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BARLING MARSH LANDFILL SITE
Permit No. PP3939DN

Application to Vary the Environmental Permit

NON-TECHNICAL SUMMARY

1.0 General

1.1 Background

Barling Landfill Site is an active landfill site operated by Enovert South Limited (ESL), 
formerly named Cory Environmental Limited.  It occupies an area of 48 ha, located 
approximately 1.5km north east of the hamlet of Barling and some 6 km east of the 
town of Rochford. The Paglesham Reach of the River Roach bounds the northern 
boundary of the site whilst Barling Hall Creek and Potton Creek lie directly beyond 
the site boundary to the south and east respectively.   The site is shown in Drawing 
BAR 7-20.

Former areas of mineral extraction and subsequent waste landfill are located directly 
west of the site. The site accepts household and solid non-hazardous commercial 
and industrial wastes.

Prior to mineral extraction, the site comprised marshland at an approximate elevation 
of 1.5 mAOD. The site is underlain by varying thicknesses of recent deposits that 
comprise a combination of marine/estuarine alluvium and terrace gravels. These 
superficial deposits directly overlie the Palaeocene London Clay Formation, Lower 
London Tertiaries and Cretaceous Chalk Group.

The site has been accepting waste since 1993 and was originally operating under 
Waste Management Licence No.  70344.  A permit to continue to operate Barling 
Marsh Landfill Site as a non-hazardous landfill under PPC Regulations (2000)1, 
Permit Number LP3236SU, was issued on 11th July 2006. 

The PPC Permit was transposed to an Environmental Permit in 2007 by the 
Environmental Permitting Regulations 2007 which have been superseded by the 
Environmental Permitting Regulations 2013.  Following Company re-structuring and a 
transfer to a different subsidiary company name in 2016, the permit was re-issued as 
PP3939DN. The permit was then varied further due to the change in Operator name 
to Enovert South Limited in January 2018, and an Environment Agency review of the 
permit in December 2018.

The site closed to the receipt of non-hazardous wastes in July 2019, and works are 
currently continuing to engineer a formation layer in order to achieve the appropriate 
topographical contours prior to capping and restoration of the site.
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1.2 Proposed Variation

As a sub-water table facility, since the onset of operations it has been necessary to 
draw down groundwater levels to allow construction of the site and to prevent 
instability (i.e. basal heave) on the engineered lining system.  This groundwater 
management was carried out until 2014 when waste levels were sufficient that the 
mass of waste sitting on and against the lining system exceeded the pressure of 
groundwater against the underside of the lining system.  When this point was reached, 
active groundwater extraction was ceased and levels allowed to start rebounding back 
towards pre-site development conditions.

At the time of the preparation of the previous Hydrogeological Assessment (HRA) 
(2015) groundwater levels had not fully rebounded and were still rising.  However, it is 
considered that the rebound process has stabilised, which coupled with the cessation 
of the acceptance of waste and the move towards the closure process, means that the 
HRA can be revisited and the site prepared for the appropriate long-term management 
philosophy to be considered. This long-term management scenario was identified 
during the permit application process and incorporated into the site’s management 
plan.

The principals and processes assessed within the original hydrogeological risk 
assessment for the mid to long term have therefore become the appropriate 
benchmark to conceptualise, assess and regulate the site.  The outcome of this 
revised modelling allows a number of changes to be proposed to the way that the 
leachate body at the site is managed, which will require a variation to the 
Environmental Permit.

In addition to these ‘HRA derived’ changes, this variation provides an opportunity to 
make other changes to the permit to reflect the completion of improvement conditions, 
changes in legislative requirements, and changes arising from recommendations 
proposed in the latest annual environmental audit (2019).

More in-depth detail about the proposed changes is included later in this document 
(and in the supporting documents enclosed), but a summary of the proposed changes 
for consideration in this application are as follows;

1. Changes to the permitted leachate compliance levels within the engineered 
containment as supported by the 2020 Hydrogeological Risk Assessment 
(Section 3.0).

2. A move away from leachate level compliance on an individual cell-by-cell basis, 
instead adopting an approach whereby the individual cells are grouped into two 
‘super cells’ with different leachate management regimes (Section 4.0).

3. Removal of permitted CO2 triggers from perimeter LFG boreholes and 
replacement with internal action levels (Section 5.0).

4. Replacement of permitted trigger values for perimeter landfill gas (LFG) borehole 
BB39 with a borehole specific action plan (Section 5.0).

5. Removal of permitted groundwater trigger values for upstream groundwater 
monitoring boreholes GW16, GW17 and GW18 (Section 6.0).

6. Removal of the improvement condition IP4c requiring the amendment of the 
environmental monitoring plan to incorporate the results of previously undertaken 
hazardous substances screening (Section 7.0).
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7. Revision of the timetable for the submission of GW trigger levels and values (IP5) 
as a result of the still-evolving groundwater regime around the site (Section 7.0).

8. Removal of existing surface water monitoring locations and replacement with new 
monitoring locations (Section 8.0).

9. Revision of the timetable for reviewing SW monitoring suites and compliance 
levels so as to allow environmental monitoring to be carried out sufficiently to 
allow limits to be established (Section 8.0).

10. Minor changes to the frequency and scope of environmental monitoring in line with 
current UK legislation.

The proposed changes have been discussed with the local EA office responsible for 
the site and the National Permitting Service, and it has been decided that the variation 
should be regarded as a normal variation.  The application has been given the NPS 
reference EPR/PP3939DN/V006.

Reference to table 1.17 of the Agency’s latest charging scheme (see extract below), 
the normal variation fee for a site of this class (1.17.2 Section 5.2 - landfill for non-
hazardous waste and lagoons/ dredging sites subject to the Landfill Directive; 
including assessment of odour management plan) is £11,388.
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2.0 Summary of Site Conditions

The Hydrogeological Risk Assessment (HRA) and Conceptual Site Model (CSM) are 
the means by which the risk of the site, it’s activities, operation and management, are 
assessed against the conditions of the surrounding environment.  Prior to setting out 
the proposed changes in operation, it is pertinent to briefly summarise the site 
conditions found at Barling Landfill Site. 

Full details of the site conditions, including groundwater, surface water and leachate 
quality and levels, in and around the site, can be found in the 2020 HRA and the 
2019 Environmental Monitoring Report (EMR) which are attached as appendices to 
this report.

2.1 Geology

The suitability of Barling for waste disposal is a prime function of the naturally 
occurring geology at the site, which comprises a sequence of alluvial deposits 
overlying a thin series of sands and gravels, which are in turn underlain by a 
significant thickness of low permeability clays.  The clays are underlain by a series of 
silty sands which lie directly above chalk.  

The presence of the clays between the site and the chalk means that there is no 
pathway between the site and any groundwater (GW) resource. 

Alluvium - Typically yellow brown to greyish black, clays and silts with 
occasional peat horizons.  Locally they contain thin beds of fine-
grained sand and gravel with shells and shell debris.  

The thickness of the alluvium deposits varies across the site from 
approximately 3.8m to 11.20m and although there is no definitive 
pattern to alluvium thicknesses, it can be said to generally thicken 
slightly towards the edge of the site, in proximity to Potton Creek.  

Sands / Gravels - The sands and gravels form part of the Crouch First Terrace 
Deposits which are present at the surface at a number of locations 
across the local area.  These consist of a sandy/silty loam, with 
occasional gravels, overlying interbedded bands of sand and 
gravels.    The thickness of the Crouch First Terrace deposits 
within the Application Area varies from approximately 0.6m to 
12.3m, and in general the thickness of the terrace gravel is greater 
in the southern and central parts of the site and thins considerably 
in the east of the site towards Potton Creek.  

Clay - Underlying the sands and gravels across the entire site is the low 
permeability London Clay Formation.  This typically consists of a 
stiff, dark grey silty clay with occasional partings / laminae of fine 
grained sand.  Across the site the London Clay lies between 9.5m 
and 16.5m below ground level, and its thickness has never been 
proved (i.e. site investigation boreholes have never extended fully 
through the unit).   Nearby boreholes however have confirmed a 
clay thickness of approximately 100m.  
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Silty Sands - These are referred to as the Lambeth Formation and Thanet 
Group, and comprise a 45m thick sequence of silty sands with 
occasional clays and localised pebble beds.  

Chalk - Underlying the entire area at an approximate depth of 150m is the 
Cretaceous Chalk Group.

The site is excavated into the low permeability London Clay Formation which 
contains the waste and prevents there being any pathway for the movement of 
leachate between the site and the GW present within the Chalk.

2.2 Hydrogeology

The characteristics of the underlying geology affect the presence and movement of 
GW accordingly.  The alluvium of the Upper Tidal Flat Deposits is classified by the 
Environment Agency as Non-Aquifer as it has negligible permeability, whilst 
regionally the terrace deposits are classified as a Minor Aquifer.

The underlying London Clay Formation is classified as a Non-Aquifer, and with a 
thickness in excess of 100m it is effectively impermeable, acting as an aquiclude 
preventing GW moving from the near surface environment to the permeable strata 
below.   At depth, and below the London Clay Formation, the Lambeth Group and 
Thanet Formation are both classed as Minor Aquifers, whilst the Cretaceous Chalk 
Group is classified as a Major Aquifer. 

There are 4 recorded GW abstraction points within the surrounding 2km, one 
previously issued to Enovert (for gravel washing) and the other 3 all for agricultural 
purposes (crop irrigation).  The abstractions are all from the sands and gravels of the 
Terrace Deposits.  There is no potable water extraction in the vicinity.

The site is surrounded on 3 sides by water bodies, and so GW flow direction is from 
west to east, i.e. from the landwards side of the peninsular towards the estuarine 
system.   Observations of GW monitoring has indicated that although the site lies 
within coastal defences, its chemistry is dominated by saline intrusion from the 
estuarine system.

The development of the site has included excavation through the Terrace Deposits 
and into the upper levels of the London Clay.  The presence of GW within the 
Terrace Deposits has required the use of pumps to maintain a dry excavation.  
Likewise, the placement of low permeability liners against the sidewalls of the quarry 
(see next section) has necessitated the use of drainage pipes to prevent the build-up 
of water pressure behind the liner.  These activities to remove GW in the vicinity of 
the site means that the GW level within the surrounding sands and gravels has been 
locally lowered.

Prior to the site being developed, GW levels were observed to be in the region of 2 
mAOD.  Subsequent de-watering saw these levels fall to between 6.7m and 13.0m 
bgl, until de-watering ceased towards the end of 2013.  Following this, groundwater 
recharge was initially rapid with the rate appearing to have increased during autumn 
2014 - February 2015 once the dewatering centre had recharged from -12mAOD to - 
8mAOD.
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From summer 2015, the recharge rate appeared to have slowed, GW levels 
approaching 0mAOD.  There has been no significant increase in GW level after 
spring 2016, and it remains stable at approximately 0mAOD since this time, 
suggesting recharge has plateaued.  GW elevations to the west of the site are slightly 
higher than along the northern and southern perimeter of the site, indicating recharge 
is from the landwards side through the peninsular to the estuary.

Figure 1 (below) shows the rebound in GW levels from 2012 to the present day.  

Fig 1 – GW Rebound, 2011 to present
.

2.3 Landfill Design and Engineering

Barling Landfill Site has been developed as a series of separate waste containing 
cells excavated, constructed and filled in a sequential phase by phase basis.  There 
are currently 13 separate cells numbered in an anti-clockwise manner starting with 
the oldest, Cell 2, in the south-west corner, running to the most recent, Cell 14 in the 
north-west corner.

The site has been operated as a quarry, with the sands and gravels of the Terrace 
Deposits being removed off-site for use elsewhere.  The excavation has continued 
into the upper levels of the London Clay in order to obtain low permeability materials 
to be used to construct sidewall seals to prevent groundwater ingress and leachate 
escape.  

The long-standing presence of the site haul road running west to east along the 
middle of the site has means that the site has effectively been developed as 2 
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discreet areas.  The haul road lies on virgin undeveloped ground and splits the site 
into 2 halves – cells 2 to 7 as the southern area and cells 8 to 14 as the northern half.

Each cell has sidewall liner against the natural ground around the outside edge of the 
site, but also against the side of the void where the haul road lies.  This effectively 
means that there is no connection between the northern and southern halves of the 
site.  

Individual cells in each of these halves are typically separated from each other by 2m 
high internal clay bunds whose primary purpose is to maintain containment whilst the 
cell is actively being filled.  The cell bases are graded such that leachate drains to a 
central collection point within each cell.

The current accepted design of the site is as follows;

The base of each cell within the site is formed by an excavation of 4-5m into the top 
of the in-situ London clay, followed by the extraction of an additional 1m.  This 1m of 
clay is then replaced in layers, typically 200 to 250mm thick, and compacted with a 
vibratory roller to achieve a design specification permeability of no greater than 1.0 x 
10-9 m/sec.  This permeability is matched (and exceeded) by the natural permeability 
of the in-situ clay which has been measured to be less than 1.0 x 10-9 m/sec.  

Following the engineering of the base, the next stage is the construction of the 
external walls and major internal bund between the northern and southern halves of 
the site.  This liner is constructed in the same layered manner as the base, but 
access and stability requirements mean that in cross section it typically forms a 
trapezoidal shape.  Whilst the horizontal thickness at the top is generally 5m, the 
base horizontal thickness is around 16m.  Laboratory testing of the inner 2m of this 
liner returns permeability’s of less than 1.0 x 10-9 m/sec, and given that the entire 
width of the bund was constructed as a single unit using the same methods, 
equipment and standards of construction, these conductivities could be considered 
as representative of the entire width of the bund.  Actual permeabilities are 
considerably lower than the design permeability – permeability tests on the sidewall 
liner to cell 14 returned results of 6.4 x 10-11 and 5.7 x 10-9 m/sec or less.

Internal bunds between adjacent phases are constructed and tested in the same 
manner, and typically extend to 2m above the base of the cell.

Regardless of engineering however, the natural environmental protection afforded by 
the considerable underlying thicknesses of low permeability clays is the same for all 
areas of the site.
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3.0 Changes to Leachate Compliance Management

3.1 Summary

Following the stabilisation of GW levels and the cessation of the acceptance of waste, 
the site Hydrogeological Risk Assessment (HRA) was reviewed so as to support the 
changes required as the site moves towards the closure / aftercare phase.  The HRA 
proposes changes to the long-term leachate management philosophy and a change in 
leachate compliance levels across the site.

3.2 HRA History

The recent most version of the HRA (submitted as an appendix to this report) is the 
latest version of a risk assessment that has been in place and under constant review 
since before the issue of the permit.  The first HRA was undertaken to support a 2002 
Site Conditioning Plan which was used to identify the Pollution Prevention and Control 
(PPC) application tranche. This HRA was transposed and updated into the PPC Permit 
application. 

Subsequent reviews were undertaken in 2010 and 2015 principally as part of the 
routine review period, but the 2015 review also provided an opportunity to address the 
onset of rebound of GW levels after the cessation of GW management at the site. 

This iteration, the 2020 review, has been undertaken at the point that non-hazardous 
waste disposal has ceased and the site is preparing to complete engineering works 
prior to entering Definitive Closure.  GW rebound appears to have stabilised at 
something approaching pre-waste acceptance levels, and the effects of this on 
leachate management can now be considered.  This HRA Review is therefore being 
used to support the long-term leachate management philosophy for the site during the 
aftercare period of the site’s lifecycle.

3.3 Findings of Current HRA

This risk assessment has demonstrated that there is no risk to the environment from 
leachate within the site in its current state. This is in part due to the background 
biogeochemical system which has resulted in naturally elevated ammonium and heavy 
metals within the groundwater.

This biogeochemical system was disturbed due to the initial quarrying and dewatering 
which continued throughout the operational period until the last cell was partially 
infilled. Dewatering and quarrying introduced aerobic / oxic conditions into the 
groundwater and changed flow patterns and therefore fundamentally altered the 
background biogeochemical regime. As a consequence of groundwater recharge and 
the closing off of a direct aerobic pathway to groundwater (by the alluvium and re-
turned groundwater), the natural geochemical system has begun to re-establish, which 
includes the development of natural, biologically induced anoxic conditions which lead 
to both in-situ NH4-N formation, as well as the release of metals co-precipitated into 
iron oxide and iron sulphide minerals within the alluvium.

The GW biogeochemical system has not yet fully recovered to pre-waste acceptance 
conditions, and NH4-N concentrations are expected to increase independent of the 
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presence of the landfill.  It is expected that concentrations may return to an average 
56mg/l NH4-N as observed in the predevelopment monitoring programme. 

A definitive estimation of the pre-operational nickel and other heavy metal 
concentration within the groundwater is difficult to estimate as the monitoring data that 
exists is skewed by a combination of historically higher detection limits than at present 
as well as matrix interference caused by the chloride in the groundwater. The 
groundwater biogeochemical regime appears to be advancing from the estuarine 
(eastern side) towards the west and therefore any statistical analysis of the monitoring 
data is invalid whilst the groundwater regime stabilises.  This has implications for 
existing permit improvement conditions (IP5) as current conditions cannot yet be used 
as a benchmark to set Permit Limits. 

3.4 Proposed Leachate Compliance Levels

Groundwater has stabilised at an elevation which approximates to 0 mAOD, and whilst 
this is not quite at the level seen prior to development at the site, it has been stable for 
a number of years and shows no sign of changing.  It is a consistent elevation with no 
real seasonal changes, which is considered to be a consequence of the water level of 
the surrounding estuarine system. There are no discernible fluctuations caused by tidal 
activity.  Risk assessment and modelling in the HRA has demonstrated that there is no 
risk of pollution from leachate at an elevation of 4m above groundwater around the 
majority of the site, i.e. the entirety of the northern half of the site, and the eastern two-
thirds of the southern cell.  

The site’s leachate is partially hydraulically contained and where in excess of hydraulic 
containment elevations are within 2m of groundwater. It is therefore recommended that 
for Areas 4 – 14, that leachate is maintained within an elevation of up to 2 mAOD (2m 
above groundwater).  

There is however a potential risk pathway along the southern section of the western 
perimeter of Area 2 where there appears to be some hydraulic connectivity between 
leachate and groundwater.  Further details are set out in Sections 2.3 and 2.5 of the 
HRA, but it is possible that an increase in leachate levels seen at SU22, SU7a and 
LWM1 in Area 2 matched, and was related to, the increase of GW levels as GW 
rebounded.  Any preferential pathway into the landfill, must be limited to the southern 
section of the western boundary of Area 2, as the rising GW / leachate phenomena 
was seen first at SU22, and only followed later by adjacent monitoring points.  Any 
ingress point must be to the west of SU22a and not to the east within Area 3, as the 
propagation of this infiltration front was significantly delayed in this Area 3 when 
compared to Area 2.  If it is assumed that the CH4 seen at BB39 is related to landfill 
gas migration along a preferential pathway, then this would potentially point to the 
ingress route being localised in this vicinity, as CH4 is not seen at boreholes each 
side.  However, as discussed elsewhere in this report, the presence of CH4 at BB39 is 
not conclusive proof of a migration route as there is considerable potential for natural 
production of CH4, and similar elevated levels were seen at this location whilst 
background data was being gathered.

The potential presence of some degree of connectivity between GW and leachate in 
Area 2 has implications on the leachate management philosophy, as leachate 
removed from this location will inevitably be immediately replaced by GW, thus 
increasing the volume of liquid within the site.  Consequently, the only practical long-
term option for Area 2 is to achieve a hydraulic equilibrium between groundwater and 
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leachate and keep leachate levels at the same elevation as GW.  Area 3 is 
hydraulically contained and therefore compliant with both reference levels (i.e. 
groundwater and 2m above groundwater), however, given Area 3’s proximity to Area 2 
and the expected hydraulic continuity, it is recommended that leachate within this area 
is also limited to groundwater elevations as per Area 2.  It is therefore recommended 
that for Areas 2 and 3, leachate level is maintained at the same elevation as GW, i.e. 
at 0 mAOD.

The implications for the presence of a suspected preferential pathway are dealt with in 
Section 3.4 of the HRA and full lateral migration modelling is set out in Section 7 of the 
HRA.  Maintaining leachate and GW at the same level (i.e. 0 mAOD) across this area 
will ensure that there is no dominant hydraulic gradient and therefore no dominant 
direction of travel for leachate or GW. 

In addition to this, the HRA demonstrates that the effects of this limited connectivity are 
negligible given the nature of the leachate and the biogeochemical regime naturally 
present at the site. The complexity of the natural background processes within the 
Barling Marsh peninsular (i.e. the naturally biologically induced anoxic conditions) 
means that any seepage of leachate constituents through a preferential pathway in the 
sidewall liner will be impossible to distinguish from the background biogeochemical 
system. 

The changes proposed here will require the following changes to Table S3.1 of the 
permit;

Table S3.1 Leachate level limits and monitoring requirements

Monitoring point reference/ Description Limit Monitoring 
Frequency Monitoring method

Area 2: LMW1, SU21
Area 3: SU10

0 mAOD

Area 4: LWM4
Area 5: BALGLMW4
Area 6 + Area 7: LWM5
Area 8: SU28
Area 9: new monitoring point to be installed*
Area 10: new monitoring point to be installed*
Area 11: new monitoring point to be installed*
Area 12: LMW14
Area 13: SU16
Area 14: SU17

2 mAOD

Monthly

In accordance with Environment 
Agency document LFTGN02 
(February 2003) ‘Guidance on 
Monitoring of Landfill Leachate, 
Groundwater and Surface Water’ or 
such other subsequent guidance as 
may be agreed in writing with the 
Environment Agency.

All monitoring locations at the locations shown on BAR 7-20 dated 04/0820

* New monitoring points are to be installed into areas 9, 10 and 11. Once installed, the Operator shall understand that they 
will be incorporated into Table S3.1 and thus form part of the permit.

3.5 Future Leachate Management Techniques

In order to maintain leachate levels below the limits set out in this application, it will 
inevitably be necessary at times to remove leachate from parts of the site.   It is 
Enovert’s intention that the primary means of managing leachate levels will be via 
leachate recirculation, whereby excess leachate will be reintroduced back into the 
waste mass where the spare absorptive capacity of the waste can be utilised.  Enovert 
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operate leachate recirculation systems at many of their sites, and it is a standard 
industry accepted practice.  Experience shows that modern methods of waste 
placement (high levels of compaction and use of daily cover) result in a waste mass 
that is dry.  Recirculation of leachate back into this dry waste has a twofold effect; 
firstly, the dry waste absorbs and hold liquid away from the leachate collection system, 
and secondly, it leads to more consistent decomposition within the waste mass, 
resulting in earlier stabilisation. 

A typical leachate recirculation system is likely to comprise of;

Extraction - Pneumatic displacement pumps are used for extracting leachate and 
will continue to be utilised to extract leachate from the main leachate 
extraction wells as necessary to control levels at the monitoring 
points within the requirements of the Permit.   Air flow and leachate 
discharge pipework enter the chambers via dedicated gas tight 
openings in the leachate wellhead, to ensure that landfill gas (LFG) 
within the well cannot escape to the atmosphere.  Likewise, when the 
well is connected to the LFG extraction system the seals will prevent 
air being drawn into the well.

Pipework - Each pump discharges leachate via 32mm MDPE (or similar 
pipework).  Discharge pipework is run over ground to any of the 
recirculation entry points across the site. 

 
Recirculation - Leachate will be re-distributed back into the waste mass via a series 

of perforated 90 or 32mm diameter pipes laid within the waste mass.  
Recirculation lines are surrounded by a granular drainage material to 
aid leachate dispersion. These are constructed with a typical 1:100 
fall. Recirculation areas will be situated at strategic areas which are 
free from saturation and not within 15m of any LFG extraction well. 

If a situation arises whereby leachate recirculation is not providing a sufficient outlet for 
extracted leachate (such as may occur when the volume extracted is too high for the 
recirculation system to cope with), leachate extracted from the site will be removed 
from the site via bulk tankers.  Leachate removed from the site will be disposed of in 
suitable permitted disposal / treatment facilities, and will be carried by registered waste 
carriers in suitable vehicles.  A record will be maintained of volumes leaving the site, 
and these records will be reported to the EA as per the requirements of the 
environmental permit.

Prior to the development of any leachate recirculation scheme, full details of the 
scheme will be agreed in writing with the Environment Agency in the form of a 
Leachate Management Plan.  Enovert would be happy to accept the introduction of a 
new improvement condition requiring the submission of this report prior to works 
commencing.

Any Leachate Management Plan will include the following details;

 Full design details including pumps, pipe sizing, pipework routing, capacity etc.

 Recirculation trench / pipe details including design, depth, cover, infill etc.

 An assessment as to the effects (if any) of recirculation on LFG production and 
control, including consideration of LFG flare sizing and capacity.
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 Details of any monitoring required to assess the effects of recirculation, including 
but not limited to surface emissions monitoring.

 Any relevant Construction Quality Assurance (CQA) requirements for the 
installation works undertaken on the site.
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4.0 Changes to Leachate Management / Monitoring System

4.1 Summary

This part of the proposed variation involves a move away from leachate level 
compliance on an individual cell-by-cell basis, instead adopting an approach whereby 
the individual cells are grouped into two ‘super cells’ with different leachate 
management regimes.  This will involve the cessation of monitoring at certain wells 
(where there is monitoring ‘over-capacity’) as well as the installation of additional 
leachate monitoring wells.

4.2 Existing Leachate Management / Monitoring System

The current leachate infrastructure includes leachate collection system and the 
leachate monitoring / extraction wells installed into each phase (Area) of development.  
The collection system comprises a non-calcareous aggregate drainage layer lying 
directly in the centrally draining base of the engineered cell.  The drainage blanket is 
supplemented by a network of perforated pipes (typically 180mm in diameter) which 
radiate out from the low-point of the cell.  This low-point is the location of the primary 
collection well, which is the point from which leachate is extracted.  Additional well(s) 
are located away from the extraction point so as to provide level monitoring which is 
not being directly influenced by any extraction that is underway.

Leachate collection and monitoring wells comprise a series of vertical HDPE or PE 
pipes typically 450mm in diameter, housed within stacked, interlocking concrete rings 
placed one above another vertically as the site is filled.  Depending on the use of the 
infrastructure the space between the concrete outer wall and the inner pipe is filled 
either with aggregate or poured concrete.  

To date, the leachate management philosophy has been based on the concept of 13 
(Areas 2 to 14) hydraulically separate landfill cells, with separate leachate collection 
and extraction infrastructure, separated from each other by low (typically <2m) internal 
clay intercellular bunds.  As long as leachate levels were maintained below 2m, then 
the leachate body was contained within the individual cell.

A common occurrence at sites which are filled in a sequence of separate phases is the 
presence of adjacent sections of the waste mass that vary considerably in age.  Such 
a situation occurs when the old waste at the edge of a cell is over-tipped by new 
wastes as the adjacent cell fills.  The differing ages of waste settle at different a rate, 
which leads to the development of shearing forces within the waste mass.  These 
shearing forces can be sufficiently strong that they can topple, or else seriously 
damage a series of stacked concrete rings, with the end results being that the well tilts 
or in extreme cases collapses.  

Waste deformation forces are particularly strong where leachate wells protrude from 
the lower levels of major internal waste flanks, and it is inevitable that deep landfills 
like Barling will have internal waste flanks like these.  Unfortunately, evidence from 
monitoring exercises suggests that a number of wells have partial or complete 
blockages, or have collapsed entirely.  This has resulted in a situation where several 
cells on the site have no leachate monitoring infrastructure (Areas 9, 10 and 11).
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In addition to this, rising leachate levels throughout the operational life of the site mean 
that all cells have leachate levels in excess of the height of the intercellular bunds, 
meaning that the leachate body is connected between cells.  The exception to this is 
the separation between the northern (Areas 8 to 14) and southern (Areas 2 to 7) 
halves of the site, where there is a full- height bund of low permeability clay which 
effectively splits the leachate body into two separate entities.

Both existing and proposed leachate monitoring points are shown in Table 1 below.

4.3 Proposed Leachate Management / Monitoring System

With the presence of a low permeability barrier between the southern and northern 
halves of the site, and no effective barriers between the cells within each of those 
halves, Enovert propose that the site be operated as 2 hydraulically connected bodies.  
This is the basis of the modelling carried out in the latest iteration of the 
Hydrogeological Risk Assessment (HRA) as detailed in section 3.0 of this application.  

Current industry guidance (Table 6.3 of LFTGN02) requires that in this situation (a 
single hydraulically connected leachate body) the number and location of leachate 
management infrastructure should be derived from the area or catchment of the 
leachate body.  Whilst the leachate body in each half of the site is not separated into 
individual cells, there is no requirement for monitoring infrastructure to be present in 
each cell.  However, following previous discussions with the EA, Enovert have decided 
that an additional leachate monitoring well will be installed into each of those areas of 
the northern half of the site where there are cells with no leachate management / 
monitoring infrastructure present (Areas 9, 10 and 11).  This will mean that monitoring 
will be possible across all constructed cells, even if their leachate bodies are 
hydraulically connected.

The northern and southern halves into which the site will be split are in the region of 17 
ha each, and so reference to Table 6.3 of LFTGN02 (below) indicates that each half of 
the site requires 6 monitoring points. 
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The exact design of these wells (depth, construction detail etc.) will be agreed with the 
local EA site office prior to their installation, but they will be located at the positions 
shown on the revised Environmental Monitoring Plan (see drawing BAR 7-20) 
contained within this application.  This means that despite the site acting as 2 
hydraulically connected halves, the condition and nature of the leachate body will 
continue to be monitored on a cell by cell basis.

In tandem with reviewing infrastructure requirements in areas where there currently is 
none, it is necessary to review those parts of the site where there is over-provision of 
leachate monitoring points. Areas 2 and 3 for example have 4 monitoring locations in 
each cell, which is far in excess of requirements.  This application therefore seeks to 
reduce and rationalise the monitoring locations to those set out in Table 1 below.

Half Area Existing Permit Compliance Point Proposed Permit Compliance Point

2 SU7a, SU21, SU22, LMW1 LMW1, SU21

3 SU8, SU9, SU10, LMW2 SU10

4 SU11, SU25, LMW3 LMW3

5 LMW4 LMW4

SO
U

TH
ER

N
 

6 / 7 LMW5, LMW6, SU27 LMW5

8 SU28, LMW8 SU28

9 SU12 (BLOCKED) Install new well

10 No infrastructure Install new well

11 No infrastructure Install new well

12 LMW14 LMW14

13 SU16, LMW15 SU16

N
O

R
TH

ER
N

14 SU17, LMW16 SU17

Table 1 – Proposed Leachate Monitoring Compliance Points

The remaining wells on the site will be used for leachate extraction purposes, but 
Enovert would like to retain some operational flexibility to potentially use monitoring 
wells for extraction purposes (i.e. if they are more productive or are better placed for 
extraction).  Current guidance indicates that this is allowed, so long as steps are taken 
to ensure that the readings thus obtained are representative of the leachate body as a 
whole.   This would not be done without first submitting and agreeing with the EA a 
method statement detailing how it extraction would be managed whilst ensuring that 
representative leachate level readings would be obtained after pumping, or by 
installing additional leachate monitoring infrastructure to maintain the requisite number 
of leachate monitoring locations in each half of the site.

It is therefore requested that the relevant tables in Schedule 3 of the permit include a 
footnote referring to this.
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5.0 Changes to Perimeter LFG Borehole Trigger Values

5.1 Summary

In line with currently accepted methods, this section proposes the removal of permitted 
CO2 triggers from perimeter LFG boreholes and replacement with internal action levels.   
In addition, as a result of long standing presence of elevated CH4 and CO2 in 
perimeter borehole BB39, the use of trigger values is not considered to be a practical 
way of assessing borehole performance, and should be removed and replaced with a 
borehole specific action plan.

5.2 CO2 Trigger and Action Levels

The Environmental Permit was issued with trigger levels for CO2 as per industry and 
regulatory standards of the time.  As a result of the high natural variability of CO2 levels 
within the soil, the potential for natural processes to affect CO2 levels, plus the effects 
of GW rebound purging the soil atmosphere, it has become apparent that the trigger 
levels set did not fully consider natural background levels or variability.  This has 
meant that CO2 triggers are being breached, and subsequently raised as non-
conformances via the permit reporting system, that are not related to the migration of 
landfill gas, and could therefore be regarded 
as false positives.

With the exception of BB39, there is no 
associated CH4 found in conjunction with the 
CO2 detected at Barling, clearly indicating 
that it is not related to the migration of landfill 
gas, and can be attributed solely to natural 
processes.  A summary of 2019 perimeter 
landfill gas monitoring is shown in Table 2 
below, and a full review of perimeter landfill 
gas monitoring boreholes is presented in 
Section 3.1 of the 2019 EMR which is 
presented as an appendix to this report.  

Following the issuing of the Industry Code of 
Practice (ICOP) on Perimeter Soil Gas, there 
has been a change in the way that LFG 
monitoring is to be carried out.  This new 
ICOP uses statistical methods to establish 
background CO2 level, which then allows the 
development of compliance and action limits 
that are relevant to the site-specific 
circumstances.   In line with the ICOP, there 
is no requirement for compliance limits for 
CO2 as there is no sensitive receptor where 
human health is at risk.

    Table 2 – 2019 Perimeter Monitoring
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Given the natural sources and temporal variation in CO2 observed in the perimeter 
monitoring locations at Barling, it is considered that CO2 is an unsuitable substance for 
use in monitoring the migration of landfill gas from the site.  As such it is requested that 
CO2 trigger levels are removed from the permit.  The CH4 limit will remain unchanged 
(with the exception of BB39 - see below), and will continue to act as a compliance / 
trigger level which immediately prompts further actions.  However, because of their 
unsuitability, we propose that the compliance / trigger levels for CO2 should be 
removed, and instead be replaced with a CO2 action limit derived from statistical 
analysis of site specific CO2 data in accordance with the ICOP.

Full analysis is contained as an appendix to this report, but the following tables show a 
summary of the data used to generate the action limits.  Table 3 below, shows 
statistical analysis of perimeter gas monitoring data obtained from 2017 to the present.  
Data prior to 2017 has been discounted because of the effects of GW rebound and the 
purging effect this had on ground gas.   Only once GW levels rebounded and soil gas 
profiles stabilised, is it considered statistically viable to use the data obtained from 
monitoring.  The table shows that with the exception of BB39 (and BB36 during 
2017/18 only) CH4 is not detected around the site, and CO2 can therefore be attributed 
to natural processes.

CH4 CO2BH
Min Avg. 85th 90th Max Min Avg. 85th 90th Max

BB36 0.0 1.4 3.7 3.9 6.3 0.10 0.81 1.32 1.64 2.40
BB37 0.0 0.0 0.0 0.0 0.1 0.10 0.56 0.90 1.00 1.70
BB38 0.0 0.0 0.0 0.0 0.0 0.10 1.22 2.48 2.64 3.20
BB39 0.0 68.4 81.1 81.1 84.7 0.00 15.66 19.54 19.97 30.70
BB40 0.0 0.0 0.0 0.0 0.0 0.00 0.56 0.95 1.00 1.30
BB41 0.0 0.0 0.0 0.0 0.1 0.00 0.20 0.40 0.50 0.60
BB42 0.0 0.0 0.0 0.0 0.5 0.00 0.51 0.90 0.94 1.90
BB43 0.0 0.0 0.0 0.0 0.0 0.00 0.46 1.05 1.65 2.40
BB44 0.0 0.0 0.0 0.0 0.3 0.00 0.72 1.59 2.18 3.30
BB45 0.0 0.0 0.0 0.0 0.0 0.00 0.58 1.00 1.15 2.70
BB46 0.0 0.0 0.0 0.0 0.0 0.00 1.22 2.95 3.15 4.90
BB47 0.0 0.0 0.0 0.0 0.0 0.00 0.08 0.19 0.20 0.80
BB48 0.0 0.0 0.0 0.0 0.0 0.00 0.14 0.38 0.40 0.50
BB49 0.0 0.0 0.0 0.0 0.0 0.00 0.18 0.40 0.50 0.60
BB50 0.0 0.0 0.0 0.0 0.0 0.10 2.13 4.30 4.40 5.90
BB51 0.0 0.0 0.0 0.0 0.0 0.10 0.74 1.30 1.50 2.10
BB52 0.0 0.0 0.0 0.0 0.0 0.00 1.41 2.18 2.30 4.60
BB53 0.0 0.0 0.0 0.0 0.0 0.00 3.14 6.25 6.62 10.60
BB54 0.0 0.0 0.0 0.0 0.0 0.00 0.08 0.10 0.20 0.30
BB55 0.0 0.0 0.0 0.0 0.0 0.00 2.30 4.09 4.52 5.50
BB56 0.0 0.0 0.0 0.0 0.0 0.00 1.05 1.70 1.75 2.10
BB57 0.0 0.0 0.0 0.0 0.0 0.20 1.18 1.72 1.92 2.60
BB58 0.0 0.0 0.0 0.0 0.0 0.00 1.58 2.65 2.91 4.10

GREEN SHADING - No Stats Required for monitoring points which have not exceeded 1.5%v/v CO2 in accordance with 
approach taken by the Environment Agency at other landfill sites.

Table 3 – Summary of CH4 and CO2 (2017 to present)
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Table 4 shows the figures derived from statistical analysis of the data in accordance 
with the methodology in the ICOP, and presents the proposed CO2 action limits which 
are to replace the CO2 trigger levels in the permit.

Sample 
Point AVG. STDEV TMAX Current CO2 Permit 

Limit (to be removed)
Proposed CO2 Action 

Level (to be implemented)
BB36 0.81 0.58 2.4 1.5 3.4
BB37 0.53 0.28 1.3 1.5 2.3
BB38 1.22 0.95 3.2 1.5 4.2
BB39 15.66 5.70 30.7 1.5 No Limit
BB40 No stats 7.5 2.5
BB41 No stats 7.5 2.5
BB42 0.51 0.47 1.9 7.5 2.9
BB43 0.46 0.71 2.4 7.5 3.4
BB44 0.72 0.94 3.3 7.5 4.3
BB45 0.52 0.45 1.6 7.5 2.6
BB46 1.22 1.24 4.9 7.5 5.9
BB47 No stats 7.5 2.5
BB48 No stats 7.5 2.5
BB49 No stats 7.5 2.5
BB50 2.13 1.64 5.9 7.5 7.9
BB51 0.74 0.54 2.1 1.5 3.1
BB52 1.32 0.83 3.8 1.5 4.8
BB53 3.14 2.51 10.6 1.5 13.6
BB54 No stats 1.5 2.5
BB55 2.29 1.45 5.5 1.5 7.5
BB56 1.05 0.58 2.1 1.5 3.1
BB57 1.18 0.55 2.6 1.5 3.6
BB58 1.52 0.96 3.4 1.5 4.4

GREEN SHADING - No Stats Required for monitoring points which have not exceeded 1.5%v/v CO2 in accordance with 
approach taken by the Environment Agency at other landfill sites.

Statistical analysis has been carried out on the range 2017 to present i.e. the period following groundwater recovery over 
which there is a stable data set to carry out the assessment.

Methane is absent at all locations besides BB39 and in the absence of methane carbon dioxide is present at a concentration 
consistent with a background contribution form in-situ biological methane oxidation as detailed within the recent EMR (ref 
10518-R03).

Methane was still present within BB36 until the first quarter of 2019 however carbon dioxide has continued to be low and is 
therefore not a useful indicator for the detection of landfill gas.

Table 4 – Proposed CO2 Action Limits

The existing procedure to be followed in the event of a breach of the CH4 trigger levels 
will continue as per the existing arrangements in place under the current permit. Under 
the proposed amended scheme, upon detecting CO2 levels above the action levels 
proposed above, the Monitoring Technician will carry out the actions contained within 
the Perimeter Gas Investigation Procedure (PGIP) which is shown in Figure 2 below.  
These actions will usually involve repeat or increased monitoring, a review of the 
surrounding boreholes, an investigation of the surrounding area and the reviewing of 
past data to determine any apparent trends.  These actions will be discussed with the 
monitoring / data handling team and site management, and the monitoring data 
obtained will be reported as per the normal reporting process (quarterly data 
submissions).
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There is a history of elevated gas readings at BB39 which make it unsuitable for 
managing by means of action levels and the standard Perimeter Gas Investigation 
Procedure (PGIP).  Gas conditions at BB39, and the way in which monitoring will 
proceed at this location, are dealt with in section 5.3.

Figure 2 – Perimeter Gas Investigation Procedure (PGIP)
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5.3 Perimeter Borehole BB39 - CH4 and CO2 

Whilst the majority of site perimeter monitoring boreholes show no CH4 and low levels 
of CO2, borehole BB39 has consistently shown high levels of both, and it is clear that 
setting trigger levels at these high levels serves no purpose.

Monitoring location BB39 is located on the south-western perimeter of the site outside 
of the waste mass but adjacent to the in-waste monitoring well LMW1. Elevated CH4 
and CO2 has been detected here since 1995, and whilst level generally reduced over 
time, as GW levels stabilised at near pre-waste acceptance levels, CH4 and CO2 
concentrations have risen.

Methane-carbon dioxide (CH4/CO2) ratios prior to 2014 were found to be towards the 
higher range expected for a landfill gas at 1.5 - 2.0, but this ratio has risen to around 
3.5 recent years, with CH4 concentrations often in excess of >80%.   Throughout 2019, 
mean concentrations for CH4 and CO2 were 74.8% and 19.4% respectively, with 
maximum readings of 81.1% and 23.1%.

CH4 and CO2 levels for BB39 since monitoring began in 1993 are shown in Figure 3 
below (CH4 plotted in red, CO2 in green).  Further analysis and commentary is provided 
in Section 3.1 of the 2019 EMR.

Figure 3 – BB39 CH4 (red) and CO2 (green) Concentrations 1993 – present 

The ground elevation at this location is in the region of 1.25 mAOD, with GW levels 
just below 0 mAOD, so the borehole has a very narrow unsaturated zone in which gas 
can collect.  Despite the high concentrations of CH4 detected here, investigations have 
determined that this CH4 in BB39 would appear to be trapped and concentrated 
between the saturated level and the borehole cap, as when the borehole cap is 
removed methane is immediately reduced to zero. This indicates that methane flux is 
very low.

In addition to perimeter borehole monitoring, CH4 surface emissions are measured 
using a flame ionisation detector (FID).  Whilst there were some isolated point source 
emissions near to leachate wells, there was no CH4 detected at the ground surface in 
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the vicinity of BB39.  This demonstrates that the adjacent capping is intact, there is 
adequate negative pressure on the LFG extraction system, and any CH4 detected in 
BB39 does not appear outside of the borehole.  Further details of FID surveys are 
detailed in Section 3.3 of the 2019 EMR.

It is evident therefore that there is no simple answer as to why these levels are seen 
so consistently at this particular location.  Elevated levels were detected very early in 
the life of the site, and the presence of a well-developed LFG extraction system across 
the site would suggest that the easiest path for LFG to travel would be via the waste 
and into the LFG extraction system, rather than via the sidewall liner into the saturated 
ground outside of the containment.  Landfill gas extraction has been established 
across the site for a number of years, with two nearby in-waste LFG extraction wells 
(F104 and B170) around 25m away.  Figure 4 shows the position of the LFG extraction 
system in relation to BB39.  This shows that there are around 15 dedicated extraction 
points within 100m, not including extraction applied to leachate monitoring chambers. 

Figure 4 – LFG Extraction System Adjacent to BB39

It is difficult therefore to establish if the gas currently observed is Marsh Gas derived 
from the adjacent saturated ground conditions or whether there is a gas permeable 
pathway at depth within the locality.  

In terms of the risk of migration of LFG and any effect on nearby sensitive receptors, 
Barling landfill site sits on a peninsula of land surrounded on three sides by Barlinghall 
Creek and the River Roach and by farmland along the western boundary.  The 
Environmental Setting & Installation Design (ESID) Report, submitted as part of the 
initial permit application, identified the nearest domestic receptor as a single dwelling 
some 390m to the south west.  

Figure 5 shows the relationship between this receptor, BB39, and the edge of the 
waste mass. 
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Regardless of the source, CH4 within BB39 is present at high concentrations but low 
volumes, there is very little flux / flow, LFG within the body of the waste is well 
controlled, there is no motive force to drive off-site migration, there is no nearby 
sensitive receptor, and there is no preferential pathway.  The ground around the edge 
of the site is saturated to within the near surface, and the presence of standing water 
between the site and the receptor suggests that in places there is no unsaturated zone.  

Figure 5 – Principal Receptor

This combination of factors clearly demonstrates that the presence of CH4 within BB39 
does not constitute any risk to either the environment, or any nearby receptor.  There 
is a long history of elevated CH4 and CO2 at BB39, despite the fact that the adjacent 
gas field is working as designed and is considered to be adequately controlling LFG in 
the southwest corner of the site.  Practically speaking, it is considered that the 
likelihood of implementing further engineering measures to rectify these levels is 
limited, and it is clear that the existence of the current permit triggers of 1% CH4 and 
1.5% CO2 at this location are not appropriate, and are not helping to manage the 
situation.  It is therefore proposed that the triggers are removed from the permit.  

Perimeter monitoring will be carried on as before, and results will be reported as per 
the requirements of the permit, but as long as the adjacent gasfield is functioning (i.e. 
there is negative pressure at the two nearest in-waste LFG extraction wells F104 and 
B013), and CH4 levels in the boreholes to the immediate north and south remain below 
the 1% trigger, there will be no requirement to report the levels as a breach of the 
permit.  Should CH4 be detected in either BB38 or BB40, or negative pressure on LFG 
extraction wells F104 and B013 not be maintained, then the Environment Agency will 
be informed as per the Schedule 5 of the permit.
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The changes proposed in Sections 5.2 and 5.3 require that Table S3.4 of the 
environmental permit be changed as follows.

Table S3.4 Landfill gas in external monitoring boreholes – limits and monitoring 
requirements

Monitoring point 
Ref. / description Parameter

Limit 
(including 
unit)

Monitoring 
Frequency

Monitoring 
Standard or 
Method

Methane 1% v/vBB36 – 38 and 
BB51 to 58 
inclusive Carbon 

Dioxide No limit

Methane 2.5%BB40 to BB50 
inclusive Carbon 

Dioxide No limit

Methane No limit *
BB39 Carbon 

Dioxide No limit 

Oxygen No limit
Atmospheric 
Pressure No limitAll boreholes
Differential 
Pressure No limit

Monthly

As per LFTGN03 
(Sept 2004) or such 
other subsequent 
guidance as may 
be agreed in writing 
with the 
Environment 
Agency.

Record whether the 
ground is:

 Waterlogged
 Frozen
 Snow covered

*  There will be no CH4 trigger for BB39 as long as adjacent in-waste LFG extraction wells 
F104 and B013 are under extraction, and CH4 levels within BB38 and BB40 remain below 
triggers.  Should any of these situations arise, then the result of BB39 shall be considered 
to be a breach and then dealt with / reported in accordance with Schedule 5 of the permit.

All boreholes as shown on Drawing BAR 7-20 dated 04/08/20
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6.0 Groundwater Trigger Levels

6.4 Summary

In light of the rebound of GW levels and the re-establishment of pre-waste acceptance 
GW contours, there are GW monitoring boreholes which in terms of GW flow direction, 
are up-gradient from the site, and which have trigger levels under the permit.  Current 
guidance does not require the setting of trigger levels for up-gradient boreholes, and 
as such these should be removed.

6.5 Existing Situation

GW monitoring prior to landfill development indicated that the hydrogeological gradient 
ran towards the south and east, as shown in Figure 6 below.

Figure 6 – Pre-Operational GW Contours

The development of the site has included excavation through the Terrace Deposits 
and into the upper levels of the London Clay, and the presence of GW within the 
Terrace Deposits meant that pumps were required to remove this GW.  Likewise, the 
placement of low permeability liners against the sidewalls of the quarry has 
necessitated the use of drainage pipes to prevent the build-up of water pressure 
behind the liner and to maintain liner stability.  The active removal of GW in the vicinity 
of the site means that the GW level within the surrounding sands and gravels was 
locally lowered, and the existing GW contours changed.  

Prior to the site being developed, GW levels were observed to be in the region of 4.5 
to 2.0m below ground level (bgl).  Subsequent de-watering saw these levels fall to 
between 6.7m and 11.0m bgl, until de-watering ceased towards the end of 2013.  
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Following this, groundwater recharge was initially rapid with the rate appearing to have 
increased during autumn 2014 - February 2015 once the dewatering centre had 
recharged from -12mAOD to - 8mAOD.

From summer 2015, the recharge rate appeared to have slowed, GW levels 
approaching 0mAOD.  There has been no significant increase in GW level after spring 
2016, and it remains stable at approximately 0mAOD since this time, suggesting 
recharge has plateaued.  GW elevations to the west of the site are slightly higher than 
along the northern and southern perimeter of the site, indicating recharge is from the 
landwards side through the peninsular to the estuary.

The recharge and re-establishment of the GW regime is shown in Figure 7 below.

Figure 7 – Pre-Operational GW Contours

The pattern of recharge back towards pre-operational levels indicates that the GW 
regime has stabilised, and the normal, pre-landfilling pattern of GW flow has been re-
established.

6.6 Proposed Amendments

Given that the hydraulic gradient of the groundwater is to the south and east, the 
current Permit limits for BW16, BW17 and BW18 have no regulatory purpose in 
relation to the Barling Marsh landfill site, as the influence of the landfill site cannot be 
distinguished at these upgradient locations.  The GW regime around the site is well 
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characterised and well understood, and the up-gradient status of BW16, BW17 and 
BW18 has been consistent since de-watering ceased.

Their position in relation to the rest of the monitoring boreholes, the direction of GW 
flow, the permit boundary and the waste mass is shown on Figure 8 below.

To enable action to be taken to prevent harm to groundwater, current guidance 
(section 7.3.5 of LFTGN02) requires;

‘Control levels need to be set for groundwater quality that is present down-
gradient of the site. These are required to provide early warning of a potential 
breach of the site’s Trigger levels, which are compliance limits.’

As such, GW monitoring boreholes that are up-gradient of the site do not require 
control (i.e. trigger) levels, and these trigger values should be removed from the permit.  
The boreholes will continue to be used to provide data on the quality of the 
groundwaters that are approaching the site and will be retained in the site 
environmental monitoring programme and monitored in the same manner as the other 
boreholes present.

F
Figure 8 – GW Flow and GW Monitoring Locations
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7.0 Groundwater / Hazardous Substances Improvement Conditions (IP5, IP4c)

7.2 Summary

The existing environmental permit contains improvement conditions requiring the 
amendment of the environmental monitoring plan to incorporate the results of 
previously undertaken hazardous substances screening (IP4c), and   the submission 
of revised GW trigger substances and levels (IP5).  The nature of the GW at the site 
(heavily influenced by natural saline intrusion) and the nature of the leachate make-up 
means that hazardous substances limits cannot be used as an accurate diagnostic tool 
for leachate dispersion, and IP4c should be considered as being completed (see 
Section 7.3).  With regards IP5, whilst GW levels have returned to pre-waste 
acceptance levels, GW chemistry has not yet stabilised, so any trigger values 
submitted now will become increasingly irrelevant or inaccurate as normal GW 
conditions continue to evolve.  As such, the timetable for submission of triggers under 
IP5 should be extended.  In addition, as the GW system is re-adjusting to the 
rebounded GW levels, we have already seen changes in GW chemistry that mean 
some of the NH4-N trigger levels contained within the permit will need to be revised.

7.2 Groundwater NH4-N Triggers and IP5

Prior to site development, baseline GW monitoring indicated that the GW around the 
site is heavily affected by saline intrusion from the adjacent estuarine waters, and the 
biological effects of the organic rich materials present naturally in the strata around the 
site.  The salinity of the groundwater has also been exacerbated by the historical use 
as salt pans in the vicinity of the site as well as natural salt spray evaporation. 
Consequently, the two typical primary landfill leachate indicators, ammoniacal-N and 
chloride, were naturally elevated in the groundwater prior to any landfill activities.

Baseline monitoring detected ammoniacal-N levels in excess of 50mg/l prior to 
dewatering, but as groundwater management was implemented, ammoniacal-N 
concentrations fell sharply to <10mg/l in the west, where the primary recharge was 
likely to be from terrestrial waters.  Ammoniacal-N at BW20 to the east of the site (the 
area which was left in-situ due to a thickening of the alluvium) is largely unaffected by 
dewatering due to its hydraulic isolation and remained high at 30 - 40mg/l.  The 
ammoniacal-N is likely to be a consequence of biological processes in the low 
permeability, organic rich clay-silt alluvium around the site.   

Likewise, the presence of elevated chloride (>10,000mg/l around the perimeter of the 
site) was detected in GW in advance of landfilling, and is clearly attributable to the 
presence of saline waters.  There is no evidence that landfill derived leachate has 
entered groundwater.

During the initial permitting process, it was noted that the onset of GW management 
would affect the GW regime, potentially leading to a reduction in leachate indicator 
substances.  Likewise, it was envisaged that the ultimate re-establishment of pre-
existing GW conditions could prompt a subsequent increase.  This meant that 
establishing GW quality compliance limits in such a dynamic environment would be 
difficult.  

It was (and still is) expected that the pre-existing biogeochemical system will re-
establish itself once GW recovery is complete.  Once GW levels approach the near 
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surface, air ingress will cease and oxygen levels will reduce, and the relatively static 
nature of the GW body is likely to provide a reservoir where ammoniacal-N can 
accumulate.

As a result of this process, during permit determination, it was therefore decided that 
this situation would be best dealt with by the inclusion of an improvement condition 
written into the site permit to re-evaluate the groundwater compliance limits 
downgradient of the site following the recovery of groundwater levels.  

To date it has not been possible to address this improvement condition as 
groundwater biogeochemical recovery is in progress.  The ongoing GW recovery 
presents some difficulties as both leachate indicators are expected to return to their 
pre-operational concentrations only once the natural biogeochemical system is re-
established, and care needs to be taken that the natural effects of this process are not 
misinterpreted as the entry of leachate into the GW.  As such, each iteration of the site 
Hydrogeological Risk Assessment (HRA) and the annual Environmental Monitoring 
Report (EMR) has included an evaluation of GW conditions in order to determine if 
suitable steady-state conditions are present to allow the derivation of appropriate and 
effective trigger levels. 

Current HRA Review

Full details of the most recent GW chemistry and condition reviews are contained 
within Section 3.4 of the February 2020 HRA, and Section 4.5 of the 2019 Annual 
Environmental Monitoring Reviews, which are contained as appendices to this report, 
and these should be read in conjunction with this non-technical summary. These 
reviews indicate that whilst GW levels have approached the pre-waste acceptance 
levels, and pre-waste acceptance GW chemistry is re-establishing, it has not yet fully 
returned to pre-waste acceptance conditions, and could take some years to do so.  
This means that it is not yet possible to carry out the requirements of IP5, and we 
request that the deadline contained within Table S1.3 be removed, and replaced with a 
requirement to submit IP5 as soon as there is evidence that GW chemistry is 
stabilising to pre-waste acceptance levels.  

Enovert would be a happy to accept a permit condition (or reference in Table S1.3) 
requiring that future annual Environmental Monitoring Reviews include an assessment 
of GW chemistry as compared to pre-waste acceptance GW chemistry, and use this 
as a trigger for the carrying out of works to complete and submit IP5.  If this is deemed 
acceptable, then the relevant section of a revised Table S1.3 is set out below.

Table S1.3 Improvement programme requirements

Reference Requirement Date

IP5

The Operator shall submit a report to the Agency for agreement in writing that reviews 
action levels and compliance limits for groundwater (Table S3.3 of this permit). The 
report shall provide statistical analysis of all data and propose new action levels and 
compliance limits for the site. Derivation of action levels and compliance limits shall be 
undertaken using recognised statistical analysis and the Agency’s guidance LFTGN 01 
‘Hydrogeological Risk Assessments for Landfills and the derivation of groundwater 
control and trigger levels’. 

The notification requirements of condition 2.4 shall be deemed to have been complied 
with on submission of the report. The Operator shall understand compliance limits for 
downgradient boreholes agreed in writing by the Agency to be incorporated into Table 
S3.3 and thus form part of the permit.

To be submitted within 3 
months of the submission of 
the first annual 
Environmental Monitoring 
Report that confirms that 
groundwater chemical 
conditions have stabilised 
sufficiently that they are 
comparable with pre-
operational groundwater 
conditions.
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Permit limits are currently set for NH4-N, and although it is recommended that long 
term limits are dependent on the stabilisation of the groundwater biogeochemical 
conditions, the limits for the northern monitoring points (BW14, BW15, BW20) and the 
eastern BW19 appear to be appropriate based on all historical precedents to date.

However, the limits currently set for BW12 to the south of Area 2/3 (5mg/l NH4-N) and 
BW13 to the south of Area 6 (14mg/l) are inappropriate. These two monitoring points 
are within the zone where a front of NH4-N has begun to propagate from BW19 
through BW13, and is expected to spread to BW12 in the short to intermediate period.  
This means that whilst it is recommended that a longer period is required before 
recommending a full revision of GW limits (i.e. the submission of IP5) some 
modifications can be implemented sooner.  

Using currently available knowledge, it is expected that in BW12 and BW13, natural 
causes will result in NH4-N levels progressively increasing over the next few years 
before reaching an equilibrium concentration. Given that BW12 showed NH4-N levels 
of 20mg/l before the groundwater management influence was observed, then a trigger 
of at least this value is justified. However, even this may be a conservative estimate 
given that pre-operational data indicated average NH4-N concentrations of 56mg/l at 
BW15

As such it is proposed that the Table S3.3 of the permit be amended to include these 
changes, and be replaced with the version of Table S3.3 below.  This includes a 
correction to the Environmental Monitoring Plan (BAR 7-20) which the permit currently 
incorrectly refers to as BAR 2_17.

Table S3.3 Groundwater – emission limits and monitoring requirements

Monitoring 
point reference Parameter Limit 

(including unit)
Reference 
Period

Monitoring 
Frequency

Monitoring Standard or 
Method

BW12, BW13 
BW14, BW15, 
BW19 & BW20

NH4-N 70 mg/l

BW12, BW13, 
BW14, BW15, 
BW19 & BW20

As approved by 
the Environment 
Agency in 
accordance with 
Improvement 
Condition 5 in 
Table S1.3

As approved by 
the Environment 
Agency in 
accordance with 
Improvement 
Condition 5 in 
table S1.3

Spot Sample Quarterly

As specified in Environment 
Agency Guidance LFTGN02 
‘Monitoring of Landfill 
Leachate, Groundwater and 
Surface Water’ (February 
2003), risk assessments for 
your environmental permit 
(www.gov.uk) or such other 
subsequent guidance as may 
be agreed in writing with the 
Environment Agency

As shown on BAR 7-20 dated 04/08/20

7.3 Hazardous Substances (IP4c)

The existing permit set a series of improvement conditions (IP4a, IP4b and I4c) to;

 (IP4a) Undertake a hazardous substances screen from samples obtained from all 
leachate and groundwater monitoring boreholes;

 (IP4b) Submit the results in writing to the Environment Agency;

 (IP4c) Review the findings and where the results show levels exceed EA factsheet 
Groundwater trigger levels, minimum reporting values or limits of detection, add 
these determinants to Table S3.3 of the permit.
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IP4a and IP4b have been completed, but there are a number of issues particular to the 
GW chemistry at Barling that render IP4c problematic.  

Any statistical analysis on substances at levels approaching the limit of detection can 
never be considered robust, and analysis is inevitably affected by background 
conditions.  The processes that generate hazardous substances in leachate are 
inevitably biological processes which can produce the same substances external to the 
landfill by the same processes.

Having carried out (and continuing to carry out) analysis of hazardous substances, it is 
clear that there are substances which appear at comparable [low] levels in GW and 
leachate.  There are also hazardous substances that are consistently present in the 
GW which are not present in the leachate. This data is summarised in the 2019 EMR, 
as well as tables 10, 11, 12 19 and 20 in the February 2020 HRA.

The hazardous substances observed include BTEX substances, namely xylene, and 
ethylene type based chlorinated solvents. Whilst there is a small concentration 
gradient of BTEX from within the site to outside the site, this is not present for the 
chlorinated substances. These are therefore likely to be either analytical artefacts or 
present within the groundwater monitoring dataset independent of the landfill 
leachates. This latter is largely likely to be due to the extremely high chloride activity 
caused by the marine level chloride concentration reacting with the in-situ generated 
microbial degradation by-products.

Barling Marsh landfill is therefore within a quite unique scenario whereby any influence 
on the groundwater from leachate cannot be distinguished until there is a significant 
replacement of groundwater by leachate. For this to occur, ammonium concentrations 
would have to exceed 60mg/l and potentially even exceed 100mg/l. Until such an 
event occurs then hazardous substance analysis cannot be used as a diagnostic tool 
to determine permit compliance, or a measure of whether pollution has occurred.

Monitoring indicates that there is not a significant hazardous substance inventory 
within the Barling Marsh landfill, and specific organic substance concentrations are low 
to negligible.  Where these substances do occur, they are typically transient 
substances generated as a by-product of the processes that result in landfill gas 
generation. They can be described as “transient” because these substances are only 
present as a result of landfill gas generation and will deplete as gas generation 
depletes.  The further degradation that will within the landfill means that they are not 
considered as a potential pollution risk.

It is therefore recommended that specific organic substances limits are not introduced 
within the permit and IP4c should be considered as closed out. However, hazardous 
substance analysis will continue to be undertaken as per the requirements of current 
permitting / monitoring guidance. 
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8.0 Surface Water Monitoring Locations and Improvement Condition IP7

8.1 Summary

Changes to the topography and layout of the site means that the existing surface water 
monitoring locations referred to in the permit are no longer in use.  Enovert are 
proposing four new SW monitoring locations which will remain as monitoring locations 
through into the aftercare period.  The deadline for the submission of a review of 
determinands and compliance limits at the proposed SW monitoring locations (IP7) 
should be extended until sufficient datasets are available for robust statistical analysis 
to be carried out. 

8.2 SW Monitoring Locations 

The existing SW monitoring locations referred to in the permit were principally required 
for the management and disposal of the significant quantities of GW that were 
extracted from beneath the engineered liner of the site in order to maintain liner 
stability.  As referred to in the permit supporting documents, GW was extracted and 
directed via a network of drainage ditches to settlement ponds from where it was 
discharged off site.  Since GW extraction has ceased there is no requirement to 
discharge SW and the features present at the SW monitoring locations have effectively 
become isolated from the landfill.  The monitoring obtained from these points reflects 
natural variations within these isolated locations, and does not serve to monitor the 
performance of, or activities at the landfill site itself.  As such they should be removed 
from the permit.

As the site moves towards the aftercare stage, capping and restoration works will 
progress across the site, creating a new landform profile.  As restoration and re-
profiling of the site progresses, it will be necessary to monitor the clean surface water 
run-off from both the north side and south side of the site, before this water discharges 
into the network of ditches and ultimately into controlled waters. This monitoring will be 
provided by the establishment of four new SW monitoring locations, SWA, SWB, 
SWC and SWD, and these will require adding to the permit as the new SW monitoring 
locations.

The locations of the new SW monitoring locations are shown on drawing BAR 7-20.

As a result, Table S3.2 of the environmental permit will require the following 
amendments;

Table S3.2 Point source emissions to water (other than sewer) – emission limits and monitoring requirements

Emission Point 
Ref. and Location Parameter Source

Limit 
(including 

unit)
Reference 

Period
Monitoring 
Frequency

Monitoring 
Standard / Method

SWA, SWB, SWC, 
SWD Suspended Solids 50 mg/l Spot Sample Monthly

As approved in 
writing with the 

Environment Agency

To be determined 
by Improvement

Condition 7

Surface 
water run-

off
As approved by the Environment Agency in accordance with 
Improvement Condition 7 in Table S1.3

as shown on drawing BAR 7-20 dated 04/08/20
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8.3 Improvement Condition IP7

Surface water quality (see Section 4.6 of the annual EMR) is heavily affected by 
estuarine influences with typical chloride concentrations historically in excess of 
10,000mg/l.  There are indications that since dewatering has ceased chloride and NH4-
N within the surface water management system has reduced, although the levels 
encountered are still in the ranges expected of sealed systems affected by in-situ 
biological degradation in a periodically anoxic pond.

A summary of SW chloride levels seen at the site over time is shown in Figure 9 below 
(taken from Figure 14 of the 2020 HRA).  The general reduction in chloride levels after 
the cessation of GW pumping and discharge in 2014 is clearly shown.

Figure 9 – SW Monitoring (chloride) Results

The surface water system at Barling is affected by estuarine water salinities, and is 
formed and underlain by estuarine alluvial sediment. The same processes that are 
expected in the groundwater, and which were discussed in Section 7 of this report, are 
expected to occur in SW.  For example, during 2018 and 2019 ammonium 
concentrations of 9mg/l and 18mg/l have periodically been observed. These conditions 
are formed in-situ and would occur irrespective of whether there is a landfill present. 
The minimum ammonium concentration that could be set for Permit Limits would 
therefore be in the order of

 >20mg/l for ammoniacal-N; and
 27,000 mg/l for chloride (given the observed saline influence) 
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Given these elevated naturally occurring background levels, it is considered important 
to establish SW limits (as required by IP7) based on data obtained from the actual 
sampling locations.  The inherent variability means that setting limits based on 
redundant monitoring locations, i.e. those set out in the permit which we are proposing 
are replaced, could lead to limits which are not relevant to the new monitoring 
locations.  As such, we propose that IP7 be amended so as to allow the gathering of 
sufficient data at the new SW monitoring locations proposed above.  The relevant 
revised sections of Table S1.3 (improvement conditions) are shown below.

Table S1.3 Improvement programme requirements

Reference Requirement Date

IP7

The Operator shall submit a report to the Agency for agreement in writing that reviews 
monitoring results for surface water monitoring at monitoring locations SWA, SWB, 
SWC and SWD.

The report shall provide statistical analysis of all data and propose new determinands 
and associated action levels and compliance limits for surface water.  Derivation of 
compliance limits shall be undertaken using recognised statistical analysis and the 
appropriate Environment Agency guidance, LFTGN 02 (September 2004).

The notification requirements of condition 2.4.2 shall be deemed to have been complied 
with on submission of the report. The Operator shall understand the compliance limits 
agreed in writing by the Agency to be incorporated into Table S3.2 and thus form part of 
the permit.

Within 12 months of permit 
issue

It is proposed that SW monitoring be carried out in accordance with the revised Table 
S3.2 until the results of IP7 are agreed in writing by the Agency and incorporated into 
Table S3.2 and thus form part of the permit.


