




PENPLAS LANDFILL SITE

MONITORING SUMMARY AND SURRENDER REPORT
Contents Page

1.0 INTRODUCTION .................................................................................................................................................. 1
1.1 Monitoring ....................................................................................................................................................... 1
1.2 NRW Waste Management License (WML) .................................................................................................... 1
1.3 GIBB Supporting Report – Working Plan..................................................................................................... 1

1.3.1 Landfill Construction .............................................................................................................................. 2
1.3.2 Landfill Aftercare ..................................................................................................................................... 2

1.4 Limits ............................................................................................................................................................... 2
1.5 Data .................................................................................................................................................................. 2

2.0 SITE DESCRIPTION ............................................................................................................................................ 4
2.1 Site Location ................................................................................................................................................... 4
2.2 Current Site Use.............................................................................................................................................. 5
2.3    Site Description ................................................................................................................................................ 5
2.4    Leachate Generation over the site lifespan................................................................................................... 6
2.5    Gas Generation over the site lifespan............................................................................................................ 7
2.6    Leachate outbreaks.......................................................................................................................................... 8

3.0 SURRENDER TYPE............................................................................................................................................. 9

4.0 LEACHATE MONITORING LOCATION L1....................................................................................................... 10

5.0 SURFACE WATER ............................................................................................................................................ 13

6.0 EXTERNAL GROUNDWATER MONITORING BOREHOLES.......................................................................... 17

7.0 RISK ASSESSMENT FRAMEWORK ................................................................................................................ 21

7.1 Critical Sensitive Receptor – Human Health.............................................................................................. 21

7.2 Critical Sensitive Receptor – Controlled Waters and Environmental Designated Areas...................... 21

7.3     Potential Contaminant Sources ................................................................................................................... 21
7.4 Gas Monitoring ............................................................................................................................................. 21
7.5 Potential Exposure Pathways ..................................................................................................................... 21
7.6 Degree of Confidence / Uncertainty............................................................................................................ 22

8.0 CONCEPTUAL MODEL AND RISK ASSESSMENT ........................................................................................ 23

9.0 DISCUSSION...................................................................................................................................................... 28
9.1 Surface water ................................................................................................................................................ 28
9.2 Leachate Monitoring Well ............................................................................................................................ 28
9.3 Groundwater Boreholes............................................................................................................................... 28

10.0 CONCLUSION.................................................................................................................................................... 29

APPENDIX A Drawings
APPENDIX B Analysis Results
APPENDIX C GA5000 Gas Monitor Calibration Certificate
APPENDIX D Copy of Working Plan



1
September 2019/KE
04-01-11/Rev 2/Monitoring Summary

1.0 INTRODUCTION

Penllergaer Estates (Penllergaer) owns the land on which the closed Penplas inert landfill is located. An
agreement was reached between Penllergaer Estates and BJ Land Holdings Limited to create the landfill on
their land.

The landfill was created to allow predominantly inert waste to be moved from a proposed development site
within the Swansea catchment, following which the landfill was immediately capped. No further materials were
deposited. The material moved, which was mainly demolition rubble, was removed from a location where it had
already been deposited for a number of years.

The Landfill was designed as an engineered clay cell with the walls base and cap comprised of a minimum 1m
thickness of clay, which was compacted to a minimum permeability of 10

-9
m/s.

Suitable clay to form the cell was present on site, which was validated through a series of insitu falling head
permeability tests and laboratory tests to assess the mass permeability values.

The natural sloping topography was utilised to allow the collection of leachate into a HDPE drainage system.

The drains were surrounded by granular material which was wrapped in a geotextile membrane.

A plan showing the boundary of the site is shown in drawing 04-01-11.D02 included in Appendix A.

A plan showing the monitoring locations is presented in Appendix A as drawing 04-01-11.D01.

1.1 Monitoring

Monitoring has been undertaken in accordance with the Waste Management License. The results of monitoring
are summarised in this report.

1.2 NRW Waste Management License (WML)

A stream runs adjacent to the site.

The WML for the facility stipulates that one location upstream of the site and one location downstream of the
site should be monitored every 6 months together with external groundwater monitoring boreholes.  The test
suite was: -

• Total Organic Carbon (TOC), Total Oxidised Nitrogen (TON), Iron, Calcium, Magnesium, Sodium, Chloride
and Sulphate.

1.3 GIBB Supporting Report – Working Plan

A copy of a GIBB working plan report which describes the design and installation of the landfill has been
obtained from NRW and is included in Appendix D.

The report states that the Leachate Monitoring Well should be monitored quarterly for the following
determinands: -

• pH, Chemical Oxygen Demand (COD), Biological Oxygen Demand (BOD), Ammoniacal Nitrogen,
Particulate Solids.

Gas vents and boreholes were monitored weekly for the first 6 months and thereafter at a frequency determined
by the initial monitoring.

Surface water was monitored for particulate solids during the construction phase. Particulate solids within
leachate were measured during the initial operational phase where leachate level increases may have required
a tanker to be utilised to remove leachate from site.

Following stabilisation, as leachate is not required to be removed from the site, the requirement to test for
particulate solids was removed from the ongoing quarterly testing suite.
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Surface water samples were then to be collected from a designated monitoring location to the north of the site
and analysed for the following determinands: -

• pH, Chemical Oxygen Demand (COD), Biological Oxygen Demand (BOD), Ammoniacal Nitrogen, Particulate
Solids.

The working plan advocated that the long term monitoring and site aftercare would be detailed in a Section 106
Agreement to be drawn up between Lliw Borough Council and the landowner. At the time of writing, we have
been unable to obtain a copy or record of any such agreement.

1.3.1 Landfill Construction

Following granting of the waste license to construct the landfill, the cell was constructed, waste material placed
and landfill capped and closed within a period of 1-2 months. The site immediately went into a period of
aftercare.

The methodology utilised in the construction of the landfill is set out in section 1.2 of the working plan, with
Construction Quality Assurance (CQA) methods detailed in section 1.3.

The working plan states that a minimum number of test positions shall be 25 per hectare for horizontally placed
material, with one test per 500 cubic meters of material placed elsewhere.

The site was a land – raise construction on top of an existing clay aquaclude and so, subject to competent clay
cap, was not anticipated to produce any leachate, especially as the material had been moved to the site from a
previous tip site and had to a great extent already stabilised.

Pollution control measures are detailed in sections 3 and 4 of the working plan. The clay cell containment of the
waste eliminates water ingress into the waste mass, which also significantly reduces the likelihood and volume
of leachate being produce. Leachate drains were nonetheless installed to a sump as detailed in the working
plan and the sump level and composition has been monitored periodically in accordance with the requirements
of the permit. The monitoring data for the sump is discussed later in this report.

The landfill was completed in accordance with the permit conditions.

With the exception of the information provided in the working plan, there are no surviving additional records
such as borehole logs, records or inspection or construction details etc.

1.3.2 Landfill Aftercare

Following completion of the filling works, which were undertaken in a two month period, the landfill was capped,
covered with topsoil and grassed with locally occurring species as agreed with regulators.

Boreholes and surface water have been routinely monitored in accordance with the licence, with the site being
strimmed/cut periodically and large bushes/trees establishing on the site removed, to retain the integrity of the
landfill clay cap/liner.

The proposals set out in the working plan were to return the site to agricultural grazing use following completion
of works. This has been done.

At the time of writing, we are unaware of any changes to performance or pollution control measures.

1.4 Limits

No environmental limits were specified within the waste management license. Representative Environmental
Quality Standard (EQS) limits have been included where possible for illustrative purposes in this report to aid
interpretation of the results.

1.5 Data
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The data used to form this report has been summarised from the available records of historical monitoring
undertaken at the site.
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2.0 SITE DESCRIPTION

2.1 Site Location

The approximate boundary of the site is shown on Figure 1 below, marked by a blue line.

Figure 1 – Site Boundary

The site address is: -

Land at Penplas Farm
Llangyfelach
Field Parcel number 0366 & part of 1254
SA5 7LA.

The grid reference for the approximate centre of the site is SS 63130 97644.
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2.2 Current Site Use

The site has remained closed since completion and is used for grazing.

The site is bounded to the northeast by dense trees, with intermittent treelines located to the south and north of
the site. The predominant site surroundings comprise agricultural land.

Figure 2 below shows an aerial photograph of the site, displaying the immediate surroundings.

Figure 2 – Aerial Photograph

2.3 Site Description

The site is grassed having been restored following completion of the filling works.

The topography of the site is relatively flat in the central section which is the highest area of the landfill. A slope
along the northern boundary of the site leads down to the original ground level with a gradual slope on the
southern boundary down to original ground level.

A copy of a topographical survey drawings prepared in 2008 following a survey is included in Appendix A.
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2.4 Leachate Generation over the site lifespan

Available data relating to leachate generation over the lifespan of the site has been obtained and summarised in
the table below: -

Table 1 – Leachate Generation Data

Available data relating to leachate generation over the lifespan of the site has been presented in Appendix B
and summarised in table 1 below: -

The data highlights that for the 12 years tested, leachate levels have trended down, with the final three years of
dip data showing consistency with levels below 1.5m.

The leachate has been analysed during the lifetime of the landfill and a review of the results obtained is
included in section 4.0. The results show that all results remain within environmental compliance standards; and
therefore that any leachate produced poses a low risk of contamination to surroundings receptors.

The Penplas landfill site also comprises over 75% inert material, with a proportion of the residual material
potentially being biodegradable. This split in material composition can provide additional confidence in the lower
potential for the landfill to generate leachate.

Furthermore, the material deposited at the Penplas site was initially part of a historic landfill, which was
subsequently moved to the Penplas site.

Given that the material was deposited and left in situ at the original landfill site for over 10 years, the leachate
generating potential of the material will have significantly reduced during the period it was located at the
previous site, prior to its relocation to the Penplas landfill.

The surrounding ground is underlain with clay, which was excavated and recompacted to form the actual landfill
cell. The presence of clay encourages and aids overland flow.
Cut off ditches containing stone were installed all around the landfill off-site to divert overland flow of water
around the landfill cell. The levels of leachate have consistently dropped following installation of the ditches
between 2011 and 2012.

Year Average Leachate
Depth

2002 2.57

2003 2.67

2004 2.52

2005 2.65

2006 2.71

2007 1.74

2008 2.98

2009 2.61

2010 2.04

2011 2.81

2012 1.43

2013 1.46

2014 1.40
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2.5 Gas Generation over the site lifespan

Available data relating to gas generation over the lifespan of the site has been presented in Appendix B and are
summarised in table 2 on the following page.

The data highlights that for the 12 years covered, no or negligible (<0.1%/vol) levels of methane have been
recorded for four of the five boreholes monitored, with correspondingly low levels of carbon dioxide and oxygen
within normal levels.

The fifth borehole monitored has exhibited some methane generation, which has decreased in intensity and
volume over the monitoring period. During the last 5 years of monitoring data between 2009 and 2014, only 6
elevated results over 2% were recorded with the remaining monitoring results recorded being 0% or 0.1%.

The Landfill Directive guidance on Landfill Gas Management identifies that there are no capping or lining
requirements for inert landfills.

The guidance also identifies that “if the waste within the site contains 75 per cent or more inorganic wastes,
then landfill gas production from biodegradation will be minimal”.

The Penplas landfill site contains less than 200,000 cubic meters of material and in excess of 75% inert
material. Based on the guidance, the site therefore poses a limited potential of gas generation.

Furthermore, the material deposited at the Penplas site was initially part of a historic landfill, which was
subsequently moved to the Penplas site.

Given that the material was deposited and left in situ at the original landfill site for over 10 years, the gas
generating potential of the material will have significantly reduced prior to relocation of the material to the
Penplas site.
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2.6 Leachate outbreaks

Date obtained from NRW indicates that there have been historical leachate outbreaks at the site during 2006
and potentially around 2009.

We have researched the breaches, based on the limited information available and these appear to have been
caused by the following events:

1. Established vegetation growing on the land causing a small breach of the capping layer

2. Ingress of water via overland flow/sub surface groundwater flow facilitated by the underlying clay
deposits, recharging the landfill leachate levels.

A plan to remove vegetation at the site was implemented with bushes and trees being removed from the
surface.

A deeper cut of ditch was constructed around 2011 in an arc, trending north-south around the eastern elevation
of the landfill, to collect and divert water around the landfill, reducing the potential for recharge.

Following completion of the above works, there have been no further breaches to the knowledge of the client or
recorded in the information obtained for the site, the leachate dip levels presented in this report were
consistently lower and the quality of the leachate itself remained compliant with the permit parameters, as
discussed later in this report.
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3.0 SURRENDER TYPE

The NRW guidance on landfill surrender has been reviewed in the preparation of this report.

Based on the data available, we have assessed the waste deposited in line with section 4.2.1 of the guidance.

The Waste License for the site, included in Appendix D, states on page 2 that the materials placed within the
landfill were:

1 – Inert building material with clay fill and a specific quantity of biodegradable material (refer Gibb
Environmental Sciences Report dated April 1992)

2 – Excavated natural materials

The working plan also states in correspondence appended to it that the section of waste that could contain
biodegradable fractions, totalled 8000 cubic meters. The remaining material was all inert. The waste license
allowed for a total of 93,000 cubic meters.

The material meets the criteria for Type B waste.

Monitoring records, discussed later in this report, also support the conclusion that waste acceptance procedures
were followed.

The sensitivity of the site surroundings have been assessed in line with section 4.2.2 of the guidance.

Based on environmental data obtained from Groundsure, the site is underlain and surrounded on all sides by a
minor aquifer with low leaching potential. The nearest alternative designation is a minor aquifer – with
intermediate leaching potential, located around 130m to the east of the site.

As all of the water from the site falls / runs north / northeast and given the clay construction of the landfill itself,
the risk posed to aquifers is not considered to be significant.

There is a surface water body located immediately to the north of the site and this has a sensitivity of grade 1 or
2 based on data provided by NRW. This surface water body has been periodically monitored in line with the
environmental permit for the site. Environmental monitoring data, which is discussed later in this report shows
that the water quality has not been adversely impacted and therefore the risk to the surface water receptor is
not considered to be significant.

The Penplas Grasslands SSSI surrounds the site to the North, East and West.

The SSSI comprises a series of low-lying pastures. These pastures represent one of the largest and most
diverse examples of agriculturally unimproved land within the lowland part of West Glamorgan. Eight different
grassland types have been identified on the site, including three types of purple moor-grass pasture, two of rush
pasture, fen meadow, acid grassland and damp heath (CCW, 1992).

The nearest human occupation to the site lies over 250m upstream of the site to the south. Given the
construction method of the landfill, the site age and the fact that there has been no deterioration of water quality
detected by monitoring, it is unlikely that the site poses an adverse risk to the nearby residential receptors and
this receptor can therefore be discounted.

As described within section 1.3, and the Report contained within Appendix D, the site was constructed in
accordance with a strict and approved methodology utilising low permeability clays. Monitoring has
demonstrated that the liner remains competent and that there has been no adverse impact on surface water
bodies located adjacent and downstream of the site.

The waste was well characterised as detailed in a report submitted in support of the original waste license.

Based on the data presented above, the site would be Type B waste located over a minor aquifer, with low
gassing potential and leaching potential as discussed in section 2. Following a review of Table 5 contained in
the guidance, we believe that the site would be classified as a class 3 low risk surrender.
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4.0 LEACHATE MONITORING LOCATION L1

The Waste License for the site requires that the Leachate Monitoring Well is tested every 6 months in
accordance with the working plan. The working plan, included in Appendix D, suggested that monitoring should
be undertaken for the following determinands: -

• pH;

• COD;

• BOD;

• Ammoniacal Nitrogen.

Historical data including measurements of leachate levels has been obtained from NRW.

Review of the most recent 3 years of data shows that the level of leachate within the monitoring sump typically
lies around 1.5m.

These levels are lower than those identified during the previous 10 years of monitoring, which show that the
levels of leachate within the well were typically around 2.5 - 3m.

The operator has chosen to undertake sampling for the determinands every 3 months to provide supplemental
data of leachate quality.

Historical monitoring data for the site between 2002 and 2014 has been reviewed and is presented in Appendix
B, with the leachate below compliance limits throughout this period for pH and BOD. Occasional elevations in
ammonia and COD were observed.

Trend graphs for each determinand for the more recent period of 2014 to 2019 are presented below.

The analysis shows that the quality of leachate has remained relatively constant for the last 5 years of
monitoring with the exception of one marginally elevated BOD result in 2014 and one marginally elevated
ammonia result in 2018. These minor excursions are likely to be related to the agricultural use.

pH

The graph above shows that pH has consistently remained between 6 and 9 for all samples obtained since
June 2013 and consequently no further analysis is required.
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BOD

Based on the Water Framework Directive UK ENVIRONMENTAL STANDARDS AND CONDITIONS (PHASE 1)
Report, values below 4-5 mg/l can be considered good or high quality.

All BOD results for the last 12 months have fallen below 4 mg/l.

COD
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5.0 SURFACE WATER

The surface water body was dry during the quarterly monitoring visit of June 2018. A follow up visit was carried
out to attempt to obtain samples, however the surface water body was again dry. Samples were able to be
obtained for the following 2 sampling rounds.

TOC

TON
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Iron

Calcium
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Magnesium

Sodium
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Chloride

Sulphate
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6.0 EXTERNAL GROUNDWATER MONITORING BOREHOLES

Historical monitoring data for the site between 2002 and 2014 has been reviewed and is presented in Appendix
B, with the groundwater boreholes below compliance limits for iron and sodium since 2002.

Trend graphs for each determinand for the more recent period of 2014 to 2019 are presented below.

The analysis shows that the water quality has remained relatively constant for the last 5 years

TOC

TON
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Iron

Calcium
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Magnesium

Sodium
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Chloride

Sulphate
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7.0 RISK ASSESSMENT FRAMEWORK

A conceptual model has been developed based on the available data to assess the residual risk of the landfill
site.

7.1 Critical Sensitive Receptor – Human Health

The current use is ad - hoc grazing. The immediate use following surrender of the permit will be as agricultural
land. The long term future use of the site is unknown.

7.2 Critical Sensitive Receptor – Controlled Waters and Environmental Designated Areas

As the site is located within private land, the critical sensitive receptors comprise the underlying groundwater
and surface water bodies adjacent to the site.

7.3 Potential Contaminant Sources

The available historic data indicates that both inert and biodegradable materials were placed within the landfill.

Monitoring via boreholes on the site has been undertaken and provides robust chemical analysis data which
has been utilised in characterisation of potential contamination which could be generated from the Landfill.

7.4 Gas Monitoring

Further to a meeting with NRW in February 2019, a Landfill Gas survey has been undertaken.

A GA5000 Landfill gas surveyor was utilised to survey each of the site borehole locations shown in drawing 04-
01-11.d01 included in Appendix A.

The calibration certificate for the GA5000 is included in Appendix C.

No methane was detected in any of the site boreholes, Leachate sump, or during a walkover survey of the site
surface.

Oxygen levels of 20.9 were recorded in all boreholes, with negligible levels of Carbon Dioxide detected (0-
0.1%).

Historical gas data was obtained from NRW and reviewed in the preparation of this report. The results are
discussed in section 2.5. The results showed that no gas was detected in 4 boreholes will gas trending down to
2.1% average for the final year of monitoring in the fifth boreholes.

Based on review of the historical data and the survey conducted prior to submission of the surrender
application, and as advised by NRW during a meeting, the site does not appear to be producing any gas at
levels which would preclude a low risk surrender.

Due to the negligible/very low level of generation, landfill gas is unlikely to cause the potential for an adverse
effect to any sensitive receptors.

7.5 Potential Exposure Pathways

Potential exposure pathways are listed below: -

• Migration via groundwater;
• Migration via surface water.

The assessment has also considered the following: -

• Human dermal contact;
• Ingestion.
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7.6 Degree of Confidence / Uncertainty

The assessment is based on minimal historical data of the landfill during its construction, supplemented with
annual monitoring data which has been summarised in the preceding section and general data obtained from
NRW under a freedom of information request.

It was confirmed during a meeting between NRW, Excal and the permit holder during February 2019, that this
data was the best available and would be acceptable on which to base the assessment.
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8.0 CONCEPTUAL MODEL AND RISK ASSESSMENT

The conceptual exposure model has been produced to reflect the findings of the annual monitoring results and
the information available regarding the landfill, its construction methods and the details of materials placed
within it

The conceptual model and risk assessment is summarised on the following pages.
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9.0 DISCUSSION

9.1 Surface water

The levels of determinands measured within surface water samples both upstream and downstream of the site

are comparable with each other and no significant elevations downstream of the site could be identified.

All levels of determinands fall below the indicative EQS values that were obtainable at the time of writing for the

determinands analysed.

There is no evidence of any adverse effect from the landfill on the surface water.

9.2 Leachate Monitoring Well

pH fell within the upper and lower EQS limit for the full duration of the site monitoring undertaken.

COD and BOD concentrations were below the representative EQS value for most of the 5 year monitoring

period and for over the last 12 months of monitoring.

Ammonia has been consistently below the EQS value of 1mg/l, predominantly falling between 0 and 0.2 mg/l.

An elevated result was recorded in June 2018 at 1.4mg/l which is slightly over the EQS value utilised, but the

following two results two visit over the next 6 month period. The elevated result is therefore not thought to be

significant given the historical and later data available and is probably attributable to agricultural processes.

9.3 Groundwater Boreholes

During the monitoring period TOC and TON have fluctuated.  However, the levels during the last 12 months of
monitoring have been low and are comparable to the levels found within the surface water body adjacent to the
site.

Sodium, Chloride and Sulphate have remained low and significantly below the representative EQS values for a
number of years.

No EQS values for Calcium and Magnesium were identified.  However, the levels which average 25ug/l and 10
ug/l respectively across the site are not considered significant. Peaks of 15ug/l in Oct 2017 and 2019 ug/l in
June 2018 were recorded for one borehole.  However, corresponding increases within the surface water around
the site was not identified during these periods. These values are not thought to be significant and can be
discounted.

Iron levels have fluctuated during the monitoring period, but have remained predominantly below 1000ug/l, with
occasional rises to around 1500 ug/l. Three results exceeding 2000 ug/l (3500, 4200 and 5350) have been
recorded within Borehole 2; However, on each occasion the corresponding surface water sample taken during
the same sampling period did not show any elevation.
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10.0 CONCLUSION

The inert landfill material is located within a clay lined cell. No baseline contamination data is available.

Periodic monitoring has been undertaken of both boreholes within the cell and surface water adjacent to the site
over several years. The monitoring has not identified any contaminant migration into the surface water body
which lies adjacent to the site.

Ground boreholes into the waste material highlighted some elevated readings of Iron.  However, the material is
encapsulated within the clay lined cell and there were no corresponding elevated readings of Iron within the
groundwater results.

It can be concluded that the landfill clay liner remains intact and functional.

Gas monitoring has been conducted and did not identify any methane within the boreholes. Historical records
stated that a small volume of materials placed within the landfill were potentially bio-degradable. However
historical gas monitoring has not identified generation of gas at levels of concern.

A risk assessment has been completed to identify potential contamination pathways or linkages from the site to
potential sensitive receptors. The assessment concluded that, based on the information available, the site does
not present a risk to any of the sensitive receptors identified as each contamination pathway is broken either by
lack of a source or lack of a pathway.

The applicant has revised this report in line with the guidance received from NRW at a meeting held in February
2019.

Consequently based on the analysis results and risk assessment provided in this report, we believe that
sufficient information has been provided to enable the permit for the site to be surrendered.
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Sampling Point L1

date Leachate Depth

dd/mm/yyyy m average

sign result Year Average Leachate Depth

08/03/2002 1.90 2.57 2002 2.57

19/03/2002 2.20 2003 2.67

04/04/2002 2.20 2004 2.52

19/04/2002 2.30 2005 2.65

10/05/2002 2.50 2006 2.71

23/05/2002 2.60 2007 1.74

10/06/2002 2.50 2008 2.98

19/06/2002 2.50 2009 2.61

12/07/2002 2.50 2010 2.04

25/07/2002 2.60 2011 2.81

06/08/2002 2.60 2012 1.43

22/08/2002 2.60 2013 1.46

05/09/2002 2.80 2014 1.40

25/09/2002 2.80

15/10/2002 2.10

31/10/2002 2.10

14/11/2002 3.00

25/11/2002 3.00

06/12/2002 3.20

18/12/2002 3.30

13/01/2003 3.20 2.67

27/01/2003 3.20

11/02/2003 2.60

25/02/2003 2.60

14/03/2003 2.70

28/03/2003 2.80

17/04/2003 2.70

28/04/2003 2.80

14/05/2003 2.80

30/05/2003 2.80

10/06/2003 2.82

27/06/2003 2.85

10/07/2003 2.70

24/07/2003 2.70

14/08/2003 2.70

26/08/2003 2.60

10/09/2003 2.60

24/09/2003 2.60

01/10/2003 2.60

17/10/2003 2.60

08/11/2003 2.90

25/11/2003 0.00

02/12/2003 2.90

17/12/2003 3.25

09/01/2004 3.55 2.52

30/01/2004 3.05

04/02/2003 3.15

18/02/2003 3.00

12/03/2004 2.75

25/03/2004 0.00

07/04/2004 2.40

27/04/2004 2.60

07/05/2004 2.60

18/05/2004 2.60

03/06/2004 2.60

23/06/2004 2.60

02/07/2004 2.60

22/07/2004 2.60

11/08/2004 2.60

27/08/2004 2.60

13/09/2004 2.90

28/09/2004 2.90

12/10/2004 2.90

28/10/2004 2.90

15/11/2004 2.90

30/11/2004 0.40

10/12/2004 2.50

22/12/2004 1.82

07/01/2005 2.60 2.65

14/01/2005 2.80

01/02/2005 2.40

23/02/2005 2.80

03/03/2005 2.50

21/03/2005 2.50

13/04/2005 3.00

26/04/2005 2.90

11/05/2005 2.70

21/03/2005 2.80

10/06/2005 2.80



23/06/2005 2.80

13/07/2005 2.70

25/07/2005 2.80

02/08/2005 3.00

22/08/2005 3.00

31/08/2005 0.00

19/09/2005 2.00

02/10/2005 2.70

26/10/2005 3.00

10/11/2005 3.30

25/11/2005 3.00

06/12/2005 2.80

21/12/2005 2.60

01/02/2006 0.80 2.71

22/02/2006 2.60

09/03/2006 2.70

22/03/2006 2.80

05/04/2006 2.80

21/04/2006 2.80

05/05/2006 2.75

18/05/2006 2.80

02/06/2006 2.80

29/06/2006 2.55

14/07/2006 2.50

28/07/2006 2.50

13/09/2006 2.50

26/09/2006 2.45

04/10/2006 2.80

19/10/2006 2.60

10/11/2006 2.88

24/11/2006 3.63

06/12/2006 3.58

15/12/2006 3.40

03/01/2007 2.78 1.74

11/01/2007 1.40

01/02/2007 1.83

14/02/2007 2.98

21/02/2007 2.59

29/03/2007 1.70

10/04/2007 1.60

27/04/2007 1.20

11/05/2007 1.00

23/05/2007 0.80

11/06/2007 2.70

19/06/2007 0.70

13/07/2007 1.00

26/07/2007 2.20

17/08/2007 2.25

21/08/2007 2.25

06/09/2007 1.30

21/08/2007 1.60

04/10/2007 0.10

31/10/2007 0.50

19/11/2007 2.60

30/11/2007 1.75

10/12/2007 3.15

17/12/2007 1.70

02/01/2008 3.3 2.98

23/01/2008 2.9

11/02/2008 3.45

29/02/2008 -

06/03/2008 -

31/03/2008 3.5

08/04/2008 2.9

17/04/2008 3.5

16/05/2008 2.9

29/05/2008 2.8

25/06/2008 1.14

30/06/2008 1.18

11/07/2008 2.3

31/07/2008 2.3

08/08/2008 3.15

28/08/2008 3.6

10/09/2008 3.6

30/09/2008 2.95

13/10/2008 3.5

31/10/2008 3.1

14/11/2008 3.6

26/11/2008 3.3

02/12/2008 3.3

16/12/2008 3.3

05/01/2009 3.3 2.61

29/01/2009 3.7

13/02/2009 3.5

23/02/2009 3.2



04/03/2009 3.6

18/03/2009 3

09/04/2009 2.1

30/04/2009 -

05/05/2009 2.2

26/05/2009 3.4

02/06/2009 2.2

30/06/2009 1.2

13/07/2009 1.7

29/07/2009 3.2

10/08/2009 2.6

24/08/2009 2.6

04/09/2009 3.1

28/09/2009 2.5

14/10/2009 2.5

21/10/2009 3.2

04/11/2009 2.2

17/11/2009 1.8

03/12/2009 1.5

16/12/2009 1.7

19/01/2010 1.6 2.04

27/01/2010 1.6

10/02/2010 1.7

26/02/2010 2

05/03/2010 3.1

22/03/2010 1.7

08/04/2010 2.2

20/04/2010 2.1

14/05/2010 1.8

27/05/2010 1.2

17/06/2010 0.9

30/06/2010 1.2

12/07/2010 1

19/07/2010 1.5

16/08/2010 1.5

26/08/2010 1.5

09/09/2010 2.9

29/09/2010 3.2

11/11/2010 3.3

22/11/2010 3

10/12/2010 2.9

23/12/2010 3

14/01/2011 3.2 2.81

20/01/2011 3.1

04/02/2011 3.2

23/02/2011 3

10/03/2011 3.3

30/03/2011 3.1

20/04/2011 2.6

27/04/2011 2.4

12/05/2011 2.8

23/05/2011 2.3

15/06/2011 2.1

30/06/2011 1.9

19/07/2011 2.76

29/07/2011 3.02

05/08/2011 3.1

26/08/2011 3.96

13/09/2011 3.44

29/09/2011 3.18

28/10/2011 3.31

14/11/2011 2.31

30/11/2011 2.08

07/12/2011 2.24

22/12/2011 2.25

05/01/2012 2.05 1.43

30/01/2012 1.6

14/02/2012 2.2

28/02/2012 1.6

13/03/2012 1.45

27/03/2012 1.4

11/04/2012 1.35

24/04/2012 1.16

16/05/2012 1.24

31/05/2012 1.45

12/06/2012 1.35

25/06/2012 1.3

10/07/2012 1.32

31/07/2012 1.35

21/08/2012 1.49

31/08/2012 1.45

12/09/2012 1.38

28/09/2012 1.35

16/10/2012 1.36

30/10/2012 1.26



14/11/2012 1.3

28/11/2012 1.32

12/12/2012 1.26

17/12/2012 1.32

11/01/2013 1.3 1.46

30/01/2013 1.29

15/02/2013 1.35

28/02/2013 1.43

14/03/2013 1.56

27/03/2013 1.38

11/04/2013 1.57

30/04/2013 1.6

13/05/2013 1.65

28/05/2013 1.6

12/06/2013 1.6

27/06/2013 1.7

18/07/2013 1.8

31/07/2013 1.9

30/08/2013 1.45

20/09/2013 1.54

01/10/2013 1.58

22/10/2013 1

31/10/2013 1.25

13/11/2013 1.24

06/12/2013 1.46

16/12/2013 1.24

31/12/2013 1.2

17/01/2014 1.24 1.40

31/01/2014 1.28

20/02/2014 1.21

28/02/2014 1.28

13/03/2014 1.46

31/03/2014 1.6

15/04/2014 1.52

30/04/2014 1.45

16/05/2014 1.52







































































APPENDIX C

GA5000 Gas Monitor Calibration Certificate







APPENDIX D

Copy of Working Plan












































































