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Executive Summary

This report presents the results and findings of groundwater and surface water sampling exercises completed at
Kerdiffstown Landfill (located near Naas in County Kildare) during Quarter 1 of 2017 and has been completed
by Jacobs on behalf of Kildare County Council (KCC). The landfill is situated within a sand and gravel
overburden aquifer which overlies a limestone bedrock aquifer. The Morell River situated close to the site’s
eastern boundary has been identified as a sensitive surface water receptor.

During Quarter 1 of 2017, three rounds of sampling were undertaken. January was a normal monthly round of
sampling as per the 2016 monthly monitoring rounds (15 wells and 8 surface water samples). February included
a normal monthly round of sampling (15 wells and 8 surface water samples) in conjunction with the set-up and
sampling for an extended biannual suite for 23 new wells installed in late 2016 throughout the site and
surrounding lands in order to gain a more complete understanding of the effect that the landfill is having on the
local groundwater. March included a normal round of monthly sampling (15 wells and 8 surface water samples)
as well as resampling of each of the 23 new wells for a monthly analytical suite. Two rounds of monitoring were
carried out on the new wells to confirm whether there was impact to the groundwater in the areas in which the
new wells were installed, and therefore inform the sampling regime into the future.

Key results, particularly exceedances of water quality standards (Interim Guideline Value (IGV) and/or
Groundwater Threshold Value (GTV) for groundwater obtained during the quarter are summarised in Table 1
below. For surface waters (Table 2), the results were compared against the Environmental Quality Standards

(EQS).

Table 1: Summary of Groundwater Results Recorded Quarter 1 2017

Locations Exceedances Notable Results / Trends

On-Site Wells

Exceedances of water quality standards are seen for many key determinands in all wells located on-site, e.g. chloride,
ammoniacal nitrogen, iron, manganese, sulphate and arsenic.

EMW11 Exceedances in calcium, potassium, | In January 2017, the highest concentration of cyanide
(west) sulphate, chloride, nitrate, iron and | was recorded at EMW11 since June 2014. Cyanide is
manganese normally not detected above the limit of detection (LOD)

at this well, and had returned to below the LOD by
February 2017. Also in January, the highest ever nitrate
concentration was recorded, marginally above the
previous peak recorded in October 2016. Concentrations
subsequently decreased through the rest of the quarter.

EMW12 Exceedances in calcium, sulphate and | In January 2017, the highest concentration of cyanide
(north) nitrate was recorded at EMW12 since June 2014. Cyanide is
normally not detected above the LOD at EMW12, and
had returned to below the LOD by February 2017.

EMW13 Exceedances in calcium, potassium, | Chloride, ammoniacal nitrogen, potassium, sodium and
(north-east) sodium, chloride, ammoniacal nitrogen, iron, | cyanide were all elevated during the quarter and in March
manganese and arsenic 2017 the concentrations were the highest concentrations

ever recorded at EMW13.

BH26 (north) | Exceedances in calcium, potassium, | In January 2017, the highest ever concentration of
sodium, chloride, ammoniacal nitrogen, iron, | ammoniacal nitrogen was recorded at BH26, marginally
manganese and arsenic. exceeding the previous peak recorded in June 2015.
Concentrations subsequently decreased through the rest
of the quarter.

BH42 Exceedances in calcium, potassium, | In March 2017, chloride at BH42 increased to its highest
(centre south) | sulphate, chloride, ammoniacal nitrogen, | concentration since the peak of August 2015, and was
iron, manganese and arsenic above the IGV for the first time since June 2016. There

was a dramatic decrease in alkalinity recorded in March

Kildare County Council
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Locations Exceedances Notable Results / Trends

2017 at BH42, its lowest ever concentration.

BH68 (centre)

Exceedances in calcium, potassium,
sulphate, phosphate, iron, manganese and
nickel.

This new bedrock borehole recorded relatively high EC
readings during sampling. However, chloride and
ammoniacal nitrogen results were below the IGVs giving
litle evidence of leachate contamination although
sulphate was elevated above the IGV. Alkalinity was also
noted to be high.

from Zone 1.

Boundary Wells
Localised evidence of leachate contamination continues to be recorded at a number of boundary wells along the north
and north-eastern boundary. Results from new wells to the north indicate northerly movement of leachate contamination

EMWO03
(north-east)

Exceedances in calcium, potassium,
chloride, nitrate, ammoniacal nitrogen, iron,
manganese and arsenic

Increases recorded in several determinands at EMWO03,
particularly in March 2017, but in line with previous years
(e.g. chloride, ammoniacal nitrogen, potassium, sodium
and alkalinity). Sharp increase in nitrate recorded,
matching sharp increases recorded in the past, with
March 2017 results the highest since December 2015.

DBO02 (north)

Exceedances in calcium, magnesium,
potassium, sodium, chloride, ammoniacal

New well sampled for the first time in March 2017. Both
chloride and ammoniacal nitrogen were elevated above

2017.

nitrogen, phosphates, iron, manganese, | their respective IGVs, with the chloride concentration
arsenic, barium, cadmium, chromium, | comparable to nearby on-site well EMW13.
copper, lead, nickel and zinc.

Off-Site Wells

Continuing to be generally low in key leachate indicators such as ammoniacal nitrogen and chloride during Quarter 1 of

DBO03 (north -
Kerdiffstown

calcium,
ammoniacal

Exceedances in
chloride, nitrate,

potassium,
nitrogen,

This new well was sampled in February and March 2017.
Chloride and ammoniacal nitrogen concentrations

(north-east —
Kerdiffstown

House) nitrite, phosphates, boron, iron, manganese, | recorded above the IGV during both rounds, with a slight
arsenic, barium, copper and mercury. increase recorded between February and March. An
elevated mecoprop concentration was also recorded in
February 2017.
EMW20 Exceedance in nitrate, iron and manganese. | Nitrate was detected above the IGV in March 2017, the

highest concentration ever recorded at EMW20 and
above the previous peak recorded in December 2016.

House)

EMW28 Exceedances in calcium, chloride, | In February 2017, ammoniacal nitrogen increased to its
(Foley’s ammoniacal nitrogen, iron, manganese and | highest concentration at EMW28 since July 2016.
Field) arsenic. Ammoniacal nitrogen tends to rise and fall in this well as

evidenced by a reduction in March 2017 however
concentrations have always been above the IGV since
monitoring began in October 2012

Table 2: Summary of Surface Water Results Recorded Quarter 1 2017

Locations Exceedances Notable Results / Trends

Morell River

Upstream
(Swo1)

No exceedances

In March 2017, large increases in iron and manganese
were recorded at SWO01, with iron at its highest
concentration ever recorded.

Upstream

No exceedances

As with SWO01, there were increased concentrations in
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Locations Exceedances Notable Results / Trends

(SW02)

iron and manganese at SW02. Chloride was elevated at
SWO02 after the Hartwell confluence in January 2017, but
reduced to the lowest concentration ever recorded in
March 2017. In March 2017, SWO02 had its highest
recorded sulphate concentration to date.

Adjacent
the
(SWo3,
SWO03A)

to | No exceedances
site

The high sulphate concentration recorded just upstream
at SW02 in March was not seen in the further
downstream samples of SW03 and SWO03A where the
sulphate concentrations relatively static.

(SW05)

Downstream

The highest ever chloride concentration was recorded
here in February 2017. However, the chloride
concentration did reduce in March 2017. There was a
similar increase in sulphate recorded in March (as seen in
SWO02 also) when it was at the highest ever recorded
concentration at this sampling point.

Canal Feeder

Upstream
(SW13)

No exceedances Decreases in both iron and manganese were noted
through the quarter at SW13 following peak
concentrations recorded in December 2016. Generally,
higher concentrations were noted upstream than
downstream for many determinands, likely as a result of

winter road run-off as has been seen in the past.

Site

Discharge

No exceedances There were spikes in iron and manganese concentrations
recorded at the site discharge point in January 2017, with
both at their highest concentrations since January 2015.
These concentrations subsequently reduced again in

February 2017.

(SW11)

Downstream

No exceedances In Quarter 1 2017, results were similar to previous results
recorded at this monitoring point. Generally lower

concentrations were noted downstream than upstream.

The following table highlights results which are particularly noteworthy due to detailed quantitative risk
assessment (DQRA) trigger value exceedances, notable increasing pollutant trends, and/or unusual detections
or IGV/IGTV exceedances. Suggested actions to address these results are included in the table.

Table 3: Noteworthy Groundwater Observations and Actions

Area The new wells located north of the site (boundary well DB02 and Add DB02 and DBO3to the
north of | off-site well DB0O3) were found to be elevated in a number of key monthly monitoring from April
Zone 1 leachate indicators during Quarter 1, 2017, with IGV 2017 onwards in order to further
exceedances in ammoniacal nitrogen and chloride comparable monitor this leachate movement
to nearby Zone 1 well EMW13. The results suggest that leachate northward.
contaminated groundwater is leaving the site from Zone 1 in a
northerly direction.
North- Continuing evidence of localised leachate migration from the site Add BBO02 to the monthly
east at EMWO03, while nearby well EMWO06 shows no evidence of monitoring  from  April 2017
boundary | leachate contamination, but is likely a perched waterbody. New onwards in order to monitor for
bedrock well BB02 adjacent to EMWO06 similarly shows little bedrock contamination along this
evidence of leachate contamination, with only chloride being north-eastern boundary.
above the IGV but ammoniacal nitrogen staying below the LOD.

"2} Kildare County Council
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Centre of | New bedrock well BH68 towards the centre of the site had

the site elevated EC readings during Quarter 1, 2017 but key leachate
indicators were generally below the IGVs indicating no obvious
leachate contamination of the bedrock aquifer here.

Add BH68 to the monthly
monitoring  from  April 2017
onwards in order to monitor for
bedrock contamination in this
central part of the site.

Table 4: Noteworthy Surface Water Observations and Actions

Location Description RAG | Actions

Morell River | There were a number of unusual results recorded at different Continued monthly monitoring to
points in the Morell River during the first quarter of 2017: take place as scheduled.

In January 2017 there were increases in a number of
determinands at SWO02, likely caused by the inflow of the
Hartwell just upstream of the sampling point possibly washing
in some road run-off. Similar increases were not seen again
in February or March.

In February the chloride concentration at SWO05 downstream
of the site was the highest ever recorded to date. In March
the highest ever sulphate was recorded at SWO05 however
chloride concentrations were noted to have decreased
compared to the previous month.

In March there were sharp increases in iron and manganese
recorded at SWO1 upstream of the site, with concentrations
decreasing as the river flows past the site.

See Section 2.2.3.1 for further detail.

Canal During Quarter 1, 2017 concentrations of most determinands Continued monthly monitoring to
Feeder measured in the Canal Feeder were found to be higher take place as scheduled.
upstream of the site than downstream. This trend has been

generally seen since monitoring of the stream began.

Increases recorded upstream may have been caused by

runoff from roads and fields as seen previously. See Section

2.2.3.1 for further detail.

g'?\} Kildare County Council
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EPA Contaminated Land & Groundwater Risk

Assessment Methodology
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STAGE 2: CORRECTIVE ACTION FEASIBILITY & DESIGN
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2.1 ACTION STRATEGY
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2.3 DETAILED DESIGN
FINAL STRATEGY &
2.4 IMPLEMENTATION
PLAN
STAGE 3: CORRECTIVE ACTION IMPLEMENTATION & AFTERCARE
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1. Introduction

1.1 Project Contractual Basis and Personnel Involved

In February 2013 SKM Enviros (now trading as Jacobs) was appointed as a framework contractor by the
Environmental Protection Agency (EPA) to provide technical environmental support services in relation to the
remediation of Kerdiffstown Landfill (hereafter referred to as the site). In June 2015 the control of the site was
handed over to Kildare County Council (KCC) with the above mentioned framework contract being novated from
the EPA to KCC.

Under the framework a Remedial Options Assessment was completed in July 2013. This assessment contained
a number of key recommendations in relation to the future remediation of the site, which included a requirement
to provide regular (monthly and six monthly?) on-going assessment of groundwater and surface water conditions
in advance of remedial works using an existing network of groundwater monitoring wells installed on and around
the site and pre-defined surface water monitoring locations.

This report presents the results and findings of groundwater and surface water monitoring completed by Jacobs
during the first quarter of 2017. The monitoring was completed at the request of KCC and was completed in
accordance with Jacob’s proposal to KCC dated 28" February 2017. The monitoring results presented in this
report were preceded by monthly rounds of monitoring completed since October 2013, the results of which have
been reported separately.

Monitoring included the collection and analysis of groundwater samples for a range of potential contaminants.
Samples were collected from on-site, boundary and off-site monitoring wells installed within overburden
deposits and underlying bedrock. In addition, surface water samples were collected from the Morell River
(located north-east of the site), from the canal feeder (a surface water course located south-west of the site),
and from the site’s surface water discharge. Analysis of the samples was completed by ALS Environmental.

1.2 Background Information

Waste operations ceased and the site was vacated during June 2010. Prior to this, Jacobs had been
commissioned by the EPA to conduct an evaluation of potential environmental liabilities and related remedial
costs associated with various closure scenarios for the landfill site. The results and findings of this study are
presented in a previous report dated October 20102,

Since completion of the environmental liabilities assessment in 2010, Jacobs has been working with the EPA
and as highlighted above was appointed as Framework Contractor in February 2013. Prior to this point
Geosyntec Consultants (formerly Ford Consulting Group) had been commissioned by the EPA during 2011 to
assess the condition of the site from the perspective of contaminated land and groundwater, and specifically to
assess potential impacts from the site on sensitive environmental receptors. The results and findings of
Geosyntec Consultants preliminary study are presented in a report dated April 20123

Geosyntec subsequently completed groundwater and surface water monitoring rounds at the site in December
20114, May 2012s, October 2012¢ and February 2013. Jacobs has subsequently completed groundwater and
surface water monitoring on a monthly basis since October 2013e.

1 Monthly monitoring has been recommended from selected boreholes and for a reduced analytical suite. Six monthly sampling is recommended for
all serviceable monitoring boreholes with analysis for an expanded suite. This report covers one monthly and one six-monthly rounds of sampling.

2 SKM Enviros, October 2010; Evaluation of Environmental Liabilities at Kerdiffstown Landfill.

3 Ford Consulting Group, April 2012; Preliminary Environmental Site Assessment — Kerdiffstown Landfill.

4 Ford Consulting Group, May 2012: Groundwater & Surface Water Monitoring at Kerdiffstown Landfill — December 2011 (Draft).

5 Ford Consulting Group, September 2012: Groundwater & Surface Water Monitoring at Kerdiffstown Landfill — May 2012 (Draft).

6 Geosyntec Consultants Ltd, January 2013: Groundwater & Surface water Monitoring at Kerdiffstown Landfill — October 2012 (Draft report).

7 Geosyntec Consultants Ltd, April 2013: Groundwater & Surface water Monitoring at Kerdiffstown Landfill — February 2013 (Draft report).

8 Groundwater and Surface Water Monitoring Reports at Kerdiffstown Landfill October 2013 to December 2016.

/2 Kildare County Council




Groundwater and Surface Water Monitoring Report -
Quarter 1 2017 JACOBS

121 Physical Site Setting

The site is located c. 3.5km northeast of Naas and approximately 0.5km northwest of the N7 and Johnstown
village as shown in Figure 1. To the northeast is parkland associated with Kerdiffstown House, to the north is a
golf course and to the south west and south east are a mixture of land uses including residential, agriculture and
worked out quarries.

The L2005 County Road from Sallins to Johnstown runs adjacent to the western and southern site boundaries,
with the nearest residential property approximately 10m from the site boundary, with the boundary being
interpreted as the former redline boundary for waste licence W0047-02.

It should be noted that the redline boundary as shown on all figures in this report is the boundary of the waste
facility authorised by, and as specified in, waste license number W0047-02 granted to ‘Neiphin Trading Limited’.
This redline boundary is used for illustrative purposes only in this report to show the location and approximate
outline of the former waste facility and does not imply any legal ownership boundaries or any limitation on the
area within which any action is being or can be taken by the KCC under Section 56 of the Waste Management
Act 1996 (as amended).

The closest surface water body to the site is the Morell River, which flows generally northwards within 50 m of
the north-eastern site boundary to flow into the River Liffey. The River Liffey itself lies approximately 3km north-
west of the site at its closest point, also flowing generally northwards, before following a more eastward flow
direction some 5 to 6 km north of the landfill site. There is a major public water supply abstraction from the River
Liffey at Leixlip, which serves Fingal, Kildare and north Dublin, located approximately 15 km north-east of the
landfill site.

The canal feeder is an engineered feature that collects surface water run-off from lands generally to the south
and south-west of the site. The canal feeder flows generally westward to the Grand Canal, which is located
approximately 2 km west of the site.

1.2.2 Current Site Layout

The current site layout is attached in Figure 2. Plate 1 below which also shows the site sub-divided into a
number of discrete geographical areas, or zones, each of which has their own unique characteristics. The layout
of the various zones as shown below with information on the key characteristics of the materials within the
zones summarised in the following table.

/2 Kildare County Council
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Plate 1:  Site Layout
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Key Characteristics of the Landfill Zones

Zone Zone Key Characteristics

1

Wastes deposited in the north-west area of the site which account for approximately 65% of the entire estimated volume of
waste on site. The wastes in this area are typically unprocessed, highly odorous and principally comprise non-hazardous
mixed construction and demolition (C & D) wastes and household wastes. C & D wastes noted to contain varying amounts
of clay, gravel, concrete, brick, wood, textile, plastic, rubber and metal. Wastes in this area of the site are uncapped and
unlined and localised areas of free leachate are likely to be present within the wastes. In the south and east of this zone,
wastes are present beneath the groundwater table.

1A

Sub-zone of Zone 1 where waste appears to be absent.

2A

Much of this zone in the west-central portion of the site is covered by thick, reinforced concrete pads, which form a low
permeability layer over the wastes and reduce direct rainwater ingress. Wastes noted to be domestic waste mixed in with C
& D materials with varying amounts of clay, gravel, brick, concrete, wood, textile, paper, plastic, rubber and metal. The
smaller area of wastes not covered by concrete allows rainwater to infiltrate in a similar manner to Zone 1.

2B

Much of this zone in the east-central portion of the site is covered by thick, reinforced concrete pads, which form a low
permeability layer over the wastes and reduce direct rainwater ingress. Wastes noted to be principally unprocessed non-
hazardous mixed C & D waste with varying amounts of clay, gravel, brick, concrete, wood, textile, paper, plastic, rubber
and metal. The smaller area of wastes not covered by concrete allows rainwater to infiltrate in a similar manner to Zone 1.
Below much of this zone some wastes are present beneath the groundwater table.

This area is lined (the ‘lined cell’) with processed waste materials filling 60% of the existing void space. Wastes in this area
comprise processed non-hazardous C & D materials with domestic waste mixed through. C & D wastes contain varying
amounts of clay, gravel, concrete, brick, wood, textile, plastic, rubber and metal. The leachate generated within the lined
cell is contained and removed for off-site treatment/disposal. There will be a long term requirement for removal and
treatment of leachate from the lined cell.

Containing redundant infrastructure and concrete tanks/bays/walls in the lower yard area. The area also contains a surface
water soakaway lagoon which is cut into waste deposits and into which water from the adjacent waste stockpiles drains.
The bottom 1 to 2m of a small amount of the wastes is below the water table in this area.

No significant waste deposits are present in this area. This area also has a number of residential properties located on it
which are within the site red line boundary.

123

Groundwater Monitoring Network

Following vacation of the site in 2010, the EPA and KCC have commissioned a number of site investigations to
establish groundwater conditions as summarised in the Table 1.1 with the locations of installed monitoring wells
shown in Figure 3. Investigations have involved installation of approximately 90 groundwater monitoring wells
on and off site to collect data to define the hydrogeological site setting and provide groundwater monitoring
points. Subsequent rounds of groundwater monitoring have been undertaken to establish the chemical quality of
the groundwater with the most recent round prior to this report being undertaken by Jacobs in December 2016.

In late 2016 an additional 45 monitoring wells were installed both on-site and off-site. The borehole locations
were positioned in order to further establish the condition and flow of the local groundwater and for geotechnical
purposes. During February and March 2017, sampling was undertaken of all new wells which held sufficient
water to sample (25 in total). This report includes analysis of the results obtained from these wells as well as the
established wells. Further details of the groundwater quality monitoring are provided in Chapter 2 of this report.
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Table 1.1: Summary of Groundwater Site Investigations

Dates of Site No. of No. of On / off site Monitoring Well Numbers
Investigation boreholes monitoring

drilled wells installed

EPA SI 10/05/10 to 10 9 Off site EMWO01* to EMW10
12/05/10
EPA SI 06/06/11 to 7 7 On site EMW11 to EMW17
19/06/11
Phase 1 SI 09/01/12 to 24 4 On site BH2, BH6, BH7, BH24
06/02/12
Phase 2 SI 14/08/12 to 61 21 On and off site BH26, BH36B, BH39B, BH40B, BH42,
21/09/12 (176w, 1 BH48, EMW18 to EMW24, BHEMW27
leachate (now to EMW33.
dry), 2
Inclinometer, 1
Gas)

Phase 3 Sl October 2016 45 45 (although On and off site | RMO1 to RM06, BBO1 to BB04, DBO1 to
some wells have DB15 (excluding DB13), BH60 to BH80.
remained dry to

date)

Former Not relevant 2 2 On site GW1D, GW2D

abstraction

wells

* EMWO01 was backfilled due to health and safety concerns.

Figure 3 also shows a series of surface water monitoring locations, including the locations along the Morell
River and the Canal Feeder where samples were collected during the Quarter 1 monitoring events.

1.3 Geological and Hydrogeological Conditions
1.3.1 Bedrock Geology

The majority of the site is underlain by bedrock in the Ballysteen Formation which is described as dark muddy
limestone/shale. However, the far northwest corner of the site is underlain by the Waulsortian Limestone, which
is described as a pale grey muddy limestone. The bedrock (both the Ballysteen Formation and Waulsortian
Limestone) is classified by the Geological Survey of Ireland (GSI) as being a locally important aquifer which is
moderately productive only in local zones.

The GSI's vulnerability classification for the bedrock aquifer in the vicinity of the site is ‘high’. However, the
limestone in this formation are stated to be quite ‘muddy’ and not susceptible to processes which would cause
an increase in permeability such as karstification. As such groundwater abstractions from the bedrock are rare
and have low yields where they are present. It is known, however, that there was an abstraction well on site
which is described as being ‘deep’ although the details of it are not known and it is uncertain if this well did
abstract from the limestone.
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Investigations in 2012 reached the bedrock in four monitoring wells (EMW12, EMW19, EMW22 and EMW24)
but at these locations no description of the rock type is provided in the borehole log. The recently undertaken
investigation in 2016 installed a further eight boreholes which reached the bedrock. Cores recovered from the
bedrock showed the limestone rock to be highly fractured near the surface with clay infilling some of the
fractures. It is this upper fracture zone which will provide the principal pathways for groundwater movement in
the bedrock.

The depth to bedrock has been recorded in the borehole logs as being between 6.7 and 26.8 m below ground
level (mbgl) in boreholes where bedrock has been encountered.

1.3.2 Overburden Geology and Hydrogeology

On a regional scale the site is indicated to be in an area of glacio-fluvial sands and gravels which extend over
an area of 2 km2. However, the GSI overburden aquifer designation map does not show this deposit to be a
recognised aquifer in the vicinity of the site.

In September 2010, Apex Geoservices provided a report which interpreted the geological data that was
available at that time. They concluded that:

e To the west, northwest and south of the landfill, the upper 1.6 m comprised silt and clay type material
overlying an average of 18.8 m of sand and gravel;

e To the east and northeast of the landfill the upper 1.5 m comprised dominantly alluvium, silt and clay
overlying an average of 7.4m of silt/clay and sandy gravelly silt/clay overlying bedrock; and

e East and southeast of the landfill the rock levels generally range from 75 to 78mAOD. South and west
of the landfill the rock levels generally range from 71 to 75mAOD.

Based on the information gained in previous site investigations, a greater thickness of glacial sands and gravels
are found directly to the west, northwest and south of the landfill with a thickness in the region of 20 to 24m. In
general, this glacial overburden is characterised by an initial, more silty, clayey sand and gravel horizon
approximately 3m thick underlain by gravelly sands approximately 10m thick and then sandy gravels around 7m
thick. To the east and northeast of the landfill the thickness of the sands and gravels decreases and in the
Morell River valley, clayey alluvium is also present although the borehole logs do show that frequent sandy
lenses are present in the clay-dominated alluvium.

The recently undertaken investigation in 2016 involved the drilling of over fifty boreholes at the site, with
collection of data on the overburden geology. It is noted that in monitoring wells located to the north-eastern site
boundary and within the grounds of Kerdiffstown House, significantly deeper superficial deposits are found and
that there is a buried channel in the bedrock surface running in a north-south direction.

1.4 Project Objectives

The primary objectives of the Quarter 1 2017 monitoring events were to collect data from existing monitoring
wells, as well as the newer wells drilled in 2016, and to use these data to update and refine the CSM developed
from past investigations and monitoring events and then to use the groundwater quality data set to observe if
any emerging trends are notable in groundwater quality at the site and surrounding area.

1.5 Scope of Works

151 Rationale and Strategy

The scope of work completed for the Quarter 1 2017 monitoring event is presented below:
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January 2017

Collection of groundwater samples from 7 on-site monitoring wells (EMW11 to EMW13, EMW15,
EMW16, BH26 and BH42).

Collection of groundwater samples from 3 boundary wells (EMW03, EMW06 and EMW19).

Collection of groundwater samples from 5 off-site monitoring wells (EMW05, EMW08, EMW20,
EMW28 and EMW29).

Collection of surface water samples from 8 monitoring locations (SW01 to SWO03A, SW05,
SW11, SW13 and a sample from the site discharge to the canal feeder).

Analysis of the collected groundwater and surface water samples for a suite of inorganic
parameters including major ions and metals/metalloids.

Associated data assessment and reporting

February 2017

Collection of groundwater samples from 14 on-site monitoring wells (EMW11 to EMW13,
EMW15, EMW16, BH26, BH42, BH68 to BH72, BH77 and BH78).

Collection of groundwater samples from 11 boundary wells (EMWO03, EMWO06, EMW19, RCBB01
(bedrock), BBO1 (overburden), BB02, BB04, DBO5, DB06, DB08 and DB10).

Collection of groundwater samples from 13 off-site monitoring wells (EMWO05, EMW08, EMW20,
EMW28, EMW29, RM01 to RM06, DB03 and BBO03).

Collection of surface water samples from 8 monitoring locations (SWO01 to SW03A, SWO05,
SW11, SW13 and a sample from the site discharge to the canal feeder).

Analysis of all new groundwater well samples (all DB, BB and RM wells and BH wells from
BH68) for an expanded suite of inorganic parameters including major ions and metals/metalloids
as well as a broad suite of organic compounds including polycyclic aromatic hydrocarbons
(PAHSs), volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs),
speciated phenols and pesticides.

Analysis of all other collected groundwater and surface water samples for the smaller suite of
inorganic parameters including major ions and metals/metalloids.

Associated data assessment and reporting

March 2017

Collection of groundwater samples from 13 on-site monitoring wells (EMW11 to EMW13,
EMW15, EMW16, BH26, BH42, BH68, BH70 to BH72, BH77 and BH78).

Collection of groundwater samples from 13 boundary wells (EMW03, EMW06, EMW19, RCBB01
(bedrock), BBO1 (overburden), BB02, BB04, DB02, DB04 to DB06, DB08 and DB10).

Collection of groundwater samples from 13 off-site monitoring wells (EMW05, EMW08, EMW20,
EMW?28, EMW29, RM01 to RM06, DB03 and BB03).

Collection of surface water samples from 8 monitoring locations (SWO01 to SW03A, SWO05,
SW11, SW13 and a sample from the site discharge to the canal feeder).

Analysis of the collected groundwater and surface water samples for a suite of inorganic
parameters including major ions and metals/metalloids.

Analysis of one groundwater sample (DB02) for an expanded suite of inorganic parameters
including major ions and metals/metalloids as well as a broad suite of organic compounds
including polycyclic aromatic hydrocarbons (PAHS), volatile organic compounds (VOCs), semi-
volatile organic compounds (SVOCSs), speciated phenols and pesticides.

Associated data assessment and reporting (i.e. this report).

Monitoring wells had been sampled previously by Geosyntec consultants in June 2011, September 2011,
December 2011, May 2012, October 2012 and February 2013. Jacobs has completed monthly sampling of
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groundwater monitoring wells since October 2013. The results obtained from these monitoring rounds as well as
previous rounds were reviewed to assess possible trends in groundwater levels and groundwater quality.

152 Meteorological Conditions

Weather conditions in Quarter 1 during the sampling period were as follows:
- January 2017:

o

o

30™": Dry, cool (4 to 11°C), moderate breezes

31st Dry, cool (8 to 10°C), moderate breezes

- February 2017:

@)

@)

@)

@)

@)

20t: Dry, cool (11 to 12°C), moderate breezes

21st: Showery, cool (9 to 12°C), fresh breezes

22nd: Wet, cool (8 to 10°C), moderate breezes

23d; Storm Dorris — no site work carried out due to safety concerns
24t Dry, cold (2 to 8°C), moderate breezes

27t Dry, cold (2 to 6°C), gentle breezes

28t: Showery, cold (2 to 8°C), moderate breezes

1st March: Dry, cold (2 to -8°C), moderate breezes

- March 2017:

@)

@)

@)

@)

215t Dry, cold (1 to 7°C), moderate breezes
22nd: Wet, cold (3 to 5°C), moderate breezes
27t Dry, cool (8 to 13°C), light breezes

28t: Showery, cool (5 to 13°C), gentle breezes
29t Dry, cool (11 to 14°C), moderate breezes

Details of rainfall during the month are presented below. The quarter started out drier than average, with
January 2017 continuing the low rainfall trend seen in the second half of 2016. Rainfall levels increased in
February and March, with the Casement Met Station average being exceeded during both months.
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Table 1.2: Average Rainfall

Site Weather Casement Long Term % Above / Below
Station Rainfall Average Rainfall Average for
(mm) (1981 -2010) (mm) Casement
Jan-17 43.2 63.8 68%
Feb-17 60.6 48.5 130%
Mar-17 63.0 50.7 124%

153 Groundwater Monitoring Wells

Inertial lift foot-valves and tubing dedicated to each groundwater monitoring well were used to purge the wells
prior to sample collection. Monitoring well head parameters (temperature, conductivity, pH, dissolved oxygen
and redox potential) were monitored during purging and the samples collected for laboratory analysis were only
collected once these parameters had stabilised. Samples collected for metals/metalloid analysis were filtered in
the field into sample bottles containing dilute nitric acid preservative.

154 Surface Water

Surface water samples were collected either directly into laboratory-supplied sample bottles or through use of
an extendable pole with a stainless steel sampling container.

1.6 Laboratory Analyses
The water samples were stored in cool boxes containing frozen ice packs for collection. The samples were
dispatched from the site to the subcontracted laboratory via over-night courier on the day of sampling or by

14:00 the following day together with completed chain-of-custody documentation.

Table A.1 provides the sampling and analysis inventories for the Quarter 1, 2017 monitoring rounds.
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2. Results and Discussion of Monitoring Programme

2.1 Site Hydrogeology and Groundwater Flow
211 Groundwater Levels and Rainfall

Groundwater elevations have been used to update groundwater contour plans for the superficial overburden
deposits and the underlying bedrock recorded between January and March 2017. For the purpose of this report
Figures 4a to 4c, and 5a to 5c¢ show indicative flow directions in January, February and March 2017 for the
overburden and bedrock aquifers respectively. Tables A.2a to A.2c provides details of the groundwater level
data recorded for those three months.

The interpretation of patterns of groundwater flow identified have changed from previous assessments based on
the information obtained from the new wells drilled in late 2016. In general, the flow continues to be shown to be
approximately south to north in both the overburden and the bedrock with the highest water levels recorded in
the south of the site. The biggest change is to the contours drawn for the overburden boreholes where a
number of deep overburden wells which were previously used in defining the overburden groundwater levels
have now been excluded as the water levels are more representative of levels in the bedrock. These wells are
EMWO03, EMW11, BH36B and DBOL1.

In general groundwater levels increased during Quarter 1 of 2017. With the exception of EMW13 and EMW28
all of the groundwater wells showed increases in groundwater levels in March 2017 when compared to levels
recorded in December 2016. Increases of between 0.01m and 0.82m were recorded during that time, the
greatest of which was measured in EMW27. In all but seven of the 33 new wells which were not dry there were
also increases recorded between February and March 2017 (between 0.02m to more than 2.98m) with the
largest increase noted in DB04. This well was dry in February 2017, but when revisited in March DB04 had
almost 3m of water in it.

Only two wells showed marginal groundwater level decreases between December 2016 and March 2017.
EMW13 decreased by 0.01m and EMW28 decreased by 0.04m. There were some decreases recorded in the
new wells also when February 2017 was compared to March 2017. The decreases ranged from 0.02m to
0.79m, with the largest being in BH65.

Graph 2.2 shows the temporal variation in groundwater levels in selected monitoring wells sampled for this
report from the start of monitoring up to and including March 2017. These monitoring wells are completed within
the overburden and are located in the north-eastern and south-eastern areas of the site within the known
footprint of the landfill.

Monitoring commenced in May 2011. There was a gradual increase in overall water levels up to January 2013,
by between approximately 0.5m and 2m. This is likely to be the result of increased rainfall during 2012 (which
was a wet year relative to 2011, with 861mm recorded at Casement weather station in 2012 compared to
429mm in the previous year).

The observed fall in groundwater levels visible on the chart from January 2013 onwards are as a result of the
reduction in rainfall and therefore infiltration through the spring and summer months coupled with drier
antecedent conditions in advance of the 2013 October and November monitoring and sampling visits.

Between December 2013 and March 2014 above average rainfall was experienced and as would be anticipated
has led to an increase in groundwater levels. In subsequent months when recharge reduced, the groundwater
levels responded to relatively dry conditions (June and July 2014). Notwithstanding that August 2014 was a wet
month in comparison to the monthly historical average; groundwater levels at the end of 2014 were relatively
low in comparison to previous winter levels. Little change was observed between August 2015 and December
2015 besides those expected from seasonal variation.
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Between November 2015 and February 2016 there was a rise in water levels observed in the majority of the
monitoring wells which is likely as a result of increased rainfall and groundwater recharge with above average
rainfall being recorded. The levels have generally been decreasing from February to December 2016. This is
due to the fact that rainfall reduced dramatically in March 2016 following four consecutive months of above
average rainfall with April and May 2016 rainfall amounts being close to the long term average. Groundwater
recharge (i.e. that rainwater which reaches the groundwater table) during the summer months usually falls to
zero and the drop off in rainwater infiltration has caused decreases in water levels in the majority of monitoring
wells. All but September 2016 had lower than average rainfall amounts in the second half of 2016 and in the
winter of 2016/17 groundwater levels were observed to rise later in the season than previous years with the
seasonal rise generally being recorded in January/February 2017.

As such, 2017 started with below average rainfall during January, continuing the trend of falling groundwater
levels as seen during the second half of 2016. However, in terms of rainfall, February and March 2017 reversed
the general recent trend with above average rainfall during both of those months, resulting in increases in
groundwater levels in the majority of the wells.

Monthly rainfall data are shown in Table 2.1 and Graph 2.1.
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Table 2.1: Historical Rainfall Comparison

JACOBS

Casement Long Term % of Casement Long Term % of
Rainfall Average Average RETE Average Average
(mm) (mm) (mm) (mm)
(1981 - 2010) (1981 — 2010)

Jan-13 69.5 63.8 109% Jul-15 62.4 54.2 115%
Feb-13 45.2 48.5 93% Aug-15 67.7 72.3 94%
Mar-13 63.3 50.7 125% Sep-15 26.2 60.3 43%
Apr-13 47.5 51.9 92% Oct-15 39.4 81.6 48%
May-13 52.8 59.1 89% Nov-15 114.3 73.7 155%
Jun-13 43.2 62.5 69% Dec-15 206.3 75.7 273%
Jul-13 42.7 54.2 79% Jan-16 83.2 63.8 130%
Aug-13 62.9 72.3 87% Feb-16 68.3 48.5 141%
Sep-13 35.1 60.3 58% Mar-16 38.7 50.7 76%
Oct-13 100.4 81.6 123% Apr-16 59.7 51.9 115%
Nov-13 21.6 73.7 29% May-16 62.6 59.1 106%
Dec-13 104.7 75.7 138% Jun-16 1114 62.5 178%
Jan-14 110.7 63.8 174% Jul-16 36.6 54.2 68%
Feb-14 122 48.5 252% Aug-16 63.8 72.3 88%
Mar-14 56.7 50.7 112% Sep-16 74.9 60.3 124%
Apr-14 39.3 51.9 76% Oct-16 45.4 81.6 56%
May-14 99.1 59.1 168% Nov-16 38.2 73.7 52%
Jun-14 31.7 62.5 51% Dec-16 49.2 75.7 65%
Jul-14 42.6 54.2 79% Jan-16 43.2 63.8 68%
Aug-14 142.2 72.3 197% Feb-16 60.6 48.5 130%
Sep-14 12.8 60.3 21% Mar-16 63.0 50.7 124%
Oct-14 89.1 81.6 109%
Nov-14 138.9 73.7 188%
Dec-14 64.9 75.7 86%
Jan-15 63.4 63.8 99%
Feb-15 30.5 48.5 63%
Mar-15 56.4 50.7 111%
Apr-15 56.4 51.9 109%
May-15 56.2 59.1 95%
Jun-15 17.4 62.5 28%
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Graph 2.1: Rainfall since January 2013 compared to the historical average
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Graph 2.2a: Variations in Water Levels 2011 - Present (Monthly Overburden Wells)
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Variations in Water Levels 2014 - Present (Monthly Overburden Wells)

Graph 2.2b:
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With respect to groundwater levels recorded in overburden deposits during Quarter 1 of 2017 relative to
Ordnance Datum, these are shown in Figures 4a to 4c. The reassessment of the data including that collected
from the new wells in February and March has changed the shape of the overburden contours while still
showing a general fall from south to north indicating a broadly north-easterly flow with groundwater discharging
to the Morell River in the east.

The highest water level in Zone 1 has been recorded in borehole EMWO06 at between 82.34 mAOD to 82.66
mAOD although this appears to be monitoring a perched aquifer. The lowest groundwater level in Zone 1 during
Quarter 1 has been recorded in the deep overburden borehole EMWO03 at 77.66 mAQOD to 77.95 mAOD and this
water level is a notable low point but is at an elevation that represents the groundwater level recorded in
bedrock boreholes. This borehole has recorded the lowest groundwater level for the last ten months having
previously shown fluctuations month-on-month with the high levels being representative of the groundwater
levels in the overburden deposits. The fluctuations appear to show that the groundwater level flips from the
bedrock groundwater level during times of low water levels to the overburden level when water levels are
higher.

A weir on the Morrell River adjacent to the site has an elevation of 79.79 mAOD indicating that groundwater to
the east is likely to be in hydraulic connection with the river based upon the level and pattern of observed
groundwater contours. The new well, RMO5, is closest in proximity to the Morrell River and in February and
March 2017 it had a groundwater level of 79.31 mAOD and 79.37 mAOD respectively suggesting the river and
groundwater are in hydraulic connection.

To the south of the site, recorded groundwater levels during Quarter 1 of 2017 were in the region of 79 to
81 mAOD. There are a number of wells in the area which appear to be perched levels with, for example, BH2
(84.72 mAOD to 84.78 mAOD), DB09 (87.68 mAOD to 87.97 mAOD) and DB10 (88.25 mAOD to 88.36 mAOD)
all having water levels much higher than measured at the other wells in this part of the site. There are also a
number of high groundwater levels recorded at a number of the new waste boreholes in Zones 2 and 3, again
likely to be perched water levels.

Previous spot measurement of the water level in the canal feeder drain has shown this feature to be at an
elevation of around 80.6 mAOD adjacent to the site (monitoring point SW10). This suggests as previously that
the canal feeder may be in hydraulic connection with groundwater, although the observed general groundwater
flow direction (i.e. south to north) indicates that there is likely to be little groundwater input to this stream from
the vicinity of the site. A very flat hydraulic gradient is observed in the south-east of the site in Zone 4.

There are ten monitoring wells in the bedrock aquifer from which water levels were obtained during the quarter’s
sampling rounds (EMW12, EMW19, EMW22, EMW24, GW1D, BH68 and BB0Ol1 to BB04). The pattern of
inferred contours is shown in Figures 5a to 5¢ and as with previous monitoring rounds shows a generally south
to north flow. Water levels measured in the bedrock generally increased throughout the quarter at all wells with
the largest overall increase recorded at EMW24 at 0.59m between December 2016 and March 2017.

Comparison of measured water levels between the overburden and bedrock aquifers for Quarter 1 2017
indicates higher water levels within the overburden deposits across the site. This is consistent with previous
observations and provides a mechanism for potential downward flow of groundwater (and potential
contamination) from the wastes in the landfill into the bedrock aquifer.

With respect to groundwater levels and the base of the waste in Zone 1, the data show that over much of the
zone, the waste was above the groundwater level in Quarter 1 of 2017. However, in an area in the centre and
north-east of Zone 1 (and parts of Zone 2B) the waste is recorded to be at, or slightly deeper than 80 mAOD
which would indicate that the wastes in these areas is below the groundwater table.

Graph 2.3 shows the groundwater levels recorded in BH26 and BH36B, situated in the north-eastern part of the
site (Zone 1) since their installation in August 2012. It can be seen that the groundwater levels began to recover
in both wells during the quarter, having been continually reducing since the highest levels recorded in March
2016. The above average rainfall from November 2015 to February 2016 (including almost three times the
average in December 2015) is likely to have caused those high groundwater levels. The below average rainfall
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for the second half of 2016 caused the downward trend in levels since March 2016. The increase in rainfall
during February and March 2017 have caused the groundwater levels at these wells to begin increasing again.

Graph 2.3: Variations in Water Levels in BH26 and BH36B (showing rainfall)
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2.1.2 Groundwater Flux

Previous estimates of the groundwater flux from Zone 1 to the Morell River have been made ranging from 160
to 640 mé/day with the data used in the calculations shown below.

Approximate width of groundwater flow to Morell River 500 m

Sand/Gravel aquifer thickness 2.5-5m

Hydraulic gradient beneath north-east boundary 0.005-0.02 (unitless)
Hydraulic conductivity (median for 2012 off-site wells) 25.4 m/day

Darcy velocity (calculated) 0.13-0.51 m/day
Actual velocity (calculated) assuming 25-30% porosity 0.4-1.7 m/day
Groundwater flux estimate 160-640 m3/day

Estimated groundwater velocity is quite high at 0.4-1.7 m/day (146-620 m/year), even using the median
hydraulic conductivity value. The sand and gravel aquifer seems to have high permeability and the hydraulic
gradient is inevitably steep as the topographic gradient steeply falls away from the landfill to the river valley.
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The resultant groundwater flux is therefore estimated at 160-640 m3/day. The mean flow in the Morell River
adjacent to the site has been measured from 2009 to 2013 at 66,500 m3/day. Therefore, based on these data
there is a dilution factor for any groundwater contaminants discharging to the river of between 415 and 104.
However, it should be noted that during the 2016 site investigation, measurements of hydraulic conductivity at
the time of drilling showed much lower hydraulic conductivity values (typically 0.1 m/day to 1 m/day). Using
these values for the hydraulic conductivity will result in less water discharging to the river and a higher dilution
rate.

2.2 Groundwater Results

The following sections describe and relate observed groundwater parameters measured in the field and
reported by the laboratory. The nature, magnitude and extent of contaminants of primary concern are
discussed. Trend graphs are provided for key indicator parameters and the trends observed in each of the
zones are discussed. The below section should be read in conjunction with Figure 3 Groundwater and Surface
Water Monitoring Locations.

221 Field Measured Groundwater Parameters

Field-measured parameters comprising pH, dissolved oxygen, electrical conductivity (EC), temperature and
redox potential, were recorded during purging and sample collection.

The measurements are presented in appended Table A.2 and summarised below.
Table 2.2: Quarter 1 2017 Field Results

Parameter Unit Month Range SOCEHIEN O ITHIEY IGV
results

Jan-17 6.51t0 7.2 EMW16 / EMWO06
pH - Feb-17 6.5 to 8.0 EMW16 / BH71 6.5-9.5
Mar-17 6.510 8.1 EMW16 / BH71
Jan-17 0.2t08.4 EMWO03, EMW13, EMW15,
_ BH42 / EMWO06
g'f;ggf?m) mg/! Feb-17 0.1109.6 BH42, DB03, RCBBO1, Nocit;?‘%rema'
BH68, BH71, BH72 / DB09
Mar-17 0.1t010.1 RMO1, BBO1, BH71 / DB09
Electrical Jan-17 523 to 3268 EMWO06 / BH26
conductivity puS/cm Feb-17 371to 3570 DB09 / EMW13 1,000
(EC) Mar-17 439 to 3448 DBO09 / DBO2
_ Jan-17 -103 to +235 EMW13 / EMW12
(REehO;OX potential |/ Feb-17 -97 to +284 EMW15 / EMW11 i
Mar-17 -114 to +343 BH71/BH68
Jan-17 9.7t0 28.3 EMWO0S / BH26
Temperature (T) °C Feb-17 7.4 10 28.2 RMO02 / BH26 25
Mar-17 8.2 0 28.0 RMOL1 / BH26

IGV —Interim Guideline Values

The following general observations are made in relation to the field-measured parameters. In common with
earlier monitoring rounds, EC readings were generally above the IGV of 1,000 uS/cm in on-site monitoring wells
and some boundary wells, including new wells DB02 and DBO3 north of the site within the grounds of
Kerdiffstown House. In off-site monitoring wells the majority of EC readings were below the IGV.
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Graph 2.4 shows the variation in EC readings for overburden monitoring wells that are monitored monthly.
These include on-site locations in Zone 1 and near to the north-eastern site boundary. It can be seen that there

are some seasonal variations in EC values, which is most pronounced in EMW03, EMW11, EMW13 and
EMW15.

As previously, BH26 recorded the highest EC value at 3,268 u