394 13/12/2012 12:30 16.390
13/12/201203:25 16.219 13/12/2012 08:00 16.393 13/12/201212:35 16.381
13/12/201203:30 16.230 13/12/2012 08:05 16.384 13/12/2012 12:40 16.380
13/12/201203:35 16.221 13/12/2012 08:10 16.371 13/12/2012 12:45 16.369
13/12/201203:40 16.221 13/12/201208:15 16.359 13/12/2012 12:50 16.349
13/12/2012 03:45 16.216 13/12/2012 08:20 16.389 13/12/2012 12:55 16.341
13/12/2012 03:50 16,222 13/12/2012 08:25 16.728 13/1292012 13:00 16.345
13/12/201203:55 16.220 13/12/2012 08:30 17.187 13412/2012 1305 16.345
13/12/2012 04:00 16.218 13/12/2012 08:35 1 6.996{@‘\; K513/12/2012 13:10 16.337
13/12/2012 04:05 16,219 13/12/2012 08:40 16798 5O 13/12/201213:15 16.336
13/12/201204:10 16216 13/12/2012 08:45 g&:&@“’ 13/12/2012 13:20 16.356
13/12/201204:15 16,221 13/12/201208:50 | oN16579 13/12/201213:25 16.376
13/12/2012 04:20 16.217 13/12/2012 08:55 ﬂqb‘ &&\‘fé.SSQ 13/12/201213:30 16.365
13/12/2012 04:25 16.208 13/12/2012 09:QF X~ 16.478 13/12/2012 13:35 16.364
13/12/2012 04:30 16.210 13/12/201 2@9@5‘ 16.434 13/12/2012 13:40 16.370
13/12/2012 04:35 16.208 13/12/201 %\soé:\’lo 16,402 13/12/2012 13:45 16.381
13/12/2012 04:40 16,214 13/12/2882 09:15 16.379 13/12/2012 13:50 16.383
13/12/2012 04:45 16.216 13/@‘&012 09:20 16.363 13/12/2012 13:55 16.385
13/12/2012 04:50 16.221 13/12/2012 09:25 16.345 13/12/2012 14:00 16.392
13/12/2012 04:55 16219 13/12/201209:30 16.336 13/12/2012 14:05 16.385
13/12/2012 05:00 16.228 13/12/2012 09:35 16.317 13/12/2012 14:10 16.403
13/12/2012 05:05 16.236 13/12/2012 09:40 16.335 13/12/2012 14:15 16.401
13/12/201205:10 16.234 13/12/2012 09:45 16.328 13/12/2012 14:20 16.413
13/12/201205:15 16.241 13/12/2012 09:50 16.339 13/12/2012 14:25 16.421
13/12/2012 05:20 16.244 13/12/2012 09:55 16.348 13/12/2012 14:30 16.432
13/12/2012 05:25 16,246 13/12/2012 10:00 16.352 13/12/2012 14:35 16,436
13/12/2012 05:30 16.252 13/12/2012 10:05 16.362 13/12/2012 14:40 16.450
13/12/2012 05:35 16.251 13/12/201210:10 16.366 13/12/2012 14:45 16.448
13/12/201205:40 16.253 13/12/201210:15 16.367 13/12/2012 14:50 16.448
13/12/2012 05:45 16.248 13/12/2012 10:20 16.367 13/12/2012 14:55 16.452
13/12/2012 05:50 16.246 13/12/201210:25 16.367 13/12/2012 15:00 16,404
13/12/2012 05:55 16.246 13/12/2012 10:30 16.353 13/12/2012 15:05 16.369
13/12/2012 06:00 16.249 13/12/2012 10:35 16.359 13/12/2012 15:10 16.335
13/12/2012 06:05 16.249 13/12/2012 10:40 16.345 13/12/2012 1515 16.266
13/12/201206:10 16.234 13/12/2012 10:45 16.350 13/12/201215:20 16.227
13/12/201206:15 16.250 13/12/2012 10:50 16.343 13/12/2012 15:25 16.210
13/12/2012 06:20 16252 13/12/2012 10:55 16.328 13/12/2012 15:30 16.199
13/12/2012 06:25 16.254 13/12/2012 11:00 16.328 13/12/2012 15:35 16,205
13/12/2012 06:30 16.261 13/12/2012 11:05 16.335 13/12/2012 15:40 16,212
13/12/2012 06:35 16.258 13/12/201211:10 16.333 13/12/2012 15:45 16.207

Appendix Il PW1 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211
Date / time WL (mbdil) Date / time WL (mbdl) Date / time WL (mbdl)
13/12/201215:50 16.210 13/12/2012 20:25 17.162 14/12/2012 01:00 17.328
13/12/2012 15:55 16.194 13/12/2012 20:30 17.176 14/12/2012 01:05 17.325
13/12/2012 16:00 16.183 13/12/2012 20:35 17.189 14/12/201201:10 17.320
13/12/201216:05 16.157 13/12/2012 20:40 17.206 14/12/201201:15 17.318
13/12/201216:10 16.187 13/12/2012 20:45 17.212 14/12/201201:20 17.317
13/12/201216:15 16.203 13/12/2012 20:50 17.219 14/12/201201:25 17.320
13/12/2012 16:20 16.248 13/12/2012 20:55 17.237 14/12/201201:30 17.314
13/12/201216:25 16.321 13/12/2012 21:00 17.250 14/12/201201:35 17.306
13/12/201216:30 16.356 13/12/2012 21:05 17.240 14/12/2012 01:40 17.289
13/12/201216:35 16.382 13/12/2012 21:10 17.271 14/12/2012 01:45 17.265
13/12/2012164:40 16.382 13/12/201221:15 17.288 14/12/2012 01:50 17.241
13/12/201216:45 16.349 13/12/2012 21:20 17.305 14/12/2012 01:55 17.234
13/12/2012 16:50 16.356 13/12/2012 21:25 17.336 14/12/2012 02:00 17.230
13/12/2012 16:55 16.380 13/12/2012 21:30 17.349 14/12/2012 02:05 17.232
13/12/201217:00 16.376 13/12/201221:35 17.357 14/12/2012 02:10 17.239
13/12/201217:05 16.377 13/12/2012 21:40 17.367 14/12/201202:15 17.229
13/12/201217:10 16.382 13/12/2012 21:45 17.359 14/12/2012 02:20 17.237
13/12/201217:15 16.385 13/12/2012 21:50 17.336 14/12/2012 02:25 17.230
13/12/2012 17:20 16.381 13/12/2012 21:55 17.323 14/12/2012 02:30 17.217
13/12/201217:25 16.348 13/12/2012 22:00 17.325 14/12/2012 02:35 17.228
13/12/201217:30 16.384 13/12/2012 22:05 17.335 14/12/2012 02:40 17.220
13/12/201217:35 16.400 13/12/2012 22:10 17.347 14/1292012 02:45 17.214
13/12/2012 17:40 16.403 13/12/2012 22:15 17.352 14#12/2012 02:50 17.213
13/12/2012 17:45 16.422 13/12/2012 22:20 17.356 NV $°14/12/2012 02:55 17.203
13/12/2012 17:50 16.431 13/12/2012 22:25 17.348 5O 14/12/2012 03:00 17.211
13/12/201217:55 16.457 13/12/2012 22:30 R3 14/12/2012 03:05 17.207
13/12/201218:00 16.406 13/12/201222:35 | %339 14/12/201203:10 17.213
13/12/2012 18:05 16.435 13/12/2012 22:40 & 17.339 14/12/201203:15 17.210
13/12/201218:10 16.522 13/12/2012 22:45 %8~ 17.333 14/12/2012 03:20 17.203
13/12/201218:15 16.551 13/12/201292:58" 17.324 14/12/2012 03:25 17.182
13/12/201218:20 16.574 13/12/201 23@%?55 17.331 14/12/2012 03:30 17.189
13/12/201218:25 16.589 13/12/2002 23:00 17.326 14/12/2012 03:35 17.195
13/12/201218:30 16.572 13/1$2012 23:05 17.333 14/12/2012 03:40 17.198
13/12/201218:35 16.583 13/12/2012 23:10 17.330 14/12/2012 03:45 17.214
13/12/201218:40 16.566 13/12/201223:15 17.351 14/12/2012 03:50 17.206
13/12/201218:45 16.628 13/12/2012 23:20 17.345 14/12/2012 03:55 17.203
13/12/201218:50 16.724 13/12/2012 23:25 17.342 14/12/2012 04:00 17.188
13/12/201218:55 16.766 13/12/2012 23:30 17.345 14/12/2012 04:05 17.184
13/12/201219:00 17.245 13/12/2012 23:35 17.335 14/12/2012 04:10 17.176
13/12/201219:05 17.545 13/12/2012 23:40 17.342 14/12/2012 04:15 17.170
13/12/201219:10 17.242 13/12/2012 23:45 17.339 14/12/2012 04:20 17.165
13/12/201219:15 17.136 13/12/2012 23:50 17.337 14/12/2012 04:25 17.177
13/12/201219:20 17.064 13/12/2012 23:55 17.333 14/12/2012 04:30 17.181
13/12/201219:25 17.016 14/12/2012 00:00 17.318 14/12/2012 04:35 17.195
13/12/201219:30 16.973 14/12/2012 00:05 17.307 14/12/2012 04:40 17.198
13/12/201219:35 17.010 14/12/2012 00:10 17.311 14/12/2012 04:45 17.194
13/12/201219:40 17.049 14/12/201200:15 17.316 14/12/2012 04:50 17.199
13/12/2012 19:45 17.091 14/12/201200:20 17.322 14/12/2012 04:55 17.195
13/12/201219:50 17.121 14/12/2012 00:25 17.322 14/12/2012 05:00 17.185
13/12/201219:55 17.132 14/12/2012 00:30 17.325 14/12/2012 05:05 17.173
13/12/2012 20:00 17.157 14/12/201200:35 17.329 14/12/2012 05:10 17.148
13/12/2012 20:05 17.143 14/12/2012 00:40 17.334 14/12/201205:15 17.145
13/12/201220:10 17.142 14/12/2012 00:45 17.331 14/12/2012 05:20 17.142
13/12/2012 20:15 17.146 14/12/201200:50 17.331 14/12/2012 05:25 17.139
13/12/2012 20:20 17.147 14/12/2012 00:55 17.326 14/12/2012 05:30 17.131
Appendix Il PW1 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211

Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
14/12/201205:35 17.136 14/12/201210:10 11.602
14/12/2012 05:40 17.131 14/12/201210:15 9.367
14/12/2012 05:45 17123 | 14/12/201210:20 7.885
14/12/2012 05:50 17.115 14/12/2012 10225 6.881
14/12/2012 05:55 17.111 14/12/201210:30 6.181
14/12/2012 06:00 17.104 | 14/12/201210:35 5.685
14/12/201206:05 17.104 14/12/2012 10:40 5.335
14/12/201206:10 17.121 14/12/201210:45 5.079
14/12/201206:15 17.159 14/12/2012 10:50 4.900
14/12/2012 06:20 17.158 14/12/201210:55 4766
14/12/201206:25 17.158 | 14/12/201211:00 4.660
14/12/2012 06:30 17.156 14/12/2012 11:05 4.572
14/12/201206:35 17.149 14/12/201211:10 4510
14/12/2012 06:40 17.143 14/12/201211:15 4.456
14/12/2012 06:45 17.141 14/12/201211:20 4.407
14/12/2012 06:50 17.132
14/12/2012 06:55 17.131
14/12/2012 07:00 17.137
14/12/201207:05 17.126
14/12/201207:10 17.133
14/12/201207:15 17.145 N
14/12/2012 07:20 17.187 R
14/12/201207:25 17.206 S
14/12/201207:30 17.228 N
14/12/201207:35 17.233 H L
14/12/2012 07:40 17.228 RS
14/12/201207:45 17.222 S
14/12/201207:50 17.220 P &
14/12/201207:55 17.218 RN
14/12/2012 08:00 17.226 L
14/12/2012 08:05 17.223 &
14/12/201208:10 17.217 I~
14/12/201208:15 17.220 S
14/12/2012 08:20 17.217
14/12/2012 08:25 17.221
14/12/2012 08:30 17.216
14/12/201208:35 17.210
14/12/2012 08:40 17.210
14/12/2012 08:45 17.209
14/12/2012 08:50 17.205
14/12/2012 08:55 17.253
14/12/201209:00 17.235
14/12/2012 09:05 17.23]
14/12/201209:10 17.384
14/12/201209:15 17.641
14/12/201209:20 17.462
14/12/201209:25 17.380
14/12/201209:30 17.328
14/12/201209:35 17.311
14/12/2012 09:40 17.284
14/12/201209:45 17.492
14/12/201209:50 17.642
14/12/201209:55 17.547
14/12/2012 10:00 17.637
14/12/2012 10:05 14.954

Appendix I PW1 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services

P1211

Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
11/12/2012 08:20 6.975 11/12/2012 22:05 7.1 12/12/2012 11:50 7.236
11/12/2012 08:35 6978 11/12/2012 22:20 7.115 12/12/2012 12:05 7.239
11/12/2012 08:50 6.979 11/12/2012 22:35 7.119 12/12/201212:20 7.24
11/12/2012 09:05 6.985 11/12/2012 22:50 7.122 12/12/201212:35 7.243
11/12/2012 09:20 6.989 11/12/2012 23:05 7.121 12/12/2012 12:50 7.241
11/12/2012 09:35 6.988 11/12/2012 23:20 7.126 12/12/2012 13:05 7.245
11/12/2012 09:50 6.993 11/12/2012 23:35 7.127 12/12/2012 13:20 7.246
11/12/2012 10:05 6.996 11/12/2012 23:50 7.131 12/12/2012 13:35 7.248
11/12/2012 10:20 6.999 12/12/2012 00:05 7.128 12/12/2012 13:50 7.249
11/12/2012 10:35 7.003 12/12/2012 00:20 7.133 12/12/2012 14:05 7.252
11/12/2012 10:50 7.008 12/12/2012 00:35 7.135 12/12/2012 14:20 7.26
11/12/2012 11:05 7.007 12/12/2012 00:50 7.136 12/12/2012 14:35 7.254
11/12/2012 11:20 7.014 12/12/2012 01:05 7.144 12/12/2012 14:50 7.26
11/12/201211:35 7.015 12/12/2012 01:20 7.145 12/12/2012 15:05 7.26
11/12/2012 11:50 7.022 12/12/2012 01:35 7.141 12/12/2012 15:20 7.265
11/12/2012 12:05 7.021 12/12/2012 01:50 7.144 12/12/2012 15:35 7.264
11/12/2012 12:20 7.03 12/12/2012 02:05 7.147 12/12/2012 15:50 7.266
11/12/2012 12:35 7.028 12/12/2012 02:20 7.152 12/12/2012 16:05 7.274
11/12/2012 12:50 7.032 12/12/2012 02:35 7.159 12/12/2012 16:20 7.272
11/12/2012 13:05 7.034 12/12/2012 02:50 7.155 12/12/2012 16:35 7.276
11/12/201213:20 7.04 12/12/2012 03:05 7.155 12/12/2Q)2 16:50 7.276
11/12/201213:35 7.041 12/12/2012 03:20 7.159 12/12/2012 17:05 7.278
11/12/2012 13:50 7.042 12/12/2012 03:35 7.159 12412/201217:20 7.28
11/12/2012 14:05 7.053 12/12/2012 03:50 7.164 | H2/12/201217:35 7.283
11/12/2012 14:20 7.047 12/12/2012 04:05 7.1687 S5 12/12/201217:50 7.284
11/12/2012 14:35 7.054 12/12/2012 04:20 IR | 12/12/201218:05 7.286
11/12/2012 14:50 7.053 12/12/201204:35 | 79 12/12/2012 18:20 7.289
11/12/201215:05 7.053 12/12/2012 04:50 & \7.174 12/12/2012 18:35 7.297
11/12/201215:20 7.056 12/12/20120508° K 7.177 12/12/2012 18:50 7.298
11/12/2012 15:35 7.063 12/12/2012 6628% 7.179 12/12/201219:05 7.302
11/12/2012 15:50 7.057 12/12/2012 85135 7177 12/12/2012 19:20 73
11/12/2012 16:05 7.064 12/12/208205:50 7.183 12/12/2012 19:35 7.304
11/12/201216:20 7.055 12/12/2012 06:05 7.182 12/12/2012 19:50 7.306
11/12/2012 16:35 7.06 12/12/2012 06:20 7.187 12/12/2012 20:05 7.314
11/12/2012 16:50 7.066 12/12/2012 06:35 7.189 12/12/2012 20:20 7.312
11/12/201217:05 7.064 12/12/2012 06:50 7.189 12/12/2012 20:35 7.315
11/12/201217:20 7.068 12/12/2012 07:05 7.188 12/12/2012 20:50 7.316
11/12/201217:35 7.069 12/12/2012 07:20 7.194 12/12/2012 21:05 7.318
11/12/201217:50 7.075 12/12/2012 07:35 7.195 12/12/2012 21:20 7.324
11/12/2012 18:05 7.072 12/12/2012 07:50 7.2 12/12/201221:35 7.322
11/12/2012 18:20 7.077 12/12/2012 08:05 7.205 12/12/2012 21:50 7.329
11/12/201218:35 7.08 12/12/2012 08:20 7.201 12/12/2012 22:05 7.33
11/12/201218:50 7.077 12/12/2012 08:35 7.208 12/12/2012 22:20 7.336
11/12/201219:05 7.086 12/12/2012 08:50 7.241 12/12/2012 22:35 7.335
11/12/201219:20 7.085 12/12/2012 09:05 7.211 12/12/2012 22:50 7.34
11/12/201219:35 7.089 12/12/2012 09:20 7.202 12/12/2012 23:05 7.342
11/12/201219:50 7.09 12/12/2012 09:35 7.212 12/12/2012 23:20 7.343
11/12/2012 20:05 7.095 12/12/2012 09:50 7.21 12/12/2012 23:35 7.348
11/12/2012 20:20 7.093 12/12/2012 10:05 7.214 12/12/2012 23:50 7.354
11/12/2012 20:35 7.097 12/12/2012 10:20 7.221 13/12/2012 00:05 7.353
11/12/2012 20:50 7.101 12/12/2012 10:35 7.219 13/12/2012 00:20 7.352
11/12/201221:05 7.101 12/12/2012 10:50 7.226 13/12/2012 00:35 7.354
11/12/2012 21:20 7.103 12/12/2012 11:05 7.226 13/12/2012 00:50 7.362
11/12/2012 21:35 7.109 12/12/2012 11:20 7.228 13/12/201201:05 7.362
11/12/201221:50 7.108 12/12/2012 11:35 7.23 13/12/2012 01:20 7.365

Appendix I MWQ3 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services

P1211

Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
13/12/2012 01:35 7.363 13/12/2012 15:20 7.504 14/12/2012 05:05 7.492
13/12/2012 01:50 7.368 13/12/2012 15:35 7.508 14/12/2012 05:20 7.488
13/12/2012 02:05 7.372 13/12/2012 15:50 7.512 14/12/2012 05:35 7.488
13/12/2012 02:20 7.376 13/12/2012 16:05 7.506 14/12/2012 05:50 7.485
13/12/2012 02:35 7.376 13/12/2012 16:20 7.507 14/12/2012 06:05 7.481
13/12/2012 02:50 7.378 13/12/2012 16:35 7.513 14/12/2012 06:20 7.477
13/12/2012 03:05 7.382 13/12/2012 16:50 7.517 14/12/2012 06:35 7.475
13/12/2012 03:20 7.38 13/12/2012 17:05 7.517 14/12/2012 06:50 7.471
13/12/2012 03:35 7.383 13/12/2012 17:20 7.516 14/12/2012 07:05 7.464
13/12/2012 03:50 7.388 13/12/2012 17:35 7.521 14/12/2012 07:20 7.459
13/12/2012 04:05 7.39 13/12/2012 17:50 7.515 14/12/2012 07:35 7.448
13/12/2012 04:20 7.397 13/12/2012 18:05 7.522 14/12/2012 07:50 7.446
13/12/2012 04:35 7.391 13/12/2012 18:20 7.526 14/12/2012 08:05 7.438
13/12/2012 04:50 7.4 13/12/2012 18:35 7.529 14/12/2012 08:20 7.438
13/12/2012 05:05 7.4 13/12/2012 18:50 7.532 14/12/2012 08:35 7.426
13/12/2012 05:20 7.406 13/12/2012 19:05 7.533 14/12/2012 08:50 7.424
13/12/2012 05:35 7.406 13/12/2012 19:20 7.536 14/12/2012 09:05 7.421
13/12/2012 05:50 7.408 13/12/2012 19:35 7.541 14/12/2012 09:20 7.416
13/12/2012 06:05 7.414 13/12/2012 19:50 7.538 14/12/201209:35 7.412
13/12/2012 06:20 7.413 13/12/2012 20:05 7.546 14/12/2012 09:50 7.406
13/12/2012 06:35 7.414 13/12/2012 20:20 7.549 14/12/2012 10:05 7.404
13/12/2012 06:50 7.418 13/12/2012 20:35 7.548 14/12/361210:20 7.397
13/12/2012 07:05 7.424 13/12/2012 20:50 7.546 1445872012 10:35 7.39
13/12/2012 07:20 7.426 13/12/2012 21:05 7.55 | 4¥/12/201210:50 7.382
13/12/2012 07:35 7.427 13/12/2012 21:20 75526« 14/12/201211:05 7.378
13/12/2012 07:50 7.43 13/12/201221:35 75882 | 14/12/201211:20 7.372
13/12/2012 08:05 7.434 13/12/2012 21:50 INEES 14/12/201211:35 7.37
13/12/2012 08:20 7.438 13/12/201222:05 | & Fi558 14/12/2012 11:50 7.362
13/12/2012 08:35 7.44 13/12/2012 22:209F " 7.558 14/12/2012 12:05 7.349
13/12/201208:50 7.44 13/12/2012 2085°  7.562 14/12/2012 12:20 7.369
13/12/2012 09:05 7.44 13/12/2012 z\x% 7.559 14/12/2012 12:35 7.312
13/12/2012 09:20 7.445 13/12/2012.23:05 7.567 14/12/2012 12:50 7.306
13/12/2012 09:35 7.452 13/12/3812 23:20 7.566 14/12/2012 13:05 7.308
13/12/2012 09:50 7.446 13/1272012 23:35 7.565 14/12/2012 13:20 7.298
13/12/2012 10:05 7.452 13/12/2012 23:50 7.567 14/12/201213:35 7.288
13/12/201210:20 7.456 14/12/2012 00:05 7.571 14/12/2012 13:50 7.272
13/12/201210:35 7.456 14/12/2012 00:20 7.572 14/12/2012 14:05 7.353
13/12/201210:50 7.46 14/12/2012 00:35 7.575 14/12/2012 14:20 7.326
13/12/2012 11:05 7.467 14/12/2012 00:50 7.575 14/12/2012 14:35 7.304
13/12/201211:20 7.466 14/12/2012 01:05 7.577 14/12/2012 14:50 7.304
13/12/2012 11:35 7.466 14/12/201201:20 7.578 14/12/2012 15:05 7.303
13/12/2012 11:50 7.474 14/12/201201:35 7.584 14/12/2012 15:20 7.299
13/12/2012 12:05 7.474 14/12/2012 01:50 7.577 14/12/2012 15:35 7.301
13/12/201212:20 7.476 14/12/2012 02:05 7.576 14/12/2012 15:50 7.299
13/12/201212:35 7.478 14/12/2012 02:20 7.572 14/12/2012 16:05 7.299
13/12/2012 12:50 7.479 14/12/2012 02:35 7.564 14/12/2012 16:20 7.297
13/12/2012 13:05 7.484 14/12/2012 02:50 7.551 14/12/2012 16:35 7.297
13/12/201213:20 7.484 14/12/2012 03:05 7.544 14/12/201216:50 7.297
13/12/201213:35 7.49 14/12/2012 03:20 7.535 14/12/2012 17:05 7.294
13/12/201213:50 7.486 14/12/2012 03:35 7.525 14/12/2012 17:20 7.293
13/12/2012 14:05 7.494 14/12/2012 03:50 7.515 14/12/201217:35 7.291
13/12/2012 14:20 7.497 14/12/2012 04:05 7.51 14/12/2012 17:50 7.292
13/12/2012 14:35 7.496 14/12/2012 04:20 7.504 14/12/2012 18:05 7.297
13/12/2012 14:50 7.499 14/12/2012 04:35 7.496 14/12/2012 18:20 7.293
13/12/201215:05 7.504 14/12/2012 04:50 7.498 14/12/2012 18:35 7.296

Appendix Il

MWQ03 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211

Date / time WL (mbadl} Date / time WL (mbdl) Date / time WL (mbdl}
14/12/2012 18:50 7.291 15/12/2012 08:35 7.285 15/12/2012 22:20 7.101
14/12/2012 19:05 7.295 15/12/2012 08:50 7.281 15/12/2012 22:35 7.093
14/12/2012 19:20 7.294 15/12/2012 09:05 7.281 15/12/2012 22:50 7.095
14/12/2012 19:35 7.295 15/12/2012 09:20 7.275 15/12/2012 23:05 7.093
14/12/2012 19:50 7.294 15/12/2012 09:35 7.275 15/12/2012 23:20 7.097
14/12/2012 20:05 7.289 15/12/2012 09:50 7.271 15/12/2012 23:35 7.093
14/12/2012 20:20 7.291 15/12/2012 10:05 7.269 15/12/2012 23:50 7.094
14/12/2012 20:35 7.293 15/12/2012 10:20 7.259 16/12/2012 00:05 7.089
14/12/2012 20:50 7.291 15/12/2012 10:35 7.257 16/12/201200:20 7.089
14/12/2012 21:05 7.292 15/12/2012 10:50 7.253 16/12/2012 00:35 7.087
14/12/2012 21:20 7.29 15/12/2012 11:05 7.247 16/12/2012 00:50 7.084
14/12/2012 21:35 7.29 15/12/2012 11:20 7.248 16/12/201201:05 7.084
14/12/2012 21:50 7.293 15/12/2012 11:35 7.245 16/12/201201:20 7.086
14/12/2012 22:05 7.294 15/12/2012 11:50 7.24 16/12/201201:35 7.083
14/12/2012 22:20 7.294 15/12/2012 12:05 7.237 16/12/201201:50 7.081
14/12/2012 22:35 7.291 15/12/2012 12:20 7.237 16/12/2012 02:05 7.083
14/12/2012 22:50 7.291 15/12/2012 12:35 7.232 16/12/2012 02:20 7.079
14/12/2012 23:05 7.294 15/12/2012 12:50 7.232 16/12/2012 02:35 7.078
14/12/2012 23:20 7.296 15/12/2012 13:05 7.23 16/12/2012 02:50 7.08
14/12/2012 23:35 7.296 15/12/2012 13:20 7.222 16/12/2012 03:05 7.081
14/12/2012 23:50 7.298 15/12/2012 13:35 7.22 16/12/2Q) 2 03:20 7.08
15/12/2012 00:05 7.294 15/12/2012 13:50 7.209 16/12{3612 03:35 7.075
15/12/2012 00:20 7.293 15/12/2012 14:05 7207 | 16692/201203:50 7.081
15/12/2012 00:35 7.292 15/12/2012 14:20 7201 Y 6/12/201204:05 7.073
15/12/2012 00:50 7.291 15/12/2012 14:35 71987 ~N 16/12/2012 04:20 7.079
15/12/2012 01:05 7296 15/12/2012 14:50 oy 16/12/2012 04:35 7.077
15/12/201201:20 7.294 15/12/201215:05 | . 7167 16/12/2012 04:50 7.073
15/12/201201:35 7.296 15/12/2012 15:20 (& £\7.181 16/12/2012 05:05 7.073
15/12/2012 01:50 7.294 15/12/2012 153871y 7.177 16/12/2012 05:20 7.075
15/12/2012 02:05 7.298 15/12/2012 fS56Y 7.7 16/12/2012 05:35 7.081
15/12/2012 02:20 7.293 15/12/2012 }:05 7.165 16/12/2012 05:50 7.077
15/12/2012 02:35 7.298 15/1 2/2@&5‘1 6:20 7.159 16/12/2012 06:05 7.081
15/12/2012 02:50 7.297 15/12/2012 16:35 7.156 16/12/2012 06:20 7.079
15/12/2012 03:05 7.302 15/12/2012 16:50 7.157 16/12/2012 0635 7.079
15/12/2012 03:20 7.296 15/12/2012 17:05 7.151 16/12/2012 06:50 7.075
15/12/2012 03:35 73 15/12/2012 17:20 7.147 16/12/2012 07:05 7.077
15/12/2012 03:50 7.296 15/12/2012 17:35 7.149 16/12/2012 07:20 7.071
15/12/2012 04:05 7.299 15/12/2012 17:50 7.145 16/12/201207:35 7.077
15/12/2012 04:20 7.301 15/12/2012 18:05 7.139 16/12/2012 07:50 7.075
15/12/201204:35 7.301 15/12/2012 18:20 7.135 16/12/2012 08:05 7.075
15/12/2012 04:50 7.301 15/12/2012 18:35 7.136 16/12/201208:20 7.075
15/12/2012 05:05 7.301 15/12/2012 18:50 7.135 16/12/2012 08:35 7.07
15/12/2012 05:20 7.3 15/12/2012 19:05 7.131 16/12/2012 08:50 7.071
15/12/2012 05:35 7.303 15/12/2012 19:20 7.125 16/12/2012 09:05 7.064
15/12/2012 05:50 7.3 15/12/2012 19:35 7.121 16/12/2012 09:20 7.068
15/12/2012 06:05 7.303 15/12/2012 19:50 7.121 16/12/2012 09:35 7.067
15/12/2012 06:20 7.294 15/12/2012 20:05 7.115 16/12/201209:50 7.073
15/12/2012 06:35 7.297 15/12/2012 20:20 7121 16/12/2012 10:05 7.07
15/12/2012 06:50 7.29 15/12/2012 20:35 7.115 16/12/2012 10:20 7.07
15/12/201207:05 7.292 15/12/2012 20:50 7.116 16/12/201210:35 7.07
15/12/2012 07:20 7.296 15/12/2012 21:05 7.113 16/12/2012 10:50 7.074
15/12/2012 07:35 7.291 15/12/2012 21:20 7.109 16/12/2012 11:05 7.074
15/12/2012 07:50 7.289 15/12/2012 21:35 7.105 16/12/201211:20 7.07
15/12/2012 08:05 7.285 15/12/2012 21:50 7.105 16/12/201211:35 7.066
15/12/2012 08:20 7.29 15/12/2012 22:05 7.101 16/12/2012 11:50 7.063

Appendix i MWQ3 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211

Date / time WL (mbd) Date / time WL (mbdl) Date / fime WL (mbd)
16/12/2012 12:05 7.058
16/12/201212:20 7.048
16/12/2012 12:35 7.046
16/12/2012 12:50 7.034
16/12/201213:05 7.026
16/12/201213:20 7018
16/12/2012 13:35 7.008
16/12/2012 13:50 7.004
16/12/2012 1405 6.995
16/12/201214:20 6.987
16/12/2012 14:35 6.98
16/12/2012 14:50 6.969
16/12/201215:05 6961
16/12/201215:20 6.951
16/12/201215:35 6941
16/12/201215:50 6926
16/12/201216:05 6.923
16/12/201216:20 6911
16/12/201216:35 6.904
16/12/201216:50 6.89
16/12/2012 17:05 6.884 N
16/12/201217:20 6.876 i
16/12/2012 17:35 6.868 &
16/12/201217:50 6.86 NES
16/12/2012 18:05 6.855 S
16/12/201218:20 6.848 RS
16/12/2012 18:35 6.84 A
16/12/201218:50 6.832 Jr
16/12/2012 19:05 6.824 N
16/12/201219:20 6.81 L
16/12/201219:35 6.802 O
16/12/201219:50 6.792 Q7
16/12/2012 20:05 6.781 S
16/12/2012 20:20 6.775
16/12/2012 20:35 6.759
16/12/2012 20:50 6.753
16/12/2012 21:05 6.743
16/12/201221:20 6.731
16/12/2012 21:35 6.725
16/12/201221:50 6719
16/12/2012 22:05 6713
16/12/2012 22:20 6713
16/12/2012 22:35 6.707
16/12/2012 22:50 6.699
16/12/2012 23.05 6.697
16/12/2012 23:20 6.693
16/12/2012 23:35 6.689
16/12/2012 23:50 6.695
17/12/201200:05 6.693
Appendix lI MWQ3 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211
Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
11/12/2012 08:00 5.520 11/12/2012 21:45 5.551 12/12/201211:30 5.590
11/12/2012 08:15 5.521 11/12/2012 22:00 5.553 12/12/2012 11:45 5.592
11/12/2012 08:30 5.522 11/12/2012 22:15 5.552 12/12/2012 12:00 5.590
11/12/2012 08:45 5.524 11/12/2012 22:30 5.553 12/12/201212:15 5.590
11/12/2012 09:00 5.525 11/12/2012 22:45 5.554 12/12/2012 12:30 5.593
11/12/2012 09:15 5.526 11/12/2012 23:00 5.555 12/12/2012 12:45 5.592
11/12/2012 09:30 5.527 11/12/2012 23:15 5.555 12/12/2012 13:00 5.592
11/12/2012 09:45 5.527 11/12/2012 23:30 5.555 12/12/201213:15 5.592
11/12/2012 10:00 5.528 11/12/2012 23:45 5.557 12/12/2012 13:30 5.592
11/12/2012 10:15 5.530 12/12/2012 00:00 5.559 12/12/2012 13:45 5.592
11/12/2012 10:30 5.530 12/12/201200:15 5.560 12/12/2012 14:00 5.594
11/12/2012 10:45 5.532 12/12/2012 00:30 5.560 12/12/2012 14:15 5.593
11/12/2012 11:00 5.532 12/12/2012 00:45 5.561 12/12/2012 14:30 5.593
11/12/2012 11:15 5.533 12/12/201201:00 5.561 12/12/2012 14:45 5.594
11/12/2012 11:30 5.532 12/12/201201:15 5.562 12/12/2012 15:00 5.595
11/12/2012 11:45 5.534 12/12/2012 01:30 5.562 12/12/2012 15:15 5.595
11/12/2012 12:00 5.531 12/12/201201:45 5.563 12/12/2012 15:30 5.598
11/12/201212:15 5.531 12/12/2012 02:00 5.563 12/12/2012 15:45 5.600
11/12/2012 12:30 5.531 12/12/201202:15 5.563 12/12/2012 16:00 5.600
11/12/2012 12:45 5.530 12/12/2012 02:30 5.565 12/12/201216:15 5.602
11/12/2012 13:00 5.530 12/12/2012 02:45 5.564 .d,2/12/201216:30 5.604
11/12/2012 13:15 5.530 12/12/2012 03:00 5.566  3112/12/2012 16:45 5.606
11/12/2012 13:30 5.531 12/12/201203:15 5566 (O | 12/12/201217:00 5.606
11/12/2012 13:45 5.529 12/12/201203:30 T 12/12/201217:15 5.609
11/12/2012 14:00 5.530 12/12/201203:45] &7 5567 12/12/2012 17:30 5.608
11/12/2012 14:15 5.529 12/12/2012 04:00§N 3" 5.566 12/12/2012 17:45 5.610
11/12/2012 14:30 5.529 12/12/2012 048515~ 5.566 12/12/2012 18:00 5.610
11/12/2012 14:45 5.528 12/12/20120%:39 5.568 12/12/201218:15 5.612
11/12/2012 15:00 5.531 12/12@6\‘5@:45 5.567 12/12/2012 18:30 5.614
11/12/201215:15 5.531 12/19/20)2 05:00 5.567 12/12/2012 18:45 5.613
11/12/2012 15:30 5.532 12/197201205:15 5.568 12/12/2012 19:00 5615
11/12/2012 15:45 5.533 18712/201205:30 5.569 12/12/201219:15 5.418
11/12/2012 16:00 5.533 -9°12/12/2012 05:45 5.569 12/12/2012 19:30 5.619
11/12/2012 16:15 5.536 12/12/2012 06:00 5.569 12/12/2012 19:45 5.620
11/12/2012 16:30 5.535 12/12/201206:15 5.571 12/12/2012 20:00 5.621
11/12/2012 16:45 5.535 12/12/2012 06:30 5.572 12/12/2012 20:15 5.623
11/12/2012 17:00 5.537 12/12/2012 06:45 5.572 12/12/2012 20:30 5.624
11/12/201217:15 5.538 12/12/2012 07:00 5.573 12/12/2012 20:45 5.625
11/12/2012 17:30 5.538 12/12/201207:15 5.574 12/12/2012 21:00 5.626
11/12/2012 17:45 5.538 12/12/2012 07:30 5.575 12/12/2012 21315 5.627
11/12/2012 18:00 5.540 12/12/2012 07:45 5.577 12/12/2012 21:30 5.628
11/12/2012 18:15 5.541 12/12/2012 08:00 5.578 12/12/2012 21:45 5.630
11/12/2012 18:30 5.541 12/12/2012 08:15 5.578 12/12/2012 22:00 5.632
11/12/2012 18:45 5.542 12/12/2012 08:30 5.580 12/12/2012 22:15 5.633
11/12/2012 19:00 5.543 12/12/2012 08:45 5.581 12/12/2012 22:30 5.634
11/12/2012 19:15 5.543 12/12/2012 09:00 5.581 12/12/2012 22:45 5.437
11/12/2012 19:30 5.544 12/12/2012 09:15 5.582 12/12/2012 23:00 5.637
11/12/2012 19:45 5.546 12/12/2012 09:30 5.583 12/12/2012 23:15 5.639
11/12/2012 20:00 5.545 12/12/2012 09:45 5.584 12/12/2012 23:30 5.640
11/12/2012 20:15 5.546 12/12/2012 10:00 5.584 12/12/2012 23:45 5.642
11/12/2012 20:30 5.545 12/12/201210:15 5.587 13/12/2012 00:00 5.645
11/12/2012 20:45 5.547 12/12/2012 10:30 5.588 13/12/2012 00:15 5.645
11/12/2012 21:00 5.548 12/12/2012 10:45 5.588 13/12/2012 00:30 5.645
11/12/2012 21:15 5.549 12/12/2012 11:00 5.589 13/12/2012 00:45 5.448
11/12/2012 21:30 5.550 12/12/201211:15 5.590 13/12/2012 01:00 5.649

Appendix Il

MWQ06 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211
Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
13/12/201201:15 5.650 13/12/2012 15:00 5.692 14/12/2012 04:45 5.680
13/12/2012 01:30 5.651 13/12/201215:15 5.692 14/12/2012 05:00 5.679
13/12/2012 01:45 5.652 13/12/2012 15:30 5.691 14/12/201205:15 5.680
13/12/2012 02:00 5.654 13/12/2012 15:45 5.693 14/12/2012 05:30 5.678
13/12/201202:15 5.654 13/12/2012 16:00 5.692 14/12/2012 05:45 5.677
13/12/2012 02:30 5.656 13/12/201216:15 5.691 14/12/2012 06:00 5.677
13/12/2012 02:45 5.657 13/12/201216:30 5.689 14/12/2012 06:15 5.676
13/12/2012 03:00 5.659 13/12/2012 16:45 5.689 14/12/2012 06:30 5.676
13/12/201203:15 5.659 13/12/2012 17:00 5.688 14/12/2012 06:45 5.675
13/12/2012 03:30 5.661 13/12/201217:15 5.685 14/12/2012 07:00 5.675
13/12/2012 03:45 5.659 13/12/201217:30 5.684 14/12/201207:15 5.676
13/12/2012 04:00 5.660 13/12/2012 17:45 5.684 14/12/201207:30 5.675
13/12/2012 04:15 5.662 13/12/2012 18:00 5.687 14/12/2012 07:45 5.676
13/12/2012 04:30 5.662 13/12/201218:15 5.688 14/12/2012 08:00 5.677
13/12/2012 04:45 5.662 13/12/2012 18:30 5.689 14/12/201208:15 5.679
13/12/2012 05:00 5.664 13/12/2012 18:45 5.691 14/12/2012 08:30 5.679
13/12/2012 05:15 5.664 13/12/2012 19:00 5.691 14/12/2012 08:45 5.681
13/12/2012 05:30 5.665 13/12/201219:15 5.691 14/12/2012 09:00 5.682
13/12/2012 05:45 5.663 13/12/2012 19:30 5.691 14/12/2012 09:15 5.683
13/12/2012 06:00 5.667 13/12/2012 19:45 5.692 14/12/2012 09:30 5.683
13/12/2012 06:15 5.669 13/12/2012 20:00 5.692 ré/fi/l 2/2012 09:45 5.685
13/12/2012 06:30 5.669 13/12/2012 20:15 5.691 é}ojl 4/12/201210:00 5.686
13/12/2012 06:45 5.670 13/12/2012 20:30 5.692 \o"\\ 14/12/201210:15 5.686
13/12/2012 07:00 5.671 13/12/2012 20:45 (@ﬁe}é\" 14/12/2012 10:30 5.686
13/12/2012 07:15 5.673 13/12/2012 21:00 89 14/12/2012 10:45 5.684
13/12/2012 07:30 5.673 13/12/201221:15 &Q\:Q\*%.689 14/12/201211:00 5.684
13/12/2012 07:45 5.674 13/12/2012 2]@0\4\\‘6 5.687 14/12/201211:15 5.686
13/12/2012 08:00 5.674 13/12/20],%&('\ 5.688 14/12/201211:30 5.721
13/12/2012 08:15 5.676 13/12/W:OO 5.688 14/12/201211:45 5.713
13/12/2012 08:30 5.677 13/1@@\\2 22:15 5.688 14/12/2012 12:00 5.718
13/12/2012 08:45 5.678 13/ I@fQOI 222:30 5.687 14/12/201212:15 5.736
13/12/2012 09:00 5.681 @2/201 222:45 5.686 14/12/2012 12:30 5.669
13/12/201209:15 5.682 OO\] 3/12/2012 23:00 5.684 14/12/201212:45 5.681
13/12/2012 09:30 5.684 13/12/2012 23:15 5.686 14/12/201213:00 5.682
13/12/2012 09:45 5.685 13/12/2012 23:30 5.684 14/12/201213:15 5.688
13/12/2012 10:00 5.685 13/12/2012 23:45 5.684 14/12/2012 13:30 5.687
13/12/201210:15 5.686 14/12/2012 00:00 5.684 14/12/2012 13:45 5.670
13/12/201210:30 5.686 14/12/2012 00:15 5.686 14/12/2012 14:00 5.753
13/12/2012 10:45 5.686 14/12/2012 00:30 5.684 14/12/2012 14:15 5.716
13/12/2012 11:00 5.686 14/12/2012 00:45 5.685 14/12/2012 14:30 5.724
13/12/201211:15 5.685 14/12/2012 01:00 5.684 14/12/2012 14:45 5.722
13/12/2012 11:30 5.685 14/12/201201:15 5.683 14/12/2012 15:00 5.723
13/12/2012 11:45 5.684 14/12/2012 01:30 5.486 14/12/2012 15:15 5.723
13/12/2012 12:00 5.685 14/12/2012 01:45 5.685 14/12/2012 15:30 5.725
13/12/201212:15 5.685 14/12/2012 02:00 5.681 14/12/2012 15:45 5.725
13/12/2012 12:30 5.685 14/12/2012 02:15 5.681 14/12/2012 16:00 5.727
13/12/2012 12:45 5.686 14/12/2012 02:30 5.681 14/12/2012 16:15 5.728
13/12/2012 13:00 5.688 14/12/2012 02:45 5.679 14/12/2012 16:30 5.728
13/12/2012 13:15 5.689 14/12/2012 03:00 5.683 14/12/201216:45 5.728
13/12/2012 13:30 5.690 14/12/201203:15 5.680 14/12/201217:00 5.731
13/12/2012 13:45 5.691 14/12/2012 03:30 5.680 14/12/201217:15 5.732
13/12/2012 14:00 5.692 14/12/2012 03:45 5.680 14/12/201217:30 5,733
13/12/2012 14:15 5.691 14/12/2012 04:00 5.681 14/12/2012 17:45 5.735
13/12/2012 14:30 5.692 14/12/2012 04:15 5.681 14/12/2012 18:00 5.735
13/12/2012 14:45 5.690 14/12/2012 04:30 5.680 14/12/201218:15 5.736

Appendix Il

MWO06 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211
Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
14/12/2012 18:30 5.737 15/12/2012 08:15 5.806 15/12/2012 22:00 5.863
14/12/2012 18:45 5.738 15/12/2012 08:30 5.809 15/12/201222:15 5.863
14/12/2012 19:00 5.740 15/12/2012 08:45 5.809 15/12/2012 22:30 5.864
14/12/201219:15 5.741 15/12/2012 09:00 5811 15/12/2012 22:45 5.865
14/12/2012 19:30 5.741 15/12/201209:15 5.813 15/12/2012 23:00 5.866
14/12/2012 19:45 5.743 15/12/2012 09:30 5815 15/12/201223:15 5.866
14/12/2012 20:00 5.744 15/12/2012 09:45 5817 15/12/2012 23:30 5.868
14/12/2012 20:15 5.746 15/12/2012 10:00 5.818 15/12/2012 23:45 5.868
14/12/2012 20:30 5.747 15/12/2012 10:15 5.819 16/12/2012 00:00 5.869
14/12/2012 20:45 5746 15/12/2012 10:30 5.821 16/12/2012 00:15 5.871
14/12/2012 21:00 5.748 15/12/2012 10:45 5.824 16/12/2012 00:30 5.870
14/12/2012 21:15 5.750 15/12/2012 11:00 5.826 16/12/2012 00:45 5.870
14/12/2012 21:30 5.750 15/12/2012 11:15 5.826 16/12/2012 01:00 5.871
14/12/2012 21:45 5.751 15/12/2012 11:30 5.830 16/12/201201:15 5.871
14/12/2012 22:00 5.753 15/12/2012 11:45 5.830 16/12/201201:30 5871
14/12/2012 22:15 5754 15/12/2012 12:00 5.830 16/12/2012 01:45 5.872
14/12/2012 22:30 5.756 15/12/201212:15 5.831 16/12/2012 02:00 5.873
14/12/2012 22:45 5.757 15/12/2012 12:30 5.833 16/12/201202:15 5.873
14/12/2012 23:00 5.758 15/12/2012 12:45 5.833 16/12/2012 02:30 5.872
14/12/2012 23:15 5.758 15/12/2012 13:00 5.833 16/12/2012 02:45 5873
14/12/2012 23:30 5.759 15/12/2012 13:15 5.833 36/12/2012 03:00 5.873
14/12/2012 23:45 5.761 15/12/2012 13:30 5834  4[5716/12/201203:15 5.873
15/12/2012 00:00 5.762 15/12/2012 13:45 5835 & | 16/12/201203:30 5.872
15/12/2012 00:15 5762 15/12/2012 14:00 2838 16/12/2012 03:45 5.872
15/12/2012 00:30 5.743 15/12/2012 14:15] P 5835 16/12/2012 04:00 5.872
15/12/2012 00:45 5764 15/12/2012 14:30{§X > 5.835 16/12/2012 04:15 5871
15/12/2012 01:00 5763 15/12/2012 1445}, <7 5.837 16/12/2012 04:30 5.870
15/12/201201:15 5765 15/12/201 245,89 5.838 16/12/2012 04:45 5.870
15/12/2012 01:30 5765 15/12/26028:15 5.839 16/12/2012 05:00 5.869
15/12/2012 01:45 5767 15/1%729902 15:30 5.839 16/12/2012 05:15 5.870
15/12/2012 02:00 5.767 15/18/2012 15:45 5.840 16/12/2012 05:30 5.873
15/12/2012 02:15 5.769 18/12/2012 16:00 5.842 16/12/2012 05:45 5.871
15/12/2012 02:30 5.769 (915/12/201216:15 5.841 16/12/2012 06:00 5869
15/12/2012 02:45 5770 15/12/2012 16:30 5.843 16/12/2012 06:15 5.870
15/12/2012 03:00 5.771 15/12/2012 16:45 5.844 16/12/2012 06:30 5.870
15/12/2012 03:15 5.772 15/12/2012 17:00 5.845 16/12/2012 06:45 5.869
15/12/2012 03:30 5774 15/12/2012 17:15 5.847 16/12/2012 07:00 5.869
15/12/2012 03:45 5.775 15/12/2012 17:30 5.848 16/12/201207:15 5.849
15/12/2012 04:00 5777 15/12/2012 17:45 5.848 16/12/2012 07:30 5.870
15/12/2012 04:15 5779 15/12/2012 18:00 5.849 16/12/2012 07:45 5.869
15/12/2012 04:30 5.780 15/12/2012 18:15 5.851 16/12/2012 08:00 5.868
15/12/2012 04:45 5.782 15/12/2012 18:30 5.851 16/12/2012 08:15 5.868
15/12/2012 05:00 5.784 15/12/2012 18:45 5.853 16/12/2012 08:30 5.867
15/12/2012 05:15 5.786 15/12/2012 19:00 5.853 16/12/2012 08:45 5.866
15/12/2012 05:30 5.786 15/12/201219:15 5.854 16/12/2012 09:00 5.865
15/12/2012 05:45 5.788 15/12/2012 19:30 5.856 16/12/201209:15 5.864
15/12/2012 06:00 5.789 15/12/2012 19:45 5.856 16/12/2012 09:30 5.863
15/12/2012 06:15 5.791 15/12/2012 20:00 5.857 16/12/2012 09:45 5.863
15/12/2012 06:30 5794 15/12/2012 20:15 5.858 16/12/2012 10:00 5.863
15/12/2012 06:45 5.795 15/12/2012 20:30 5.859 16/12/2012 10:15 5.862
15/12/2012 07:00 5.796 15/12/2012 20:45 5.860 16/12/2012 10:30 5.862
15/12/2012 07:15 5.798 15/12/2012 21:00 5.860 16/12/2012 10:45 5.862
15/12/2012 07:30 5.801 15/12/2012 21:15 5.861 16/12/2012 11:00 5.862
15/12/2012 07:45 5.800 15/12/2012 21:30 5.862 16/12/2012 11115 5.862
15/12/2012 08:00 5.803 15/12/2012 21:45 5.861 16/12/2012 11:30 5.863

Appendix Il

MWOQ0é Water Level Data

EPA Export 10-05-2019:03:42:12



P1211

Hydro Environmental Services
Date / fime WL (mbdl) Date / time WL (mbdl} Date / time WL (mbdl)
16/12/2012 11:45 5.860
16/12/2012 12:00 5.860
16/12/2012 12:15 5.859
16/12/2012 12:30 5.860
16/12/2012 12:45 5.859
16/12/2012 13:00 5.857
16/12/2012 13:15 5.858
16/12/2012 13:30 5.858
16/12/2012 13:45 5.858
16/12/2012 14:00 5.858
16/12/2012 14:15 5.857
16/12/2012 14:30 5.859
16/12/2012 14:45 5.858
16/12/2012 15:00 5.858
16/12/2012 15:15 5.859
16/12/2012 15:30 5.860
16/12/2012 15:45 5.859
16/12/2012 16:00 5.861
16/12/2012 16:15 5.860
16/12/2012 16:30 5.861
16/12/2012 16:45 5.861 N
16/12/2012 17:00 5.862 Ng
16/12/201217:15 5.863 B
16/12/2012 17:30 5.865 NS
16/12/2012 17:45 5.866 S
16/12/2012 18:00 5.868 S
16/12/2012 18:15 5.866 SLE
16/12/2012 18:30 5.868 R
16/12/2012 18:45 5.867 RS
16/12/2012 19:00 5.868 L
16/12/201219:15 5.869 &°
16/12/2012 19:30 5.869 &
16/12/2012 19:45 5.870 LS
16/12/2012 20:00 5.871
16/12/2012 20:15 5.871
16/12/2012 20:30 5.872
16/12/2012 20:45 5.873
16/12/2012 21:00 5.872
16/12/2012 21:15 5.874
16/12/2012 21:30 5.874
16/12/2012 21:45 5.874
16/12/2012 22:00 5.874
16/12/2012 22:15 5875
16/12/2012 22:30 5.876
16/12/2012 22:45 5877
16/12/2012 23:00 5.878
16/12/2012 23:15 5.878
16/12/2012 23:30 5.879
16/12/2012 23:45 5.879
17/12/2012 00:00 5.880

Appendix Il

MWOQ0é6 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211
Date / time WL (mbdl} Date / time WL (mbdl) Date / time WL (mbdl)
11/12/2012 08:20 5.090 11/12/2012 22:05 5.169 12/12/2012 11:50 5.242
11/12/2012 08:35 5.089 11/12/2012 22:20 5.178 12/12/2012 12:05 5.241
11/12/2012 08:50 5,088 11/12/2012 22:35 5177 12/12/2012 12:20 5.242
11/12/2012 09:05 5.094 11/12/2012 22:50 5.179 12/12/2012 12:35 5.246
11/12/2012 09:20 5.097 11/12/2012 23:05 5.179 12/12/2012 12:50 5.239
11/12/2012 09:35 5.098 11/12/2012 23:20 5181 12/12/2012 13:05 5.243
11/12/2012 09:50 5,103 11/12/2012 23:35 5.184 12/12/201213:20 5.242
11/12/2012 10:05 5.106 11/12/2012 23:50 5.187 12/12/201213:35 5.245
11/12/201210:20 5.109 12/12/2012 00:05 5.186 12/12/2012 13:50 5.247
11/12/201210:35 5113 12/12/2012 00:20 5.188 12/12/2012 14:05 5.246
11/12/2012 10:50 5116 12/12/2012 00:35 5.189 12/12/2012 14:20 5.246
11/12/2012 11:05 5116 12/12/2012 00:50 5191 12/12/2012 14:35 5.245
11/12/201211:20 5.119 12/12/2012 01:05 5.193 12/12/2012 14:50 5.247
11/12/201211:35 5121 12/12/201201:20 5.194 12/12/2012 15:05 5.248
11/12/2012 11:50 5.123 12/12/2012 01:35 5.194 12/12/2012 15:20 5.253
11/12/2012 12:05 5.120 12/12/2012 01:50 5.195 12/12/2012 15:35 5.251
11/12/2012 12:20 5.124 12/12/2012 02:05 5.199 12/12/2012 15:50 5.257
11/12/201212:35 5.120 12/12/2012 02:20 5.196 12/12/2012 16:05 5.260
11/12/2012 12:50 5121 12/12/201202:35 5.201 12/12/2012 16:20 5.259
11/12/2012 13:05 5.123 12/12/2012 02:50 5.199 12/12/201216:35 5.264
11/12/201213:20 5.126 12/12/2012 03:05 5.199 12/12/2012 16:50 5.264
11/12/201213:35 5.128 12/12/2012 03:20 5.201 712/2012 17:05 5.265
11/12/2012 13:50 5.124 12/12/201203:35 5.202  §§12/12/201217:20 5.264
11/12/2012 14:05 5.126 12/12/2012 03:50 gﬂop 12/12/201217:35 5.268
11/12/2012 14:20 5123 12/12/201204:05 | £ @D 12/12/2012 17:50 5.270
11/12/2012 14:35 5.128 12/12/2012 04:20 ;\,\*%99 12/12/2012 18:05 5.271
11/12/2012 14:50 5.127 12/12/2012 0488 §™ 5.201 12/12/2012 18:20 5.272
11/12/2012 15:05 5.130 12/12/201 2694507 5.203 12/12/2012 18:35 5.272
11/12/201215:20 5131 12/1 2/?\«2?1\@5?05 5.205 12/12/2012 18:50 5.273
11/12/2012 15:35 5.133 12/@@}‘2’05:20 5.204 12/12/2012 19:05 5.276
11/12/2012 15:50 5.132 12/1292012 05:35 5.204 12/12/2012 19:20 5.276
11/12/2012 16:05 5.141 gvT’z/zol 205:50 5.205 12/12/2012 19:35 5.276
11/12/201216:20 5.138 12/12/2012 06:05 5.207 12/12/2012 19:50 5.281
11/12/201216:35 5.137 12/12/2012 06:20 5210 12/12/2012 20:05 5.284
11/12/2012 16:50 5.134 12/12/2012 06:35 5211 12/12/2012 20:20 5.284
11/12/2012 17:05 5.140 12/12/2012 06:50 5213 12/12/2012 20:35 5.288
11/12/201217:20 5.143 12/12/2012 07:05 5.213 12/12/2012 20:50 5.289
11/12/2012 17:35 5.143 12/12/201207:20 5218 12/12/2012 21:05 5.289
11/12/201217:50 5.144 12/12/2012 07:35 5.219 12/12/2012 21:20 5.295
11/12/2012 18:05 5.147 12/12/2012 07:50 5.218 12/12/2012 21:35 5.297
11/12/2012 18:20 5.148 12/12/2012 08:05 5218 12/12/2012 21:50 5.298
11/12/2012 18:35 5.148 12/12/2012 08:20 5217 12/12/2012 22:05 5.303
11/12/2012 18:50 5.149 12/12/2012 08:35 5.223 12/12/2012 22:20 5.304
11/12/2012 19:05 5.156 12/12/2012 08:50 5.227 12/12/2012 22:35 5.305
11/12/201219:20 5.155 12/12/2012 09:05 5.231 12/12/2012 22:50 5.312
11/12/201219:35 5.155 12/12/201209:20 5.226 12/12/2012 23:05 5312
11/12/2012 19:50 5.155 12/12/2012 09:35 5.228 12/12/2012 23:20 5310
11/12/2012 20:05 5.158 12/12/2012 09:50 5.230 12/12/2012 23:35 5315
11/12/2012 20:20 5.158 12/12/201210:05 5.233 12/12/2012 23:50 5.320
11/12/2012 20:35 5.161 12/12/2012 10:20 5.235 13/12/2012 00:05 5.323
11/12/2012 20:50 5.165 12/12/201210:35 5.237 13/12/2012 00:20 5321
11/12/2012 21:05 5.165 12/12/2012 10:50 5.238 13/12/2012 00:35 5.322
11/12/201221:20 5.165 12/12/201211:05 5.240 13/12/2012 00:50 5.327
11/12/2012 21:35 5.172 12/12/201211:20 5.239 13/12/201201:05 5.324
11/12/2012 21:50 5171 12/12/201211:35 5.240 13/12/201201:20 5.327

Appendix Il
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EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211

Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
13/12/201201:35 5.330 13/12/2012 15:20 5.400 14/12/2012 05:05 5.295
13/12/201201:50 5334 13/12/2012 15:35 5.404 14/12/2012 05:20 5.291
13/12/2012 02:05 5.336 13/12/2012 15:50 5.407 14/12/2012 05:35 5.289
13/12/2012 02:20 5.340 13/12/2012 16:05 5.401 14/12/2012 05:50 5.284
13/12/2012 02:35 5.344 13/12/2012 16:20 5.391 14/12/2012 06:05 5.280
13/12/2012 02:50 5.346 13/12/2012 16:35 5.394 14/12/2012 06:20 5.278
13/12/2012 03:05 5.345 13/12/2012 16:50 5.396 14/12/2012 06:35 5.273
13/12/2012 03:20 5.346 13/12/2012 17:05 5.390 14/12/2012 06:50 5.267
13/12/2012 03:35 5.345 13/12/2012 17:20 5.385 14/12/2012 07:05 5.264
13/12/2012 03:50 5.346 13/12/2012 17:35 5.384 14/12/2012 07:20 5.259
13/12/2012 04:05 5.351 13/12/2012 17:50 5.385 14/12/2012 07:35 5.253
13/12/2012 04:20 5.351 13/12/2012 18:05 5.390 14/12/2012 07:50 5.246
13/12/201204:35 5.348 13/12/2012 18:20 5.395 14/12/2012 08:05 5.246
13/12/2012 04:50 5.354 13/12/2012 18:35 5.393 14/12/2012 08:20 5.243
13/12/2012 05:05 5.355 13/12/2012 18:50 5.397 14/12/2012 08:35 5.234
13/12/2012 05:20 5.356 13/12/2012 19:05 5.398 14/12/2012 08:50 5.234
13/12/2012 05:35 5.360 13/12/2012 19:20 5.393 14/12/2012 09:05 5224
13/12/2012 05:50 5359 13/12/2012 19:35 5.398 14/12/2012 09:20 5218
13/12/2012 06:05 5.363 13/12/2012 19:50 5.394 14/12/2012 09:35 5214
13/12/2012 06:20 5.361 13/12/2012 20:05 5.393 14/12/2012 09:50 5.208
13/12/2012 06:35 5.363 13/12/2012 20:20 5.394 14/12/2012 10:05 5.197
13/12/2012 06:50 5.365 13/12/2012 20:35 5393  |5'V4/12/201210:20 5.181
13/12/2012 07:05 5.369 13/12/2012 20:50 5.390 &Y 14/12/201210:35 5.166
13/12/2012 07:20 5.371 13/12/2012 21:05 S3ps | 14/12/2012 10:50 5.148
13/12/2012 07:35 5.371 13/12/201221:20 |7 §3384 14/12/2012 11:05 5.134
13/12/2012 07:50 5.374 13/12/2012 2135V 5.384 14/12/2012 11:20 5.118
13/12/2012 08:05 5.377 13/12/2012 2550, ]  5.382 14/12/2012 11:35 5.093
13/12/2012 08:20 5379 13/12/20192285 5.386 14/12/2012 11:50 5.064
13/12/2012 08:35 5.382 13/12381332:20 5.382 14/12/2012 12:05 5.035
13/12/2012 08:50 5.384 13/10728012 22:35 5.381 14/12/2012 12:20 5.021
13/12/2012 09:05 5.384 13/§27/2012 22:50 5.375 14/12/2012 12:35 4920
13/12/2012 09:20 5.387 E/l 2/2012 23:05 5.370 14/12/2012 12:50 4895
13/12/2012 09:35 5388  (©13/12/2012 23:20 5.371 14/12/2012 13:05 4.883
13/12/2012 09:50 5.387 13/12/2012 23:35 5.366 14/12/2012 13:20 4862
13/12/2012 10:05 5.394 13/12/2012 23:50 5.372 14/12/2012 13:35 4838
13/12/2012 10:20 5.395 14/12/2012 00:05 5.367 14/12/2012 13:50 4812
13/12/2012 10:35 5.391 14/12/2012 00:20 5.370 14/12/2012 14:05 4942
13/12/2012 10:50 5.392 14/12/2012 00:35 5.367 14/12/2012 14:20 4.879
13/12/2012 11:05 5.396 14/12/2012 00:50 5.363 14/12/2012 14:35 4.861
13/12/2012 11:20 5.394 14/12/201201:05 5.361 14/12/2012 14:50 4854
13/12/2012 11:35 5.390 14/12/201201:20 5.359 14/12/2012 15:05 4.850
13/12/2012 11:50 5.394 14/12/201201:35 5.361 14/12/2012 15:20 4,844
13/12/2012 12:05 5.392 14/12/2012 01:50 5.354 14/12/2012 15:35 4842
13/12/201212:20 5.395 14/12/2012 02:05 5.348 14/12/2012 15:50 4838
13/12/2012 12:35 5.396 14/12/2012 02:20 5.350 14/12/2012 16:05 4.832
13/12/2012 12:50 5.401 14/12/201202:35 5.339 14/12/2012 16:20 4828
13/12/2012 13:05 5.403 14/12/2012 02:50 5.336 14/12/2012 16:35 4824
13/12/2012 13:20 5.403 14/12/2012 03:05 5.327 14/12/2012 16:50 4823
13/12/2012 13:35 5.407 14/12/2012 03:20 5.328 14/12/2012 17:05 4821
13/12/2012 13:50 5.406 14/12/201203:35 5.322 14/12/2012 17:20 4822
13/12/2012 14:05 5.406 14/12/2012 03:50 5316 14/12/2012 17:35 4817
13/12/2012 14:20 5.404 14/12/2012 04:05 5.313 14/12/2012 17:50 4,823
13/12/2012 14:35 5.403 14/12/2012 04:20 5.306 14/12/2012 18:05 4824
13/12/2012 14:50 5.404 14/12/2012 04:35 5.303 14/12/2012 18:20 4.827
13/12/2012 15:05 5.403 14/12/2012 04:50 5.301 14/12/2012 18:35 4828

Appendix Il MWO07 Water level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211
Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl})
14/12/2012 18:50 4.830 15/12/2012 08:35 4923 15/12/2012 22:20 4.609
14/12/2012 19:05 4.836 15/12/2012 08:50 4917 15/12/2012 22:35 4610
14/12/2012 19:20 4.839 15/12/2012 09:05 4916 15/12/2012 22:50 4.608
14/12/2012 19:35 4.842 15/12/2012 09:20 4912 15/12/2012 23:05 4.611
14/12/2012 19:50 4.845 15/12/2012 09:35 4.907 15/12/2012 23:20 4.608
14/12/2012 20:05 4841 15/12/2012 09:50 4.905 15/12/2012 23:35 4.609
14/12/2012 20:20 4.844 15/12/2012 10:05 4.898 15/12/2012 23:50 4.609
14/12/2012 20:35 4,848 15/12/2012 10:20 4.885 16/12/2012 00:05 4.614
14/12/2012 20:50 4.845 15/12/2012 10:35 4875 16/12/2012 00:20 4,612
14/12/2012 21:05 4.851 15/12/2012 10:50 4874 16/12/2012 00:35 4,608
14/12/2012 21:20 4.850 15/12/2012 11:05 4861 16/12/2012 00:50 4.607
14/12/2012 21:35 4,852 15/12/2012 11:20 4861 16/12/2012 01:05 4.606
14/12/2012 21:50 4.855 15/12/2012 11:35 4.857 16/12/201201:20 4611
14/12/2012 22:05 4861 15/12/2012 11:50 4846 16/12/2012 01:35 4.607
14/12/2012 22:20 4.860 15/12/2012 12:05 4838 16/12/2012 01:50 4.605
14/12/2012 22:35 4863 15/12/2012 12:20 4830 16/12/2012 02:05 4613
14/12/2012 22:50 4862 15/12/2012 12:35 4.827 16/12/2012 02:20 4.612
14/12/2012 23:05 4.865 15/12/2012 12:50 4819 16/12/2012 02:35 4615
14/12/2012 23:20 4.867 15/12/2012 13:05 4817 16/12/2012 02:50 4,621
14/12/2012 23:35 4.865 15/12/2012 13:20 4.805 16/12/2012 03:05 4616
14/12/2012 23:50 4.868 15/12/201213:35 4.795 16/12/2012 03:20 4618
15/12/2012 00:05 4.872 15/12/2012 13:50 4793 |4 ¥§/12/201203:35 4615
15/12/2012 00:20 4872 15/12/2012 14:05 4791 &Y 16/12/201203:50 4.617
15/12/2012 00:35 4.871 15/12/2012 14:20 &786° | 16/12/201204:05 4.612
15/12/2012 00:50 4874 15/12/201214:35 | &2 4777 16/12/2012 04:20 4613
15/12/201201:05 4.878 15/12/2012 14:5Q 3" 4.767 16/12/2012 04:35 4612
15/12/2012 01:20 4876 15/12/2012 1505,y 4.753 16/12/2012 04:50 4611
15/12/201201:35 4.879 15/12/201 250580 4742 16/12/2012 05:05 4.613
15/12/2012 01:50 4.879 15/12/287445:35 4731 16/12/2012 05:20 4615
15/12/2012 02:05 4.886 15/1072602 15:50 4721 16/12/2012 05:35 4612
15/12/2012 02:20 4.885 15/k3/2012 16:05 4712 16/12/2012 05:50 4,607
15/12/2012 02:35 4,887 49712/201216:20 4,705 16/12/2012 06:05 4.608
15/12/2012 02:50 4.891 O715/12/2012 16:35 4,692 16/12/2012 06:20 4613
15/12/2012 03:05 4.896 15/12/2012 16:50 4.685 16/12/2012 06:35 4611
15/12/2012 03:20 4.896 15/12/2012 17:05 4.676 16/12/2012 06:50 4.607
15/12/2012 03:35 4.899 15/12/2012 17:20 4.670 16/12/2012 07:05 4.608
15/12/2012 03:50 4.899 15/12/2012 17:35 4.666 16/12/2012 07:20 4.606
15/12/2012 04:05 4.907 15/12/2012 17:50 4.660 16/12/2012 07:35 4.608
15/12/2012 04:20 4.909 15/12/2012 18:05 4652 16/12/2012 07:50 4.600
15/12/2012 04:35 4.909 15/12/2012 18:20 4.652 16/12/2012 08:05 4,602
15/12/2012 04:50 4910 15/12/2012 18:35 4.649 16/12/2012 08:20 4.597
15/12/2012 05:05 4912 15/12/2012 18:50 4,647 16/12/2012 08:35 4.593
15/12/2012 05:20 4914 15/12/2012 19:05 4.640 16/12/2012 08:50 4.591
15/12/2012 05:35 4914 15/12/2012 19:20 4.637 16/12/2012 09:05 4.585
15/12/2012 05:50 4922 15/12/2012 19:35 4,632 16/12/2012 09:20 4.587
15/12/2012 06:05 4925 15/12/2012 19:50 4.630 16/12/2012 09:35 4.584
15/12/2012 06:20 4922 15/12/2012 20:05 4,626 16/12/2012 09:50 4.584
15/12/2012 06:35 4.927 15/12/2012 20:20 4.628 16/12/2012 10:05 4.581
15/12/2012 06:50 4.925 15/12/2012 20:35 4.622 16/12/2012 10:20 4.584
15/12/201207:05 4.925 15/12/2012 20:50 4.624 16/12/2012 10:35 4.579
15/12/2012 07:20 4.927 15/12/2012 21:05 4.619 16/12/2012 10:50 4.581
15/12/2012 07:35 4924 15/12/2012 21:20 4.614 16/12/2012 11:05 4.581
15/12/2012 07:50 4926 15/12/2012 21:35 4612 16/12/201211:20 4.579
15/12/2012 08:05 4926 15/12/2012 21:50 4.610 16/12/2012 11:35 4.574
15/12/2012 08:20 4.927 15/12/2012 22:05 4.611 16/12/2012 11:50 4.568
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Hydro Environmental Services P1211

Date / time WL (mbdl} Date / time WL (mbdl) Date / time WL (mbdl)
16/12/2012 12:05 4,561
16/12/2012 12:20 4.558
16/12/201212:35 4.550
16/12/2012 12:50 4.541
16/12/2012 13:05 4.527
16/12/2012 13:20 4516
16/12/2012 13:35 4.503
16/12/2012 13:50 4.473
16/12/2012 14:05 4.444
16/12/2012 14:20 4.412
16/12/2012 14:35 4.364
16/12/2012 14:50 4.333
16/12/2012 15:05 4.308
16/12/201215:20 4.284
16/12/201215:35 4.268
16/12/201215:50 4.250
16/12/201216:05 4.238
16/12/2012 16:20 4.221
16/12/2012 16:35 4.212
16/12/2012 16:50 4.198
16/12/2012 17:05 4191 o
16/12/2012 17:20 4.185 7
16/12/201217:35 4.189 N
16/12/2012 17:50 4.183 O E
16/12/2012 18:05 4173 S
16/12/2012 18:20 4.167 S
16/12/201218:35 4.154 %Y
16/12/2012 18:50 4.137 N
16/12/2012 19:05 4124 RN
16/12/201219:20 4.104 LS
16/12/2012 19:35 4.087 &
16/12/201219:50 4.073 B
16/12/2012 20:05 4.057 S
16/12/2012 20:20 4.048
16/12/2012 20:35 4,035
16/12/2012 20:50 4.029
16/12/2012 21:05 4.022
16/12/2012 21:20 4014
16/12/2012 21:35 4011
16/12/2012 21:50 4.008
16/12/2012 22:05 4.006
16/12/2012 22:20 4010
16/12/2012 22:35 4,007
16/12/2012 22:50 4.012
16/12/2012 23:05 4016
16/12/2012 23:20 4.025
16/12/2012 23:35 4.029
16/12/2012 23:50 4.039
17/12/2012 00:05 4.044
Appendix Il MWO07 Water level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services

P1211

Date / time WL {mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
11/12/2012 08:00 7.580 11/12/2012 21:45 7.735 12/12/2012 11:30 7.849
11/12/2012 08:15 7.585 11/12/2012 22:00 7.737 12/12/2012 11:45 7.853
11/12/2012 08:30 7.588 11/12/2012 22:15 7.739 12/12/2012 12:00 7.857
11/12/2012 08:45 7.591 11/12/2012 22:30 7.741 12/12/2012 12:15 7.862
11/12/2012 09:00 7.595 11/12/2012 22:45 7.742 12/12/2012 12:30 7.847
11/12/2012 09:15 7.599 11/12/2012 23:00 7.744 12/12/2012 12:45 7.872
11/12/2012 09:30 7.603 11/12/2012 23:15 7.745 12/12/2012 13:00 7.875
11/12/2012 09:45 7.608 11/12/2012 23:30 7.748 12/12/2012 13:15 7.878
11/12/2012 10:00 7.612 11/12/2012 23:45 7.751 12/12/2012 13:30 7.883
11/12/2012 10:15 7.617 12/12/2012 00:00 7.753 12/12/2012 13:45 7.887
11/12/2012 10:30 7.619 12/12/2012 00:15 7.753 12/12/2012 14:00 7.890
11/12/2012 10:45 7.623 12/12/2012 00:30 7.755 12/12/2012 14:15 7.892
11/12/2012 11:00 7.625 12/12/2012 00:45 7.758 12/12/2012 14:30 7.892
11/12/2012 11:15 7.629 12/12/2012 01:00 7.759 12/12/2012 14:45 7.894
11/12/2012 11:30 7.632 12/12/201201:15 7.762 12/12/2012 15:00 7.898
11/12/2012 11:45 7.637 12/12/2012 01:30 7.765 12/12/2012 15:15 7.901
11/12/2012 12:00 7.640 12/12/2012 01:45 7.768 12/12/2012 15:30 7.904
11/12/2012 12:15 7.644 12/12/2012 02:00 7.770 12/12/2012 15:45 7.906
11/12/2012 12:30 7.646 12/12/2012 02:15 7.771 12/12/2012 16:00 7.907
11/12/2012 12:45 7.648 12/12/2012 02:30 7.772 12/12/2012 16:15 7910
11/12/2012 13:00 7.650 12/12/2012 02:45 7.773 12/12/3012 16:30 7913
11/12/2012 13:15 7.651 12/12/2012 03:00 7.774 12/1272012 16:45 7918
11/12/2012 13:30 7.654 12/12/2012 03:15 7.776 §Y12/201217:00 7918
11/12/2012 13:45 7.655 12/12/2012 03:30 7.777 & $12/12/201217:15 7.921
11/12/2012 14:00 7.656 12/12/2012 03:45 7787 5| 12/12/201217:30 7.922
11/12/2012 14:15 7.657 12/12/2012 04:00 e 12/12/2012 17:45 7.921
11/12/2012 14:30 7.658 12/12/2012 04:15 | QR778 12/12/2012 18:00 7924
11/12/2012 14:45 7.658 12/12/2012 04:30p” < 7.779 12/12/2012 18:15 7.925
11/12/2012 15:00 7.658 12/12/2012 04855 7.779 12/12/2012 18:30 7.928
11/12/2012 15:15 7.661 12/12/201 505D 7.780 12/12/2012 18:45 7.931
11/12/2012 15:30 7.665 12/12/201385:15 7.781 12/12/2012 19:00 7.935
11/12/2012 15:45 7.669 12/12/26Y2 05:30 7.782 12/12/2012 19:15 7.939
11/12/2012 16:00 7.672 12/39/2012 05:45 7.783 12/12/2012 19:30 7.942
11/12/2012 16:15 7.676 12/12/2012 06:00 7.784 12/12/2012 19:45 7.944
11/12/2012 16:30 7.679 12/12/2012 06:15 7.787 12/12/2012 20:00 7.947
11/12/2012 16:45 7.684 12/12/2012 06:30 7.788 12/12/2012 20:15 7.950
11/12/2012 17:00 7.488 12/12/2012 06:45 7.789 12/12/2012 20:30 7954
11/12/2012 17:15 7.692 12/12/2012 07:00 7.791 12/12/2012 20:45 7.954
11/12/2012 17:30 7.695 12/12/2012 07:15 7.793 12/12/2012 21:00 7.958
11/12/2012 17:45 7.697 12/12/2012 07:30 7.795 12/12/2012 21:15 7.961
11/12/2012 18:00 7.699 12/12/2012 07:45 7.797 12/12/2012 21:30 7.963
11/12/2012 18:15 7.701 12/12/2012 08:00 7.801 12/12/2012 21:45 7.967
11/12/2012 18:30 7.703 12/12/2012 08:15 7.802 12/12/2012 22:00 7.970
11/12/2012 18:45 7.704 12/12/2012 08:30 7.806 12/12/2012 22:15 7.972
11/12/2012 19:00 7.706 12/12/2012 08:45 7.809 12/12/2012 22:30 7.975
11/12/2012 19:15 7.706 12/12/2012 09:00 7811 12/12/2012 22:45 7976
11/12/2012 19:30 7.708 12/12/2012 09:15 7812 12/12/2012 23:00 7.979
11/12/2012 19:45 7711 12/12/2012 09:30 7816 12/12/2012 23:15 7.983
11/12/2012 20:00 7716 12/12/2012 09:45 7.819 12/12/2012 23:30 7.985
11/12/2012 20:15 7718 12/12/2012 10:00 7.822 12/12/2012 23:45 7.989
11/12/2012 20:30 7.721 12/12/2012 10:15 7.827 13/12/2012 00:00 7.991
11/12/2012 20:45 7.727 12/12/201210:30 7.832 13/12/2012 00:15 7.995
11/12/2012 21:00 7.728 12/12/2012 10:45 7.838 13/12/2012 00:30 7.997
11/12/2012 21:15 7.731 12/12/2012 11:00 7.841 13/12/2012 00:45 7.999
11/12/2012 21:30 7.732 12/12/2012 11:15 7.845 13/12/2012 01:00 8.002

Appendix Il MWO08 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services P1211

Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
13/12/201201:15 8.004 13/12/2012 15:00 8.168 14/12/2012 04:45 8.166
13/12/201201:30 8.007 13/12/2012 15:15 8.171 14/12/2012 05:00 8.163
13/12/2012 01:45 8.010 13/12/201215:30 8.173 14/12/2012 05:15 8.159
13/12/2012 02:00 8.012 13/12/2012 15:45 8.176 14/12/2012 05:30 8.156
13/12/2012 02:15 8.015 13/12/2012 16:00 8.179 14/12/2012 05:45 8.152
13/12/2012 02:30 8.016 13/12/2012 16:15 8.181 14/12/2012 06:00 8.148
13/12/2012 02:45 8.018 13/12/2012 16:30 8.183 14/12/2012 06:15 8.144
13/12/2012 03:00 8.021 13/12/2012 16:45 8.186 14/12/2012 06:30 8.138
13/12/2012 03:15 8.023 13/12/2012 17:00 8.187 14/12/2012 06:45 8.131
13/12/2012 03:30 8.024 13/12/201217:15 8.190 14/12/2012 07:00 8.125
13/12/2012 03:45 8.026 13/12/201217:30 8.191 14/12/2012 07:15 8.121
13/12/2012 04:00 8.028 13/12/2012 17:45 8.192 14/12/2012 07:30 8.118
13/12/2012 04:15 8.028 13/12/201218:00 8.194 14/12/2012 07:45 8.114
13/12/2012 04:30 8.030 13/12/201218:15 8.195 14/12/2012 08:00 8.11
13/12/2012 04:45 8.032 13/12/2012 18:30 8.194 14/12/2012 08:15 8.108
13/12/2012 05:00 8.032 13/12/2012 18:45 8.194 14/12/2012 08:30 8.106
13/12/201205:15 8.034 13/12/2012 19:00 8.193 14/12/2012 08:45 8.104
13/12/2012 05:30 8.035 13/12/201219:15 8.193 14/12/2012 09:00 8.103
13/12/2012 05:45 8.037 13/12/2012 19:30 8.195 14/12/2012 09:15 8.100
13/12/2012 06:00 8.039 13/12/2012 19:45 8.195 14/12/2012 09:30 8.099
13/12/2012 06:15 8.040 13/12/2012 20:00 8.196 14/12/2012 09:45 8.098
13/12/2012 06:30 8.041 13/12/2012 20:15 8.197 14/19/2012 10:00 8.097
13/12/2012 06:45 8.044 13/12/2012 20:30 8.198 @%2/201 210:15 8.095
13/12/2012 07:00 8.046 13/12/2012 20:45 8.200{@‘\; @l 4/12/201210:30 8.094
13/12/2012 07:15 8.047 13/12/2012 21:00 8.2@5\0 14/12/2012 10:45 8.090
13/12/2012 07:30 8.049 13/12/2012 21:15 @g\@"’ 14/12/2012 11:00 8.094
13/12/2012 07:45 8.051 13/12/201221:30 | OQVA&%S 14/12/2012 11:15 8.093
13/12/2012 08:00 8.054 13/12/2012 21:454p &&\"8.206 14/12/2012 11:30 8.095
13/12/2012 08:15 8.053 13/12/2012 Zg\ﬁfN\ 8.208 14/12/2012 11:45 8.089
13/12/2012 08:30 8.056 13/1 2/2011?55&) 8.209 14/12/201212:00 8.092
13/12/2012 08:45 8.060 13/1 2/201(&?5:30 8.211 14/12/201212:15 8.112
13/12/2012 09:00 8.063 13/1 2/33‘?2 22:45 8.213 14/12/201212:30 8.044
13/12/2012 09:15 8.065 13/(19?201 2 23:00 8.214 14/12/2012 12:45 8.057
13/12/2012 09:30 8.070 13/12/2012 23:15 8.217 14/12/2012 13:00 8.059
13/12/2012 09:45 8.077 13/12/2012 23:30 8.219 14/12/201213:15 8.048
13/12/2012 10:00 8.083 13/12/2012 23:45 8.221 14/12/201213:30 8.070
13/12/201210:15 8.090 14/12/2012 00:00 8.224 14/12/2012 13:45 8.054
13/12/201210:30 8.095 14/12/2012 00:15 8.228 14/12/2012 14:00 8.138
13/12/2012 10:45 8.099 14/12/2012 00:30 8.229 14/12/2012 14:15 8.103
13/12/2012 11:00 8.104 14/12/2012 00:45 8.231 14/12/2012 14:30 8.1
13/12/201211:15 8.108 14/12/2012 01:00 8.233 14/12/2012 14:45 8.111
13/12/2012 11:30 8.11 14/12/201201:15 8233 14/12/2012 15:00 8.111
13/12/201211:45 8.116 14/12/2012 01:30 8.233 14/12/2012 15:15 8.112
13/12/201212:00 8.120 14/12/2012 01:45 8.230 14/12/201215:30 8.112
13/12/201212:15 8.124 14/12/2012 02:00 8.225 14/12/2012 15:45 8.113
13/12/201212:30 8.129 14/12/2012 02:15 8.219 14/12/201216:00 8.115
13/12/2012 12:45 8.133 14/12/2012 02:30 8210 14/12/2012 16:15 8.116
13/12/201213:00 8.138 14/12/2012 02:45 8.199 14/12/2012 16:30 8.118
13/12/201213:15 8.142 14/12/2012 03:00 8.191 14/12/2012 16:45 8.120
13/12/201213:30 8.145 14/12/2012 03:15 8.186 14/12/201217:00 8.123
13/12/2012 13:45 8.150 14/12/2012 03:30 8.182 14/12/201217:15 8.126
13/12/201214:00 8.153 14/12/2012 03:45 8.179 14/12/201217:30 8.126
13/12/201214:15 8.156 14/12/2012 04:00 8.177 14/12/2012 17:45 8.125
13/12/2012 14:30 8.159 14/12/2012 04:15 8.173 14/12/2012 18:00 8.123
13/12/2012 14:45 8.165 14/12/2012 04:30 8.149 14/12/201218:15 8.124

Appendix Il MWO08 Water Level Data

EPA Export 10-05-2019:03:42:12



Hydro Environmental Services

P1211

Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
14/12/2012 18:30 8.124 15/12/201208:15 8.147 15/12/2012 22:00 8.132
14/12/2012 18:45 8.123 15/12/2012 08:30 8.146 15/12/2012 22:15 8.131
14/12/2012 19:00 8.123 15/12/2012 08:45 8.143 15/12/2012 22:30 8.129
14/12/201219:15 8.123 15/12/2012 09:00 8.142 15/12/2012 22:45 8.130
14/12/201219:30 8.123 15/12/2012 09:15 8.142 15/12/2012 23:00 8.129
14/12/2012 19:45 8.124 15/12/2012 09:30 8.141 15/12/2012 23:15 8.128
14/12/2012 20:00 8.125 15/12/2012 09:45 8.139 15/12/2012 23:30 8.127
14/12/2012 20:15 8.125 15/12/2012 10:00 8.139 15/12/2012 23:45 8.129
14/12/2012 20:30 8.127 15/12/201210:15 8.140 16/12/2012 00:00 8.129
14/12/2012 20:45 8.128 15/12/201210:30 8.142 16/12/201200:15 8.130
14/12/2012 21:00 8.130 15/12/2012 10:45 8.145 16/12/2012 00:30 8.130
14/12/2012 21:15 8.131 15/12/2012 11:00 8.148 16/12/2012 00:45 8.130
14/12/2012 21:30 8.132 15/12/2012 11215 8.151 16/12/2012 01:00 8.130
14/12/2012 21:45 8.132 15/12/201211:30 8.154 16/12/2012 01:15 8.131
14/12/2012 22:00 8.133 15/12/201211:45 8.153 16/12/201201:30 8.131
14/12/2012 22:15 8.134 15/12/2012 12:00 8.155 16/12/2012 01:45 8.132
14/12/2012 22:30 8.135 15/12/201212:15 8.156 16/12/2012 02:00 8.132
14/12/2012 22:45 8.135 15/12/201212:30 8.159 16/12/201202:15 8.133
14/12/2012 23:00 8.137 15/12/2012 12:45 8.161 16/12/2012 02:30 8.134
14/12/2012 23:15 8.139 15/12/2012 13:00 8.163 16/12/2012 02:45 8.133
14/12/2012 23:30 8.140 15/12/2012 13:15 8.164 16/12/2012 03:00 8.133
14/12/2012 23:45 8.142 15/12/2012 13:30 8.164 16/;\2}5012 03:15 8.133
15/12/2012 00:00 8.143 15/12/2012 13:45 8.162 1&?‘1’2/201 203:30 8.133
15/12/2012 00:15 8.146 15/12/2012 14:00 8.140 (@; 2@6/12/2012 03:45 8.133
15/12/2012 00:30 8.147 15/12/2012 14:15 8.1(@7;\\0 16/12/2012 04:00 8.134
15/12/2012 00:45 8.149 15/12/2012 14:30 \&YA@S“‘ 16/12/2012 04:15 8.133
15/12/2012 01:00 8.151 15/12/201214:45 | GQQA&%\O 16/12/2012 04:30 8.133
15/12/201201:15 8.153 15/12/2012 15:00 d’}\é\v&I 62 16/12/2012 04:45 8.133
15/12/2012 01:30 8.158 15/12/2012 1§'\‘(~\<\V 8.143 16/12/2012 05:00 8.134
15/12/2012 01:45 8.161 15/12/201&%@{} ) 8.164 16/12/2012 05:15 8.133
15/12/2012 02:00 8.162 15/12/20]%@’:45 8.165 16/12/2012 05:30 8.133
15/12/2012 02:15 8.162 15/12/;@?*2 16:00 8.165 16/12/2012 05:45 8.131
15/12/2012 02:30 8.164 15/(112§‘5012 16:15 8.166 16/12/2012 06:00 8.128
15/12/2012 02:45 8.164 15/12/2012 16:30 8.166 16/12/2012 06:15 8.128
15/12/2012 03:00 8.165 15/12/2012 16:45 8.165 16/12/2012 06:30 8.126
15/12/2012 03:15 8.167 15/12/201217:00 8.165 16/12/2012 06:45 8.125
15/12/2012 03:30 8.168 15/12/201217:15 8.165 16/12/2012 07:00 8.125
15/12/2012 03:45 8.169 15/12/201217:30 8.164 16/12/201207:15 8.124
15/12/2012 04:00 8.169 15/12/2012 17:45 8.162 16/12/2012 07:30 8.123
15/12/2012 04:15 8.168 15/12/2012 18:00 8.160 16/12/2012 07:45 8.121
15/12/2012 04:30 8.148 15/12/2012 18:15 8.156 16/12/2012 08:00 8.118
15/12/2012 04:45 8.169 15/12/2012 18:30 8.155 16/12/201208:15 8.17
15/12/2012 05:00 8.168 15/12/2012 18:45 8.154 16/12/2012 08:30 8.116
15/12/2012 05:15 8.169 15/12/2012 19:00 8.152 16/12/2012 08:45 8.114
15/12/2012 05:30 8.167 15/12/2012 19:15 8.150 16/12/2012 09:00 8.112
15/12/2012 05:45 8.167 15/12/2012 19:30 8.147 16/12/2012 09:15 8.1
15/12/2012 06:00 8.164 15/12/2012 19:45 8.142 16/12/2012 09:30 8.111
15/12/2012 06:15 8.160 15/12/2012 20:00 8.140 16/12/2012 09:45 8.113
15/12/2012 04:30 8.158 15/12/2012 20:15 8.138 16/12/2012 10:00 8.112
15/12/2012 06:45 8.156 15/12/2012 20:30 8.136 16/12/201210:15 8.112
15/12/2012 07:00 8.155 15/12/2012 20:45 8.135 16/12/2012 10:30 8.111
15/12/2012 07:15 8.153 15/12/2012 21:00 8.135 16/12/2012 10:45 8.110
15/12/2012 07:30 8.152 15/12/2012 21:15 8.134 16/12/2012 11:00 8.1
15/12/201207:45 8.150 15/12/2012 21:30 8.134 16/12/201211:15 8.110
15/12/2012 08:00 8.150 15/12/2012 21:45 8.132 16/12/201211:30 8.106

Appendix Il

MWO08 Water Level Data

EPA Export 10-05-2019:03:42:13



Hydro Environmental Services P1211

Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL (mbdl)
16/12/2012 11:45 8.101
16/12/2012 12:00 8.097
16/12/201212:15 8.097
16/12/2012 12:30 8.097
16/12/2012 12:45 8.093
16/12/2012 13:00 8.089
16/12/2012 13:15 8.086
16/12/2012 13:30 8.085
16/12/2012 13:45 8.083
16/12/2012 14:00 8.081
16/12/2012 14:15 8.078
16/12/2012 14:30 8.074
16/12/2012 14:45 8.075
16/12/2012 15:00 8.073
16/12/2012 15:15 8.069
16/12/2012 15:30 8.068
16/12/2012 15:45 8.044
16/12/2012 16:00 8.063
16/12/2012 1615 8.062
16/12/2012 16:30 8.061
16/12/2012 16:45 8.061 N
16/12/2012 17:00 8.059 N
16/12/2012 17:15 8.058 &
16/12/2012 17:30 8.058 NES
16/12/2012 17:45 8.057 B
16/12/2012 18:00 8.050 L
16/12/2012 18:15 8.040 &, <
16/12/2012 18:30 8.031 S
16/12/2012 18:45 8.027 e
16/12/2012 19:00 8.021 L
16/12/2012 19:15 8.016 £
16/12/2012 19:30 8.010 &
16/12/2012 19:45 8.006 S
16/12/2012 20:00 8.002
16/12/2012 20:15 7.997
16/12/2012 20:30 7.993
16/12/2012 20:45 7.992
16/12/2012 21:00 7.987
16/12/201221:15 7.983
16/12/2012 21:30 7.978
16/12/2012 21:45 7.975
16/12/2012 22:00 7.970
16/12/2012 22:15 7.968
16/12/2012 22:30 7.964
16/12/2012 22:45 7.962
16/12/2012 23:00 7.958
16/12/2012 23:15 7.956
16/12/2012 23:30 7.953
16/12/2012 23:45 7.951
17/12/2012 00:00 7.949
Appendix I MWO08 Water Level Data

EPA Export 10-05-2019:03:42:13



Hydro Environmental Services P1211
Date / time WL (mbdl) Date / time WL (mbdl) Date / time WL {mibodl)
13/12/201201:15 8.946 13/12/2012 15:00 9.001 14/12/2012 04:45 9,051
13/12/201201:30 8.946 13/12/2012 15:15 9.001 14/12/2012 05:00 9,056
13/12/201201:45 8.951 13/12/2012 15:30 9.006 14/12/201205:15 9,055
13/12/2012 02:00 8.949 13/12/2012 15:45 9.009  |14/12/201205:30 9.057
13/12/201202:15 8.950 13/12/2012 16:00 9010  |14/12/201205:45 9.058
13/12/2012 02:30 8.950 13/12/2012 16:15 9.007 14/12/2012 06:00 9055
13/12/2012 02:45 8.955 13/12/2012 16:30 9.007 14/12/2012 06:15 9,061
13/12/2012 03:00 8.957 13/12/2012 16:45 9.006  |14/12/201206:30 9,058
13/12/201203:15 8.955 13/12/2012 17:00 9.007 14/12/2012 06:45 9,062
13/12/2012 03:30 8.958 13/12/2012 17:15 9.006 14/12/2012 07:00 9,063
13/12/2012 03:45 8.958 13/12/2012 17:30 9.007 14/12/201207:15 9,066
13/12/2012 04:00 8.956 13/12/2012 17:45 9004  [14/12/201207:30 9.067
13/12/201204:15 8.961 13/12/2012 18:00 9010  |14/12/201207:45 9.067
13/12/2012 04:30 8.956 13/12/2012 18:15 9.017 14/12/2012 08:00 9,072
13/12/2012 04:45 8.960 13/12/2012 18:30 9.019 14/12/201208:15 9.076
13/12/2012 05:00 8.960 13/12/2012 18:45 9022  [14/12/201208:30 9,079
13/12/2012 05:15 8.959 13/12/2012 19:00 9.025 14/12/2012 08:45 9,08l
13/12/2012 05:30 8.963 13/12/201219:15 9.024  [14/12/201209:00 9,083
13/12/2012 05:45 8.968 13/12/2012 19:30 9,030  |14/12/201209:15 9.087
13/12/2012 06:00 8.969 13/12/2012 19:45 9,031 14/12/2012 09:30 9.086
13/12/2012 06:15 8.969 13/12/2012 20:00 9.030  |14/12/201209:45 9.092
13/12/2012 06:30 8.969 13/12/2012 20:15 9.033  [14/1§/201210:00 9.094
13/12/2012 06:45 8.972 13/12/2012 20:30 9.034  [4812/201210:15 9.094
13/12/2012 07:00 8.977 13/12/2012 20:45 9.089" | 14/12/2012 10:30 9.094
13/12/201207:15 8.979 13/12/2012 21:00 S029  [14/12/201210:45 9.093
13/12/2012 07:30 8.977 13/12/201221:15 | 829 14/12/2012 11:00 9.093
13/12/2012 07:45 8.980 13/12/201221:30  §°&°9.029 14/12/201211:15 9.099
13/12/2012 08:00 8.978 13/12/2012 21:48%° P 9.035 14/12/201211:30 9.099
13/12/2012 08:15 8.980 13/12/2012 2280.° 9.036  [14/12/201211:45 9.101
13/12/2012 08:30 8.983 13/12/204922:¥8 9,037 14/12/2012 12:00 9.091
13/12/2012 08:45 8.987 13/12/20) 2522:30 9.036 14/12/201212:15 9.097
13/12/2012 09:00 8.988 13/12/8012 22:45 9.035 14/12/201212:30 9.090
13/12/2012 09:15 8.990 134572012 23:00 9.038  |14/12/201212:45 9.075
13/12/2012 09:30 8.994 13712/2012 23:15 9.038 14/12/2012 13:00 9,075
13/12/2012 09:45 8.993 13/12/2012 23:30 9.039 14/12/201213:15 9,073
13/12/2012 10:00 8.992 13/12/2012 23:45 9.042  [14/12/201213:30 9.076
13/12/201210:15 8.995 14/12/2012 00:00 9.041 14/12/2012 13:45 9.070
13/12/2012 10:30 8.997 14/12/2012 00:15 9.044 14/12/2012 14:00 9.197
13/12/2012 10:45 8.998 14/12/2012 00:30 9.044  |14/12/201214:15 9.150
13/12/201211:00 8.999 14/12/2012 00:45 9.046  |14/12/201214:30 9.113
13/12/201211:15 9.005 14/12/2012 01:00 9,046 14/12/2012 14:45 9.112
13/12/2012 11:30 9.000 14/12/201201:15 9.044  [14/12/201215:00 9.118
13/12/2012 11:45 9.002 14/12/201201:30 9.048  |14/12/201215:15 9.109
13/12/2012 12:00 9.007 14/12/2012 01:45 9.044  |14/12/201215:30 9115
13/12/201212:15 8.994 14/12/2012 02:00 9044  |14/12/201215:45 9.119
13/12/2012 12:30 8.994 14/12/201202:15 9.043 14/12/2012 16:00 9.114
13/12/2012 12:45 8.999 14/12/2012 02:30 9.046 14/12/201216:15 9118
13/12/2012 13:00 8.997 14/12/2012 02:45 9.047 14/12/201216:30 9.120
13/12/201213:15 8.999 14/12/2012 03:00 9,046 14/12/2012 16:45 9.122
13/12/201213:30 9.000 14/12/201203:15 9050  |14/12/201217:00 9,122
13/12/2012 13:45 9.004 14/12/2012 03:30 9.051 14/12/201217:15 9.128
13/12/2012 14:00 9.003 14/12/2012 03:45 9.052 14/12/201217:30 9.131
13/12/201214:15 9.003 14/12/2012 04:00 9053  |14/12/201217:45 9.134
13/12/2012 14:30 9,002 14/12/2012 04:15 9,055 14/12/2012 18:00 9.135
13/12/2012 14:45 9.004 14/12/2012 04:30 9.050 14/12/2012 18:15 9135
Appendix Il MW10 Water Level Data
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Gas monitoring resuits

Contract: Landfill Restoration Test carried out by: trish Drilling Ltd.
Location: Newcastle West Operators: DF
Client: Limerick Co. Council Date installed:
Engineer: Tobin Date: 07/01/2013
Well/borehole BH 1 BH 2 BH 3 BH 9 BH 10 BH 10
Date: 03/12/2012  03/12/2012 03/12/2012 04/12/2012  06/12/2012
Methane (CH4), % 58.8 40.6 38.5
Carbon dioxide (C02), % 33.10 24.00 12.70
Oxygen (02), % 0.0 0.3 1.7
Atmospheric pressure, mb 1000 1000 1001
Hex, % 0.66 0.54 0.52
HydrogenSulphide(H2S),ppm -10.00 0.00 -10.00
CarbonMonoxide(CO),ppm 0.00 -1.00 11.00
Water Level (m) 7.60 7.80
Well/borehole BH 1 BH2 BH 3 BH 9 BH 10
Date: 04/12/2012  04/12/2012  04/12/2012
Methane (CH4), % §59.7 56.6 40.7
Carbon dioxide (C02), % 33.50 28.20 12.60
Oxygen (02), % 0.0 0.5 1.0
Atmospheric pressure, mb 999 999 998
Hex, % 0.66 0.65 0.53
HydrogenSulphide(H2S),ppm -10.00 -10.00 -10.00 &
CarbonMonoxide(CO),ppm 1.00 -1.00 8.00 éo
Water Level (m) O"@
Y @
Well/borehole BH 1 BH 2 BH 3* BHO.G BH 10
Date: 05/12/2012  05/12/2012  05/12/2012 \Qo‘?’\\é’
Methane (CH4), % 58.7 62.8 NA Y
Carbon dioxide (C02), % 34.70 29.60 N/A ;\300 S
Oxygen (02), % -0.7 -0.6 §
Atmospheric pressure, mb 1011 1010 \\?l(&‘\\
Hex, % 0.65 0.67 QO@\T/A
HydrogenSulphide(H2S),ppm -10.00 -10.00 6\(’ N/A
CarbonMonoxide(CO),ppm 0.00 0.00 & N/A
Water Level (m) OOQ
* Remarks: Gas tap open on inspection.
Well/borehole BH 1 BH 2 BH 3 BH 9 BH 10
Date: 06/12/2012  06/12/2012 06/12/2012
Methane (CH4), % 55.7 63.6 11.1
Carbon dioxide (C02), % 34,10 29.50 11.40
Oxygen (02), % 0.0 0.0 7.8
Atmospheric pressure, mb 999 998 998
Hex, % 0.64 0.69 0.28
HydrogenSulphide(H2S),ppm 0.00 0.00 0.00
CarbonMonoxide(CO),ppm -1.00 1.00 77.00

Water Level (m)
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Well/borehole BH 1 BH 2 BH 3 BH9 BH 10
Date: 07/12/2012  07/12/2012  07/12/2012
Methane (CH4), % 55.9 56.4 16.7
Carbon dioxide (C02), % 31.80 26.20 12.40
Oxygen (02), % 0.0 1.3 5.3
Atmospheric pressure, mb 1008 1008 1009
Hex, % 0.64 0.64 0.34
HydrogenSulphide(H2S),ppm -10.00 -10.00 0.00
CarbonMonoxide(CO),ppm 0.00 0.00 72.00
Water Level (m)

Well/borehole BH 1 BH 2 BH 3 BH 9 BH 10
Date: 10/12/2012  10/12/2012  10/12/2012
Methane (CH4), % 52.6 60.4 26.8
Carbon dioxide (C02), % 30.60 31.20 12.30
Oxygen (02}, % 0.0 0.2 1.7
Atmospheric pressure, mb 1019 1019 1019
Hex, % ° 0.53 0.67 0.43
HydrogenSulphide(H2S),ppm -10.00 -10.00 -10.00
CarbonMonoxide(CO),ppm 0.00 -1.00 36.00
Water Level (m)

Well/borehole BH 1 BH 2 BH3 BH9 BH 10
Date: 11/12/2012  11/12/2012  11/12/2012
Methane (CH4), % 49.8 61.5 29.7
Carbon dioxide (C02), % 32.80 - 30.70 12.70
Oxygen (02), % 0.0 0.0 0.7 &
Atmospheric pressure, mb 1019 1019 1019 ®é
Hex, % 0.60 0.67 0.45 3 8
HydrogenSulphide(H2S),ppm -10.00 -10.00 -10.00 QQ\O\'§
CarbonMonoxide(CO),ppm 0.00 -1.00 29.00 OOY%QS\
Water Level (m) &Q \)\\

N
O &

Well/borehole BH 1* BH 2 BH®” & BH9 BH 10
Date: 1712/2012  17112/12012 1744 2 17112/2012
Methane (CH4), % N/A 608 ¢S a8 0.0
Carbon dioxide (C02), % N/A 27.90 G’1.80 2.00
Oxygen (02), % N/A 00 «° o0 14.8
Atmospheric pressure, mb N/A 99% 990 990
Hex, % N/A \ 9 0.56 0.01
HydrogenSulphide(H2S),ppm N/A -10.00 -10.00 -10.00
CarbonManoxide(CO),ppm N/A 1.00 8.00 3.00
Water Level (m)
* Remarks: Gas tap open on inspection.
Notes: Gas levels are % gas and have not been converted to % L.E.L.

Tests carried out with G435 - Infra-red Gas Analyser
Water levels are recorded as depth to top of water from ground level.
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Appendix 5
Gas Monitoring Boreholes
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Historic Landfill Gas Monitoring Form

Facility Name: Churchtown

EPA REF: 55-02465

Facility Address:

Churchtown

Newcastle West

Date of Sampling: 14/03/13

Time of Sampling: 12:45

Instrument Used:
GFM Series

Date next full calibaration: 28/03/14

Last Field calibration: 19/04/13

Monitoring Personnel:

Weather: Overcast and %@emmﬂmq_«\ breeze

Barometric Pressure

Barry Murphy % > 1011 steady
i @
m.xmn m.:m.:mmq . 7% Mean Temperature
Limerick Co Council 2 \&,\\ 9 deg
4%,
B
xmmc_n%N Z .
CH, co, 0, [Diff.P |Flawfihr

; (mbar) % Ty
Sample Station Number : \o«\ohoBBmzﬁm
GW1 24.8 18.2 7.9 Nil Nil|ndithern borehole
GW2 38.2 26.2 0.2 Nil Nil <00
GW3 63.6 17.0 0.6 Nil Nil[southern borehole

General Comment: The differnetial pressure between atmospheric and borehole pressure was measured as nil at all three borehole locations.
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Historic Landfill Gas Monitoring Form

Facility Name: Churchtown

EPA REF: 55-02465

Facility Address:
Churchtown
Newcastle West

Date of Sampling: 24/05/13

Time of Sampling: 14:00

Instrument Used:
GFM Series

Date next full calibaration:28/03/14

Last Field calibration:19/04/13

Monitoring Personnel:

Weather: dry and m:::%&,@

Barometric Pressure

Barry Murphy @oﬁ 1014 steady
M””MM”M_MMM“::Q_ MM «m\@ Mean Temperature
O,W,,.\\\& 12 deg
xmmcwwwwé«\;
CH, co, 0, [Diff.P wl/hr
Sample Station Number (mbar) &«w\.\\m\&&vnoaq:m:am
GW1 357 230 1.3 Nil Nil|erthern borehole
GW2 43 42| 159 Nil Nil|
GwW3 72.8 0.4 16.4 Nil Nil|southern borehole

General Comment: The differnetial pressure between atmospheric and borehole pressure was measured as nil at all three borehole locations.

The methane concentrations at GW3 are very high.
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Historic Landfill Gas Monitoring Form

Facility Name: Churchtown

EPA REF: $5-02465

Facility Address:
Churchtown
Newcastle West

Date of Sampling: 04/06/13

Time of Sampling: 14:30

Instrument Used:
GFM Series

Date next full calibaration:28/03/14

Last Field calibration: 19/04/13

Monitoring Personnel:

Weather: Warm, dry m%mvw:::,\

Barometric Pressure

Barry Murphy @oxmmu 1027 falling
m.xmn m.zm_:mmq ) 7% Mean Temperature
Limerick Co Council 0%, 20 deg

%

KW

xmm:m@o\&o
Sample Station Number CH, co, 0, Diff. P Comments
Gw1 26.4 9.3 3.6 &m,::m:, borehole
GW2 3.2 66| 129 Nil "o,
GW3 10.3 3.6 16.6 southern borehole

General Comment: The differnetial pressure between atmospheric and borehole pressure was measured as nil at all three borehole locations.
The methane concentrations at GW3 are very high.
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Historic Landfill Gas Monitoring Form

Facility Name: Churchtown

EPA REF: $5-02465

Churchtown

Facility Address:

Newcastle West

Date of Sampling: 25/06/13

Time of Sampling: 14:30

Instrument Used:
GFM Series

Date next full calibaration: 28/03/14

Last Field calibration: 19/04/13

Monitoring Personnel:

Weather: Dry, SW Em:aavé

Barometric Pressure

Barry Murphy % % 1030 rising
m.xmn m.sm_:mm_. . 7% Mean Temperature
Limerick Co Council 0%, 15 deg

R %

EZIES)
xmm:m&o@o
%2,

Sample Station Number CH, co, 0, Diff. P |Flow %, |Comments
GW1 304 229 2.1 Nill niffmorthern borehole
GW2 1.1 25 182 Nil Nil| %,
GW3 0.0 19.6 1.6 Nil Nil|southern borehole

General Comment: The differnetial pressure between atmospheric and borehole pressure was measured as nil at all three borehole locations.

The methane concentrations at GW3 are very high.
The methane concentrations at GW3 are very high at 73%, the previous reading taken on 25 June showed 0% methane.
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Historic Landfill Gas Monitoring Form

Facility Name: Churchtown

EPA REF: S5-02465

Facility Address:
Churchtown
Newcastle West

Date of Sampling: 05/07/13

Time of Sampling: 12:00

Instrument Used:
GFM Series

Date next full calibaration: 28/03/14

Last Field calibration: 19/04/13

Monitoring Personnel:

Weather: Warm dry and overcast

Barometric Pressure

Barry Murphy &,0 o 1028 falling
i 7
m.xmn m.:m.:mm_. . xoxﬁ Mean Temperature
Limerick Co Council %
B 19 deg
. %o
(o) AM\
xmmc_nwﬁ,o.\o&
%8,
Sample Station Number CH, €O, 0, Diff. P |Flows, %|Comments
)
- I
GW1 36.5 236 0.0 Nil z&%aﬁwms borehole
GW2 4.1 5.7 14.6 Nil Nill 9,
GW3 73.6| 169 0.6 Nil Nil [southerforehole
K@
O

General Comment: The differnetial pressure between atmospheric and borehole pressure was measured as nil at all three borehole locations.
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Historic Landfill Gas Monitoring Form

Facility Name: Churchtown

EPA REF: §5-02465

Facility Address:
Churchtown
Newcastle West

Date of Sampling: 29/08/13

Time of Sampling: 16:00

Instrument Used:
GFM Series

Date next full calibaration:

Last Field calibration:

Monitoring Personnel:

Weather: Warm dry and overcast

Barometric Pressure

Barry Murphy &,oé 1013 falling
m.xmn m.:m_:mm_. . QxO\\ Mean Temperature
Limerick Co Council @ 17 d
.A.&@\ . eg
DR
xmuc_n%x\\&o
Diff. P R@%&w
%,
Sample Station Number CH, €0, 0, (Pa) A_\:mvw\,wox%oaamim
) A
GW1 276 209 3.5 Nil Nilperthern borehole
GW2 238 4.7 15.5 Nil Nil| &
GW3 714 233 0.0 10 2.8|southerniprehole

O

since measurements began.

General Comment: A very small gas flow was detected in GW3. This is the first time that a differential pressure and flow was recorded at any borehole
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Historic Landfill Gas Monitoring Form

Facility Name: Churchtown

EPA REF: $5-02465

Facility Address:
Churchtown
Newcastle West

Date of Sampling: 27/09/13

Time of Sampling: 14:15

Instrument Used:
GFM Series

Date next full calibaration:28/03/14

Last Field calibration:19/04/13

Monitoring Personnel:

Weather: Warm dry and sunpy
7

Barometric Pressure
1004

Barry Murphy ,@
i ©
m.xmn m.:m_:mm_, . \mmv Mean Temperature
Limerick Co Council % 20 deg
AN
7,
&)
xmm:_nm,ﬁ,oQ&\
DIff. P [FIGw <,
i CH co 0 (Pa) (1/hef 04

Sample Station Number 4 2 2 : &w&WM:Em:G
GW1 32.9 23.0 2.0 0 0|rorthern borehole
GW2 3.1 52| 150 0 of ¥ 0,
GW3 710 230 0.0 17 3.5[southern %ﬁa_m

General Comment: A very small gas flow was detected in GW3. This flow was also detected during the previous survey carried out on 29 August 2013.
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Historic Landfill Gas Monitoring Form

Facility Name: Churchtown

EPA REF: S5-02465

Facility Address:

Churchtown

Newcastle West

Date of Sampling: 09/08/13

Time of Sampling: 15:00

Instrument Used:
GFM Series

Date next full calibaration: 28/03/14

Last Field calibration: 19/04/13

Monitoring Personnel:
Barry Murphy

Weather: Warm dry m:%@%mqnuma
7

8]

Barometric Pressure
1015 steady

A}
; @
m.xmn m.:n_:mmq . 7% Mean Temperature
Limerick Co Council % ,%o >, 18 deg
A
zmm:_ﬂm\o«@o
Sample Station Number CH, co, 0, Diff. P _“_Q@M\Qou Comments
GW1 286 212 33 Nil|  nilfporthern borehole
GW2 4.2 57 148 Nil Nil| o,
GW3 4.0 2.0 19.1 Nil Nil|southern borehole

General Comment: The differnetial pressure between atmospheric and borehole pressure was measured as nil at all three borehole locations.
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Appendix 6
VOC Surface Emissions and Flux Box
Survey Boreholes
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Executive Summary

Tobin Consulting engineers commissioned Odour Monitoring Ireland to perform a survey of
landfill gas surface emissions and a flux box survey at Churchtown Landfill Site, Newcastle
West, Co. Limerick.

During the surface emissions survey, the following tasks were performed on site:
o Identify geographically on a site map, the locations of landfill gas surface emissions,
e Perform a landfill gas flux box survey at the site.
e Provide a close out meeting with the management and to notify verbally of the main
conclusions of the survey.

Four zones of surface emissions were identified within the landfill site that exceeded
recommended levels. These zones are identified geographically on a site map contained in
Appendix | of this report.

Flux chamber monitoring was carried out at eight distinct locations within the landfill footprint.
The survey suggested that locations 1, 2 and 8 were in excess of the recommended guideline
surface emission flux levels for such locations.

Gas flow measurements were attempted on GW1, GW2 and GW3. However no adequate
measurement was recorded due to absence of sufficient differential pressure.
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1. Introduction

1.1. Background to work

Odour Monitoring Ireland were commissioned by the Tobin Consulting Engineers to perform
an Volatile organic compound (VOC) walkover surface emissions survey at Churchtown
Landfill Site in order to ascertain location of significant VOC emission points located within
the site. In addition a flux box survey was carried out at the site. This report presents a
summary of the findings of the site visit to Churchtown Landfill Site, Newcastle West, Co.
Limerick. The report is based on the scientific measurements and observations made
during a site visit conducted on the 08" May 2013.

1.2. Tasks completed during inspection
The following tasks were completed during the inspection:

e Capping source monitoring using continuous kinematic VOC/GPS system to detect
areas of potential landfill gas release/flux;

e Geo-referencing of detected landfill gas flux areas and plotting upon basemap for
visual interpretation and remediation; .

e Assessment of landfill gas flux utilising flux chambe%r(frgé?ﬁod;

e Discussion meeting with management once s y was complete in order to
communicate main surface emissions areas.&\\‘@

www.odourireland.com 1
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2. Techniques used

This section describes the techniques used throughout the study.

2.1. “Odour hog” monitoring within the landfill

The “Odour hog” VOC analyser is a portable, intrinsically safe, survey VOC dual monitor,
which provides fast and accurate readings of organic and inorganic vapours. A Photo
ionisation detector (PID) uses an Ultraviolet (UV) light source (photo) to ionise a gas sample
and detect its concentration. lonisation occurs when a molecule absorbs the high energy UV
light, ejecting a negatively charged electron and forming of positively charged molecular ion.
The gas becomes electrically charged. These charged particles produce a current that is
easily measured at the sensor electrodes. Only a small fraction of the VOC molecules are
ionised. A PID does not respond to methane. A FID is similar to a flame thermocouple
detector, but measures the ions from the flame instead of the heat generated. The FID
detects the methane fraction, which provides greater sensitivity in terms of methane leakage
detection but not necessarily odour hence why the PID data is also interpreted. Both sensors
were calibrated using NPL gravimetrically filled certified reference material isobutylene and
methane.

Using the continuous kinematic “Odour hog” with integrated GPS, the capping of the landfill
was surveyed for potential leakage areas. Those areas identified were geo-referenced and
highlighted for remediation. This technique is useful for comparison in leakage area within the
same landfill site on different surveys but is not for crosg>comparison of VOC leakage
between different landfills due to a number of factors inclugifig, mass flow of VOC on the day
of measurement, relative odourous nature of the&éjeﬁcted compounds within individual
facilities, etc. SO

In terms of surface emissions and based onq‘b@? international guidance, efforts should be
made to attain surface emissions <100 ?rom open surfaces and <500 ppmv around
features such as vertical wells, Ieacha@% ection sumps, leachate slope risers and other

protrusions into the waste body (Cas 2008).
oQ
6\0
2.2 Flux chamber survey a@é‘sample location selection

&

A dynamic surface emissions isolation flux chamber designed and operated in accordance
with Environment Agency guidelines (LFTGNO7) was utilised to perform flux emission
measurements for volatile organic compounds at pre-selected locations within the landfill. A
total of 8 locations were chosen. The flux chamber is used to isolate a known surface area for
emissions measurement. The flux chamber was operated in accordance LFTGN 07
guidelines. The concentration of the exhaust gas was measured at the chamber outlet for
VOCs with a FID.

The number of flux survey locations were chosen by the client Tobin Consulting Engineers.
The locations of the flux measurements were chosen by Odour Monitoring Ireland.

www.odourireland.com 2
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2.3. Meteorological conditions

Table 2.1 illustrates the predominant meteorological conditions throughout the monitoring
exercise. The meteorological conditions were characterised for the day of monitoring and
were as follows:

Table 2.1. Meteorological conditions during surface emissions survey.
08/05/2013

Average wind speed 4 m s Wind direction South Westerly

Start of survey - 1006 mbar
Finish of survey — 1006 mbar

Temperature 12 °C Capping moisture content high

Dry weather

During the surface emissions survey and gas field survey, wind direction deviated from the
south. Capping moisture content was high, moisture has the effect of causing retention of
landfill gas in the landfill cover material. Water has the effect of increasing the gas retention in
the cell because cover material porosity is decreased and therefore the surface emissions of
gas are restricted somewhat from the landfill cap.

www.odourireland.com 3
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3. Results

3.1 Volatile organic compound surface emissions locations identified within
Churchtown landfill site

Figure 6.1 and Table 3.1 illustrates the results obtained for the capping surface emissions

survey. A total of 5 individual surface emissions zones were identified. Each surface
emissions zone is discussed separately.
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Table 3.1. Capping VOC surface emissions locations results with source identities correlating with Figure 6.1 (see Appendix |).

Location Easting Northing Max VOC conc. Identification and Mitigation Reco’.“”f‘e”ded
(m) (m) (ppm) limits
<500 ppmv (Not
C1 127385 134567 62 Discrete Feature: Open area and Vertical Borehole over trigger
level)
Cc2 127496 134645 684 Discrete Feature: Vertical Borehole (GW1). Only at the top of the borehole. <500 ppmv
C3 127535 134618 129 Discrete Location: Area in field beside Sheehan's <100 ppmv
C4 127534 134583 634 Discrete Location: Area in McCoy's garden. <100 ppmv
C5 127517 134540 4,406 Discrete Feature: Vertical Borehole (GW3). Only at the top of the borehole. <500 ppmv
&
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Five sources of landfill gas surface emissions were identified within the landfill (see Figures
6.1 and Table 3.1). The area surveyed is identified on Figure 7.2. Surface emissions locations
C1 to C5 are landfill gas surface emissions from open areas within and in the vicinity of the
landfill footprint.
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3.2. Flux chamber survey results

TES

The results of the flux chamber monitoring with FID carried out at 8 individual monitoring locations is presented in Table 3.2. The visual location of each
monitoring location is presented in Figure 7.1.

Table 3.2. Flux chamber monitoring results for Churchtown landfill.

Location Source specific X grid Y grid Area of Flux value Guideline limit values
identity surface emissions coordinate (m) coordinate (m) flux (m?) (mg/m?/s) for similar zones Compliance (Yes/No)
conc. max (ppmv) (LFTGN 07)
&‘
S
&,\é
1 34 127534 134576 0.015 . \\0 0.07 <0.0010 No
S
2 634 127533 134586 0.01?25,(;\0 12.94 <0.0010 No
4
RN
3 0.5 127486 134574 80&25\\}\ 0.0006 <0.0010 Yes
4 0.5 127417 134573 015 0.0008 <0.0010 Yes
A &
N
5 0.4 127416 134630 .({%&\0 0.015 0.0008 <0.0010 Yes
SR
6 0.44 127484 134645 <° Q“\ 0.015 0.0009 <0.0010 Yes
7 0.5 127498 134616 \6\0 0.015 0.0008 <0.0010 Yes
8 120 127536 0.015 0.13 <0.0010 No

13485@?\
|
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As can be observed in Table 3.2, the flux of Total VOC’s as methane was monitored at eight
locations. The Total VOC’s as methane flux from the permanently capped area at locations 3
to 7 were below the recommended flux limit of 0.0010 mg/m?/s. Locations 1 ,2 and 8 (See
Figure 7.1 and Table 3.2) were in excess of the recommended surface flux limit of 0.0010
mg/m?/s.

Gas flow measurements were attempted on GW1, GW2 and GW3. However no adequate
measurement was recorded due to absence of sufficient differential pressure.
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3.3. Close out meeting

Following completion of the surface emissions and flux box survey, the surface emissions
team and landfill management team discussed all aspects and general conclusions of the
survey.

&
&
&
N
fz‘é\
F&
SO
O
. QO é\
&
S
({0\ *‘\\Q
\QOQ
,\0
&
C)O
www.odourireland.com 9

EPA Export 10-05-2019:03:42:13


http://www.odourireland.com/

Document No. 2013759 TES

4. Conclusions

The surface emissions contour map generated from the kinematic Volatile organic compound
(VOC) survey illustrated 5 separate surface areas of landfill gas surface emissions within the
site. A number of key issues requiring immediate attention were also identified from the
survey of the landfill gas management system.

The main conclusions of the survey included the following:

1. Five sources of landfill gas surface emissions were identified within the landfill (see
Figures 6.1 and Table 3.1). Surface emissions at four of the locations were over the
recommended trigger levels.

2. Flux chamber monitoring was carried out at 8 distinct locations within the landfill

footprint. The survey suggested that locations 1, 2 and 8 were in excess of the
recommended guideline surface emission flux levels for such locations.
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6. Appendix | - Volatile organic compound surface emissions
contour maps.
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Figure 6.1. Landfill gas surface emissions monitoring within the landfill site (colour scale area
indicating TVOC gas colour scale).

&
&
&
N
NE
N
U
SO
O
@
&
KRN« O
DEN
((o\ *‘\\Q
\QOQ
,\0
&
00
www.odourireland.com 13

EPA Export 10-05-2019:03:42:13


http://www.odourireland.com/

TES
LEAKAGE SURVEY

MONITORING MAP

EHURCHTOWHN LANDFILL

CLIENT
PROJECT
FACILITY
ITITLE

e 1 L
A BATR AN T

i

TES

Document No. 2013759

EPA Export 10-05-2019:03:42:13

14

www.odourireland.com


http://www.odourireland.com/

Document No. 2013759 TES

7. Appendix Il = Flux chamber monitoring locations

Figure 7.1. Flux chamber monitoring locations in Churchtown landfill site.
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Figure 7.2. Area surveyed at the Churchtown landfill site.
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EXECUTIVE SUMMARY

AWN Consulting was commissioned by John Dillon of Tobin Consulting Engineers to
carry out volatile organic compounds (VOCs) monitoring at five locations adjacent to an
old landfill in Newcastle West, Co. Limerick. Active monitoring over a 2 hour period was
carried out at each location and passive monitoring over a 30 day period was carried
out at three of the five locations.

Council Directive 2008/50/EC has set a benzene ambient air quality standard of 5
ug/m® as an annual mean. Benzene concentrations over the 30 day sampling period
were found to exceed this annual mean ambient air quality standard at Location 1 and
Location 2. The concentration of benzene at Location 1 was 60 pg/m?® which is 1200%
of the ambient mean air quality standard. The concentration of benzene at Location 2
was 5.9 pg/m® which 118% of the ambient mean air quality standard. Extended
monitoring over a longer period would be required in order to determine compliance
with the annual mean air quality standard for benzene at both Location 1 and Location
2.

With regards to all other VOCs assessed and all other sampling locations, measured
levels of VOCs were below the respective Environmental é\ssessment Levels over both

the short-term and long-term sampling periods. @é\’“
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1.0 INTRODUCTION

AWN Consulting were commissioned by John Dillon of Tobin Consulting Engineers
to carry out VOC monitoring at five locations adjacent to an old landfill site in
Newcastle West, Co. Limerick. Active monitoring over a 2 hour period was carried
out at each location and passive monitoring over a 30 day period was carried out at
three of the locations. Active monitoring was carried out on the 04/06/13 and
passive monitoring was conducted between 04/06/13 — 04/07/13.

2.0 SAMPLING DETAILS

A survey for VOCs was carried out over a 30-day period at three locations adjacent
to the old landfill site (locations 1-3), each of these locations were on residential
property. Active monitoring was conducted over a two-hour period from
approximately 1pm to 3pm at locations 1 -3. Passive monitoring was also
undertaken at locations 1 — 3 and at two additional locations (locations 4 - 5) which
were adjacent to two gas wells on the old landfill site. A map of the monitoring
locations is shown in Figure 1. Details of the monitoring locations is outlined in
Table 1.

Location 5‘ ~

Location 2 Y7
y g Localon 2,

; ‘._Loé'a.'tllt;n,{
! {];T'En ; Project
- ‘L?_cguoni i, : Newcastle West
iRl : : VOC Monitoring
i A Reference
{ 13/6663AR01
Figure 1
VOC Monitoring
Locations
awn The Tecpro Buiding, Clonshaugh Business and Technology Park, Dubin 17
T: +353 1847 4220 F:+353 1847 4257
Sampling Location Details
Location 1 Garage on property of Paddy McCoy
Location 2 Garage on property of Gerry Sheehan
Location 3 Foinavon House
Location 4 Gas Well 1 (GW01)
Location 5 Gas Well 2 (GW02)

Table 1 Details of Monitoring Locations

Page 5
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3.0 MONITORING METHODOLOGY
3.1 VOCs

Monitoring for VOCs was carried out based on NIOSH Method 2549. Active
sampling was carried out over a 2-hour period on 04/06/13 using SKC universal
sampling pumps onto anasorb CSC coconut charcoal tubes at five static locations
(locations 1 - 5). Sampling was undertaken at approximately 50 ml/min for 120
minutes giving a total volume sampled of 6 litrers which is the maximum volume
outlined in NIOSH method 2549 in order to avoid overload of the adsorbent. These
charcoal tubes were analysed at a UKAS accredited laboratory (ESG Laboratories,
Staffordshire) using gas chromatography / mass spectrometry (GCMS). Passive
Sampling was carried out over a 30-day period between 04/06/13 — 04/07/13 using
ATD tubes at three static locations (locations 1-3).

Council Directive 2008/50/EC has set a benzene ambient air quality standard of 5
ug/m?® as an annual mean to be complied with in the ambient environment.

However, no statutory air quality standards for the individual organic compounds
exist in Irish legislation (except benzene). In the absence of statutory standards, it is
common practice to reference other suitable authorities such as the World Health
Organisation (WHO) or derive an ambient air qualitxpguideline from occupational
exposure limits (OEL). @0
S

Although the WHO has ambient air quality@ﬁkﬂ%lines for a small range of volatile
organic compounds, guidance has bee ed by the UK Environment Agency
entitled “IPPC Environmental Asses st and Appraisal of BAT” (Environment
Agency, 2003) for an extensive ran & of organic compounds. The guidance
outlines the approach for derivi Gb%th short-term and long-term environmental
assessment levels (EAL). In ¢ afron to the long-term (annual) EAL, this can be
derived by applying a factor 8?0353)0 to the 8-hour OEL. The factor of 100 allows for
both the greater period of @&posure and the greater sensitivity of the general
population. For short—terr@é(l—hour) exposure, the EAL is derived by applying a
factor of 10 to the shortderm exposure limit (STEL). In this case, only the sensitivity
of the general population needs be taken into account as there is no need for
additional safety factors in terms of the period of exposure. Where STELs are not
listed then a value of 3 times the 8-hour time weighted average occupational
exposure limit may be used. No occupational exposure standards can be identified
for certain compounds.

Page 6
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4.0

4.1

RESULTS
VOCs - Passive Monitoring.

Concentrations of a suite of VOCs measured over a 30-day sampling period at three
locations between 04/06/13 — 04/07/13 are shown in Table 2 - 4.

The ESG analytical method used to determine ambient VOC levels in air considered
a suite of 62 compounds comprising numerous VOCSs, halogenated VOCs, alkanes
and alkenes. Appendix 2 contains the ESG Laboratory report presenting the
laboratory results for the full suite of VOCs considered during the analytical
determination.

The long term environment assessment levels (EALS) for air (for the protection of
human health) for each compound detected in the VOC suite, as set by the IPPC
Horizontal Guidance Note for Environmental Assessment and Appraisal of BAT, are
presented in Tables 2 - 4. The majority of the 62 compounds in the suite were not
detected (see Appendix 2). A small number of the detected compounds do not
have a corresponding long term EAL and thus have been excluded from the results.

21 of the 62 compounds in the VOC suite were detected at Location 1. 16 of the 21
detected VOCs are presented here as there are no established long term EALs for 5
of the VOCs detected at this location. Exclugling benzene, the measured
concentrations for these compounds were lower‘than their associated EALs (as
shown in Table 2). Of those compounds detgé{aﬁ\, individual concentrations reached
at most 37% of their limit values (for toul¢hg). However, with regards to benzene,
. . O . . .
the measured concentration for this Q@ngﬁound exceeded the ambient air quality
standard for benzene, reaching 120,\@9(8\@\0 the annual limit value.
&

16 of the 62 compounds in theN@&osuite were detected at Location 2. 13 of the 16
detected VOCs are presented hete as there are no established long term EALSs for 3
of the VOCs detected a%xct is location. Excluding benzene, the measured
concentrations for these @mpounds were lower than their associated EALs (as
shown in Table 3). Of tI&e compounds detected, individual concentrations reached
at most 5% of their limit values (for toulene). However, with regards to benzene, the
measured concentration for this compound exceeded the ambient air quality
standard for benzene, reaching 118% of the annual limit value.

17 of the 62 compounds in the VOC suite were detected at Location 3. 13 of the 17
detected VOCs are presented here as there are no established long term EALSs for 4
of the VOCs detected at this location. The measured concentrations for these
compounds were lower than their associated EALs (as shown in Table 4). Of those
compounds detected, individual concentrations reached at most 1% of their limit
values (for toulene).

In summary, the results show that at two locations benzene was measured over a
30 day period at an ambient concentration in excess of the annual mean ambient air
quality standard for benzene. This occurred at Location 1 and Location 2 where the
levels of benzene reached 1200% and 118% respectively of the ambient air quality
standard for benzene. Extended monitoring over a longer period would be required
in order to determine compliance with the annual mean air quality standard for
benzene at both Location 1 and Location 2.
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Parameter Con((il(;r;rt]:?)tion Lon%ug?rrnn;)EAL Percentage of EAL (%)

Propan-2-ol 3.4 9,990 0.03%
n-Pentane 23.9 30,000 0.08%
n-Hexane 24.5 720 3.4%
n-Heptane 24.9 20,850 0.12%
n-Octane 11.2 14,500 0.08%
n-Nonane 38.5 10,500 0.37%
Dichloromethane 11.4 700 1.6%
Benzene 60.0 5 1200%
Toulene 703.6 1,910 36.8%
Ethylbenzene 82.4 4,410 1.9%

m and p-Xylene 406.4 4,410 9.2%
Styrene 4.5 800 0.57%
o-Xylene 150.5 4,410 3.4%
1,3,5-Trimethylbenzene 19.1 13 1.5%
1,2,4-Trimethylbenzene 65.2 . Ao’\\<1\‘<,j250 5.2%
Naphthalene 4.4 {boﬂ?oxé " 530 0.84%

Table 2 Results of VOC Monitoring at Locat\i»&c%\.\ ompounds above detection threshold only).
St
S
CS%‘&;Uation Long Term EAL
Parameter QSOQA\(ug/ms) (ug/m?) Percentage of EAL (%)

Propan-2-ol &O 2.4 9,990 0.02%
n-Hexane (S 7.1 720 0.99%
n-Heptane 3.8 20,850 0.02%
n-Octane 2.4 14,500 0.02%
n-Nonane 2.8 10,500 0.03%
Dichloromethane 7.5 700 1.07%
Benzene 5.9 5 118%
Toulene 86.9 1,910 4.6%
Ethylbenzene 5.2 4,410 0.12%

m and p-Xylene 27.1 4,410 0.61%
0-Xylene 9.0 4,410 0.2%
1,3,5-Trimethylbenzene 0.8 1,250 0.06%
1,2,4-Trimethylbenzene 2.2 1,250 0.18%

Table 3

Results of VOC Monitoring at Location 2 (Compounds above detection threshold only).
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Parameter Con(i:lz?rt]:?)tion Lon%u'ls';rrnrg)EAL Percentage of EAL (%)

Propan-2-ol 1.9 9,990 0.02%
n-Hexane 4.3 720 0.6%
n-Heptane 1.0 20,850 0.005%
n-Nonane 2.8 10,500 0.03%

Dichloromethane 57 700 0.82%
Toulene 21.3 1,910 1.1%

Ethylbenzene 2.3 4,410 0.05%

m and p-Xylene 114 4,410 0.26%
Styrene 0.9 800 0.11%
0-Xylene 45 4,410 0.10%

1,3,5-Trimethylbenzene 0.8 1,250 0.06%
1,2,4-Trimethylbenzene 2.6 1,250 0.21%
Naphthalene 1.1 530 0.21%
Table 4 Results of VOC Monitoring at Location 3 (Compounds above detection threshold only).
&
§®

4.2  VOCs - Active Monitoring

@ble 5.

S A
Concentrations of a suite of VOCs megf.l\; over a 2-hour sampling period at five
&

locations on the 04/06/13 are shown i

The ESG analytical method us

&

%o determine ambient VOC and hydrocarbon

levels in air aimed to detect th@&@ 20 most abundant analytes present on the tube.
Appendix 3 contains the ES%&Oaboratory report presenting the laboratory results for
detection of the top 20 mogx\abundant VOCs present on the charcoal tubes.

N
O
The resulting concentracﬁons from each of the sampled locations were all below the

limit of detection.

Analytes Location 1 Front (ug/ms) Location 1 Back-up (ug/m?’)

VOCs <1225 <1225
Location 2 Eront (ug/m?) Location 2 Back-up (ug/m®)

VOCs <758 <758
Location 3 Front (pg/m3) Location 3 Back-up (ug/ms)

VOCs <801 <801
Location 4 Front (pg/m3) Location 4 Back-up (ug/ms)

VOCs <833 <833
Location 5 Eront (ug/m?) Location 5 Back-up (ug/m®)

VOCs <817 <817

Table 5

Results of Active VOC Monitoring at 5 locations
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5.0 DISCUSSION

Council Directive 2008/50/EC has set a benzene ambient air quality standard of 5
ug/m® as an annual mean. Benzene concentrations over the 30 day sampling
period were found to exceed this annual mean ambient air quality standard at
Location 1 and Location 2. The concentration of benzene at Location 1 was 60
ug/m? which is 1200% of the ambient mean air quality standard. The concentration
of benzene at Location 2 was 5.9 pg/m® which 118% of the ambient mean air
quality standard. Extended monitoring over a longer period would be required in
order to determine compliance with the annual mean air quality standard for
benzene at both Location 1 and Location 2.

Environmental Assessment Levels (EALS) values have been set for a range of VOC
compounds in order to provide a basis for ensuring the protection of human health
in the ambient environment. With reference to Appendix D of the IPPC
Environmental Assessment and Appraisal of BAT, the appropriate EAL, where
available, has been applied for comparison with measured concentrations.

With regards to all other VOCs assessed and all other sampling locations,
measured levels of VOCs were below the respective Environmental Assessment
Levels over both the short-term and long-term samplincg).periods.

N:

§®
6.0 CONCLUSIONS S
N
The concentration of benzene at Loc O"s 1 and 2 was in excess of the annual
mean ambient mean air quality staQ\ or benzene. Extended monitoring over a

longer period would be required j @ﬁ\jer to determine compliance with the annual
mean air quality standard for beﬁz@ﬁe at both Location 1 and Location 2.
L
N
O
,\O
&

&
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Al1l

A.l1.2

A.1.3

Al4

A.15

APPENDIX 1

SAMPLING AND ANALYSIS - METHODS AND DETAILS

Location of Sampling
R521 Churchtown Road,
Newcastle West,

Co. Limerick,

Date of Sampling
4™ June 2013 — 4™ July 2013

Personnel Present During Sampling
Sean McMahon, AWN Consulting

Personnel Involved in Analysis
Sean McMahon, AWN Consulting

Dr. Edward Porter, AWN Consulting &
Environmental Scientifics Group Laboratories, Staffordshire
S
S
Instrumentation &
SIS
Q&

SKC Universal Sampling Pumps &
Multi-bed Sorbent Tubes ‘\o&v\

XS
Anasorb CSC Coconut Char(foo@ﬁubes
s

&
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APPENDIX 2

LABORATORY RESULT SHEET (PASSIVE MONITORING)

S

@

Scientifics

ANALYSIS OF ATD TUBES FOR VOCs

Client:

Testing Facility:

Laboratory Reference:

Sean McMahon

AWN Consulting

The Tecpro Building

1DA Business and Technology Park
Clonshaugh

Dublin 17

Environmental Scientifics Group Limited
Specialist Chamistry

Etwall House

Bretby Business F'a,gé‘

Ashby Rd . A

Burton-on-T. &

DE15 U\@? °

ASC@%@

Customer Referenca: Igg%ﬁéﬂe West 13/6663
Samples Reoewed\&\%&auly 2013
Sample Cmd.t%r@ Good

Analysis Com
A
IJI'-"O

Date:
Approver's name:
Job Title:

Report Date:

E%d:
d by:

12 July M

VFJguLis
Marya Hubbard
Analyst

17 July 2013

Test Report ASC/10885: Page 1 of 4
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Introduction

Three ATD tubes were received for the analysis of VOCs. The samples were
received in good condition and stored in a solvent free environment prior to
analysis.

I
Laboratory | Customer
_ Reference | Reference | PP | Analeis
ASCM0885.001 | Paddy McCoy Mi013263 | WVOC Suite
ASCMO885.002 | Foinavon Mi148808 | VOC Suite
ASC/10885.003 | Shed Mio01705 : VOC Suite
Experimental

Standard preparation and sample measurement was carried out according to
UKAS accredited method ASC/SOP/210 Issue 2.

The samples were analysed by thermal desorption-gas ::lgmmatngraphy-mass
spectrometry on a Markes ATD and an Agilent GC-MS.

Before the samples were ran a calibration was é\ted for the compounds
listed in Table 1. This allowed for positive |d @ ion and quantification of
these compounds.

Please be aware that values close to the Ll;ﬁ detechun (say within an order
of magnitude) carry a high uncertainty. erall uncertainty on those results
significantly above the LOD, have be 3gulataﬂ to be + 25%.

A Quality Control tube with known e loading was run with each sequence
of samples. & g\\

&
Results égp\

Table 1 shows the results cfﬁ? the amount of VOCs detected on tube (ng) for the
samples,

Please note compounds marked with a ~ are not within the scope of our UKAS
accreditation. Results which are over calibration range have been marked with
a ™ and should be considered an estimate only. These results are not within the
scope of our UKAS accreditation.

Any opinion and interpretation expressed in the report are outside the scope of
UKAS accreditation.

Test Report ASC/10885: Page 2 of 4
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Table 1 — Amount of VOCs on tube for samples 001-003 (n

| ASC/10885.001 | ASC/10885.002 | ASC/10885.003
Compound - - -
Mi013263 Mi149808 Mi001705

N Ethanol <10 <10 <10
Acetone =10 =10 =10
Propan-2-ol 110 61 76
n-Propanal =10 =10 <10
Ethyl Acetate <10 =10 =10
n-Butanal 45 44 17
n-Pentane i 640 i =10 =10
i n-Hexane 550 a7 160
B n-Heptane 480 20 74
n-Octane I 190 <10 40
nnNunane__ | - E-EE ___-_ - 42 43
n-Decans 1 2000 54 ‘odﬁ a4
~1,1-Dichloroethene~ <10 <10 ¥ <10
Dichloromethane 260 ISEW 170
~Cis-1,2-dichloroethene~ <10 & &1 <10
~1,1-Dichloroethane~ <10 RS <10 <10
__ Trans-1,2-dichlorosthene <10 SHC <10 <10
i ~Bromochloromethane~ <1 U&@(’0\$\ <10 <10
Chioroform FURY <10 <10
=2, 2-Dichloropropane= “:fdﬁ‘ =10 <10
1,2-Dichloroethane O<10 <10 <10
1.1.1-Trichloroethane (\@ =10 =10 =10
~1,1-Dichloropropene~ T <10 <10
[ Benzene 520 <10 51
" Carbon Tetrachloride <10 <10 <10
[ Dibromomethane [ <20 | <20 <20
1,2-Dichloropropane <10 <10 <10
Bromodichloromethane =10 =10 =10
Trichloroathene =10 =10 =10
| Cis-1,3-dichloropropens =20 =20 =20
~Trans-1,3-dichloropropene~ =10 <10 <10

= Indicates eampound results not included within UKAS accreditation.
*Results are over calibration and showld be considered an estimate. These results are not included within

UKAS accreditation.

Test Report ASC/10885: Page 3 of 4
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Table 1 cont. — Amount of VOCs on tube for samples 001-003 (ng)

[ cﬂmpn; 4 ASC/10885.001 | ASC/10885.002 | ASC/10885.003
Mio13263 Mi149808 MiD01705
1.1,2-Trichloroethane =10 =10 =10
Toluene TE00* 230 240 |
1.3-Dichloropropane =10 =10 =10
Dibromochloromethane =10 <10 =10
1,2-Dibromoethane <20 <20 <20 |
Tetrachloroathene =10 =10 =10
1,1,1,2-Tetrachloroethane <10 I =10 =10
Chlorobenzens <10 =10 =10
Ethylbenzene 1500" 42 95
m and p-Xylene 54007 151 360
Styrene B4 17 =10
o-Xylene 2000° 60 & 120
~1.2, 3-Trichloropropane=- =10 =10 {,\({\‘3‘ =10 ]
lsopropylbenzene =10 N | <10 |
Bromobenzene <30 %30 <30
2-Chilorotoluene <10 K <10 | <10
n-Propylbenzene 220 X f@ 13 11
a-Chlorotoluene ] <0 H & <10 <10
1,3,5-Trimethylbenzene PN 17 17
tert-butylbenzens Q\-:g@\ =10 ) =10
1,2,4-Trimethylbenzene _ 100 56 48
1,3-Dichlorobenzene & <20 <20 <20
1,4-Dichlorobenzene [ <20 <20 <20
~sec-Butylbenzene~ a4 <10 <10
p-lsopropyltoluene | 44 12 <10
1,2-Dichlorobenzene <20 <20 <20
n-Butylbenzene <10 =10 =10
~1,2 &-Trichlorobenzene- =20 =20 =20
Maphthalene 67 17 <10
~1,2,3-Trichlorobanzena~ =20 =20 =20
~Hexachlorobutadiene~ <20 | <20 <20

=~ Indicates compound results not included within UKAS accreditation.
* Results are over calibration and should be considered an estimate. These results are not Included within
UKAS aceraditation.

Test Report ASC/10885: Page 4 of 4
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APPENDIX 3
LABORATORY RESULT SHEET (ACTIVE MONITORING)

SC <

Sdertifics

Analysis of Charcoal Sorbent Tubes for Volatile
Organic Compounds

Customer: Sean McMahon
AWN Consulting
The Tecpro Building
Clonshaugh Business and Technology Park
Dublin 17
Ireland

Testing Facility: Environmental Scientifics Group Limited
Specialist Chemistry &
Etwall House N
Bretby Busineg ggﬂ-‘.
Ashby Road & g
Burton upg# nt
StaffordsRics
DE'IQ
&
ey
Lahoratory Refe renc%o\ﬁﬁﬁ 0906
R
Customer Referemié\:c’ 13/6663 PO 248
Sample Re@‘é]'ved: 8" July 2013

Analysis Completed: 14" July 2013
Approved by:

Approver's game: Paul Walker

Job Title: Organic Team Leader
Report Date: 17" July 2013

Test Report: ASC/M0908: Page 1 of 3
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Introduction

Five charcoal sorbent tubes were received requiring analysis for Volatile Organic
Compounds (VOCs).

The tubes were received in good condition and were logged into our system upon receipt.

Samples Received

! O/R YR Sample Description
~ ASC/10908.001 4504616779 Charcoal Sorbent Tube
ASC/10908.002 | 4504616776 Charcoal Sorbent Tube
ASC/M0808.003 4504616780 Charcoal Sorbent Tube
ASC/10908.004 4504616778 | Charcoal Sorbent Tube
ASC/M0808.005 4504616774 Chargoal Sorbent Tube
R4
@
S
S
Experimental ég,o <
S

The samples were desorbed in Carbon Disul
Chromatography Mass Spectrometry (GC
were tentatively identified by mass spe
of the intemnal standard {Tetradecan@
the region of 5ug/ml per analyte. Oo®
&
X
&

&

N
Qﬁﬂﬁz} and analysed using Gas
The top twenty most abundant analytes
ta and semi-guantified against the response
detection limit for unknown compounds is in

Results

The results for the samples are detailed in the following tables.

Test Report: ASC/10908: Page 2 of 3
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SCG &

Sdentifics
Results
r ASC/10908.001 ASC/10908.001
. Analytes 4504616779 4504616779
‘ Front Back-up
LA .55 (ug) (ug)
VOCs <5 <5
ASC/10908.002 ASC/10908.002
Analytes 4504616776 4504616776
Front Back-up
, (ug) (ug) =21
_VOCs <5 =5
D ASC/10908.003 ASC/10908.003 |
Analytes 4504616780 \_éf 4504616780
Front \,{\é Back-up ;
(ug) .. O (ug) |
VOCs . ‘ 5 S° <5
VS
AS 8.004 ASC/10908.004
Analytes &&@4616778 4504616778
o\‘\*\.\\@ Front Back-up
Ve Qb@@_ (ug) (ug)
VOCs <5 <5
fo
. CPQ
ASC/10908.005 ASC/10908.005
Analytes 4504616774 4504616774
Front Back-up
(ug) (ug)
VOCs <5 <5

Test Report: ASC/10908: Page 3 of 3
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Environmental Assessment of receiving waters
For
Churchtown Landfill Site
Newcastle West
Co. Limerick

S
Prepared by: QOQ*\
Robert Imbusch f
Environment Section

Limerick County Council
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I ntroduction

Limerick County Council intends to apply for a Certification of Authorisation for the historic
landfill site located at Churchtown, Newcastlewest, County Limerick in accordance with
Waste Management (Certification of Historic Unlicensed Waste Disposal and Recovery
Activity) Regulations 2008 (S.I. No. 524 of 2008), As part of this process, Limerick Co
Council is required to carry out an environmental assessment of the site in accordance with
the EPA Code of Practice: Environmental Risk Assessment for Unregulated Waste
Disposal Sites.

There are no direct surface water discharges from the landfill site to any surrounding
watercourses. However, in December 2012, Tobin Consulting Engineers carried out a
hydrogeological assessment at the site which indicated that the direction of groundwater flow
at the site is from the north-east to the south-west in the direction of the River Dooally. The
report identified a possible hydraulic groundwater linkage between the site and the River

Dooally and that contaminated groundwater from under the k&fidfill site could migrate to the

: N4
Dooally River. & @0
00\0‘
This report details the results of ecological mon\lﬂ)\g@g carried out on the Dooally River in the
vicinity of Churchtown landfill. §§®

The Dooally River is the nearest sig @ﬁ%t watercourse to the Churchtown landfill site - see
Figures 1 and 2. The Dooally Rl\gg% a tributary of the Deel River and flows 0.5 km to the
west of the landfill in a southefﬁ/ direction. The closest surface water feature to the site is a
small drainage channel which flows from a point 450 metres south of the landfill site to the

Dooally River, a distance of approximately 500 metres.
M ethodology

Since 1971, the EPA has used the Quality Rating System (Q-values) to assess water quality in
Irish rivers, primarily on the basis of macroinvertebrate communities in riffle areas of rivers
and streams. In the presence of pollution, characteristic and well-documented changes are
induced in the flora and fauna of rivers and streams. Particularly well documented are the
changes brought about by organic pollution in the macroinvertebrate community, i.e. the
immature aquatic stages of aerial insects (mayflies, stoneflies etc.) together with Crustacea
(e.g. shrimps), Mollusca (e.g. snails and bivalves), Oligochaeta (worms) and Hirudinea

S:\Waste Management\Landfills\Closed Landfills\24-11 Churchtown\Cert of Authorisation\Tier 2 Final
Report\Appendix 8 Environment Assessment of Receiving Waters\Biological Testing of Dooally River.doc
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(leeches). For the purposes of the EPA assessment procedure benthic macroinvertebrates
have been divided into five Indicator Groups.

Relationships between water quality and macroinvertebrate community structure are usually
described by means of a numerical scale of values. The EPA scheme of Biotic Indices or

Quiality (Q) Values and its relationship to WFD status is set out in the table.

Q-Value WFD Status
5,4-5 High
4 Good
3-4 Moderate
3,2-3 Poor
2,1-2,1 Bad

Freshwater benthic macroinvertebrates were sampled at four sampling sites. The location of
the sampling sites in relation to the landfill is shown |n Fﬁﬁ:]ure 2 (see also photos 1-4).
Standard two-minute kick samples were taken at eaqlq %ax%plmg site. The macroinvertebrates
were identified on site and the taxa or groups &n@eﬁt and relative abundance are shown in
Table 1. The invertebrates are grouped accgq@} n@ to their sensitivity to organic pollution. A
Q-rating and SSRS Score was assigned {\@V\g\aﬁh sample (see Table 1). These are biotic indices

used to assess the level of pollution aﬁ@qﬁvater quality status.

6\
Q-sampling provides a reliableogﬁé\consistent indication of water quality in rivers and small
streams but may be less suitable for small drainage channels which have low, intermittent

flows.
Survey Results

Dooally River Main Channel: The main Dooally River was sampled at three locations-see
location map. Site 1 is located upstream of the landfill site, sites 2 and 3 are located upstream
and downstream of the confluence of the drainage channel with the main channel. All three
samples were indicative of a Q4 or unpolluted status. There was no deterioration in water

quality up and downstream of the landfill site.

Drainage Channel The landfill drain was sampled close to its conference with the Dooally
River at Site 4 (Photo 4). Only pollution tolerant invertebrates were present in the sample

giving a Q1-2 rating (see Table 1). There were no other indications of the presence of organic

S:\Waste Management\Landfills\Closed Landfills\24-11 Churchtown\Cert of Authorisation\Tier 2 Final
Report\Appendix 8 Environment Assessment of Receiving Waters\Biological Testing of Dooally River.doc
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pollution, such as algae or sewage fungus which would normally be associated with a sample
of invertebrates such as this. Dissolved oxygen here was 75% saturation at the time of
sampling but the results of the kick sample suggest that more anoxic conditions are typically
prevalent. The drain was sampled in 2012 as part of the Tier 2 Investigation and found not to
have elevated parameters of contamination associated with landfill leachate — see Appendix 1
for results.

The drainage channel is not considered a suitable habitat for kick sampling due to its low and

intermittent flows.
Recommendations

Further biological and chemical sampling on the drainage channel should be incorporated

into the ongoing monitoring programme for Churchtown landfill site.

&

S

Conclusion

%

N @
There is no reduction in biological water quahtgﬁi&xﬁﬁe main channel of the Dooally River

downstream of Churchtown historic landfill s&djé\&

S

Robert Imbusch
Assistant Scientist
Environment Section
Limerick Co Council.
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Table 1: Relative Abundance of Macroinvertebrates

Sitel
Dooally Bridge

Site 2

Dooally River,
upstream of
drainage
channel

SICK]

Dooally River,
downstr eam of
drainage channel

Site4
L andfill
Drain

Grid Coordinates X 126959 X 127095 X 127234 X 127182
Y 134620 Y 133884 Y 133739 Y 133884
Group A (Sensitive)
Ecdyonurus Few Common Common
Rhitrogena Numerous Numerous Numerous
Taenioptergiidae Few
Leuctra Few Few Few
Isoperla Few
Group B (Less
Sensitive)
Limnephilidae Common Few Few
Glossosomatidae Common
Goeridae Common Few Few
Sericostoma Few Few Few
Ephemerellidae Common Common Common
Group C (Tolerant)
Polycentropus Few Few d
Hydracarina Common Few . © Common
Ancylus Few Few ° Few
Potamopyrgus RO Few
Gammarus Dominant _Ntmerous Numerous
Baetis Dominant & Neimerous Numerous
Rhyacophila A Few
Hydropsyche Few &% Few
Simulidae S Common Common
Chironomidae S Common
Coleoptera Comngon Common Common
Limnea Béw
Group D  (Very P
Tolerant)
Hirudinea Few Few Few
Asellus Few
Spheariidae Few
Group E (Most
Tolerant)
Tubificidae Few Few Few Few
Chironomus Common
Others:
Dicranota Few
Q-Rating 4 4 4 1-2
Unpolluted Unpolluted Unpolluted Seriously Polluted
SSRS 8.8 10.4 10.4 3.2
(Probably not at (Probably not at (Probably not at (At Risk)
risk) Risk) Risk)

Note: Relative abundance of Benthic Macro-invertebrates sampled in the vicinity of
Churchtown Landfill site at Newcastlewest, Co. Limerick. (Few 1-5; Common 6-20;
Numerous 21-50; Dominant 51-75).
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Photo 1. Sampling Site 1 - Doaally Bridge, Dooally River, Newcastlewest, Co. Limerick.
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Photo 3. Site 3 — Dooally River, 150 meters downstream of landfill drain, Newcastlewest, County Limerick.
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Appendix 9
Tier 2 Sampling Results

1. BHP Report
2. Alcontrol Laboratories

3. City Analysts
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1.0 EXECUTIVE SUMMARY

An on-site investigation of a historical landfill site located in Churchtown, Newcastle
West, Co. Limerick, was conducted on the 14" and 16® February 2012, by BHP
Personnel.

This investigation forms part of a Tier 2 Preliminary Investigation carried out carried
out in accordance with the EPA Code of Practice: Environmental Risk Assessment for

Unregulated Waste Disposal Sites.

A walk over survey revealed that the site was closed and covered in bush and scrub.
The intrusive investigation that followed showed varying concentrations of municipal
waste (EWC 20 03 01) landfilled. On exposure there wa§’a notable decomposition
odour indicating that the waste within the landﬁll s @tmumg to undergo anaerobic

decomposition. Further investigation would b&?}e@ulred to determine risks posed to

the neighbouring residential area. QQ\%Q
&@@1@‘
Leachate and landfill gas mlgrggogxé.\pathways and possible receptors need to be

established to quantify risk pose%\fo residents and the environment.

&

S

EPA Export 10-05-2019:03:42:14



2.0 INTRODUCTION

2.1  Background

At the request of Finbarr Murphy of Limerick County Council, BHP conducted
sampling and analysis of waste material from a landfill site located at Churchtown,
Newcastle West, Co. Limerick. The purpose of the sampling and analysis program

was to classify buried material on site and determine its approximate extent.

The location of the landfill was in the immediate vicinity of a residential area. An

aerial photograph of the area under investigation is presented below.

( ..k‘u_ h:k‘ = o e
.

Photograph of the Churchtown site, Newcastle West, showing landfill ar%a under
investigation i

,1 4[ Ir"'? ',:-A?

BRIRTETRLE S
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2.2 Legislation

Arising from the Waste Framework Directive (75/442/EEC), and in particular the
European Court of Justice Decision C-494/01, all historic unregulated waste disposal
sites need to be identified, and the risks posed to the environment and human health
needs to be assessed. The most relevant legislation for historic landfill sites include
Waste Management (Certification of Historic Unlicenced Waste Disposal and
Recovery Activity) Regulations and the Waste Management Acts 1996 to 2011.
Under the Waste Management Acts 1996 to 2011, local authorities were given
responsibility for the completion of an inventory and risk assessment of all non-
licensed closed landfills. The EPA have produced a Code of Practice to assist Local

Authorities in this regard.
@.
Ne
&
Remediation measures chosen for each closed la&ldfm’ must ensure that there is no
significant pollutant linkage remaining @g\o\ remediation has taken place.
Remediation may involve the removal of @Wlled material to an appropriate waste

disposal facility. @('}\ \&\é}

<<°Q$°’
Current legislation governing waéfé disposal and waste acceptance criteria is set down
in Council Decision 2003/%’)’@C (‘on establishing criteria and procedures for the
acceptance of waste at Landf lly. This decision lays down uniform waste
classification and acceptance procedures according to Annex II to Directive

1999/31/EC on the landfill of waste (the ‘Landfill Directive’).
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3.0 SAMPLING

3.1 Site Survey Observations

Photographs of the historical landfill investigated are presented below:

Image A of Site
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Image B of Site

Image C of Site
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Image D of Site .
Trial holes were excavated at 4 locations across the area(\@l?der investigation, typically
S

down to approximately 6 metres in depth. o% ,5*\0
SO
Sampling notes taken during trial hole e;\g‘\%(dﬁ‘on are given as follows:
& &
e
Trial Hole | Depth ?:@MpﬁoIFT |
TH2 Surface to 0.50%0‘ Clean Aggregate -
0.50m to 6m O Mixed municipal waste 20-03-01
TH3 Surface to 2.5m Mixed municipal waste I 20-03-01
25mto 3.0m Aggregate -
3.0m to 6.0m Mixed municipal waste -
TH4 Surface to 0.3m Topsoil -
{ 0.3m 0 035m Aggregate -
0.5m to 6m Mixed municipal waste 20-03-01
THS 0.3m to 4m Mixed municipal waste 20-03-01
4m to Sm Clay -

Photographs of the excavated material are presented on the following page. This is a

typical example of what was encountered for each of the trial holes excavated. The
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evidence of municipal waste (EWC 20 03 01) is clear from these photographs.

Further photographs taken during trial pit excavation are presented in Appendix 2.

o o E % i
Photograph of TH2 showing muﬁm‘\l waste from just under
KN

the surface to t om of the pit.

Photograph of excavated material from TH3
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3.2

Sampling and Testing of Material

Sampling was carried out on the 14™ and 16™ February 2012 by Aidan Daffy of BHP

Laboratories with the aid of personnel provided by Limerick County Council. Three

. soil samples and four water samples were taken from the four trial holes excavated. A

water sample was also taken from a nearby stream.

The following map illustrates the approximate location of trial holes excavated on

site.

The following soil samples were taken from the trial holes and tested against the

acceptance criteria for waste at inert landfills.

TH2
TH3
TH4
THS5

Sketch of Area surveyed indicating Trial Hole Locations.

Composite sample taken from a depths 0.5m-6.0m
Composite sample taken from a depths 0.5m-6.0m
Composite sample taken from a depths 0.5m-6.0m

Soil sample taken at between 4.0m and 5.0m
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Water ingress into Trial Hole TH2 was noted at a depth of 4.40m. A water sample
was taken fromTH?2 at this depth.
Water ingress into Trial Hole TH3 was noted at a depth of 2.50m. A water sample
was taken fromTH3 at this depth.

Water ingress into Trial Hole TH4 was noted at a depth of 3.80m. A water sample
was taken fromTH4 at this depth.

Water ingress into Trial Hole THS was noted at a depth of 1.80m. A water sample
was taken fromTHS at this depth.

The soil samples were analysed to determine whether they met acceptance criteria for

inert landfills as set down in Council Decision 2003/33/EC.

The water sample was tested to the requirements of SI No. 12/2001 (Water Quality

Dangerous Substances Regulations 2001. &
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4.0 ANALYTICAL RESULTS (SEE APPENDIX 1)

Comprehensive analysis results are presented in Appendix 1. A summary of

Analytical Results is presented below.

e Material excavated from all trial holes contains a mixture of soil, aggregate
and municipal waste of varying composition.

¢ The municipal waste is categorised as mixed municipal waste, EWC 20 03 01,
according to the European Waste Catalogue and as such is acceptable at
landfills for non-hazardous waste according to Council Decision 2003/33/EC
Section 2.2.1.

e Leaching limit values for soils taken from all trial holes were within waste
acceptance criteria for inert landfills as set down in Council Decision
2003/33/EC (Section 2.1.2.1) due to elevated dlssoh?%d organic carbon. Thus
was expected due to the presence of paper Qndgérdboard in the samples.

e Total content of organic parameters fo;ﬂé%&i@ taken from all trial holes were
within waste acceptance criteria fo@gﬁ landfills as set down in Council
Decision 2003/33/EC (Sectlor&é%@ 2) with the exception of total organic
carbon. This was expecte@dl#ex% the presence of paper and cardboard in the
samples. 5\0

¢ Dangerous substanc(epég;lcentratlons in the water sample meet the standards
set down in SI No. 12/2001 ‘Water Quality (Dangerous Substances)
Regulations, 2001.

The material can be classified as non-hazardous in accordance with 2003/33/EU.
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5.0 INTERPRETATION

Council Decision of 19 December 2002 ‘on establishing criteria and procedures for
the acceptance of waste at Landfills pursuant to Article 16 of and Annex Il to
Directive 1999/31/EC’ sets out criteria for the acceptance of waste at landfills. The
Acceptance criteria for Inert Landfills and Non-Hazardous Landfills are outlined in
Section 2.1 and 2.2 respectively. All material observed and tested can be classified as
either Municipal Waste (EWC 20 03 01) or Soil Stone Waste (EWC 17 05 04). As
such the material meets waste acceptance criteria as set down in Council Decision
2003/33/EC for Landfills for Non-Hazardous Waste.

6.0 CONCLUSIONS

N4
Intrusive site investigations revealed the presence g@ municipal waste at varying
concentrations across the landfill area examl&gg ’ﬁlere is no evidence of lining at
this site, the capping layer is of very poor %@%@
The waste body is largely decompose@w\gﬁ“ odour detected in two trial holes. No gas
was detected using the gas momto&\° ‘°
There is no evidence of measuregtﬂn to isolate the effects of landfill material,

leachate or landfill gas from glé\ surrounding environment.
P

7.0 RECOMMENDATIONS

Determine the hydrological flow from the site to identify potential receptors and the
risks posed by the leachate run-off. Determine the composition of leachate, ground
water and surface water in the vicinity of the landfill to assess leachate impact on the
environment. The site has been assessed adequately. Additional monitoring and

analysis is at the discretion of the client.
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Determine the potential migration pathways for landfill gases and the possible
receptors due to these pathways. Regular monitoring of landfill gas levels in the

possible receptors, to reduce risk from landfill gas migration.
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APPENDIX 1

ANALYTICAL RESULTS
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APPENDIX 2

QUALITY CONTROL

The Chemical and Environmental Monitoring laboratory (CEM) operates a rigorous
approach to quality assurance. The central elements of the quality control system are

outlined.

1.1 Chain of Custody and Client Instruction
Every sample received at BHP laboratories is inspected by the laboratory manager Pat

O'Sullivan or by site manager Paul O’ Sullivan.

A client instruction is required to start analysis. &
&
All samples are then given a unique BHP reference nu@er before storage between 0
and 4°C. NE
o?i’ K
«Qogy\&
&

12 Training and Competege@%@
All analysts conducting work at BHP @‘e fully trained. Training involves
demonstration of accuracy and pgexﬁ%lon of analysis. All analysts are subject to
periodic reviews in their trm&ajfg All training is fully documented and retrievable.
O
1.3 Validation
BHP procedures are subjected to a rigorous validation which includes the following;
- Evaluation of instrument detection limits and limits of detection.
- Evaluation of operator characteristics including bias, precision and uncertainty of
measurement.
- Demonstration of Linearity.
- Evaluation of the standard error on the mean and evaluation of any systematic
biases.
- Evaluation of total uncertainty and uncertainty budgets.
- Evaluation of the uncertainty in measurement at a regulatory limit.
- Demonstration of repeatability.

- Evaluation of Matrix effects.
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1.4  Quality Control (Skewhart) Charts
Analysis in the CEM laboratory is monitored using control charts. Each analysis will
have at least 3 charts monitoring;
- Certified Reference Material recovery
- Precision of analysis
- Accuracy of analysis

Batches of analyses are rejected if any of the control charts indicate a loss in control.

1.5  Inter-laboratory Testing
The CEM laboratory are members of the W.R.C Aquacheck Scheme. The Laboratory
also participates in the Environmental Protection Agency's Intercalibration
Programme and is listed on the Agency's Register of Quality Approved Testing

Laboratories. &
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APPENDIX 1

ANALYTICAL RESULTS
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BHP/CL/02C

Analysing
Testin
TEST REPORT Consrting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102502.1 |3|1|:
Aras an Chontae Order No.:
Dorradoyle Date Received: 14/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAOQ: Finbarr Murphy Iltem :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results |Standard
Reference
TH2 (4.4M)
&5
Water Level 6‘6\ M 4.40 ISO 5667 - 11
Temperature 0&25 D °c 11 APHA -2550-B
pH G - 6.60 |APHA -4500-H"-B
Conductivity Q@%&}\ uSem’ 1942 | APHA-2510-B
Ammonia (as NH;-N) &é}\z\@ mg/l 64.6 |APHA -4500- NH;-D
Nitrate (as NO;) \\(‘\\é\ mg/1 1.55 APHA -4110-B
Nitrite (as NO,) ES mg/l <0.1 | APHA-4110-B
Total Oxidised Nitrogen (as N) S mg/l 035 | APHA-4110-B
BOD OOQQ¢\ mg/l 11 APHA -5210-B
COD mg/1 158 APHA -5220-D
ICalcium mg/1 48.9 APHA -3120-B
Magnesium mg/1 15.6 APHA -3120-B
Sodium mg/l 34.51 APHA -3120-B
Potassium mg/1 32.05 APHA -3120-B
Iron ug/l 560 APHA -3120-B
Manganese ug/1 206 APHA -3120-B

Additional information :

All methods are from Standard Methods for the Examination of Water
and Wastewater 20th Edition.

For and on behalf of BHP laboratories :

7

o
Pat O'Sullivan™

Issue Date : 07/03/2012

e e

Fraem TS
|

ITest results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory. I

Page 1 of 3
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BHP/CL/02C

Analysing
Testin
TEST REPORT Comsutting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102502.1 |3|-I|)
Aras an Chontae Order No.:
Dorradoyle Date Received: 14/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAO: Finbarr Murphy Item :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results [Standard
Reference
TH2 (4.4M)
. éo@'
Cadmium & ugl <0.1 APHA -3120-B
Total Chromium S ugn <1 APHA -3120 - B
Copper oogies" ug/l <1 APHA -3120-B
Nickel Q&f@ ug/l <1 APHA -3120 - B
Lead (&é'%@ ug/l 2 APHA - 3120 -B
Zinc RN ug/l 12 APHA -3120-B
Arsenic EF ug/l <09 | APHA-3120-B
Boron \6\0 ug/l 9 APHA -3120-B
Mercury Oo‘\é\ ug/l <0.2 APHA -3120-B
Su]phate mg/l 6.1 APHA -4110-B
Chloride mg/l 47.8 APHA -4110-B
IMolybdate Reactive Phosphorus (as P) mg/1 0.23 APHA - 4500 - P-E
Total Cyanide mg/1 0.05 APHA - 4500-CN-C
Fluoride mg/l 0.13 APHA -4110-B

Additional information :

All methods are from Standard Methods for the Examination of Water
and Wastewater 20th Edition.

[ oo o SR —— T e
For and on behalf of BHP laboratories : Co iR
f? o 120 om
Pat O'Sullivan o
Issue Date ;: 07/03/2012 B s

ITest results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory.
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BHP/CL/02C

Analysing
Testin
TEST REPORT CorEling
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102502.1 I;I-II)
Aras an Chontae Order No.:
Dorradoyle Date Received: 14/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAQO: Finbarr Murphy item :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results |Standard
Reference
TH2 (4.4M)
&
Atrazine §é~ ug/l <1 GC-MS
Dichloromethane o&\g'é\ i ug/l <1 GC-MS
Simazine G| v <1 Ge-Ms
Toluene QQ\§? \§ ug/l <1 GC-MS
Tributyltin &65\2\@ ug/l <0.001 GC-MS
Total Xylenes N é}(\\ ug/l <1 GC-MS
SN
&
\0
&
00

Additional information :

All methods are from Standard Methods for the Examination of Water
and Wastewater 20th Edition.

For and on behalf of BHP laboratories :

Y
Pat O'Sullivan —
Issue Date : 07/03/2012

.

P
e

ITest results relate only to this/these itemns. This test report shall not be duplicated in full without the permission of the test laboratory.
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BHP/CL/02C

Analysing
TEST REPORT Conacting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102502.2 |3|-I|,
Aras an Chontae Order No.:
Dorradoyle Date Received: 14/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAO: Finbarr Murphy ltem :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results [Standard
Reference
TH3 (2.5M)
&
‘Water Level Ov‘é\é M 2.50 ISO 5667 - 11
Temperature 0&‘3'5\ °c 11 APHA - 2550 -B
pH G - 6.48 |APHA - 4500 - H' - B}
Conductivity Qq\%&* uSem 1667 | APHA-2510-B
Ammonia (as NH;-N) &é;&\z\@ mg/l 75.28 | APHA -4500- NH;-D
[Nitrate (as NO3) \\Q 6§ mg/1 0.81 APHA -4110-B
Nitrite (as NO,) QOOQ\\\\ mg/l <0.1 APHA - 4110 -B
Total Oxidised Nitrogen (as N) & mg/l 0.18 APHA - 4110 -B
BOD OOQQ¢\ mg/1 9 APHA - 5210-B
COD mg/1 437 APHA -5220-D
ICalcium mg/1 75.4 APHA -3120-B
Magnesium mg/1 22.49 APHA -3120-B
Sodium mg/l 34.56 APHA -3120-B
Potassium mg/] 21.99 APHA -3120-B
Iron ug/l 453 APHA -3120-B
Manganese ug/l 11 APHA -3120-B

Additional information :

All methods are from Standard Methods for the Examinatipn of Water
and Wastewater 20th Edition. :

For and on behalf of BHP laboratories :

7.
Pat O'Sullivan
Issue Date : 07/03/2012

!

:ﬂ,“wm v
r’
"

™

12 N

|Test results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory.
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BHP/CL/02C

Analysing
in
TEST REPORT Consunting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102502.2 |3|-II:
Aras an Chontae Order No.:
Dorradoyle Date Received: 14/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAQ: Finbarr Murphy ltem :See below Limerick
Ireland
Tel +353 61455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results [Standard
Reference
TH3 (2.5M)
&
Cadmium 6‘6@ ug/1 <0.1 APHA -3120-B
Total Chromium A gl <1 APHA - 3120 -B
Copper oofi Q,b\o ug/l <1 APHA -3120-B
Nickel Q@%&}\ ug/l <1 APHA -3120-B
Lead (&é'%@ ug/l 2 APHA - 3120 -B
Zinc NN ug/l 12 APHA - 3120 -B
Arsenic ES ug/l <09 | APHA-3120-B
Boron & ug/l 11 APHA - 3120 -B
Mercury 0«\&¢\ ug/l <0.2 APHA -3120-B
Sulphate © mg/l 19.9 APHA -4110-B
Chloride mg/1 71.7 APHA -4110-B
Molybdate Reactive Phosphorus (as P) mg/1 0.24 APHA - 4500 - P-E
Total Cyanide mg/1 0.119 APHA - 4500-CN-C
Fluoride mg/1 <0.05 APHA -4110-B
Additional information : All methods are from Standard Methods for the Examination of Water

and Wastewater 20th Edition. ) e

For and on behalf of BHP laboratories :

/Q'OSL,

Pat O'Sullivan
Issue Date : 07/03/2012

m'rr‘:!ﬂ"%

17 pan T E

et L R S

PR ATV

|Test results relate only to this/these itemns. This test report shall not be duplicated in full without the permission of the test laboratory. I
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BHP/CL/02C

Analysing
Testin
TEST REPORT Consulting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102502.2 |3I-|I,
Aras an Chontae Order No.:
Dorradoyle Date Received: 14/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAOQO: Finbarr Murphy ltem :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results |Standard
Reference
TH3 (2.5M)
nd
Atrazine & ug/l <1 GC-MS
Dichloromethane 0&‘\;6\ ug/l <1 GC-MS
Simazine R <1 GC-MS
Toluene QQ\’\f@‘? ug/l <1 GC-MS
Tributyltin &é;&\z\@ ug/l <0.001 GC-MS
Total Xylenes QO\'\(\@)& ug/l <1 GC-MS
\QOQ\\
O
&
oY

Additional information :

All methods are from Standard Methods for the Examination of Water
and Wastewater 20th Edition.

For and on behalf of BHP laboratories :

7.5,

Pat O'Sullivan
Issue Date : 07/03/2012

| P

o

e St

|Test results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory.
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BHP/CL/02C

Analysing
Testin
TEST REPORT Consulting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102502.3 |3|-I|)
Aras an Chontae Order No.:
Dorradoyle Date Received: 14/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAO: Finbarr Murphy ltem :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results |[Standard
Reference
TH4 (3.8M)
N4
Water Level SO M 3.80 ISO 5667 - 11
Temperature IS S 126 | APHA-2550-B
pH F5° . 640  |APHA -4500-H' - B
IConductivity QQ\%&? uScm’! 1418 | APHA-2510-B
Ammonia (as NH;-N) 65\0\@ mg/] 70.73 | APHA -4500- NH;-D
Nitrate (as NO3) G0 mg/l 0.9 APHA - 4110 -B
Nitrite (as NO,) <<°§\° mg/l <0.1 APHA - 4110 -B
Total Oxidised Nitrogen (as N) & me/l 0.2 APHA - 4110 - B
BOD & mg/l 25 APHA - 5210 - B
coD © mg/l 659 | APHA-5220-D
ICalcium mg/1 82.4 APHA -3120-B
Magnesium mg/1 21.16 APHA -3120-B
Sodium mg/l 36.54 APHA -3120-B
Potassium mg/l 41.87 APHA -3120-B
Iron ug/l 652 APHA -3120-B
Manganese ug/l 24 APHA -3120-B

Additional information :

All methods are from Standard Methods for the Examination of Water
and Wastewater 20th Edition.

For and on behalf of BHP laboratories :

- o D
Pat O'Sullivan
Issue Date : 07/03/2012

g

ITest results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory.
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BHP/CL/02C

Analysing
in
TEST REPORT Consting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102502.3 |3|-I|:
Aras an Chontae Order No.:
Dorradoyle Date Received: 14/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAO: Finbarr Murphy Item :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results |Standard
Reference
TH4 (3.8M)
&
lCadmium &\\é ug/l <0.1 APHA - 3120 -B
Total Chromium 0&\\;5“ ug/l 1 APHA -3120-B
fCopper & &\0 ug/l <1 APHA - 3120 -B
Nickel Q&%Q\" ug/l <1 APHA - 3120 -B
ILead é}\é\; & ug/l 2 APHA - 3120 - B
Zinc _ R ug/l 13 APHA - 3120 - B
Arsenic S ug/l <09 | APHA-3120-B
Boron \5\00 ug/l 16 APHA - 3120 -B
Mercury & ug/l <0.2 APHA - 3120 -B
Sulphate & mg/] 5.42 APHA - 4110 -B
Chloride mg/l 47.5 APHA -4110-B
Molybdate Reactive Phosphorus (as P) mg/1 0.24 APHA - 4500 - P-E
Total Cyanide mg/1 0.031 APHA - 4500-CN-C
Fluoride mg/l <0.05 APHA -4110-B
Additional information : All methods are from Standard Methods for the Examination of Water
and Wastewater 20th Edition. ?“""" “""—" ‘a-:r::f?mmg
For and on behalf of BHP laboratories : 5 3P

i ) )

)7 2
- O S(

Pat O'Sullivan—

Issue Date : 07/03/2012

ITest results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory.
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BHP/CL/02C

Analysing
Testing
TEST REPORT Consulting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102502.3 |ﬂ*|’
Aras an Chontae Order No.:
Dorradoyle Date Received: 14/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAO: Finbarr Murphy Item :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results [Standard
Reference
TH4 (3.8M)
&
Atrazine §é ug/l <1 GC-MS
Dichloromethane ST ug/1 <1 GC-MS
&
Simazine oog? Q,b\o ug/l <1 GC-MS
Toluene Q\%&'&‘ ug/l <1 GC-MS
Tributyltin §§ & ug/l <0.001 GC-MS
Total Xylenes . \{\&\{\\0 ug/l <1 GC-MS
<<0\ \\‘&\Q
SR
A
O
&
oY

Additional information :

All methods are from Standard Methods for the Examination of Water
and Wastewater 20th Edition.

For and on behalf of BHP laboratories :

0

o .
Pat O'Sullivan
Issue Date : 07/03/2012

F.df.'r a

B
i

2 .r—wmrnr:'-

~y i

|Test results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory.
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BHP/CL/02C

Analysing
Testin
TEST REPORT Consj’ﬁng
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102539.1 IBI-Il:
Aras an Chontae Order No.:
Dorradoyle Date Received: 16/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAO: Finbarr Murphy Iltem :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results [Standard
Reference
THS (1.8M)
&
Water Level 6{\@‘ M 1.80 I1SO 5667 - 11
Temperature 0&\\; & °c 12.4 APHA - 2550 - B
IpH & &\0 - 6.76  |APHA -4500-H' - B|
Conductivity S uScm’! 681 APHA - 2510 - B
Ammonia (as NH;-N) 65\0‘\@‘ mg/] 63.75 | APHA -4500- NH,-D
Nitrate (as NO;) . \{\f&\{ﬁ mg/l 2.66 APHA -4110-B
Nitrite (as NO,) QéQ\§\ mg/l <0.1 APHA -4110-B
Total Oxidised Nitrogen (as N) \5\“’0 mg/l 0.6 APHA -4110-B
BOD & mg/l 28 APHA - 5210 -B
CoD & mg/l 84 APHA - 5220 - D
ICalcium mg/1 65.8 APHA -3120-B
Magnesium mg/1 17.86 APHA -3120-B
Sodium mg/1 39.77 APHA -3120-B
Potassium mg/l 44.68 APHA -3120-B
Iron ug/l 893 APHA -3120-B
Manganese ug/1 406 APHA -3120-B

Additional information :

All methods are from Standard Methods for the Examination of Water
and Wastewater 20th Edition. s

For and on behalf of BHP laboratories :

17« S
Pat O'Sullivan—
Issue Date : 07/03/2012

o

"0

e

|Test results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory.
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BHP/CL/02C

Analysing
TEST REPORT Consoning
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102539.1 |3I-II’
Aras an Chontae Order No.:
Dorradoyle Date Received: 16/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAO: Finbarr Murphy Item :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results |Standard
Reference
THS (1.8M)
&
Cadmium §é ug/l <0.1 APHA - 3120 -B
Total Chromium &x\‘ S ug/l <1 APHA -3120-B
Copper oogié@ ug/l <1 APHA -3120-B
Nickel Q\%&‘»" ug/l <1 APHA -3120-B
Lead 690‘\@* ug/l 3 APHA -3120 - B
Zinc ‘\Q&‘é\§ ug/1 14 APHA -3120-B
Arsenic QéQ\§\ ug/l <0.9 APHA - 3120-B
Boron 5\00 ug/l 8 APHA -3120-B
Mercury & ug/l <02 | APHA-3120-B
Sulphate ¢ mg/] 9.63 APHA - 4110 -B
IChloride mg/1 47.6 APHA -4110-B
Molybdate Reactive Phosphorus (as P) mg/1 0.75 APHA - 4500 - P-E
Total Cyanide mg/l 0.032 APHA - 4500-CN-C
Fluoride mg/1 0.14 APHA -4110-B
Additional information : All methods are from Standard Methods for the Examination of Water
and Wastewater 20th Edition. s
For and on behalf of BHP |laboratories : ).E

P,

Pat O'Sullivan
Issue Date : 07/03/2012

ITest results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory.
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BHP/CL/02C

Analysing
Testing
TEST RE PORT Consu'ting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102539.1 |3|-I|:
Aras an Chontae Order No.:
Dorradoyle Date Received: 16/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAO: Finbarr Murphy ltem :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results |Standard
Reference
THS (1.8M)
&
Atrazine & ug/l <1 GC-MS
Dichloromethane NS ug/l <1 GC-MS
&
Simazine & QS\O ug/l <1 GC-MS
Toluene QQ\Q S ug/1 <1 GC-MS
Tributyltin 65\0‘\0@\‘ ug/l <0.001 GC-MS
Total Xylenes ) \Q&‘{\\O\$ ug/l <1 GC-MS
<<0\ \\‘&\Q
SR
A
S
&
oS

Additional information :

All methods are from Standard Methods for the Examination of Water
and Wastewater 20th Edition.

For and on behalf of BHP laboratories :

O
Pat O'Sullivan—

Issue Date : 07/03/2012

eLE

LULETY COUHCIL

ZRVIFGH

LIVERICK

12 MAR 7017

ent 8sclion

ITest results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory.

‘ﬂﬁ
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BHP/CL/02C

Analysing
Testin
TEST REPORT Consting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102539.2 |3|"I|:
Aras an Chontae Order No.:
Dorradoyle Date Received: 16/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAO: Finbarr Murphy ltem :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results |Standard
Reference
Leonards Stream
&
Water Level ,@é‘ M n/a ISO 5667 - 11
Temperature o&\\‘«& © °C 9.8 APHA -2550-B
IpH AN - 6.68  |APHA - 4500 - H' - B
Conductivity QQ«%Q\" uScm’! 429 APHA -2510-B
Ammonia (as NH;-N) 65\0*\0@* mg/l 043 | APHA -4500- NH;-D
[Nitrate (as NO;) '\<\&~¢\O$ mg/1 0.53 APHA -4110-B
Nitrite (as NO,) & Q\\‘«\ mg/1 <0.1 APHA - 4110 -B
Total Oxidised Nitrogen (as N) 5\(’0 mg/l 0.12 APHA -4110-B
BOD Qg}"‘ mg/l 3 APHA - 5210 - B
coD & mg/l 44 APHA - 5220 - D
ICalcium mg/l 54.2 APHA -3120-B
Magnesium mg/1 16.83 APHA -3120-B
Sodium mg/l 62.11 APHA -3120-B
Potassium mg/l 34.1 APHA -3120-B
Iron ug/1 <1 APHA -3120-B
Manganese ug/l 759 APHA -3120-B

Additional information :

All methods are from Standard Methods for the Examination of Water

and Wastewater 20th Edition. —_

i

kS

For and on behalf of BHP laboratories :

V-
Pat O'Sullivan—
Issue Date : 07/03/2012

£

S oAn z_’{ica,{;
7 GGURGIL

12 MAR 2012

ITest results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory. I
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BHP/CL/02C

Analysing
in
TEST REPORT Conacting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102539.2 |3|-I|)
Aras an Chontae Order No.:
Dorradoyle Date Received: 16/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAO: Finbarr Murphy ltem :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results |Standard
Reference
Leonards Stream
&
jCadmium é\Qé* ug/l <0.1 APHA -3120-B
Total Chromium &\\‘ S ug/l <1 APHA -3120-B
Copper . oogs;;\é ug/l <1 APHA -3120-B
Nickel QQ«Q @* ug/l <1 APHA -3120-B
Lead é,;\\o*\(\@f ug/l 3 APHA - 3120 -B
Zinc . \(\59\{@ ug/l 7 APHA -3120 - B
Arsenic & Q\\‘«\ ug/l <0.9 APHA -3120-B
Boron & ug/l 12 APHA -3120-B
Mercury Qg,f“ ug/l <0.2 APHA -3120-B
Sulphate & mg/l 1043 | APHA-4110-B
Chloride mg/1 51.27 APHA -4110-B
Molybdate Reactive Phosphorus (as P) mg/] 0.15 APHA - 4500 - P-E
Total Cyanide mg/1 0.015 APHA - 4500-CN-C
Fluoride mg/l 0.12 APHA -4110-B
Additional information : All methods are from Standard Methods for the Examination of Water

and Wastewater 20th Edition.

For and on behalf of BHP laboratories
Voo

Pat O'Sullivan

Issue Date : 07/03/2012

Lvm F I

|Test results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory. |
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BHP/CL/02C

Analysing
Testing
TEST RE PORT Consu'ting
Calibrating
Client:  Limerick County Council BHP Ref. No.: 102539.2 |3|-I|:
Aras an Chontae Order No.:
Dorradoyle Date Received: 16/02/12 BHP
Co.Limerick Date Completed: 05/03/12 New Road
Test Specification: Nil Thomondgate
FTAO: Finbarr Murphy Iltem :See below Limerick
Ireland
Tel +353 61 455399
Fax + 353 61 455447
E Mail bhpcem2@bhp.ie
Test Client Reference Units Results |Standard
Reference
Leonards Stream
&
Atrazine ,@é‘ ug/l <1 GC-MS
IDichloromethane &\\‘ '§\O ug/1 <1 GC-MS
Simazine oﬁ;\é ug/l <1 GC-MS
Toluene QQ\QO\')% ug/l <1 GC-MS
Tributyltin ;\\o*\(\@f ug/l <0.001 GC-MS
Total Xylenes g ug/l <1 GC-MS
\\ '\§
S
N
A
O
&
oS

Additional information :

All methods are from Standard Methods for the Examination of ‘Watet™
and Wastewater 20th Edition. g

For and on behalf of BHP laboratories :

,7 o S\M\
Pat O'Sullivan
issue Date : 07/03/2012

12 i
3% E

ITest results relate only to this/these items. This test report shall not be duplicated in full without the permission of the test laboratory. I
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Form No.: BHP/MTi/1093 1.1 18/06/07

Analysing
Testing
TEST REPORT Consu]ting
CETMID 1 STo7F vzg hen 005 . .
Calibration
Client: Limerick County Council BHP Ref. No.: 12/02/199 :
County Hall Order No: 400217322
Dooradoyle Date Received: 17/02/2012 BHP
Co. Limerick Date Tested: 06/03/2012
X . New road
Test Specification: Customer Thomondgate
F.T.A.O.: Mr. Finbarr Murphy Item : Clay Liner material Limerick
Client Reference: Newcastlewest Landfill Site. Ireland
Tel +353 61 455399
Sampling Certificate Provided: Yes Eal)\(/l+'3;53 61455447
ai

seamusoconnell@bhp.ie

DETERMINATION OF PLASTICITY INDEX
TO BS 1377:PART 2:1990

S
Client Sample Ref.:  «CSample 1 1
)
Sample No. Ao 1
N
Date Sampled O S Not stated
Source Qoof(i& Not stated
Location Qo* &\? : Base of landfill
& éf
. . QRS

% Retained on 425um test sieve &é’O@ : 9
Method of Test 0’\0.\6)(‘\\ 2 BS 1377:Part 2:1990:Cl.4 & 5
Sample Preparation < OQ‘\& : Wet Sieving
Deviation from Test Method 6\0 : None

L
Results: Oo°a¢\
Liquid Limit : 40
Plastic Limit : 19
Plasticity Index : 21

Remarks:
Nil

Laboratory Technical manager
For and On Behalf of BHP Laboratories Issue Date: 8th March 2012

Test results relate to the samples, as supplied . This test report shall not be duplicated,except in full and only with the permission of the test laboratory.
Sampling dctails where supplied are held on file.

Page 1 of 1
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Form No.:BHP/AB/390/A/08/01/02

Client:

F.T.A.O.:

Client Reference:

IAIED 1Y Scaeg pza no.00S!

Mr. Finbarr Murphy

TEST REPORT

Limerick County Council
County Hall
Dooradoyle
Co. Limerick

BHP Ref. No.:
Order No.:
Date Received:
Date Tested:

12/02/199
400217322
17/02/2012
27/02/2012
Test Specification: Customer spec

Item: Clay Liner material

Newcastlewest Landfill Site.

Analysing
Testing
Consulting
Calibration

13|-1[=>
BHP

New road
Thomondgate
Limerick

Ireland
Tel +353 61 455399

+
Sampling Certificate Provided: No Ea:l]a;ﬁ 61455447
BS 1377:Part 2:1990 hhnnan?/Akhhn ia
BHP Reference 12/02/199 CLIENT REFERENCE
Client Reference
Sieve Size % Passing % Passing % Passing Customer Ref
(mm) Clay liner
125 100
100 100 & Source:
75 100 é\" Base of Landfill
63 100 N
50 100 SN
&
375 100 & &\0
28 97 $
S
20 97 NI
14 97 £ &
10 96 .{\& [ ©
N\
6.3 95 <<<§ \\‘&\C
5.0 95 Y
3.35 95 S
2.00 94 &
9
1.18 93 O
600pum 92
425um 91
300pm 90
212pm 90
150pm 89
63pm 87
20pm 78
6pm 64
2pm 52
Remarks:
Details of any material not representative of the bulk sample found : None found.
eamus 3'Conne
B ry Technical Manager
For and On Behalf of BHP Laboratories Issue Date: 8th March 2012

Test results relate to the samples as supplied. This test report shall not be duplicated in full without the permission of the test laboratory.

Sampling details where supplicd arc held on file.

Page 1 of 2
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Form No.: BHP/MTI/1091 1.1 12/06/07

Analysing
EE Testing
TEST REPORT Consulting
VEINLED 1y SC02¢ ReE 1G. 005 Ca]ibl‘aﬁon
Client: Limerick County Council BHP Ref. No.: 12/02/199 :
County Hall Order No: 400217322
Dooradoyle Date Received: 17/02/2012 BHP
Co. Limerick. Date Tested: 22/02/2011
New road
Test Spec.: Customer spec Thomondgate
F.T.A.O.; Mr. Finbarr Murphy Item : Clay liner material Limerick
. . Ireland
Client Reference: N tl t Landfill Site.
ient Reference ewcastlewest Lan ite Tel +353 61 455399
Sampling Certificate Provided: No Fax 353 61 455447
E Mail
seamusoconnell@bhp.ie
DETERMINATION OF MOISTURE CONYENT
TO BS 1377:PART 2:1990@"
&
ST
0&0&'&
F&
Sample No. \}\Q ¥ 1
Time Sampled N & Not stated
Date Sampled é",\\%oé Not stated
Stated Source .(\&(\\0 Not stated
Location Qo\\\\‘\\q Base of landfill
Method of Test Y Definitive oven drying
&
S
N
Results: P

Moisture Content 22.2%

Remarks:
Nil

ebofatory Technical Manager
For and On Behalf of BHP Laboratories

Page 1 of |
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Form No..BHP/MTV/1012 1.1 27/9/6

Client:

F.T.A.O.:

Client Ref:

Limerick County Council
County Hall

Dooradoyle

Co. Limerick

Co. Clare

Mr. Finbar Murphy

Newcastlewest Landfill site.

Sampling Certificate Provided: No

TEST REPORT

BHP Ref. No.:
Order No:
Date Received:
Date Tested:
Test Spec.:
Item :

12/02/199
400217322
17/02/2012
05/04/2012
customer spec
Clay liner sample

Analysing
Testing
Consulting
Calibration

I3-1>

New Road
Thomondgate

Limerick

Ireland

Tel +353 61 455399
Fax +353 61 455447

E Mail
seamusoconnell@bhp.ie

DETERMINATION OF THE COEFFICIENT OF PERMEAB@'I'Y UNDER CONSTANT

HEAD CONDITIONS IN A TRIAXIAL CELL IN

ORDANCE WITH

BS 1377:PART 6 :1990: CLAYSE 6
377:PART 6 :1990 o&g\q@

$

<O

&b
S
Sample Ref. S AN Clay liner - brown silty clay
Method of Test LS BS 1377:Part 6:1990
RS
&s®
RN
O
O
&
oS
Results:
Sample Condition Remoulded
Method of Remoulding 2.5kg Rammer
Specimen Details Initial Final
Diameter 101mm N/A
Height 99mm N/A
Moisture Content 24.0% 24.0%
Bulk Density (Mg/m®) 2.040 2.130
Dry Density (Mg/m") 1.640 1.720
Page 1 of 2
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Form No.:BHP/MTV/1012 1.127/9/6

BHP Ref. No.: M 12/02/199

Saturation Stage: Performed in accordance with Clause 5.4.3.

Initial pore pressure coeficient, B : 0.86
Final pore pressure coeficient, B : 0.96
Duration of stage : 9 days

Consolidation Stage

Effective pressure : 100 kPa
Duration of stage : 3 days
Permeability Stage )
0@
&
Pressure difference across specimen (kPa) i 20 &
Sy
Mean effective stress (kPa) gf ©
S
S
Duration of stage : ~\o° Qgﬁdays
& &
RO
)
O
< oQ\\
O
&
S
Coefficient of Permeability (k. ) at 20°C = 1.0x10"ms
Remarks:
Laboratory Technical Manager
For and On Behalf of BHP Laboratories Issue Date: 30th April 2012

This test was subcontracted to an approved supplier,

Test results relate to the samples, as supplied . This test report shall not be duplicated,except in full and only with the permission of the test laboratory.
Sampling details where supplied are held on file,

Page 2 of 2
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Analysing

Testing
Consulting
TEST REPORT Calibration
Client: Limerick County Council BHP Ref. No.: 12/02/198 Islil
County Hall Order No.: 400217322 BHP
Dooradoyle Date Received: 17/02/2012 New road
Co. Limerick Date Tested: 28/02/2012
Thomondgate
Test Spec: Customer Spec ..
. ; Limerick
. Item: Capping material Ireland
F.T.A.O.: Mr. Finbar Murphy Tel 4353 61 455399
Client Ref: Newcastlewest Landfiil Fax +353 61 455447
Sampling Certificate Provided: No E Mail
IS EN 933-1 : 1998 Cl. 7 (Particle Size Distribution) seamusoconnell@bhp.ie
BHP Reference . 12/02/198 I SPECIFICATION LIMITS
Client Reference [capping material
Sieve Size % Passing % Passing % Passing
(mm)
500 100
125 100
80 100 0@'
63 100 6@
45 85 .
40 81 o‘i\é@
315 67 G
20 49 SN
16 41 ,~\\o°<\¢§
14 37 R Not Applicable
12.5 35 ¢
O
10 29 CQ
8 25 ©
6.3 22
4 18
2.80 17
2 15
1 13
500pm 11
425um 10
250pm 9
125pm 8
63pm 7.0
Remarks:

Details of any material not representative of the bulk sample found : None found.

The sample, as supplied is finer than a Cl. 505 Filter Drain material but typical of a Cl. 6F1/6F2 capping material as defined
in the Specification for Road Works.

oratory Technical Manager

For and On Behalf of BHP Laboratories

Test results relate to the samples as supplied. This test report shall not be duplicated,except in full and only with the permission of the test laboratory.
Sampling details where supplied are held on file

Issue Date:

8th March 2012

EPA Export 10-05-2019:03:42:16
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Ballycoolin
Dublin 11
Tel : (0035) 3188 29893

(ﬂ” ALcontrol Laboratories Rosemount Bsnss Patk

Tobin

Block 10 - 4

Blanchardstown Corporate Park
Dublin

Attention: John Dillon

CERTIFICATE OF ANALYSIS

Date: 08 January 2013
Customer: D_TOBIN_DUB
Sample Delivery Group (SDG): 121218-40

Your Reference: 2928

Location: Newcastlewest
Report No: 207714

We received 4 samples on Monday December 17, 2012 and 4 of these samples were scheduled for analysis which was
completed on Tuesday January 08, 2013. Accredited laboratory tests are defined within the report, but opinions,
interpretations and on-site data expressed herein are outside the scope of ISO 17025 accreditation.

Y
Should this report require incorporation into client reports, it must be use%@ its entirety and not simply with the data
sections alone.

N @
All chemical testing (unless subcontracted) is performed at ALcontrol Ha e@l.aboratones
0&&\?
KON
&\

B&O
NS

Lt
N

«©

&
N

Approved By: J

_j [

L S M CERTS
‘H: L. \v_‘\ B8 terasenear seincry

R \\‘\"l"l’l/,,

Sonia McWhan s\\_:{/;:

Operations Manager im
'Z/R\-h‘\}:
Y NS UKAS

"/:,ln\\\ TESTinG

Alcontrol Laboratories is a trading division of AlLcontrol UK Limited
Registered Office: Units 7 & 8 Hawarden Business Park, Manor Road, Hawarden, Deeside, CH5 3US. Registered in England and Wales No.

Page 1 of 24
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; 0 AlLcontrol Laboratories

CERTIFICATE OF ANALYSIS

Validated

SDG: 121218-40 Location: Newcastlewest Order Number:
Job: D_TOBIN_DUB-86 Customer: Tobin Report Number: 207714
Client Reference: 2928 Attention:  John Diflon Superseded Report:
LIQUID
Results Legend Lab Sample No(s) & % g 2
£ 3 g 2
E Test
No Determination
Posslble
Customer B o z
Sample Reference |3 5 2 3
AGS Reference
Depth (m)
S REISEEIE S NN
8T SZ BTS2, 9852
BRipceginasiihes
: sesfasoiRaso0%25
Container §§§;§§§§g§5§§g§§
mY2mm CmmaR®mm
NI [Xf= N
ST U HS
Eiiml e m m
Acid Herbicide Suite 1 (W) * All NDPs: 0
Tests 3
X X X .
eiketes &
cid Herbicides (W) Al NDPs: 0 &
Tests 3 CS\
X X X .
& S
Ammoniacal Nitrogen Al NDPs 0 S
Tests: 4 o?? Q/S\
x| X P& x
ST
Anions by Kone (w) All NDPs: 0 OQQQK&\
Tests: 4 N
X x & X
' (\& ‘\O
BOD True Total Al NDPs. 0 OS
Tests: 4 < \\&\
X c’,bQ X X
COD Unfitered All NDPs: 0 \6\
Tests 4 5
o(\ X X X X
Conductivity (at 20 deg.C) All NDPs O
Tests: 4
X X X X
Cyanide Al NDPs 0
Comp/Free/Total/Thiocyanate Tests 4
X X X X
Dissolved Metals by ICP-MS All NDPs 0
Tests' 4
X X X X
Dissolved W, Nb and Zr by ICP-MS All NDPs 0
Tests: 4
pod X X X
Fluoride All NDPs: 0
Tests 4
X X X X
Mercury Dissolved Al NDPs. 1 l
Tasts 3
X X X
Metals by iCap-OES Dissolved (W) All NDPs O
Tests 4
X X X X
Mineral Oil C10-40 Aqueous (W) All NDPs. 0
Tests 3
X X X
Nitrite by Kone {w) All NDPs. 0
Tests 4
N o X X
08:49:17 08/01/2013
Page 3 of 24
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G, ALcontrol Laboratories
) ; CERTIFICATE OF ANALYSIS

SDG: 121218-40 Location: Newcastlewest Order Number:
Job: D_TOBIN_DUB-86 Customer: Tobin Report Number: 207714
Client Reference: 2928 Attention:  John Dillon Superseded Report:
Customer Sample R GW3 GWs MW MWT
] 13017023 accredited.
M MCERTS accredited.
deie ::‘s‘ll?l::dl " :::::“r::u Depth (m) : :
totunfiit Total / unfilterad sample. Sample Type { ) (GWISW) Water{GW/SW) Water(GW/SW)
© Subcontracted tast. Dats Sampled 171122012 1711212012 17122012 1711212012
- % recovery of the surrogate standard to Sampled Time z
e T Date Received 1711212012 1711272012 1711272012 1711272012
;‘_:‘;ﬁ:’_;’;:';"::;;‘:ﬂ:f’:::::’:w SDG Ref 121218-40 121218-40 12121840 121218-40
(F) Trigger breach confirmed Lab Sample No.(s) 6683344 6683343 6683346 6683347
148+4@ Sample deviation (ses appendix} AGS Reference
Component LOD/Units Method
2,3,6-Trichlorobenzoic <0.02 suB <0.02 <0.02 <0.02
acid (2,3,6-TBA)* ug/l i
Benazolin* <0.02 suB <0.02 <0.02 <0.02
g/l
Diclofop* <0.02 suB <0.02 <0.02 <0.02
pglt
Flamprop* <0.02 SUB <0.02 <0.02 <0.02
Hg/l
Flamprop-isopropy!* <0.02 sus <0.02 <0.02 <0.02
g/l
BOD, unfiltered <1 mg/l TMO045 <2 2.38 <2 <2
# # # #
Ammoniacal Nitrogen as <0.2 mg/l TM099 <0.2 0.2086 <0.2 <0.2
N # # # #
Fluoride <0.5 mg/l TM104 <0.5 <0.5 <0.5 <0.5
# # # #
COD, unfiltered <7 mg/l TM107 139 345 13.5 19
# # # #
Conductivity @ 20 deg.C <0.005 TM120 0.54 1.5 0.847 . 0.715
mSi/cm # # \)&# #
Silicon (diss.filt) <0.05 TM129 3.13 10.8 3. 3.61
mg/l . \O
Antimony (diss filt) <0.16 TM152 0.68 1.98 D 0779 1.73
ug/l # \ \é # #
Arsenic (diss.filt) <0.12 TM152 0.614 1.05 O ¢ 0.498 0.579
L&
Hg!! # RN # #
Barium (diss.filt) <0.03 TM152 87.5 2N 56.9 58.5
Hg/ gl S # # #
Beryllium (diss.filt) <0.07 TM152 <0.07 Qé? <0.07 <0.07 <0.07
ug! A S # # #
Boron (dissfilt) <9.4pg/l | TM152 171 XISy 575 138 134
q
¥ # # #
Cadmium (diss.filt) <0.1 pgil TM152 <0.1 5~ 0.703 0.189 0.207
A§ # # # #
Chromium (diss.filt) <0.22 TM152 @5 3.04 1.9 218
pa/l # # # #
Cobalt (diss filt) <0.06 TM152 0.273 1.48 0.474 0.499
ug/l # # # #
Copper (diss filt) <0.85 TM152 1.33 5.87 2.32 2.49
Hg/l # # # #
Lead (diss.filt) <0.02 TM152 0.058 0.277 0.063 0.097
g/l # # # #
Manganese (diss. filt) <0.04 TM152 1.22 265 55.5 55.5
ua/l # # # #
Molybdenum (diss. filt) <0.24 TM152 0.429 1.07 0.457 0.688
ug/t # # # #
Nickel (diss.filt) <0.15 TM152 277 235 7.93 8.24
ug/l # # # #
Phosphorus (diss. filt) <6.3 pgfl TM152 46.8 17.7 14.5 181
# # # #
Selenium (diss. fiit) <0.39 TM152 43 6.29 1.71 1.82
ugh # # # #
Tellurium (diss.filt) <2 pgll TM152 <2 <2 <2 <2
Thallium (diss.fiit) <0.96 TM152 <0.96 <0.96 <0.96 <0.96
ug/l
Tin (diss.filt) <0.36 TM152 <0.36 <0.36 <0.36 0.401
ug/l # # # #
Uranium (diss.filt) <1.5 ug/l TM152 <1.5 1.87 1.5 1.62
Titanium (diss.filt) <1.5 g/l TM152 <15 2.58 <1.5 <1.5
# # # #
Vanadium (diss.filt) <0.24 TM152 0.86 0.804 0.467 0.627
ug/l # # # #
08:49:17 08/01/2013
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G ALcontrol Laboratories

CERTIFICATE OF ANALYSIS

Validated

SDG: 121218-40 Location: Newcastlewest Order Number:
Job: D_TOBIN_DUB-86 Customer: Tobin Report Number: 207714
Client Reference: 2928 Attention:  John Dillon Superseded Report:
Customer Sample R GWa GWE Mwi Mw7
» 18017025 accredited.
M mMCERTS accredited.
Bleean 3.“.".173.’1 p ;:.:dl::::'n, Depth (m)
totunfit Total / unfiltered sample. Sample Type (! J { J ! ) | Water { /
* Subcontractsd test. Date Sampled 171122012 17122012 17/12/2012 1711272012
- % recovery of the surrogate standard to Sampled Time s !
f""':l‘;"; ﬂm’ﬂ :’;:m;:;‘;:l‘: Date Received 1711212012 171122012 1711212012 1711212012
SDG Ref 12121840 121218-40 12121840 121218-40
) ;'n':::'n::: :::;c"::’hr e meavery Lab Sample No.(:) 8883344 6683343 86883346 6683347
1-42+4@ Sample deviation (see appendix) AGS Reference
Component LOD/Units Method
Cyanide, Free <0.05 T™M227 <0.05 <0.05 <0.05 <0.05
mg/l # # # #
Calcium (diss.filt) <0.012 TM228 151 361 218 222
mg/l # # # #
Sodium (diss.fiit) <0.076 TM228 7.23 355 10.9 11.3
mg/l # # # #
Magnesium (diss.filt) <0.036 TM228 6.22 38.5 16.9 16.7
mg/l # # # #
Potassium (diss.filt) <2.335 TM228 <2.34 237 449 4.85
mg/l # # # #
Iron (diss.filt} <0.019 TM228 <0.019 <0.019 <0.019 <0.019
mg/| # # # #
pH <1 pH TM256 7.98 77 7.71 7.74
Units & # # #
Silver (diss.filt) <1.5 pg/l TM283 <1.5 <15 <15 <1.5
# # # #
Dibuty! tin <5 ngl TM328 <5 <5 <5
Tributyl tin <1 ng/l TM328 <1 <1 & <1
NS
Tetrabuty! tin <2ngl | TM328 <2 NS <2
AN \O
Triphenyl tin <1 ng/l TM328 <1 )«\"\@ <1 <1
PO
Surrogate % TM328 50 \Qo’. \@’ 67 92
000\,‘5&"
N
geo(}o‘\\o
A
¢ N i §
X <Q\\
« G
-
X
&
C}O
08:49:17 08/01/2013
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Gk' AlLcontrol Laboratories

CERTIFICATE OF ANALYSIS

Validated

SDG: 121218-40 Location:  Newcastlewest Order Number:
Job: D_TOBIN_DUB-86 Customer:  Tobin Report Numhar: 207714
Client Reference: 2928 Attention:  John Dillon Superseded Report:
OC, OP Pesticides and Triazine Herb
Customer Sample R GWS Mw1 MWT
” 13017025 accredited.
M mCERTS accredited.
s Q?.".ZTQ'.'J i ;::::;::::- Depth (m) : .
wtunfilt Total / unfiitered sample. Sample Type Water(GW/SW) Water(GWSW) Watar{GW/SW)
* Subcontracted test. Date Sampled 171212012 171212012 171272012
- % recovery of the surrogate standard to Sampled Time
="'°IL“: .":f:"n: GO "":“’;:I" Date Received 1712/2012 1711212012 171122012
. e e g_f‘,'r_:;':':‘r";“‘"m':w SDG Ret 121218-40 121218-40 121218-40
F} Trigger breach confirmed Lab Sample No.(s) 6683343 6683346 6683347
143+8@ Sample deviation (see appendix) AGS Reference
Component LOD/Units Method
Atrazine <1 pg/l TM231 <1 <1 <1
Simazine <1 pg/l TM231 <1 <1 <1
Dichlorvos <0.01 TM231 <0.01 <0.01 <0.01
ug/l
Mevinphos <0.01 TM231 <0.01 <0.01 <0.01
Hglt
Hexachlorobenzene <0.1 pgfl TM231 <0.1 <0.1 <0.1
alpha-Hexachlorocyclohex <0.01 TM231 <0.01 <0.01 <0.01
ane (HCH / Lindane) ug/l
Diazinon <0.01 TM231 <0.01 <0.01 <0.01
Hg/l
gamma-Hexachlorocycloh <0.01 TM231 <0.01 <0.01 <0.01
exane (HCH / Lindane) ug/l
Propetamphos <0.1 pgfl TM231 <0.1 <0.1 <0.1
Dimethoate <0.1pgl | TM231 <0.1 <0.1 <0.1 .
R
Chlarothalonil <0.1pgl | TM231 <0.1 <0.1 <0349
N
\
Heptachlor <0.01 TM231 <0.01 <0.01 )&‘\ 3=0.01
ug/l 5 4\0\
Pirimiphos-methyl <0.1ugh | TM231 <0.1 <0.1 Qo‘?'\«é) <0.1
AN
Aldrin <0.01 TM231 <0.01 ) & <0.01
pg/l PO
Isodrin <0.1ugh | TM231 <0.1 R \9‘3.1 <0.1
NS
PN S
beta-Hexachlorocycichexa <0.01 TM231 <001 X @ <0.01 <0.01
ne (HCH / Lindane) pg/t « g
Fenthion <0.1 pg/l TM231 <0.1 \0 <0.1 <0.1
Methyl parathion <0.01 TM231 @1 <0.01 <0.01
pglt
Pendimethalin <0.1 pg/l TM231 <0.1 <0.1 <0.1
Chlorfenvinphos <0.1 ygll TM231 <0.1 <0.1 <0.1
Malathion <0.01 TM231 <0.01 <0.01 <0.01
Hgit
o,p-DDE <0.1pg/l | TM231 <0.1 <0.1 <0.1
Fenitrothion <0.01 TM231 <0.01 <0.01 <0.01
ug/l
Heptachlor epoxide <0.01 TM231 <0.01 <0.01 <0.01
Hait
o,p-TDE (DDD) <0.1pg/l | TM231 <0.1 <0.1 <0.1
o,p-DDT <0.1 pgll TM231 <0.1 <0.1 <0.1
Parathion <0.01 TM231 <0.01 <0.01 <0.01
Hglt
Endosulphan | <0.01 TM231 <0.01 <0.01 <0.01
ug/l
0,p-Methoxychlor <0.1 pgfl TM231 <0.1 <0.1 <0.1
Carbophenothion <0.1 pg/l TM231 <0.1 <0.1 <0.1
p,p-DDE <0.01 TM231 <0.01 <0.01 <0.01
Mg/t
Triazophos <0.1 ught TM231 <0.1 <0.1 <0.1
08:49:17 08/01/2013
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(l . ALcontrol Laboratories
g CERTIFICATE OF ANALYSIS

SDG: 121218-40 Location: Newcastlewest Order Number:
Job: D_TOBIN_DUB-86 Customer: Tobin Report Number: 207714
Client Reference: 2928 Attention:  John Dillon Superseded Report:

OC, OP Pesticides and Triazine Herb

Customer Sampie R o w1 w7

» 15017028 accredited.
M mCERTS accredited.
ag Aqueous / settied sample,

diss.fit  Dissolved / filtered sample. Depth (m) . v

totunfiit Total / unfiltered sample. Sample Type Water(GWSW) Water(GWISW) Waler(GWSW)
0 Subcontracted test. Date Samplad 1711212012 17122012 1711212012
- % recovery of the surrogate standard to Sampled Time

check the efficiency of the methed. The

1ts of individual cempeunds wihl Date Received 1711272012 17112/2012 17!12-12012
e S e SOG Ref 12121840 121218-40 121218-40
® ?:’.T‘.".',';.'Ziﬁ e i Lab Sample No.(s) 6683343 6683346 6683347
1-42+§@ Sample deviation (see appendix) AGS Reference
Component LOD/Units Method
Methacriphos <0.1 ygll TM231 <0.1 <0.1 <0.1
Tributylphosphate <0.1 pgh TM231 <0.1 <0.1 <0.1
Sulfotep <0.1 pgll TM231 <0.1 <0.1 <0.1
Phorate <0.1 pgfl TM231 <0.1 <0.1 <0.1
Fonofos <0.1 ught TM231 <0.1 <0.1 <0.1
Phosphamidon | <0.1 pg/l TM231 <0.1 <0.1 <0.1
Disulfoton <0.1 pgfl TM231 <0.1 <0.1 <0.1
Phosphamidon II <0.1 pgfl TM231 <0.1 <0.1 <0.1
Chlorpyriphos methyl <0.1 pgll T™M231 <0.1 <0.1 <0.1
Triphenylphosphate <0.1 pgll TM231 <0.1 <0.1 <0.1 &
N
Phosmet <01pgl | TM231 <0.1 <0.1 <gs@‘0
e )
o-ethyl 4-nitrophenyl <0.1pgl § TM231 <0.1 <0.1 (\\'z} <0.1
phosphonothioate (EPN) O
Coumaphos <0.1pgh{ TM231 <0.1 <01 7 <0.1
LS
N
cis-Heptachlor epoxide <0.1pgll | TM231 <0.1 y.\\éﬁ. B <0.1
é’u&‘
S
NS
‘(éQ\\
-
3
&
C}U
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Gj ALcontrol Laboratories

CERTIFICATE OF ANALYSIS

Validated

SDG: 121218-40 Location: Newcastlewest Order Number:
Job: D_TOBIN_DUB-86 Customer: Tobin Report Number: 207714
Client Reference: 2928 Attention:  John Dillon Superseded Report:
SVOC MS (W) - Aqueous
Resuits Legend Customer Sample R GWe MwW1 MW7
L] 18017025 accredited.
L] mCERTS accredited.
¢|::.rm ;?-u::::d’ Il;l‘::d':’l“n'::;. Depth {m) .
totunfiit  Total / unflitered sample. Sample Type Water(GW/SW) Water(GW/ISW) Water(GW/ISW)
© Subcontracted test. Date Sampled 1711212012 1712/2012 171212012
- % recovery of the surrogate standard to Sampled Time .
G LG LG AR s Date Received 171122012 1711272012 171212012
e e e SDG Ref 12121840 12121840 121218-40
(F}  Trigger breach confirmed Lab Sample No.(s) 6683343 8883348 6683347
1484§@ Sample deviation (see appendix) AGS Reference
Component LOD/Units Method
1,2,4-Trichlorobenzene <1 ug/l TM176 <1 <1 <1
(aq)
1,2-Dichlorobenzene (aq) <1 pg/l TM176 <1 <1 <1
1,3-Dichlorobenzene (aq) <1 ug/l TM176 <1 <1 <1
1.4-Dichlorobenzene (aq) <1 ugll TM176 <1 <1 <1
2,4,5-Trichlorophenol (aq) <1 ug/l TM176 <1 <1 <1
2,4,6-Trichlorophenol (aq) <1 pgll T™M176 <1 <1 <1
2,4-Dichlorophenol (aq) <1 pg/l TM176 <1 <1 <1
2,4-Dimethylphenol (aq) <1 ugll TM176 <1 <1 <1
2,4-Dinitrotoluene (aq) <1 pgll TM176 <1 <1 <1
2,6-Dinitrotoluene (aq) <1 pgfl T™M176 <1 <1 <1 .
&
2-Chloronaphthalene (aq) <1 ugll TM176 <1 <1 N
&
\ \
2-Chlorophenol (aq) <1 pgll TM176 <1 <1 <Q\5\é <1
2
2-Methyinaphthalene (aq) <tugl | TM176 <1 <1 Qo"*.'\«c <1
AN
2-Methylphenol (aq) <1 ugll TM176 <1 ,\oeﬂ‘é}" <1
E &
2-Nitroaniline (aq) <1 pg/l TM176 <1 Qée 6\0« <1
NS
2-Nitrophenol (aq) <1 pgll TM176 <t X Q\\ <1 <1
X
3-Nitroaniline (aq) <1 pgll T™M176 <1 éé\c’ <1 <1
O\
4-Bromophenylphenylethe <tugl | TM176 e <1 <1
r{aq)
4-Chloro-3-methylphenol <1 ug/l TM176 <1 <1 <1
(aq)
4-Chloroaniline (aq) <1 pg/l TM176 <1 <1 <1
4-Chlorophenylphenylethe <1 pg/l TM176 <1 <1 <1
r (aq)
4-Methylphenol (aq) <1 pg/l TM176 <1 <1 <1
4-Nitrophenol (aq) <1 g/l TM176 <1 <1 <1
4-Nitroaniline (aq) <1 pgll T™M176 <1 <1 <1
Azobenzene (aq) <1 g/l TM176 <1 <1 <1
bis(2-Chloroethyl)ether <1 ugll TM176 <1 <1 <1
(2aq)
bis(2-Chloroethoxy)metha <1 g/l T™M176 <1 <1 <1
ne (aq)
bis(2-Ethylhexyl) phthalate <2 pgfl TM176 <2 <2 <2
(aq)
Butyibenzyl phthalate (aq) <1 g/l TM176 <1 <1 <1
Benzo(k)fluoranthene (aq) <1 g/l TM176 <1 <1 <1
Carbazole (aq) <1 pg/l TM176 <1 <1 <1
Dibenzofuran (aq) <1 ug/l TM176 <1 <1 <1

08:49:17 08/01/2013
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G AlLcontrol Laboratories

CERTIFICATE OF ANALYSIS

Validated

SDG: 121218-40 Location: Newcastlewest Order Number:
Job: D_TOBIN_DUB-86 Customer:  Tobin Report Number: 207714
Client Reference: 2928 Attention:  John Dillon Superseded Report:
VOC MS (W
Customer Sample R GwW3 GWS M1 MW7
1 1SO17025 accredited.
M MCERTS accredited.
m:ﬂn Qiql"s:::dl l';::ﬁ“:;:-. Depth (m) .
totunfiit Total / unflitered sample. Sample Type Water(GW/SW) Water(GW/SW) Water(GW/SW) Water{GW/SW)
* Subcontractad test. Date Sampled 17122012 171212012 171122012 17122012
- % recovery of the surrogate standard to Sampled Time
s b I o I BT zens ey
@
e e Lab Sample No(s) 6683344 6683343 6683345 6683347
148+§@ Sample deviation (see appendix) AGS Reference
Component LOD/Units Method
Dibromofluoromethane** % TM208 110 109 107 108
1
Toluene-d8** % TM208 100 100 100 101
1
4-Bromofluorobenzene** % TM208 99 98.6 98.7 99.7
1
Dichlorodifluoromethane <1 pg/l TM208 <1 <1 <1 <1
1# # # #
Chloromethane <1 pg/l TM208 <1 <1 <1 <1
1# # # #
Vinyl chloride <1 pgll TM208 <1 <1 <1 <1
1# # # #
Bromomethane <1 pgll TM208 <1 <1 <1 <1
1# # # #
Chloroethane <1 g/l TM208 <1 <1 <1 <1
1# # # #
Trichlorofluoromethane <1 ug/ TM208 <1 <1 <1 <1
1# # # #
1,1-Dichloroethene <1 pgll TM208 <1 <1 <1 ) <1
1# # \f‘? # #
Carbon disulphide <1 pgfl TM208 <1 <1 <1{\® <1
1# # O #
Dichloromethane <3 gl TM208 <3 <3 Q\‘\ <3 <3
14 PS> # #
Methyl tertiary butyl ether <1 pgll TM208 <1 <t & «‘0 <1 <1
(MTBE) 1# S # #
trans-1,2-Dichloroethene <1 ugll TM208 <1 ] 0@%\“’ <1 <1
1#] S # #
1,1-Dichloroethane <tpgh | TM208 <1 Q&"\§1 <1 <1
130§ # # #
cis-1,2-Dichloroethene <1 ugll TM208 <t < ®\ <1 <1 <1
18 # # #
2,2-Dichloropropane <1 ug/l TM208 <1 f\o <1 <1 <1
1
Bromochloromethane <1 pg/l TM208 Qe’f <1 <1 <1
1# # # #
Chloroform <1 pg/l T™M208 <1 <1 <1 <1
1# # # #
1,1,1-Trichloroethane <1 pg/l TM208 <1 <1 <1 <1
1# # # #
1,1-Dichloropropene <1 ug/l TM208 <1 <1 <1 <1
1# # # #
Carbontetrachloride <1 ug/l TM208 <1 <1 <1 <1
1# # # #
1,2-Dichloroethane <1 pg/l TM208 <1 <1 <1 <1
1
Benzene <1 pg/ T™M208 <1 <1 <1 <1
1# # # #
Trichloroethene <1 pg/ TM208 <1 <1 <1 <1
1# # # #
1,2-Dichloropropane <1 pg/l TM208 <1 <1 <1 <1
1# # # #
Dibromomethane <1 g/l TM208 <1 <1 <1 <1
1# # # #
Bromodichloromethane <1 pgfl TM208 <1 <1 <1 <1
1# # # #
cis-1,3-Dichloropropene <1 g/ TM208 <1 <1 <1 <1
1# # # #
Toluene <1 g/l TM208 <1 <1 <1 <1
1# # # #
trans-1,3-Dichloropropene <1 pg/l TM208 <1 <1 <1 <1
1# # # #
1,1,2-Trichloroethane <1 ug/l TM208 <1 <1 <1 <1
1# # # #
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G; ALcontrol Laboratories

CERTIFICATE OF ANALYSIS

Validated

SDG: 121218-40 Location: Newcastlewest Order Number:
Job: D_TOBIN_DUB-86 Customer: Tobin Report Number: 207714
Client Reference: 2928 Attention:  John Ditlon Superseded Report:
VOC MS (W)
Results Legend Customer Sample R GW3 GW8 MW1 MW7
* 18017025 accradited.
L] mMCERTS accredited.
TR ;Iqlul:::dl it ;::.:::::; Depth (m) : -
totunfilt Total/ unfitterad sample. Sample Type ( U [ J (GWISW) Water(GW/SW)
* Subcontracted test. Date Sampled 1711212012 1711212012 1711212012 1711212012
- % recavery of the surrogate standard to Sampled Time & .
f"':‘m‘;"; I':"";';':: ::;ﬂ"::;‘;x: Date Received 17/122012 17122012 171212012 171272012
& e SDG Ref 121218-40 121218-40 121218-40 121218-40
(F) ;:l:‘g:.r’h:::h :::f‘l:nﬂ! e reeveny Lab Sample No.{s) 6683344 6683343 6683346 6683347
1-48+§@ Sample deviation (see appendix) AGS Reference
Component LOD/Units Method
1,2,3-Trichlorobenzene <1 pgfl TM208 <1 <1 <1 <1
1# # # #
1,3,5-Trichlorobenzene <1 ugll TM208 <1 <1 <1 <1
1
K
\\s\@
$)
SERN
52
,;ﬁ R
O~ 9
&
Q&\@‘f
KO
N
Jﬁ}o&‘
S
Ya‘ R
&
X

”
%C
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_ G ALcontrol Laboratories

CERTIFICATE OF ANALYSIS

Validated

SDG: 121218-40 Location: Newcastlewest Order Number:
Job: D_TOBIN_DUB-86 Customer: Tobin Report Number: 207714
Cllent Reference: 2928 Attention:  John Dillon Superseded Report:
Table of Results - Appendix
Method No Reference Description et D SUlRdale
Sample * Corrected
sus Subcontracted Test
TM045 MEWAM BODS 2nd Ed.HMSO 1988 / Method Determination of BODS (ATU) Filtered by Oxygen Meter on
5210B, AWWA/APHA, 20th Ed., 1999; SCA liquids
Blue Book 130
TMO61 Method for the Determination of Determination of Extractable Petroleum Hydrocarbons by
EPH,Massachusetts Dept.of EP, 1998 GC-FID (C10-C40)
TMO99 BS 2690: Part 7:1968 / BS 6068 Part2.11:1984 Determination of Ammonium in Water Samples using the Kone
Analyser
TM104 Method 4500F, AWWAJAPHA, 20th Ed., 1999 Determination of Fluoride using the Kone Analyser
TM107 ISO 6060-1989 Determination of Chemical Oxygen Demand using COD Dr
Lange Kit
TM120 Method 25108, AWWA/APHA, 20th Ed., 1999/ Determination of Electrical Conductivity using a Conductivity
BS 2690: Part 9:1970 Meter
TM129 Method 31208, AWWAJ/APHA, 20th Ed., 1999/ Determination of Metal Cations by IRIS Emission Spectrometer
Modified: US EPA Method 30508
TM152 Method 31258, AWWAJ/APHA, 20th Ed., 1999 Analysis of Aqueous Samples by ICP-MS
TM172 Analysis of Petroleum Hydrocarbons in EPH in Waters
Environmental Media — Total Petroleum
Hydrocarbon Criteria
TM176 EPA 8270D Semi-Volatile Organic Compounds Determination of SVOCs in Water by GCMS
by Gas Chromatography/Mass Spectrometry
(GC/MS)
T™178 Modified: US EPA Method 8100 Determination of Polynuclear Aromatic Hydrocarbons (PAH) by
GC-MS in Waters
TM183 BS EN 23506:2002, (BS 6068-2.74:2002) ISBN Determination of Trace Level Mercury in Waters and Leachates
058038924 3 by PSA Cold Vapour Atomic Fluorescence Spectrometry
TM184 EPA Methods 325.1 & 325.2, The Determination of Anions in Adfigous Matrices using the
Kone Spectrophotometric Anaé(s rs
TM186 Determination of Acidic Herbicides in The Determination of Acid Sé\rbicides in Environmental Water
Groundwater and Potable Water by LC/MSD Samples and Leac@te%éy LC/MS QQQ.
Using Selective lon Monitoring. Agilent & &
Technologies [nc. Application Note og? Q,S\
5988-5882EN. $&
TM191 Standard Methods for the examination of waters Determi i@f Unfiltered Metals in Water Matrices by
and wastewaters 16th Edition, ALPHA, ICP.-@é éf
Washington DC, USA. ISBN 0-87553-131-8. P &
TM205 . rMination of Phenols in Waste Waters using Solid Phase
O\\ Bxtraction, Acetylation, Gas Chromatography and Mass
% @ elective Detection
TM208 Modified: US EPA Method 8260b & 624 \0 Determination of Volatile Organic Compounds by Headspace /
O GC-MSin Waters
TM227 Standard methods for the examination of waﬁs Determination of Total Cyanide, Free (Easily Liberatable)
and wastewaters 20th Edition, AWWA/, Cyanide and Thiocyanate
Method 4500.
TM228 US EPA Method 60108 Determination of Major Cations in Water by iCap 6500 Duo
ICP-OES
TM231 Agilent 6890 Gas Chromatograph system using Determination of Organochlorine and Organophosphorus
an Agilent 5973 Mass Selective Detector (MSD) Pesticides and Triazine Herbicides by GCMS
TM256 The measurement of Electrical Conductivity and Determination of pH in Water and Leachate using the GLpH pH
the Laboratory determination of pH Value of Meter
Natural, Treated and Wastewaters, HMSO,
1978. ISBN 011 751428 4.
TM283 Determination of Dissolved Niobium, Tungsten, and Zirconium
in Water Matrices by ICP-MS
TM328

1 Applies to Solid samples only.

DRY indicates samples have been dried at 35°C. NA = not applicable.

08:49:17 08/01/2013

Page 19 of 24

EPA Export 10-05-2019:03:42:16



, a ALcontrol Laboratories

CERTIFICATE OF ANALYSIS

Validated

SDG: 121218-40 Location: Newcastlewest Order Number:
Joh: D_TOBIN_DUB-86 Customer: Tobin Report Number: 207714
Client Reference: 2928 Attention:  John Dillon Superseded Report:
Chromatogram
Analysis: Mineral Oil C10-40 Aqueous (W) Sample No : 6685765 Depth :
Sample ID : MWA1
Alcontrol Analytical Services
Hineral 0il Range Organics ( Cl0 - Cd0 )
Sample Identitv: 6453679-6685765
Date Acquired : 03/01/13 02:16:17 PH
Units ¢ ma/l
Sample Volume: Oml's
Dilution:
= g g g g g g 8 g €3
~ 1 1 1 1 1 1 1 1 1 -:
g
>
=
IS
=)
|
el
w o
- g
>
(=}
Int. Std. £ o)
=
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o 2
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R o‘@;@
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X (\é‘
&
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<<0\ \\‘&\Q
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,\0
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Mneral Gil N
OO
~ 4
o
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. CIJ ALcontrol Laboratories

CERTIFICATE OF ANALYSIS

Validated

SDG: 121218-40 Location: Newcastlewest Order Number:
Joh: D_TOBIN_DUB-86 Customer: Tobin Report Number: 207714
Client Reference: 2928 Attention:  John Dillon Superseded Report:
Chromatogram
Analysis: Mineral Oil C10-40 Aqueous (W) Sample No : 6686090 Depth :
Sample ID : GW6
Alcontrol Analvtical Services
Mineral 0il Range Organics ( Cl0 - C40 )
Sampnle Identitv: 6453577-6686090
Date Acquired : 02/01/13 23:57:35 PH
Units na/L
Samvle Volume: 0 nl's
Dilution:
N s D o it T e S 3
=) T PR} L L i S i -':
]
»
=
5
=
=
0
w ko
E g
0O
=
Int. Std. £ o
8
2
|
g
™ g
. K
&
&
&
Q@‘q@
an S A
AN
e
S
Q3 <
N
LI
g Q& \O
ity Mineral Oit )
N\
ES
N
\0
QO
S
(\
e I Oo
o
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Customer Contact:

Customer:

Customer Address:

= City Analysts Limited

Environmental Laboratories

Certificate of Analysis

John Dillon

Tobin Consulting Engineers,

Block 10-4.,

Blanchardstown Corporate Park,
Blanchardstown,

WIlYy Alialydls Lineu,
Pigeon House Road,
Ringsend,

Dublin 4.

Tel:(01) 613 6003 /6 /9
Fax:(01) 613 6008
Email:info@cityanalysts.ie

www.cityanalysts.ie

Report Reference: 13-02062-
Report Version: 1
Date Received: 19/04/2013

Dublin 15
SO 17025
ACCREDITED
TESTING
Page 6 of 6 OFTALED ¥ sC0PE REG N, 138"
Sampie Description: BH9
Sampie Type: Ground Water
Date Sampied: 19/04/2013
Lab Reference Number: 150554
Site/Method  Analysis P ¢ K Accreditation
Ref. Start Date arameter Result Units, PV Value Status
O
D/3000 19/04/2013 Ammonia as N 0.11 o&*;féﬁmgll : INAB
sSusC Dissolved Methane <0.05 oog? Q‘S\O mg/l - NON
SO
§3, <
N
&’
. Q& X
S S
Lt
N
\0
QO
S
&
Note:

NAC & ATC - No abnormal change and acceptable to customers
TVC - Total Viable Count

PV Value is the parametric value, taken from European Communities, (Drinking Water) (No. 2) Reguiations, 2007. S.I. No. 278 of 2007, and relates
only to drinking water samples.

Site D = Analysed at City Analysts Dublin. Site L = Analysed at City Analysts Limerick

Template 1146
Revision 014

EPA Export 10-05-2019:03:42:16



= City Analysts Limited

Environmental Laboratories

Certificate of Analysis

WIly MGy oLw Lulinecu,
Pigeon House Road,
Ringsend,

Dublin 4.

Tel:(01) 613 6003 /6 /9
Fax:(01) 613 6008
Email:info@cityanalysts.ie

www.cityanalysts.ie

Customer Contact: John Dillon
Customer: Tobin Consulting Engineers,
Report Reference: 13-02062-
Report Version:
Customer Address: Block 104., P 1
Date Received: 19/04/2013
Blanchardstown Corporate Park,
Blanchardstown,
Dublin 15
1S0 17025
ACCREDITED
Page 4 of 6 OEVALED 1N S peG Ho. 1367
Sample Description: SW3
Sample Type: Surface Water
Date Sampied: 19/04/2013
Lab Reference Number: 150552
Site/Method Analysis P & od}‘ Accreditation
Ref. Start Date arameter Result Urlf\té PV Value Status
$)
D/3000 19/04/2013 Ammonia as N 0.96 &* @%g/l - INAB
Fx°
e
NN
R
O &
SRS
&N
. Q& \O
S S
Lt
N
\0
QO
S
&
Note:

NAC & ATC - No abnormal change and acceptable to customers.
TVC - Total Viable Count

PV Value is the parametric value, taken from European Communities, (Drinking Water) (No. 2) Regulations, 2007 S.1. No 278 of 2007, and relates

only to drinking water samples.

Site D = Analysed at City Analysts Dublin. Site L = Analysed at City Analysts Limerick

Template 1146
Revision 014
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= City Analysts Limited

Environmental Laboratories

Certificate of Analysis

Customer Contact: John Dillon
Customer: Tobin Consulting Engineers,
Customer Address: Block 10-4.,

Blanchardstown Corporate Park,
Blanchardstown,

Report Reference:
Report Version:
Date Received:

\Jll’ ~a IﬂlleD =Ty,
Pigeon House Road,
Ringsend,

Dublin 4.

Tel:(01) 613 6003 /6 /9
Fax:(01) 613 6008
Email:info@cityanalysts.ie

www.cityanalysts.ie

13-02062-

1
19/04/2013

Dublin 15
150 17025
ACCREDITER
TESTING
Page 2 of 6 OFTARED IN S00pE G NO.1 3B
Sample Description: SwW1
Sample Type: Surface Water
Date Sampied: 19/04/2013
Lab Reference Number: 150550
Site/Method Analysis P t odf‘ Accreditation
Ref. Start Date arameter Result Un!zé PV Value Status
($)
D/3000 19/04/2013 Ammonia as N 0.06 &* @mgﬂ - INAB
A
N
I
SN
N
NS
&N
. Q& \O
)
Lt
N
\0
$)
S
(\
QO
Note:

NAC & ATC - No abnormal change and acceptable to customers.
TVC - Total Viable Count

PV Value is the parametric value, taken from European Communities, (Drinking Water) (No. 2) Regulations, 2007. S.I No. 278 of 2007, and relates

only to drinking water samples.
Site D = Analysed at City Analysts Dublin. Site L = Analysed at City Analysts Limerick

Template 1146
Revision 014
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Appendix 10

Historic Sampling Analysis from Pump House
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Landfill

Leachate [L/
N y %

pate /7 — /1~ 'Z—C’D/

Location |Code B.O.D. C.0.D. pH Temp NH4-N |Cond Chloride |Iro Manganese |Total T.O.N.  |Suspended
Alkalinity | NS5-Nsolids
) wmgll mg/l / * |DegC mga/l uS/icm |[mg/l ma/l  |mg/l mg/l mg/| mg/l
- % e " ] ", 0

Frem m(d 23 F|2.99 1 6y , — |3 (462 a5y s | 0.2 heo o] —
[ And {-17/ aT 75

. 5

Ny N

[8)
! _ . N
5\0
0«0%9
,;OQQé}é)\
S
SIS
&
a§§§
g -

O.L.A. ' .
. ca cd Cr Cu Hg  Pb Mg N K Na  So4 Zn }o/
ol [ L (N -
a3 IAAY 2873 2y 1%s
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Ao

-q==' So'f - 2_‘}1

Ca = (63 gl

i
. : (L e
Landfill N‘h = 1535 =5
Leachate K - ;1.3g ,.._3(/(../
—
a7 No. = 265 aqL
Date {7 -
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environmental
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(\’erg

q 0> b
y=39¥ f. Tel: 041 9845440

Environmental Science & Management
Water, Soil & Air Testing

L

Southbank House,
Southbank Ind. Est.,
Drogheda,

Co Louth.

Fax: 0419846171
Web: www.euroenv.ie
email: info@euroenv.ie

Customer Name Cait Gleeson Lab Raport Ref. No. 1880/006/06
Company Limerick County Council Date of Receipt 05/09/02
G LIy (T Sty Date Testing Commenced 06/08/02
Ballykeeffe
Received or Collected Collected
Limerick Conditfon on Recelpt Acceplable
Ireland Date of Report 30/09/02

e ClientRef:  02LK 2002 Coed A\ (rewd)

CERTIFICATE OF ANALYSIS

“Tet

Lab Ref: 1880/006/05
&.
Fesf Parameter Method af Analysrs " Analyfical Tedm&tﬁe Result Uit
cadmium* SOP 0 LC.P. o‘j\ 0,003 mgiL
Chromium SOP 128 Atomu: tion 0.02:// mg/L as Cr
Copper SOP 128 Atoml@ orption 0.02 mg/L as Cu
Lead * soP 0 I c@ & <0.049Y" mgiL
Mercury * SOP O ‘Q@iﬂapour AA <0.0005° mail
Nickel SoP 13 mic Absorption 0.02" mg/L as Ni
Total Organic Carbon * SOP O@IR 17 ‘{/ mgiL
Zinc SOP 126\ Atomic Absorption 0.04 mg/L as Zn
&
§ l“‘)l
Signed : ,\,QL M Date : 3.9 .01
Mark Jacob - Techmcal Quahty Manager
Results shell not be reproduced, except in full, without the approval of EURO envoirnmental services
Results contained in this report relate only to the samples tested
Page l of 1

* Indicates test which has been subcontracted

Y
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Southbank House,
Southbank Ind, Est,,
\ Drogheda,

environmental Co Louth,

- Ireland.
Services "
Tel:  +353 419845440
Fax:  +353 419846171

Environmental Science & Management Web
. o N X L Www.euroenv.ie
Water, Soil & Air Testing email: info@euroenviie
Customer Name Cait Gleeson Lab Report Ref. No. 1880/027/01
Company Limerick County Council Date of Recelpt 31/01/03 .
Address County Council Laboratory Date Testing Commenced 31/01/03 f’l /'
Ballykeeffe
Recelved or Collacted Colfected
Limerick Condition on Receipt Acceptable
CustomerPO 400046354 Date of Report 17/02/03

Environmental Laboratory

CERTIFICATE OF ANALYSIS 27 MAR 2003

o ‘e 3\ - .
ClientRef:  03LK 250 Limerick County Council

Lab Ref:  1880/027/01 oz vesk

&
ey L + 1 4 é\ N P i
Test Parameter Method of Analysis Analytical Techni @\e Result  Units
Cadmium ~ SOP 0 ICPMS é‘jof <017  uglL
Chromium SoP 129 ICPMS <0.001”  mglL as Cr
Copper SOP 128 ICPMSQ\\\Q&\? <0.001 ~ mg/L as Cu
Lead SOP 0 ICPMS " <01~/  ugll
Mercury sop 0 icEmsS <0.01v  ugll
Nickel SOP 132 (GRS <0.001~  mglL as Ni
Total Organic Carbon * soP 0 < g 177 mgi/L
Zinc SOP 1275 ICPMS <0.001%  mgiL as Zn
S
R g,
. Lo f?%fif:%!%
2¢m s }
B '
T R
“g.:‘.r T ' “: ; i#
L ]
Ty
-

Signed 8 Date : 17 -1- a3

Mark Jacob- Technical Quality Manager

Results shall not be reproduced, except in full, without the approval of EURQ envoirnmental services
Resulls contained in this report relate only to the samples tested
* Indicates test which hes been subcontracted

&3
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Landfill %ﬂb

Leachate
Date M f .
i.ocation |Code B8.0.D, C.0.D, pH . [Temp NH4-N |Cond Chloride |iron Manganese |Total T.O.N. |Suspended
. . Alkalinity Solids
mg/l mg/l DegC mg/l uSfem |mgll mgll mg/l mg/l mag/l mg/l
4 Iy - L~ o Sanw L

W) L 98 | ool e [T 2 52|20 " lgo.s2] | — 15437 oot | BB T e
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O.L.A.
Ca Cd Cr Cu Hg Pb Mg Ni K Na S04 Zn T.0.C.
&
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Landfill Leachate Monitoring.

Sampling Date: (M { yfoa

Sample Code | Ca Mg K Na SOy
mg/l |mgl |[mgl |mgl |mgl
Date of analysis [0 /Yo
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Southbank House,
Southbank Ind. Est.,
; Drogheda,

environmental SO
services '
Tel: +353 41 9845440
Environmental Science & Management oa by L]
R . R eb: www.eurocenv.ie
Water, Soil & Air Testing email: info@euroenv.ie
Customer Name Cait Gleeson Lab Report Ref. No. 1880/040/18
Company Limerick County Council Date of Recelpt 17104103
Address County Council Laboratory Date Testing Commenced 17/04/03
Ballykeeffe
Recelved or Coflected Collected
Limerick Condition on Receipt Acceptable
CustomerPO 400050184 Date of Report 30/04/03

CERTIFICATE OF ANALYSIS /
. \oﬂax'\\\ Ao

ClientRef: 03 Lk 918

A PEPS S
Lab Ref:  1880/040/18
®°&
Test Parameier Method.of Analysis Anal}rtlcal'fechl@ Result Units
: . -l LS. MRS a—— (@‘. & oles) . ex !
Cadmium SOP 177 ICPMS O <0.1-_’, 'uiq!L
Chromium soP 177 ICPMS \Qo.\@é 0.307 e Gyl
Copper SOP 177 |CPMQS§@&> 0.078 ~  uglL
Cyanide SOP 145 Colorldetry 18 ~ uglL
Lead sop 177 PNS <01.  ugll
Mercury ' SOP 17 0\\ {@MS 0.55 7 ugiL
Nickel SOP 177 SICPMS <0.001~ ugll
Zinc sop 17 ICPMS <0.001~  ugil
S

Environmental Laboratory
01 MAY 2003

Limerick County Council

Signed : /t/ﬁk‘«; Date: 304 -°3
AN

Mark Jacob - Technical Quality Manager

Results shall not be reproduced, except in full, without the approval of EURO envoirnmental services
Results contained in this report relate only to the samples tested
* Indicates test which has been subcontracted

&
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Location |Code B.O.D. C.0.D. pH Temp NH4-N [Cond Chloride {lron Manganese |Total &N |Suspended
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Ca Cd Cr Cu Hg Pb Mg Ni K Na S04 Zn T.O.C.

EPA Export 10-05-2019:03:42:17



Landfill Leachate Monitoring.
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o o S,

Landfill

Leachate
Date iO'Dq'Qg
Location |Code B.O.D. C.0.D. pH - |Temp NH4-N |Cond Chloride |lron Manganese |Total T.O.N. _ |Suspended

. Alkalinity | nya,-M [Solids
mg/l mg/l DegC mg/l uS/cm |(mg/l mg/l  |mg/l mg/l mg! mg/|
Nenength Wost [2612.|27.5 | 82 | 3-8 b5 [4£:55] 674 | 272.6¢ |90 | ousy | 8269 0-9¢ .
&.
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Appendix 11
LFG Model for Churchtown Landfill Site
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1.1 GAS SIM Modeling of LFG Production

In order to look at the LFG production from Churchtown landfill over time, TOBIN were
commissioned by Limerick County Council to run a model using GasSim (Version 2.00.0078), for
which Tobin have a licence and are appropriately trained. The GasSim software was developed
by Golders Associates for the Environment Agency of England and Wales and is the recognised
accepted software package for LFG modeling.

This model was run in April 2012, with the model inputs and results discussed below.

1.2 Model Input Data & Assumptions
The full data inputted to the GasSim software for Churchtown landfill is summarised on the
GasSim 2.0 Model - Project Details Printout, attached in Appendix 1.

The GasSim 2.00.0078 model studied the landfill as one phase — ‘Waste Body’.

The model uses information on waste composition and quantity, landfill engineering,
and landfill gas management techniques, to estimate gpe qguantity of landfill gas
generated from the landfill. \Qé
\.
\% Q@
Table 1 lists the years of waste depomhon@%gé%uated with the Waste Body, the
guantities of waste deposited per year and@*@\"waste breakdown per year, all of which

were inputted to the GasSim Model. Q;,\\ oé
Table 1: Waste Deposition 1935 to 1986 Qé Q)
(5\\(;
MODELLED PHASES YEARS OFGQ\ASTE QUANTITIES OF WASTE BREAKDOWN
DEPOSCIZION WASTE DEPOSITED
Waste Body 1935 - 1969 2,500 tonnes/year Household — 33.5%
Commercial — 33.5%
Inert (including C&D) - 33%
1970 - 1979 5,000 tonnes/year Household — 33.5%
Commercial — 33.5%
Inert (including C&D) - 33%
1980 - 1986 10,000 tonnesl/year Household — 33.5%
Commercial — 33.5%
Inert (including C&D) - 33%
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Table 2 below presents additional information inputted to the GasSim Model for Churchtown

Landfill.

Table 3 Further Information Inputted to the GasSim Model

Operational Period 52 Years
Simulation period 150 Years
Iterations 201

Waste Composition:
1935 - 1986

England 2000-2010 Waste Streams
(Included in Modelling Software)

Uncapped Infiltration

400 — 450mml/yr

Waste Moisture Content Dry
Waste Density 0.7 t/m3
Leachate Head 1-1.5m
Temporary Cap:
Cap Thickness 0.25-0.35m &
Cap Hydraulic Conductivity le-5m/s \(\é\}
Permanent Cap: NONE q,@o
Liner: NONE £0x3
Geosphere Moisture Content 2-8 ?@\@V
Geosphere Porosity ;@Q:éég; viv
Proportion of CH4:CO2 &\09%03%:50%
S i(Default

Biological Methane Oxidation 6\0 10%

S (Default)

1.3 Model Results

S

The GasSim model results for Churchtown Landfill are presented on a graph and a table of 'Total

Bulk LFG Produced Per Year', which are attached in Appendix 1

The results show a peak in LFG production for the landfill facility in 1987 (53.83 m>/hr). A total
bulk LFG of 20.93m>/hr was predicted for 2012.
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BALLYDONAGH LANDFILL
TOTAL LFG PRODUCED PER YEAR (m3/Hour)

1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952 1953
5% Less Than 0 1.198228 2.335917 3.41677 4.444245 5.421573 6.35177 7.237658 8.081873 8.88688 9.654982 10.38834 11.08896 11.75873 12.39943 13.01271 13.6001 14.16307 14.70297
10% Less Than 0 1.198233 2.335928 3.416785 4.444265 5.421596 6.351797 7.237689 8.081907 8.886917 9.655022 10.38838 11.089 11.75878 12.39948 13.01276 13.60015 14.16312 14.70303
25% Less Than 0 1.198239 2.335939 3.416802 4.444286 5.421622 6.351828 7.237723 8.081945 8.886958 9.655066 10.38842 11.08905 11.75883 12.39954 13.01281 13.60021 14.16318 14.70309
50% Less Than 0 1.19825 2.335959 3.416831 4.444324 5.421668 6.35188 7.237782 8.08201 8.887029 9.655142 10.38851 11.08914 11.75892 12.39963 13.01291 13.60031 14.16329 14.70319
75% Less Than 0 1.198262 2.335982 3.416864 4.444367 5.421719 6.35194 7.237849 8.082084 8.887109 9.655229 10.3886 11.08923 11.75903 12.39974 13.01302 13.60043 14.16341 14.70332
90% Less Than 0 1.198271 2.336 3.416889 4.444399 5.421758 6.351984 7.2379 8.08214 8.88717 9.655294 10.38867 11.08931 11.7591 12.39982 13.0131 13.60051 14.16349 14.70341
95% Less Than 0 1.198276 2.33601 3.416904 4.444418 5.421781 6.352011 7.23793 8.082173 8.887206 9.655332 10.38871 11.08935 11.75915 12.39986 13.01315 13.60056 14.16355 14.70346

1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
5% Less Than 15.22108 15.71858 16.19661 16.6562 17.09834 17.52396 17.93393 18.32906 18.71011 19.0778 19.43282 19.77579 20.10731 20.42794 20.73822 21.03864 21.32967 22.80999 24.22123
10% Less Than 15.22113 15.71864 16.19667 16.65626 17.0984 17.52403 17.93399 18.32912 18.71017 19.07787 19.43288 19.77585 20.10738 20.42801 20.73829 21.03871 21.32974 22.81006 24.22131
25% Less Than 15.2212 15.7187 16.19673 16.65633 17.09847 17.5241 17.93406 18.32919 18.71025 19.07794 19.43296 19.77593 20.10745 20.42809 20.73837 21.03879 21.32982 22.81014 24.2214
50% Less Than 15.22131 15.71882 16.19685 16.65644 17.09859 17.52422 17.93419 18.32932 18.71037 19.07807 19.43308 19.77606 20.10758 20.42822 20.7385 21.03892 21.32995 22.81029 24.22155
75% Less Than 15.22143 15.71894 16.19697 16.65657 17.09872 17.52435 17.93432 18.32946 18.71051 19.07821 19.43323 19.7762 20.10773 20.42837 20.73865 21.03907 21.33011 22.81045 24.22173
90% Less Than 15.22152 15.71904 16.19707 16.65667 17.09883 17.52446 17.93443 18.32956 18.71062 19.07832 19.43334 19.77631 20.10784 20.42848 20.73876 21.03918 21.33022 22.81058 24.22186
95% Less Than 15.22158 15.7191 16.19713 16.65673 17.09889 17.52452 17.93449 18.32962 18.71068 19.07838 19.4334 19.77638 20.1079 20.42854 20.73883 21.03925 21.33029 22.81065 24.22194

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
5% Less Than 25.56749 26.85261 28.08017 29.2535 30.37575 31.44983 32.47851 33.46433 36.80616 39.98873 43.02154 45.91348 48.67287 51.30749 53.8246 51.43809 49.1894 47.06966 45.07062
10% Less Than 25.56758 26.8527 28.08026 29.2536 30.37585 31.44994 32.47862 33.46444 36.80629 39.98887 43.02169 45.91364 48.67305 51.30767 53.82479 51.43827 49.18956 47.06981 45.07076
25% Less Than 25.56767 26.8528 28.08037 29.25371 30.37596 31.45006 32.47874 33.46457 36.80643 39.98902 43.02185 45.91382 48.67323 51.30787 53.825 51.43846 49.18974 47.06998 45.07091
50% Less Than 25.56784 26.85298 28.08055 29.2539 30.37616 31.45026 32.47894 33.46478 36.80667 39.98929 43.02214 45.91413 48.67356 51.30822 53.82536 51.4388 49.19005 47.07027 45.07118
75% Less Than 25.56803 26.85317 28.08075 29.25411 30.37638 31.45049 32.47918 33.46502 36.80694 39.98959 43.02247 45.91448 48.67394 51.30861 53.82577 51.43918 49.1904 47.07059 45.07149
90% Less Than 25.56817 26.85332 28.08091 29.25427 30.37655 31.45066 32.47936 33.46521 36.80715 39.98981 43.02271 45.91474 48.67422 51.30891 53.82608 51.43947 49.19067 47.07084 45.07171
95% Less Than 25.56825 26.85341 28.081 29.25437 30.37665 31.45077 32.47947 33.46532 36.80727 39.98995 43.02286 45.9149 48.67438 51.30908 53.82627 51.43964 49.19083 47.07099 45.07185

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
5% Less Than 43.18458 41.40436 39.72326 38.13503 36.63382 35.2142 33.87109 32.59974 31.39571 30.25486 29.17333 28.14751 27.17402 26.24969 25.37158 24.53693 23.74315 22.98784 22.26872
10% Less Than 43.18471 41.40448 39.72337 38.13513 36.63392 35.21429 33.87117 32.59981 31.39578 30.25493 29.1734 28.14757 27.17407 26.24974 25.37163 24.53697 23.74319 22.98787 22.26876
25% Less Than 43.18486 41.40462 39.72349 38.13524 36.63402 35.21439 33.87126 32.5999 31.39585 30.255 29.17346 28.14763 27.17413 26.24979 25.37167 24.53702 23.74324 22.98791 22.26879
50% Less Than 43.1851 41.40485 39.72371 38.13544 36.63421 35.21456 33.87142 32.60004 31.39599 30.25512 29.17358 28.14774 27.17423 26.24988 25.37176 24.5371 23.74331 22.98798 22.26886
75% Less Than 43.18538 41.40511 39.72395 38.13566 36.63441 35.21475 33.8716 32.60021 31.39614 30.25527 29.17371 28.14786 27.17434 26.24999 25.37186 24.53719 23.74339 22.98806 22.26893
90% Less Than 43.1856 41.4053 39.72413 38.13583 36.63457 35.2149 33.87173 32.60033 31.39626 30.25537 29.17381 28.14795 27.17442 26.25007 25.37193 24.53725 23.74345 22.98812 22.26898
95% Less Than 43.18572 41.40542 39.72424 38.13593 36.63466 35.21498 33.87181 32.60041 31.39633 30.25544 29.17387 28.14801 27.17447 26.25011 25.37197 24.53729 23.74349 22.98815 22.26901

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
5% Less Than 21.58369 20.93076 20.30809 19.71392 19.14664 18.60472 18.08673 17.59132 17.11726 16.66335 16.22849 15.81164 15.41182 15.02813 14.6597 14.30573 13.96546 13.63816 13.32318
10% Less Than 21.58372 20.93079 20.30811 19.71394 19.14666 18.60474 18.08674 17.59134 17.11727 16.66336 16.2285 15.81165 15.41183 15.02814 14.65971 14.30574 13.96546 13.63817 13.32319
25% Less Than 21.58376 20.93082 20.30814 19.71397 19.14669 18.60476 18.08677 17.59136 17.11729 16.66338 16.22852 15.81166 15.41185 15.02816 14.65973 14.30575 13.96547 13.63818 13.3232
50% Less Than 21.58382 20.93088 20.30819 19.71402 19.14673 18.6048 18.0868 17.5914 17.11733 16.66341 16.2%21 15.81169 15.41187 15.02818 14.65975 14.30577 13.96549 13.6382 13.32322
75% Less Than 21.58388 20.93094 20.30825 19.71407 19.14678 18.60485 18.08685 17.59144 17.11736 16.66344 @2857 15.81172 15.4119 15.0282 14.65977 14.30579 13.96551 13.63822 13.32323
90% Less Than 21.58393 20.93099 20.30829 19.71411 19.14681 18.60488 18.08688 17.59147 17.11739 16.66347A6\'16.2286 15.81174 15.41192 15.02822 14.65979 14.30581 13.96553 13.63823 13.32325
95% Less Than 21.58396 20.93101 20.30832 19.71413 19.14684 18.6049 18.0869 17.59148 17.1174 ]0 3’& 16.22861 15.81175 15.41193 15.02823 14.6598 14.30582 13.96554 13.63824 13.32325

N
& \@6

2030 2031 2032 2033 2034 2035 2036 2037 @%&\’ 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048
5% Less Than 13.01989 12.72768 12.446 12.17432 11.91216 11.65903 11.41451 11.17817 .\t§\.9é9*63 10.72852 10.51449 10.30721 10.10637 9.911683 9.722867 9.539662 9.36182 9.189108 9.021306
10% Less Than 13.01989 12.72768 12.44601 12.17433 11.91216 11.65904 11.41451 11.178 @1@4964 10.72852 10.51449 10.30721 10.10637 9.911686 9.722869 9.539664 9.361822 9.18911 9.021307
25% Less Than 13.0199 12.72769 12.44601 12.17434 11.91217 11.65904 11.41452 11.1\ 94964 10.72853 10.5145 10.30722 10.10638 9.911689 9.722872 9.539666 9.361825 9.189113 9.021309|
50% Less Than 13.01992 12.7277 12.44602 12.17435 11.91218 11.65905 11.41453 @7 X 9 10.94965 10.72853 10.5145 10.30722 10.10638 9.911694 9.722877 9.539671 9.361829 9.189116 9.021313
75% Less Than 13.01993 12.72772 12.44604 12.17436 11.91219 11.65906 11.41454 5@7%2 10.94966 10.72854 10.51451 10.30723 10.10639 9.9117 9.722882 9.539676 9.361833 9.189121 9.021317
90% Less Than 13.01994 12.72773 12.44605 12.17437 11.9122 11.65907 11.41454 6\11.1782 10.94966 10.72855 10.51452 10.30723 10.10639 9.911704 9.722886 9.53968 9.361837 9.189124 9.02132
95% Less Than 13.01995 12.72774 12.44605 12.17437 11.9122 11.65907 11.414?’11.17821 10.94967 10.72855 10.51452 10.30724 10.1064 9.911707 9.722889 9.539682 9.361839 9.189126 9.021322

&

2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063 2064 2065 2066 2067
5% Less Than 8.858202 8.6996 8.545311 8.395157 8.24897 8.106591 7.967866 7.832653 7.700815 7.572223 7.446752 7.324286 7.204713 7.087928 6.97383 6.862324 6.753317 6.646723 6.542459
10% Less Than 8.858204 8.699601 8.545312 8.395158 8.248972 8.106592 7.967867 7.832654 7.700816 7.572223 7.446752 7.324286 7.204714 7.087929 6.973831 6.862324 6.753317 6.646723 6.542459
25% Less Than 8.858206 8.699603 8.545314 8.39516 8.248973 8.106593 7.967869 7.832656 7.700817 7.572224 7.446753 7.324287 7.204715 7.08793 6.973832 6.862325 6.753318 6.646724 6.542459
50% Less Than 8.858209 8.699606 8.545316 8.395162 8.248975 8.106595 7.967871 7.832657 7.700819 7.572226 7.446755 7.324289 7.204716 7.087931 6.973833 6.862326 6.753319 6.646725 6.54246
75% Less Than 8.858213 8.699609 8.54532 8.395165 8.248978 8.106598 7.967873 7.83266 7.700821 7.572228 7.446757 7.32429 7.204717 7.087932 6.973834 6.862327 6.75332 6.646726 6.542461
90% Less Than 8.858215 8.699612 8.545322 8.395168 8.24898 8.1066 7.967875 7.832661 7.700823 7.572229 7.446758 7.324291 7.204719 7.087933 6.973835 6.862328 6.753321 6.646726 6.542462
95% Less Than 8.858217 8.699614 8.545323 8.395169 8.248981 8.106601 7.967876 7.832662 7.700824 7.57223 7.446759 7.324292 7.204719 7.087934 6.973836 6.862329 6.753321 6.646727 6.542462

2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079 2080 2081 2082 2083 2084 2085
5% Less Than 6.440445 6.340608 6.242874 6.147176 6.053448 5.961626 5.871652 5.783469 5.697021 5.612256 5.529124 5.447578 5.367572 5.289061 5.212003 5.136358 5.062087 4.989153
10% Less Than 6.440446 6.340608 6.242875 6.147176 6.053448 5.961626 5.871653 5.783469 5.697021 5.612256 5.529125 5.447579 5.367572 5.289061 5.212003 5.136358 5.062088 4.989153
25% Less Than 6.440446 6.340609 6.242875 6.147177 6.053448 5.961627 5.871653 5.783469 5.697021 5.612256 5.529125 5.447579 5.367572 5.289061 5.212003 5.136359 5.062088 4.989154
50% Less Than 6.440447 6.34061 6.242876 6.147177 6.053449 5.961627 5.871653 5.78347 5.697021 5.612257 5.529125 5.447579 5.367573 5.289061 5.212004 5.136359 5.062088 4.989154
75% Less Than 6.440448 6.34061 6.242877 6.147178 6.053449 5.961628 5.871654 5.78347 5.697022 5.612257 5.529126 5.44758 5.367573 5.289062 5.212004 5.136359 5.062088 4.989154
90% Less Than 6.440449 6.340611 6.242877 6.147179 6.05345 5.961628 5.871654 5.78347 5.697022 5.612257 5.529126 5.44758 5.367573 5.289062 5.212004 5.136359 5.062088 4.989154
95% Less Than 6.440449 6.340611 6.242878 6.147179 6.05345 5.961629 5.871655 5.783471 5.697022 5.612258 5.529126 5.44758 5.367573 5.289062 5.212004 5.136359 5.062088 4.989154
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GasSim Version V 2.00

Project Name: LFG Model for Churchtown Landfill Site

Project Client: Limerick County Council

Total: Total Bulk LFG Produced
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ProjectDetails
Project Name
Client

Model

Model Date
Comments

Start Year
Operation Period
Simulation Period
Iterations

Confined Migration Pathway

Waste Composition

Year

1935

Newspapers
Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Magazines

Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Other paper
Domestic

Civic Amenity
Commercial
Industrial

Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Liguid cartons
Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Card packaging
Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Other card

Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Wood

Domestic

Civic Amenity
Commercial
Industrial

Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Textiles

Domestic

Civic Amenity
Commercial
Industrial

Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Disposable nappies
Domestic

Civic Amenity
Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)

Other misc. combustibles

Domestic
Civic Amenity

LFG Model for Churchtown Landfill Site
Limerick County Council
C:\Program Files\Golder Associates\GasSim2\churchtown landfil\CHURCHTOWN

LANDFILL.gss

26/04/2012 14:34:58

1935
52
150
201

Composition

England 2000-2010 waste streams

SINGLE(30.0)
SINGLE(48.5)
SINGLE(9.0)

SINGLE(35.0)

SINGLE(30.0)
SINGLE(42.3)
SINGLE(9.4)

SINGLE(46.0)

SINGLE(19.8)
SINGLE(3.3)
SINGLE(28.8)
SINGLE(8.8)
SINGLE(30.0)
SINGLE(87.4)
SINGLE(8.4)
SINGLE(98.0)

SINGLE(30.0)
SINGLE(57.3)
SINGLE(9.9)

SINGLE(64.0)

SINGLE(30.0)
SINGLE(57.3)
SINGLE(9.9)

SINGLE(64.0) é,}‘o\

S
SINGLE(30.0))
SINGLE(57.3)
SINGLE(9.9)
SINGLE(64.0)

SINGLE(3.0)
SINGLE(11.2)
SINGLE(3.3)
SINGLE(5.0)
SINGLE(20.0)
SINGLE(21.0)
SINGLE(11.0)
SINGLE(75.0)

SINGLE(3.3)
SINGLE(2.3)
SINGLE(1.1)
SINGLE(0.3)
SINGLE(25.0)
SINGLE(20.0)
SINGLE(20.0)
SINGLE(50.0)

SINGLE(3.3)
SINGLE(2.9)
SINGLE(20.0)
SINGLE(25.0)
SINGLE(25.0)
SINGLE(50.0)

SINGLE(0.3)
SINGLE(4.2)

C:\Program Files\Golder Associates\GasSim2\churchtown landfil\CHURCHTOWN LANDFIL26/04/2012 14:34:58
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Commercial
Industrial

Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Garden waste
Domestic

Civic Amenity
Commercial
Industrial

Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Other putrescible
Domestic

Civic Amenity
Commercial
Industrial

Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
10mm fines
Domestic

Civic Amenity
Commercial
Industrial

Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Sewage sludge
Sewage Sludge
Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Composted organic material
Composted Organic Material
Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Incinerator ash
Commercial
Industrial
Incinerator Ash
Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Non degradable
Domestic

Civic Amenity
Commercial
Industrial

Inert

Water (%)
Cellulose (%)
Hemi-Cellulose (%)
Decomposition (%)
Calcium Sulphate (%)
Domestic

Civic Amenity
Composted Organic Material
Incinerator Ash
Residues from MRF
Recycling Schemes
Chemical Sludge
Industrial Liquid Waste
Iron (%)

Domestic

Civic Amenity
Commercial
Industrial

Inert

Liquid Inert
Sewage Sludge
Composted Organic Material

C:\Program Files\Golder Associates\GasSim2\churchtown landfil\CHURCHTOWN LANDFIL26/04/2012 14:34:58

SINGLE(10.4)
SINGLE(17.7)
SINGLE(20.0)
SINGLE(25.0)
SINGLE(25.0)
SINGLE(50.0)

SINGLE(16.0)
SINGLE(32.1)
SINGLE(9.8)

SINGLE(4.7)

SINGLE(65.0)
SINGLE(25.7)
SINGLE(13.0)
SINGLE(62.0)

SINGLE(25.6)
SINGLE(14.8)
SINGLE(10.4)
SINGLE(6.8)

SINGLE(65.0)
SINGLE(55.4)
SINGLE(7.2)

SINGLE(76.0)

SINGLE(4.1)
SINGLE(1.2)
SINGLE(1.9)
SINGLE(0.5)
SINGLE(40.0)
SINGLE(25.0)
SINGLE(25.0)
SINGLE(50.0)

SINGLE(100.0)
SINGLE(70.0)
SINGLE(14.0)
SINGLE(14.0)
SINGLE(75.0)

SINGLE(100.0)

SINGLE(30.0) X
UNIFORM(7.47, 9.59) &é’
UNIFORM(7.47, 9.59) -¢ N

SINGLE(57.0) & &
< o®

SINGLE(0.2) 6\0
SINGLE(25.5) &
SINGLE(lOO.O)(\0¢\
SINGLE(30.03 P
TRIANGULAR(0.5, 0.7, 1.5)
TRIANGULAR(0.5, 0.7, 1.5)
SINGLE(57.0)

SINGLE(24.6)
SINGLE(28.0)
SINGLE(34.1)
SINGLE(30.7)
SINGLE(100.0)
SINGLE(0.0)
SINGLE(0.0)
SINGLE(0.0)
SINGLE(0.0)

TRIANGULAR(0.2, 0.35, 2.3)
TRIANGULAR(0.2, 0.35, 2.3)
TRIANGULAR(0.2, 0.35, 2.3)
TRIANGULAR(0.2, 0.35, 2.3)
TRIANGULAR(0.2, 0.35, 2.3)
TRIANGULAR(0.2, 0.35, 2.3)
TRIANGULAR(0.2, 0.35, 2.3)
TRIANGULAR(0.2, 0.35, 2.3)

TRIANGULAR(0.3, 4.8, 8.2)
TRIANGULAR(0.3, 4.8, 8.2)
TRIANGULAR(0.3, 4.8, 8.2)
TRIANGULAR(0.3, 4.8, 8.2)
TRIANGULAR(0.3, 4.8, 8.2)
TRIANGULAR(0.3, 4.8, 8.2)
TRIANGULAR(0.3, 4.8, 8.2)
TRIANGULAR(0.3, 4.8, 8.2)
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Incinerator Ash
Residues from MRF
Recycling Schemes
Chemical Sludge
Industrial Liquid Waste
User Defined 1
User Defined 2
User Defined 3
1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946

1947

1948

1949

1950

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

Justification: [Default]

Trace Gases

Waste Body
Infiltration
Justification:
Waste Input
Year

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

[Changed]

TRIANGULAR(0.3, 4.8, 8.2)

TRIANGULAR(0.3, 4.8, 8.2)

TRIANGULAR(0.3, 4.8, 8.2)

TRIANGULAR(0.3, 4.8, 8.2)

TRIANGULAR(0.3, 4.8, 8.2)

TRIANGULAR(0.3, 4.8, 8.2)

TRIANGULAR(0.3, 4.8, 8.2)

TRIANGULAR(0.3, 4.8, 8.2)

England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams

S

SH
England 2000-2010 waste streams o%eb
O

England 2000-2010 waste streams®

England 2000-2010 waste stre J\éb‘

England 2000-2010 waste strgal
England 2000-2010 waste S
England 2000-2010 was{ ams
England 2000-2010 %&st «Streams
England 2000-2010 streams
England 2000-2010 w&Ste streams
England 2000-20 aste streams
England 2000-2@% waste streams
England 200@-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
England 2000-2010 waste streams
Default Value

No Combustion Products Selected

UNIFORM(400.0, 450.0)
Not Justified

AmountDepositied (t)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
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1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
Justification:

Waste Breakdown

1935
Domestic
Commercial
Inert

1936
Domestic
Commercial
Inert

1937
Domestic
Commercial
Inert

1938
Domestic
Commercial
Inert

1939
Domestic
Commercial
Inert

1940
Domestic
Commercial
Inert

1941
Domestic
Commercial
Inert

1942
Domestic
Commercial
Inert

1943
Domestic
Commercial
Inert

1944
Domestic

SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(2.50E+03)
SINGLE(5.00E+03)
SINGLE(5.00E+03)
SINGLE(5.00E+03)
SINGLE(5.00E+03)
SINGLE(5.00E+03)
SINGLE(5.00E+03)
SINGLE(5.00E+03)
SINGLE(5.00E+03)
SINGLE(5.00E+03)
SINGLE(5.00E+03)
SINGLE(1.00E+04)
SINGLE(1.00E+04)
SINGLE(1.00E+04)
SINGLE(1.00E+04)
SINGLE(1.00E+04)
SINGLE(1.00E+04)
SINGLE(1.00E+04)
Not Justified

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5) o&?i\\
SINGLE(33.8)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
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Commercial
Inert

1945
Domestic
Commercial
Inert

1946
Domestic
Commercial
Inert

1947
Domestic
Commercial
Inert

1948
Domestic
Commercial
Inert

1949
Domestic
Commercial
Inert

1950
Domestic
Commercial
Inert

1951
Domestic
Commercial
Inert

1952
Domestic
Commercial
Inert

1953
Domestic
Commercial
Inert

1954
Domestic
Commercial
Inert

1955
Domestic
Commercial
Inert

1956
Domestic
Commercial
Inert

1957
Domestic
Commercial
Inert

1958
Domestic
Commercial
Inert

1959
Domestic
Commercial
Inert

1960
Domestic
Commercial
Inert

1961
Domestic
Commercial
Inert

1962
Domestic
Commercial
Inert

1963
Domestic
Commercial
Inert

1964
Domestic
Commercial

SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)

%
9
»
(\Gﬁ

SINGLE(33.0)9

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
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Inert

1965
Domestic
Commercial
Inert

1966
Domestic
Commercial
Inert

1967
Domestic
Commercial
Inert

1968
Domestic
Commercial
Inert

1969
Domestic
Commercial
Inert

1970
Domestic
Commercial
Inert

1971
Domestic
Commercial
Inert

1972
Domestic
Commercial
Inert

1973
Domestic
Commercial
Inert

1974
Domestic
Commercial
Inert

1975
Domestic
Commercial
Inert

1976
Domestic
Commercial
Inert

1977
Domestic
Commercial
Inert

1978
Domestic
Commercial
Inert

1979
Domestic
Commercial
Inert

1980
Domestic
Commercial
Inert

1981
Domestic
Commercial
Inert

1982
Domestic
Commercial
Inert

1983
Domestic
Commercial
Inert

1984
Domestic
Commercial
Inert

SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

5\

S
X
o(@\

O
SINGLE(33.5)

SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)
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1985
Domestic
Commercial
Inert

1986
Domestic
Commercial
Inert
Justification:

Trace Gases

[Default]

Waste Moisture Content
Moisture Content

Justification: [Changed]
Waste Density

Justification: [Changed]
Leachate Head

Justification: [Changed]
Hydraulic Conductivity

Justification: [Default]
Engineered Controls

Cap

Justifications

Cap [Changed]
Cap Thickness [Changed]

Cap Hydraulic Conductivity [Changed]
liner

Justifications

Liner [Default]
Liner Thickness [Changed]
Liner Hydraulic Conductivit [Changed]

Justification: [Default]
Methane Oxidation %

Justification: [Default]
Land Raise Depth

Geosphere

Ground Surface (MAOD)
Water Table (MAOD)
Geosphere Moisture Content
Geosphere Porosity

Site Characteristics
Proportion to CO2 [%)]

Justification: [Default]
Proportion to CH4 [%]
Justification: [Default]

Cellulose Decay Rates

Slow
Moderate
Fast
Justification: [Default]
Gas Plant

Engine/Flare Order
Trace Gas Plant

[Changed]

Justification: [Default]

Global Impact

Bulk Gases

Global Warming Potential

Carbon Dioxide [t]:

Methane [t carbon dioxoide]:
Hydrogen [t carbon dioxide]:
Justification: [Default]
Ozone Depletion Potential

Carbon Dioxide [t trichlorofluoromethane]
Methane [t trichlorofluoromethane]:
Hydrogen [t trichlorofluoromethane]:
Justification: [Default]

Lateral Migration
Bulk Gases

Air Diffusion Coefficients
CO2 Dispersivity

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)

SINGLE(33.5)
SINGLE(33.5)
SINGLE(33.0)
Default Value

No Trace Gases Selected

Dry

Not Justified

SINGLE(0.7)

Not Justified

UNIFORM(1.0, 1.5)

Not Justified
LOGUNIFORM(1.00E-09, 1.00E-05)
Default Value

None

Not Justified
Not Justified
Not Justified
None

Default Value

Not Justified

Not Justified

Default Value

SINGLE(10.0) &
Default Value >
#UNDEFINED? &

70 SN
66 F
UNIFORM(2.0, 8.0)
UNIFORM(14.0, 49.0)

SINGLE(50.0)
Default Value &
SINGLE(50.0) &
Default Value G¢’\\

&

Dry Oo
SINGLE(0.013)
SINGLE(0.046)
SINGLE(0.076)
Default Value

No Flares/Engines in use
Not Justified

No Trace Gases Selected
Default Value

1

25

0

Default Value

0
0
0
Default Value

SINGLE(0.1613)

Average

SINGLE(0.046)
SINGLE(0.076)
SINGLE(0.116)
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Wet

SINGLE(0.076)
SINGLE(0.116)
SINGLE(0.694)
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CH4 Dispersivity
H2 Dispersivity
Justification:
Geosphere

Cell

Geosphere Moisture Content
Geosphere Porosity
Justification:

[Default]

[Changed]

Exposure

Scenario:

Year:

Distance from boundary [m]:
Direction:

Emissions to model:

Gas Viscosity [N.hr/m2]:

Henry's law constant:

Soil Type:

Soil Organic Matter [%]:

Wind speed above ground surface in
ambient mixing zone [cm/s]:

Depth below ground to contaminated
source zone [cm]:

Building Characteristics

Area of walls in living space [m2]:
Area of windows [m2]:

Area of floor [m2]:

Height of Living space [m]:

Air exchange rate (total exchanges per
hour)

Perimeter of building [m]:

Air pressure inside house [Pa]:
Area of house walls in cellar [m2]:
Height of subfloor void [m]:

Air pressure inside subfloor void [Pal:
Temperature inside house [C]:
Floor resistance [NH/m3]:

Average height of all openings [m]:
Building Materials

Material

Hardcore

Blinding Sand

Concrete

Insulating layer (floors)

Brick (external walls)

Lightweight block (walls)

Insulating layer (walls)
Plasterboard (ceiling)

Insulating layer (roof)

Screed (over beam/block floor)
Suspended timber floor

Justification: [Default]

SINGLE(0.2192)
#UNDEFINED?
Default Value

Waste Body
UNIFORM(2.0, 8.0)
UNIFORM(14.0, 49.0)
Not Justified

Residential without Plant Uptake
1935

0

North East
1,1,1,2-Tetrafluorochloroethane
0.000000005

0

Loam

5

12

1

186
20
74.1
54
1

34.4
101321.5

6.88 .
0.5 0&
101325 N
565 ) AO
27.8 NS
2 ﬁo s\é
& &
Total Porosity [cm3/cm3] Air@%@orosiw [cm3/cm3]

or S
5 "N
0.068 05579 £.034
0.9 (\‘\\o‘&‘\ 0.9
0.5 O & 025
0.068 QoQ 0.068
0.9 & 0.9
0.068 é\\ 0.068
0.9 & 0.9
0.068 X 0.068
0.2 0.2

Défault Value
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Thickness [m]
0.1
0.05
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Appropriate Assessment
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Limerick County Council

Limerick County Council.
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February 2013.
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Appropriate Assessment Screening —Churchtown Land Fill

The Appropriate Assessment Screening Document is for the remedial works at the old
Churchtown Landfill Newcastlewest Co. Limerick. Included with this screening report is
an ecological survey which was carried out in December 2012. Though outside the
optimum season for vegetation and wildlife surveys, it was possible to identify plants
species vegetatively.

The overall conclusion of the screening is that a full Appropriate Assessment is not
required due to limited nature of the works involved i.e. only 1 ha. in area and the
distance from Natura 2000 sites. In addition as the works are remedial measures
designed to deal with leachate from a disused land fill it is expected that local
environmental improvements will take place. The works are outlined below.

The screening is in accordance with the requirements of Article 6(3) of the EU Habitats
Directive (92/43/EEC). The principal consideration for an Appropriate Assessment
would be if the remedial works were likely to have significant effects on a Natura 2000
site — Special Areas of Conservation and Special Protection Areas (SACs and SPAS) are
Natura sites. The screening should be read with the Geophysical Survey of March 12™
2012 to hand. The ecological report drawn up following % visits in December 2012 is
included in Appendix 1. ey
N

O &
The first site in question is the Lower River Sh@ﬁ@bﬁ Special Area of Conservation Site
(002165), the closest part of which is the G iver which is 7.2km distant. The landfill
also lies within 4km of the Mullaghreirks Mﬁ ltains, West Limerick hills and Mount Eagle
SPA (004161) which is composed of aéﬁﬁeﬁber of upland habitats forestry at different
stages of growth, open moorland rogg(h@rassland and some unplanted peat based
habitats. These provide foraging a?@@\esting sites for the hen harrier for which the site
has been designated. Due to the ,\\/céry specific and localised works to be carried out to
the old landfill site it is consider{@that the works will have no effects on the Special
Protection Area. The works afé described in the next section.

Screening Matrix

Brief description of the project:

The proposed works are remedial works on the Churchtown land fill. These works involve the diversion of
leachate and run off from the old waste body to a sump on the lowest part of the site. This is then pumped
to the Newcastlewest Waste Water Treatment Plant. Additional works involve the arrangement of covering
materials over the waste body and the installation of water sampling and monitoring points on site.

Brief description of the Natura 2000 sites:

The water based site closest to the landfill is the Lower River Shannon SAC site, designated for a range of
riparian habitats and species. The Galey River is one of the tributaries within the Feale catchment area,
which is an important component of the Lower River Shannon site. The overall ecological quality of the
site is heavily dependant on good water quality. The site has variety of habitats and is important for
spawning salomonids and lamprey.

The site is within 4km of the Mullaghreirks Mountains, West Limerick hills and Mount Eagle SPA (004161)
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which is composed of a number of upland habitats, forestry at different stages of growth, open moor land
rough grassland and some unplanted peat based habitats. These provide foraging and nesting sites for
the hen harrier for which the SPA site has been designated.

Describe the individual elements of the project (either alone or in combination with other plans or
projects) likely to give rise to impacts on the Natura 2000 site:

The works are not likely to cause any effects on the Natura 2000 sites due to distance from the sites and
the limited nature of the works involved. By dealing with contaminants from the landfill it is expected that
local environmental improvements will result.

The main way in which impacts could be created on the SAC site is through the introduction of pollutants
or sediments which would have an effect on water quality but as outlined above the works are designed to
deal with the issue of leachate from the old waste body.

Describe any likely direct, indirect or secondary impacts of the project (either alone or in
combination with other plans or projects) on the Natura 2000 site by virtue of:

e Sijze and scale;

The area taken in by works and machinery traversing and activities on site is expected to be in the
region of 1 ha. The site is outside designated sites and is 4km distance from the nearest Natura 2000
site. &
N
¢
&
e Land-take; NS
SN
No land take implications- see above. \\}QO\'}\\

S
o Distance from Natura 2000 site o@%&(@eatures of the site;
&£.0
RS
The land fill is 4km from the SPA site q(@sl\gé\km from the SAC site.
N

O
e Resource requirements (wgﬁer abstraction etc);

There are no resource impIicatic{t%(\. It is not anticipated that any extraction of material —rock etc or soil or
abstraction of water would take place from any designated site. Stone may be used in the remedial works
but will be taken from quarries that have planning permission or have consent under S261 or S261A. In
this case the stones will be from established and licensed quarries. These quarries are governed by
planning permissions or conditions laid down under the quarry registration process.

e Emission (disposal to land, water or air);

There is the risk of sediment or pollutants being released to ground water. Kiely (1997, p. 221) indicates
that ground water pollution events tend to be localised and due to high levels of re-charge (through
rainfall) tend to be of short term duration. Given the distance from the landfill to the SAC site the risk is
further minimised. Two sets of water sample results, the latest from Jan 2013, indicate that the pollutant
levels are not a cause for concern as they are not in concentrations which will have an effect on the Lower
River Shannon SAC site. It also seems to be the case that pollutant emissions seem to be particularly
dilute as the waste body has been in place for many years- see Geophysical Report. In addition there are
no permanent water courses on the site which futher reduces the chances of transmission of pollutants.
Inspection of nearby land drains in December 2013, down-slope from the land fill, did not show any
indications of leachate escaping from the site.

Churchtown Landfill: Appropriate Assessment Screening Report, Feb 2013. 3
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e Excavation requirements;

Any excavation that may take place within the land fill would be at a distance from the SAC site. Most
works will consist of the re-arrangement of material to better cap the landfill, rather than excavation of the
land fill waste body itself. This will minimise the disturbance to the residual waste thereby lessening any
leakage of contaminants. The clearing of channels to divert any leachate to a sump and thence to the
Waste Water Treatment Plant has been mentioned above. Sediment traps in these channels would also
help to control run off of sediment.

Transportation requirements;

Plant and trucks will be involved in bringing the material to the site and removal of material. With traffic
movement confined to the roads there will not be transport effects on the water courses or drainage
features nearby.

e Duration of construction, operation, decommissioning, etc;

18 months- monitoring will be on going.

e Other &
\Qé
Not applicable. \A @
S
Describe any likely changes to the site arising a§/@esult of :
e reduction of habitat area: Qo*
\
None- the works are to a previously existin ill and will not result in any further development outside
the existing foot print of the Churchtown Iéhgﬁll
L o®
5\

e habitat or species fragmgﬁ't-atlon

Given the location of the works- gjn the old land fill site and 7 km from the Lower River Shannon Sac site
and 4.2km from the SPA no effects on these sites are likely.

e reduction in species density;

Not applicable in that the landfill is outside and at a distance from Natura 2000 sites and would have any
ex-situ effects as the scale of works is limited and measures are in place to reduce run off from the site.

e changes in key indicators of conservation value

None-see point above.

e Climate change:

No implications for climate change due to limited scale of the works.

Churchtown Landfill: Appropriate Assessment Screening Report, Feb 2013. 4
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Describe any likely impacts on the Natura 2000 site as a whole in terms of:
¢ interference with the key relationships that define the structure of the site;

None, the land fill lies outside the SPA and SAC the works are limited in scale. In relation to the SAC site,
both the limited scope of the works allied to distance and mitigation measures (diversion and treatment of
leachate) are expected to ensure that there will not be any significant effects on the SAC site.

e interference with key relationships that define the function of the site;

See above.

Provide indicators of significance as a result of the identification of effects set out above in terms
of:
e loss;
Not applicable.
e Fragmentation;
Not applicable.
e Disruption;
Not applicable.
e Disturbance;
Not applicable. &
e change to key elements of the site (e.g. water qua(ly)i\@ etc);

i e . )
Not applicable. The mitigation measures mentioned alq@?oe’ﬁreatment of leachate.
5\

O
B
L

Describe from the above those elements of tfieBroject or plan, or combination of elements, where
the above impacts are likely to be signifi@\rok@or where the scale or magnitude of impacts are not
known. O

&

It is not likely that any combination of Q\Ié#lents will have effects as the landfill is outside the Special
Protection Area and SAC site. The Il scale of works is not likely to have any effects on the Lower River
Shannon as they are confined to L{(ﬁdfill itself. It is considered that a full Appropriate Assessment is not
required. The works are designé'aoto rehabilitate an old land fill which by reducing pollution risk would
lessen chances of ecological damage.

Churchtown Landfill: Appropriate Assessment Screening Report, Feb 2013. 5
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Finding of No Significant Effects M

atrix

Name of Project:

Remedial works on disused land fill at
Churchtown Newcastlewest.

Name and location of Natura 2000 sites:

Mullaghreirks Mountains, West Limerick hills
and Mount Eagle SPA (004161) within 4km.

Lower River Shannon SAC site 002165, the
bridge is located within the SAC site.

Description of the Project or Plan

The proposed works are remedial works on the
Churchtown land fill. These works involve the
diversion of leachate and run off from the old
waste body to a sump on the lowest part of the
site. This is then pumped to the Newcastlewest
Waste Water Treatment Plant. Additional works
involve the arrangement of covering materials
over the waste hody and the installation of
water sampliw%d monitoring points on site.
&
QY Qg\*

S

Is the Project or Plan directly connected
with or necessary to the management of the
site (provide OQQ
details) ? P

6%\\

@’ &
QW but the works will lessen the chances of
Glocal pollution to ground water.

Are there other projects or plans th§t0®
together with the project of plan be@q(g
assessed could affect the site (pg@nde
details)? Qo

There are no other projects current on the land
fill.

The Assessment of Significance of Effects

Describe how the project or plan (alone or
in combination) is likely to affect the Natura
2000 sites:

Unlikely to have any effects as the works
involve the rehabilitation of an old land fill site,
directing run off to the local WWTP and re-
arrangement of the cover material on the site.

Explain why these effects are not
considered significant:

See report above. Main factors are distance
from the Natura 2000 sites and the limited
scale of the works, the treatment of the
leachate and the lack of surface water drainage
features which would carry pollutants to the
SAC site.

List of Agencies Consulted: Provide
contact name and telephone or email

The Manager, Development Applications Unit
DoEHLG

address:

Newtown Road, Wexford.

Churchtown Landfill: Appropriate Assessment Screening Report, Feb 2013.
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(T: 053 9117382)

Response to consultation

Awaited.

Data Collected to Carry out the Assessment

Who carried out the
Assessment?

Sources of Data

Level of assessment
Completed

Where can the full
results of the
assessment be
accessed and
viewed

Heritage Officer,
Forward Planning
Section,

Limerick County
Council.

Existing NPWS Site
Synopses

Site visits and site

Desktop study, site
visits

The conclusions are
included in the
screening document
and the site report is
attached in an

surveys. . Appendix to this
document.
&.
&\A\}
&
Q)
oﬁ@xé\
&5
S
KNS
O
IXS) é
&
&0
N
S
*\C’OQ
O
&
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Appendix One: Site report.
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CHURCHTOWN LAND FILL ECOLOGICAL SURVEY

TO: B MURPHY SEE
FROM: T O NEILL HO
SUBJECT: AS ABOVE
SITE VISIT: 11/12/12.

DATE: 8/2/2013.

Site description and location: the site is a disused land fill which ceased operation in
1986 after operating for approximately 30 years. Prior to this it was limestone quarry
which ceased operations about 1930. It is 1.7ha in extent and slopes from the NE to the
SW. The on site vegetation has been largely disturbed by machinery which has bored
monitoring wells on site. It is located to the north west of Newcastlewest immediately
outside the boundary of the LAP. &

/ 5

Figure 1: 1890 25 inch map of the quarry.

Drainage: there are a small number of surface drainage ditches on site. The most
important are those to the south west boundary of the site as much of the site drains to
this area. There is a sump constructed in this area to which water and leachate can drain
which is then pumped to a foul sewer for treatment. Due to the levels in the drainage
ditches no liquid was draining off the site at the time of the site visit-see Figure 1 below.

Churchtown Landfill: Appropriate Assessment Screening Report, Feb 2013. 9
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There are locally wet spots in the land fill, these are located for the most part on the
western sides of the site and occur where the soil layer does not allow water to percolate
down wards. These areas are used by snipe as feeding areas.

One other drain occurs at the rear of the houses to east of the entrance gateway, this is
a shallow drain and is partially filled with water. The drains and wet spots are notable in
what is an elevated and well drained site. They are seasonal and would be likely to dry
up in summer. The drains do not look as if they contained leachate. Examination of
nearby farm drains down slope and outside the e Land fill did not show the presence of
leachate.

On site vegetation: much of the site has been cleared due to works which include the
construction of bore holes to monitor ground water. The remainder of the site has
covering of ruderal vegetation with high proportion of nettles (Urtica dioica) reflecting the
nutrient rich mature of the soil covering. The site has been used for grazing by horses.
Thistles (Cirsium arvense) and Rosebay Willow Herb (Chamerion angustifolium) were
also present on the site, with soft rush (Juncus effuses) in the wetter locations
mentioned above. Some patches of scrub remain composed of mixes of Ash (Fraxinus
excelsior), Rusty Willow (Salix cinera subsp. Oleifolia) and Sycamore (Acer
pseudoplatanus). These remain towards the centre and east of the site.

Grasses had also colonised the site with common species h as Cocksfoot (Dactylis
glomerata) while in the wetter areas with rushes and smgﬂer amounts of Reed Canary
grass (Phalaris arundinaceae) present. Photograph o§ e site prior to works showed it
to be fully vegetated with species such as Angeh@ﬁ gelica Sylvestris) on damper
parts of the site with Docks (Rumex crlspus) @vvorth (Senecio jacobea) and

Plantains Q\\,. N
<
& &
&
o
oS
S
N
©
&
&
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" < = - { J .--.»: 5 < \
Figure 2: the outlet from the site is sho \Oj;ﬁéthe top centre of the photo. The fall in the
drain is back towards the site itself ar R ards a sump constructed in the western
boundary area of the landfill. QOOQA*

s

C
Soils: The site has a covering of mineral soil of varying depth of between 4 and 10 cm.
Beneath this there is layer of stene which had been used as covering material over the
waste body. The underlying geology of the land fill site is described as
On site birds: Birds on site were snipe, blackbird, jackdaw and robin and wood pigeon
which overflying the site. No nests were seen in any tree or shrub within the site. Rooks
nests were seen on nearby trees outside the site to the south.

Adjacent land: land to the north and west is improved grassland used for grazing by
horses. The southern boundary is a roadway, while to the east is housing with gardens
backing onto the site.

Ground layer: beneath the tree lined hedges the ground layer was ivy (Hedera helix)
and Brambles (Rubus fruticosus) which formed an impenetrable layer in parts.

Trees/hedgerows: the Southern boundary is a mature tree line with Cypress forming
the tree layer with an understory of whitethorn. The road side bank is covered with ivy.
Mixed with the Cypress are Ash and Sycamore. To the east of the entrance gate timber
panelling provides a boundary which farther east leads to row of Cypress, with sycamore
and willow present in side them.

The eastern boundary is a mix of garden fencing and open space, while the northern
boundary is an open boundary with limited growth of Whitethorn. The eastern boundary
consists of mature cypress tress with a drain on the inside.
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EPA Export 10-05-2019:03:42:17



On site habitats: presently the predominant habitat is presently disturbed ground (Spoil
and Bare Ground ED2) while on the fringes of the site, towards the roadside edge. The
cypress from a treeline (WL2). There are isolated patches of Scrub with willow present
(Salix Spp.) These would correspond with habitat category WS1. Drainage ditches are
also present (FW4).

Local Habitat Importance of the site: none of the on site habitats have any links with
annex habitats and are of types that are available in the wider countryside. Despite this
the presence of an area which if allowed to regenerate naturally and would have a local
seed bank with a low intensity management regime would be beneficial and of local
importance particularly on the outskirts of an urban area.

Additional comments: the site has been heavily disturbed with large areas of bare soill
caused by machinery traffic. Some of the scrub growth on the site had been cleared way
during works. No signs of badgers or other animal dwellings were found on site. The
surrounding fields to the north and west were also checked for signs of badgers e.g.
tracks or latrines or feeding signs, none were found.

Recommendation: following remedial works that vegetation be allowed to regenerate
naturally on site. When the grass land layer has developed it would be possible to allow
limited grazing, which prevent regeneration of scrub but would also allow structural
diversity in the sward which would be useful for invertebrat%&and small mammals. .

- &%
. S
T O Neill HO. o&jof
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&
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