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1.

INTRODUCTION

1.1

Report Context

1.1.1 This Hydrogeological Risk Assessment (HRA) report has been prepared on behalf of Waste
Recycling Group (Central) Ltd (the Landfill Operator) (a wholly owned subsidiary of FCC
Environment Ltd) to support a permit variation application for Allington Quarry Landfill Site
(permit reference: EPR/YP3398HR) in accordance with The Environmental Permitting
(England and Wales) Regulations 2016 (as amended). The purpose of the permit variation
is to bring the site out of definitive closure to enable Environment Agency (Agency) regulation
of the excavation and redeposit of inert wastes previously landfilled at the site. This is to
facilitate development of a platform to construct a Household Waste Recycling Centre
(HWRC) on. The material excavated from the HWRC development will be redeposited within
the Allington Quarry Landfill permit boundary in accordance with the Landfill Directive (LFD)
which did not apply when the site was first infilled.
1.1.2 This HRA has been adapted from the assessment submitted in support of a permit surrender
application submitted in 2017 for Allington Quarry Landfill and the directly adjacent D-Shaped
Field Landfill (the Original Groundwater Assessment). That assessment demonstrated that
the landfilled wastes in both sites (alone or in combination) did not present a risk to sensitive
groundwater receptors and the Agency agreed with its conclusions. The permit for D-Shaped
Field was successfully surrendered as a result. The Allington Quarry landfill permit was not
surrendered due to the requirement for further information on the gas source term only. All
concerns relating to groundwater were addressed.
1.1.3 The original groundwater assessment has been reviewed with new data collected since the
surrender submissions including environmental monitoring data and waste source term data
collected from recent Ground Investigations (GI). For completeness the original assessment
has been reformatted to match the current Agency Report template for HRAs 1, however the
assumptions of the original assessment still stand. The quantity of material excavated from
the landfill site for the HWRC development (51,000 m3) is very small in comparison to the
quantity of material present in the landfill (>3 Mm3). Its placement within another area of the
site is expected to represent no net change in risk to groundwater, however this negligible
risk will be reduced further by the retrospective application of LFD standards for engineering
and waste acceptance.
1.2

Site Location

1.2.1 Allington Quarry Landfill and the former D-Shaped Field Landfill are located within the void
of the former Allington Quarry, centred at National Grid Reference TQ 737 578. The
combined area of both sites is approximately 32 hectares (Ha). The western boundary of
Allington Quarry Landfill lies directly adjacent to the east boundary of D-Shaped Field Landfill
(see Figure 1 below). There is no engineered separation between the waste deposits in the
two landfills. The eastern area of Allington Quarry Landfill is occupied by the Kent
Enviropower Limited Energy from Waste plant (EfW). The Operator of Allington Quarry
Landfill Site (WRG Central Ltd, the Operator) and Kent Enviropower Limited are in the same
group of companies as FCC Environment (UK) Limited. The sites are bounded to the east
by Laverstoke Road, the north by the M20 motorway, the west by Coldhabour Lane and to
the south by London Road, leading to St Laurence Avenue.
1.2.2 Ground levels around the site vary between around 35 mAOD to the south and around
20 mAOD to the north. The footprint of the incinerator complex was excavated down to 151

Environment Agency 2010, Template: Hydrogeological Risk Assessment Report.
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20 mAOD, with excavated waste deposits being re-deposited in the western part of the site
(the D-Shaped Field).
Figure 1 Current and former Environmental Permit Boundaries at Allington Quarry

Allington Quarry Landfill permit boundary outlined in blue line.

1.3

Site History

1.3.1 The site was first operated as a quarry for the extraction of Ragstone (a type of hard, grey
limestone), with the majority of quarrying operations ceasing in the 1980’s.
1.3.2 The site was issued with a Waste Disposal Licence (WDL) P/11/24 in 1991, permitting the
importation of inert waste. The permit was subsequently converted to a Waste Management
Licence (WML) EAWML19514 in 1995 and was transferred to WRG in 1995.
1.3.3 Planning permission for the construction of the EfW was granted to WRG in 2000. This was
to be constructed at the eastern end of the Allington landfill, but to reduce the visual impact,
the ground level of the construction platform had to be reduced. This required the removal of
approximately 770,000 m3 of previously deposited waste and quarry material which was then
placed in the D-Shaped Field quarry void under EP EAWML10040. EP EAWML10040 did
not allow for the deposit of new wastes brought in from off-site, with any excavated wastes
unsuitable for redeposit removed for disposal elsewhere.
1.3.4 A variation notice issued to WRG by the Agency in 2009 for both Allington Landfill and
D-Shaped Field Landfill permits reduced the allowable waste inputs to zero for both sites.
These variation notices also changed the permit reference numbers to EPR/YP3398HR/V002
(Allington Landfill Site) and EPR/HP3695HS/N002 (D-Shaped Field). The EfW was
constructed during 2005/06 and begun operating in 2008. The two landfill areas were
restored in 2005/06.
1.3.5 In September 2012, a draft surrender report referenced 1577/R/001 was submitted to the
Agency. The Agency agreed the two landfill sites alone or in combination did not pose a
significant risk in terms of groundwater, surface water and from surface stability. However,
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the Agency required more information about the potential risks relating to landfill gas
emissions. As a result in-waste monitoring points were installed at the site (see
accompanying report referenced 4557/R/008/1 for further details). Both sites progressed into
definitive closure in March 2015 and began following a post-closure management and
monitoring scheme in accordance with the approved closure plan for the sites. The permit
for D-Shaped Field Landfill was subsequently surrendered in 2017. The permit for Allington
Quarry Landfill remains in place albeit definitively closed.
1.4

Site Engineering

1.4.1 The development of the site pre-dates modern landfill directive requirements and as such no
formal basal or side-slope low permeability engineered barriers were placed at the older
Allington Quarry landfill site prior to deposit of wastes. D-Shaped Field landfill was
constructed later and as such was developed with a 1 m thick attenuation layer with a
maximum permeability of 1 x 10-6 m/s on the base. This compares with the current LFD
requirements for inert landfills which are that a geological barrier should be provided which
is equivalent to a layer 1 m thick with a maximum permeability of 1 x 10-7 m/s. It is understood
that the specification of the as-constructed attenuation layer was developed using a riskbased approach to ensure the site would not have adverse impact on groundwater quality.
The mineral attenuation layer was constructed using engineered Hassock (described above)
and subject to Construction Quality Assurance (CQA). Permeability testing carried out on the
Hassock layer determined it had a much lower permeability than the specified 1 x 10-6 m/s,
which typically ranged from as low as 1.2 x 10-9 m/s to 3.4 x 10-7, typically in the 10-8 m/s
range. The prevailing description of the Hassock material is silty, clayey or gravelly sand (or
combinations thereof).
1.4.2 No active / passive leachate control measures have been installed at the site during its
operational phase or post-closure period. The monitoring data collected since 2002 therefore
represents conditions in the site without controls applied. Due to the age of the deposits, it is
very unlikely that leachate strength will increase and no additional controls will be required.
1.4.3 In agreement with the Agency (see Section 1 of the accompanying Permit Application report)
the HWRC deposition area (the former Lay Down Area used in the construction of the EfW,
referred to in this application as the HWRC Refill Area) that will receive the inert waste
excavated from the HWRC footprint area will benefit from a CQA engineered geological
barrier equivalent to 1 m in thickness and a maximum permeability of 1x10-7 m/s, as per the
requirements from the Environment Agency for Inert Landfills. The material for the geological
barrier will be sourced from onsite material that has undergone testing to ensure it meets the
LFD requirements for an inert landfill geological barrier. This may be constructed from the
in-situ material where the waste will be deposited (i.e. the HWRC Refill Area) or reengineered material excavated from the HWRC excavation itself.
1.4.4 The construction details for the geological barrier will be detailed in a CQA plan to be
submitted to the Agency in advance of the works commencing. The outline engineering plan
for the construction is detailed in the accompanying ESSD report and will be supplemented
by further detail in the CQA plan which will be provided before determination of the application
is completed.
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2.

SOURCE

2.1

Historic Development

2.1.1 The original WDL for Allington landfill permitted deposit of ‘Waste Category A – Inert Waste’.
This included:
•
•
•
•
•
•
•
•

Subsoil, Topsoil;
Chalk;
Clay;
Sand (including clean foundry and moulding sand);
Hassock;
Hardcore, Brickwork, Stone, Gravel;
Concrete, Plaster; and
Silica, Glass, Pottery, China, Enamels, Ceramics, Mica and Abrasives.

2.1.2 The WDL specifically excluded waste materials which fell under the following broad
categories:
•
•
•
•
•

Slowly degradable waste (e.g. wood, metal, gypsum);
Putrescible or difficult wastes (e.g. waste food, sewage sludge or materials
contaminated to hazardous levels);
Non-special liquid waste (e.g. brewery washings, liquid abattoir wastes);
Asbestos or asbestos containing waste; and
Toxic waste (e.g. metals and metal compounds, tarry materials).

2.1.3 The degradable component of the wastes specified as Category A is expected to be
negligible and unlikely to generate any significant volumes of landfill gas or contaminating
leachate. This is because the organic fraction of soil and made ground will predominantly
consist of substances such as resins and lignins which are difficult to break down. Any readily
biodegradable organic molecules will largely decompose at source prior to excavation and
therefore the potential for landfill gas or leachate generation when re-deposited in the landfill
will be low.
2.1.4 Site investigation boreholes through the waste of the existing old inert landfill site have
characterised the waste as predominantly silty sand or sandy silt with gravel, cobbles and
occasional boulders composed of sandstone, limestone and flint. No putrescible matter was
identified within the waste as described in the borehole logs.
2.1.5 To construct the EfW it was necessary to excavate and redeposit 770,000 m3 of inert waste
from Allington Quarry Landfill Site. This material was subject to close inspection when it was
excavated and any discrete items of non-mineral, non-degradable material e.g. scrap metal
or plastic were removed during the excavation of the waste from Allington Quarry Landfill
prior to its redeposit in D-Shaped Field Landfill. This represented approximately 0.02% (~310
tonnes) of an overall quantity of approximately 1.4 million tonnes of otherwise inert waste.
The rejected materials included green waste and soil; old tyres; steel scrap, tarmac / asphalt;
and the old weighbridge and cabin.
2.1.6 In 2013 17 in-waste gas monitoring boreholes were installed across D-Shaped Field and
Allington Quarry Landfill Sites. These have been monitored for gas concentrations and flow
since their installation. The gas data collected from all of these points is representative of an
inert source term with a low gas generation potential.
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2.1.7 In May and July 2020 samples were collected from boreholes and trial pits excavated into
the waste around Allington Quarry Landfill. These samples were subject to leachability
testing in accordance with Landfill Directive Waste Acceptance Criteria (the LFD WAC). Data
from these samples supports the assertion that the waste is inert throughout the landfill. It is
expected that further samples taken from the area of excavation for the HWRC in October /
November 2020 will also meet the LFD WAC for an inert landfill. This information will be
relayed to the Agency at the earliest opportunity whilst the permit variation application is being
determined.
2.2

Proposed Development

2.2.1 The construction of the platform for the HWRC requires the Operator to excavate 51,000 m3
of previously landfilled inert waste. This material will be re-deposited 300 m to the east in the
HWRC Refill Area previously used for the storage of construction materials during the
development of the EfW. The deposited material will occupy a small proportion of the flat
ground (approximately 0.25 ha) with the remainder placed against slope of the bund to the
immediate south equating to approximately 0.75 ha.
2.2.2 Allington Quarry Landfill was operated as an inert landfill prior to the implementation of the
Landfill Directive and as such does not have an engineered geological barrier across its entire
area, including the HWRC Refill Area. However the waste deposited in the landfill comprises
a variety of fill materials including clay-based materials. It is expected that this material will
likely meet the permeability requirements of an inert landfill under the LFD without
augmentation. If the presence of appropriate material is not confirmed beneath the HWRC
Refill Area, appropriate material excavated from the HWRC platform development will be
engineered to meet the requirements of an LFD compliant geological barrier.
2.3

Source Term Characterisation

2.3.1 There is no requirement to monitor leachate levels or leachate quality within the waste and
there is no leachate source term available. The working plan prepared by Enviros Aspinwall
in 2001 to manage movement of excavated waste into D-Shaped Field described the physical
properties of waste excavated from the eastern area of site. This was dominated by ‘a soft to
firm, orange / brown, slightly sandy silty clay’, and, ‘a firm to stiff, light grey / brown, slightly
clayey very sandy silt with fine gravel and cobble size sub-angular limestone and sandstone’.
The potential pore space available for free liquid to accumulate and transit in this waste may
therefore be low. If this is representative of waste deposited across the whole site then a
consistent head of leachate is unlikely, with perched levels more probable. This description
has since been validated by field observations taken in the May and July 2020 GIs. A
conservative estimate of leachate quality within the site has been extrapolated from
groundwater quality and is detailed in Section 4.
2.3.2 Based on the description in Section 2.1 it is expected that the majority of material in the
existing waste deposits including that to be excavated from the HWRC platform will be inert.
The act of excavating the waste from the HWRC area will not change its pollution potential.
Moving this material to another location within the permit boundary to be deposited on other
existing waste deposits will not alter the current low pollution potential of that part of site and
this negligible risk will be further reduced by the retrospective application of LFD standards
for engineering and waste acceptance.
2.3.3 All material to be excavated from the HWRC development will be subject to prior
characterisation through ground investigation. 4 No. boreholes and 5 No. trial pits were
excavated into the waste in November 2020 and >25 samples were retrieved for laboratory
analysis in accordance with the LFD WAC and the WM3 Agency guidance on waste
classification. The objective of this exercise is to demonstrate to the Agency that the material
November 2020
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excavated will be suitable for redeposit elsewhere on site in accordance with contemporary
standards, even if these did not apply at time of original deposit or indeed if the waste was
left in-situ. This will negate the need to take further samples during the main earthworks to
construct the HWRC platform which would otherwise result in significant delays.
2.3.4 Any material identified as not meeting the LFD WAC will not be deposited on the geological
barrier in the HWRC Refill Area and will be removed from site. This approach is considered
very conservative as these materials have been previously legally deposited under prior
regulations.
2.3.5 It is expected that the pollution risk associated with the landfilled wastes at Site overall and
particularly those excavated and redeposited for the HWRC will result in no net change in
risk to groundwater, however this negligible risk will be reduced further by the retrospective
application of LFD standards for engineering and waste acceptance..
2.3.6 The source term assessment provided in the Original groundwater assessment is considered
to be conservative and therefore that aspect of the assessment remains valid.
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3.

PATHWAY AND RECEPTOR

3.1

Geology

3.1.1 The regional bedrock and superficial geology is depicted in BGS map sheet 288 (Maidstone)2,
showing the geological succession on the northern limb of the large Weald-Artois anticline.
3.1.2 The surrounding geological sequence comprises recent superficial deposits of river terrace
deposits and alluvium associated with the River Medway to the north of the site, and head
deposits located to the south and southwest of the site (Figure 2). Ground investigations have
revealed that head deposits are present at the western part of the site. There are no
superficial deposits on the rest of the site itself, having been removed when the site was an
active quarry. This includes the HWRC deposition area.
Figure 2

Superficial Geology at Allington Landfill

Alv
Rtd

Hd
Site

Note: Hd – head, Alv – alluvium, Rtd – river terrace deposits – sands and gravels

3.1.3 The bedrock geological succession moves from the lower Cretaceous Weald Clay Formation
in the south-southwest through the mid-Cretaceous Lower Greensand Group and in to the
mid to upper Cretaceous Gault Clay and Chalk formations in the north-northeast.
3.1.4 The geology directly at the site is summarised in Table 1, and illustrated in Figure 3.
Table 1

Summary of Local Geology

Age
Inert waste

Group
-

Formation

Sandy silt with limestone and sandstone
gravels, occasionally silty clay.

-

Head deposits (western end of site)
Cretaceous
Bedrock

2

Lower Greensand

Description

Post-glacial unconsolidated sand and silt.
Hythe Beds

Sandy limestone and calcareous sand beds.

British Geological Survey, 1976; England and Wales Sheet 288 Maidstone, 1:50,000 Solid and Drift
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3.1.5 The underlying bedrock geological sequence comprises:
1. Hythe Formation – alternating sandy limestones and sandy mudstones (part
of the Lower Greensand Group)
2. Atherfield Clay Formation – sandy mudstone (part of the Lower Greensand
Group)
3. Weald Clay Formation – thinly bedded mudstones, with subordinate siltstones
(part of the Wealdon Group)
Figure 3

Bedrock Geology at Allington Landfill
Gc
Fk

Site
Hy

Sg

Note: Hy – Hythe Formation, Sg – Sandgate Formation, Fk – Folkstone Formation, Gc – Gault Formation

3.1.6 Although the BGS mapping indicates the presence of small enclaves of the overlying
Sandgate Formation and Folkstone Formation, there is no evidence within the borehole logs
of these formations beneath the site.
3.1.7 The BGS map sheet indicates the bedrock strata are potentially dipping towards the
northeast, between 10 and 15°. There is a couple of west-northwest to southeast trending
faults to the north of the site.
3.2

Hydrology

3.2.1 There are two water bodies in the vicinity of the site: the River Medway and balancing ponds.
The River Medway flows east to west, with meanders which come within 380 m (northeast)
and 630 m (north) of the site. The balancing ponds are located 70 m to the south and are
associated with a new housing development and are most likely to contain water after heavy
rainfall events. These ponds are evidently at a higher topographical elevation than the base
of the quarry and separated from the landfill boundary by a road and railway. There is no
direct connection with the site to this location or the proposed HWRC construction activity.
There is one on-site water body present, which is a pond located to the north-west of the site
within the adjoining D-Shaped field. This pond receives good quality surface water run-off via
a drain from the incinerator site further east, with poorer quality run-off being discharged to
the foul sewer system. It is located away from the HWRC deposition area and separated by
a significant earth bund that runs north to south across the centre of the site. This water
feature sits on exposed bedrock with a direct link to the underlying groundwater. This
arrangement has not changed since the Original Groundwater Assessment.
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3.3

Hydrogeology

3.3.1 The superficial head deposits located on the western part of the site are designated by the
Environment Agency as a Secondary Undifferentiated aquifer, along with the alluvium
associated with the River Medway. The river terrace deposits are designated as a Secondary
A aquifer. The underlying Hythe Formation limestone is designated as a Principal Aquifer by
the Environment Agency, meaning it holds significant quantities of available water to support
local and regional abstractions, springs and river base flow (Figure 4).
Figure 4

Bedrock Aquifer Designation

Site

3.3.2 The site is situated across the groundwater Source Protection Zone (SPZ) Zones 1 and 2 for
the Forstal PWS abstraction, with the southern part of the site sitting over the zone 2, and
the northern part of the site sitting over Zone 1 (Figure 5). This designation has not changed
since the Original Groundwater Assessment. The material excavated from the HWRC area
will effectively be moved from a Zone 1 to Zone 2 i.e. to a lower risk part of the receptor.
Figure 5

Groundwater Source Protection Zones (SPZ)

Site

3.4

Man-made subsurface pathways

3.4.1 The material excavated from the HWRC development platform will be placed on an
engineered geological barrier compliant with the requirements of the LFD for an inert landfill
November 2020
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site. This geological barrier will be located above existing unlined inert landfill deposits which
sit inside the current permit boundary. Investigatory borehole logs indicate that the inert
waste is composed of a predominantly silty sand and sandy silt matrix, with some clay, and
hosted within the matrix are angular gravel, cobbles and boulders of limestone, sandstone
and other rock.
3.4.2 Effective precipitation will either run off the site surface or infiltrate into the waste. Any
leachate generation in the waste is likely to be a result of rainwater infiltration. In the absence
of an engineered basal liner across the current landfill site, the potential for mobilisation and
migration of chemicals within the waste mass will be controlled by the potential for infiltrating
water to flow downwards through and out of the base of the waste material into the saturated
/ unsaturated zone (UZ) beneath the site or break out laterally to flow into surrounding ground
or surface water.
3.4.3 The site is located on porous and permeable geological strata (the Lower Greensand aquifer).
Consequently, it is considered that the principle potential migration pathways are vertically
downward through the waste mass and into the water table / via the UZ which extends some
0 to 8 m beneath the northern half of the site; or, groundwater infiltration into the waste with
direct leaching of contaminants into the groundwater. In both scenarios, contaminants
leached into the groundwater would migrate down the hydraulic gradient (northwards) away
from the site. The active leachate migration and attenuation processes that are considered
viable within the subsurface at the site are shown in Table 2.
Table 2

Summary of Leachate Migration and Attenuation Process
Process

Dissolution of chemicals within waste
mass into pore water.

Migration downwards out of waste soil
mass.

Downward vertical migration through UZ
to water table.

Comments
Waste mass is uncapped and therefore there is considerable
potential for significant proportion of rainfall to infiltrate into the
subsurface.
Infiltration of groundwater into waste will directly leach contaminants
into the groundwater and migrate off site.
This process is driven by the rate of infiltration of rainfall and the
passage of water vertically downwards through the waste mass and
into the top of the bedrock (unsaturated zone); or, rate of
groundwater flow through waste and continuation into saturated
water table beneath site.
Not considered in this assessment. It is assumed for the purposes
of estimation of dilution in groundwater that the amount of effluent
migrating from the waste mass is the same as that entering the
saturated zone of the aquifer.

Entry into saturated zone within aquifer
and dilution in groundwater beneath the
site.

Potential dilution is discussed in Section 4.1.

Horizontal migration within saturated
aquifer towards River Medway and/or
Forstal PWS abstraction boreholes.

Not considered in this assessment.

3.4.4 If the Operator is able to utilise the in-situ material in the HWRC Refill Area as the geological
barrier then this material will not be physically altered. It may be appropriate to remove the
upper-most extent of material to remove topsoil or vegetation. Alternatively if material
excavated from the HWRC development platform is used to establish a geological barrier,
the depth of unsaturated material in part of the HWRC Refill Area will be increased according
to the thickness required to achieve the LFD requirements. The additional thickness of
material attributed to the geological barrier and waste deposited above it, along with
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potentially decreased permeability will likely reduce the rate of infiltration into the ground.
This may reduce the mobilisation of soluble substances in this part of site.
3.4.5 The HWRC will eventually be capped with an impermeable running surface with appropriate
sealed drainage, which will significantly reduce the rate of infiltration into the underlying
material. Ground conditions and sub-surface pathways across the rest of the landfill will not
change. The assumptions of the Original Groundwater Assessment are considered
conservative and remain valid.
3.5

Receptors and compliance points

3.5.1 Any soluble contaminants leached from the waste deposits in site will follow a vertical
pathway through the underlying inert waste and into the underlying Hythe Formation Aquifer.
Further receptors to this will be where the groundwater leaves the aquifer and enters either
an environmental system or is abstracted for use.
Groundwater levels
3.5.2 Groundwater in the Hythe Beds underlies the existing unlined inert waste and is monitored
at five locations (GW1, GW3, GW5, GW6 and GW8). GW1 and GW3 were in use from 1996,
and GW4, GW5 and GW8 have been in use since 2001. GW1 and GW8 are upgradient and
GW3, GW5 and GW6 are down-gradient.
3.5.3 A summary of the groundwater levels is presented in Table 3Error! Reference source not f
ound., with the hydrograph presented in Appendix A showing there this is only a little
seasonal variation in the groundwater levels from year to year. Figure 6 shows the inferred
groundwater contours produced in 2012. The current data indicates groundwater levels and
hydraulic gradient are likely to be very similar.
Figure 6

Inferred Groundwater Contours (mAOD)

3.5.4 The average hydraulic gradient across the site is 0.026, going from 0.035 along the western
boundary to 0.017 on the eastern boundary. It is unclear if the steep hydraulic gradients are
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due to the impacts of abstraction from the nearby Forstal PWS boreholes, or from the natural
influence of the River Medway.
Table 3

Groundwater Level Summary (mAOD)

Stats
Count
Min
Mean
Max

GW1
182
13.23
14.15
17.47

GW3
144
5.46
7.15
9.56

GW5
129
3.05
4.76
6.62

GW6
130
2.63
4.48
6.49

GW8
123
17.54
19.06
22.42

Range

3.32

2.41

1.86

2.01

3.36

Note: data range excludes likely spurious data

3.5.5 Base elevations of the existing waste deposits in the Refill Area are expected to be at
approximately 18 mAOD to 20 mAOD. Ground levels in the Refill Area are between 21
mAOD (east) and 25 mAOD (west). There is expected to be 1 to 7 m of unsaturated natural
or made ground beneath the HWRC Refill Area.
Groundwater Quality
3.5.6 Groundwater quality in the Hythe Beds has been monitoring via the five previously mentioned
boreholes, and a summary is presented in Table 4 for groundwater quality up to August 2020.
Time series plots for each borehole are presented in Appendix B.
Table 4
Monitoring
Location

Groundwater Chemistry Summary
Stats

Upgradient Groundwater
Min
GW1
Mean
Max
Min
GW8
Mean
Max

GW3

GW5

GW6

Min
Mean
Max
Min
Mean
Max
Min
Mean
Max

Ammoniacal
Nitrogen
(N:mg/l)
<0.01
0.36
7.10
<0.01
0.15
2.90
<0.01
0.19
1.40
<0.01
0.11
1.20
<0.01
0.11
1.20

Chloride
(mg/l)

Conductivity
(uS / cm)

8
468
14
568
24
836
18
537
32
810
61
1220
Downgradient groundwater
11
570
50
824
100
1010
12
478
41
785
68
1030
33
545
47
820
56
1000

pH (Lab)

6.6
7.8
9
6.9
7.5
8.7
6.4
7.6
8.7
7.0
7.6
8.8
6.9
7.6
8.8

Total
Organic
Carbon
(mg/l)
0.3
2.3
6.5
0.5
2.4
10.6
<0.3
3.4
8.8
1.6
3.7
26.6
1.0
2.6
4.4

Total
Sulphur
(SO4:mg/l)
<5
16
57
104
117
142
102
138
177
64
131
198
63
114
150

3.5.7 The data in Table 3 indicates that there is only a small difference in quality between
upgradient and downgradient groundwater – i.e. the landfill is not having a significant impact
on the extant water environment. Chloride and sulphate are the determinands which show
the clearest increase in concentration between up and down-hydraulic gradient from (on
average) 14 mg/l to 50 mg/l chloride and 16 mg/l to 138 mg/l sulphate. Chloride concentration
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trends did fluctuate but were relatively stable in the long term. Long term trends also show a
decline in TOC in GW6 and GW8. Chloride and sulphate levels were below the same 250
mg/l Drinking Water Standard at all locations.
3.5.8 The assessment in 2016 indicated that the downstream increases in concentration of each
assessed determinand have reduced in recent years. This may suggest that the effect of the
landfill site on groundwater contamination is decreasing or that dilution rates have increased
due to higher groundwater flow.
3.5.9 A summary of other determinands detected in groundwater throughout the review period is
included in Appendix C. It is considered that the minor difference in groundwater quality
downgradient of the site (mainly in terms of chloride) is typical of that arising from an unlined,
inert waste landfill. Chloride is a substance which can migrate without being attenuated by
adsorption onto the geological material within an aquifer, i.e. they do not easily bind
chemically with the rock matrix, and therefore migrate unretarded within the geosphere.
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4.

CONCEPTUAL SITE MODEL

4.1

Conceptual Site Model

4.1.1 A simple conceptual model can be constructed for the Site, based on the relationship
Source → Pathway → Receptor
4.1.2 Where the:
•

•

•

The Source is the:
o Existing unlined inert waste deposits within the current landfill (the significant
majority of waste)
o those wastes to be excavated from the HWRC development area and subject
to LFD WAC;
the Pathway is the:
o engineered containment system to be utilised in the HWRC Refill Area (insitu material or engineered geological barrier),
o the unsaturated inert waste beneath the proposed geological barrier in the
HWRC Refill Area;
o Unsaturated Hythe Formation Limestone beneath the significant majority of
unlined inert waste deposits
the receptor is
o the groundwater in the underlying Hythe Formation limestone.

4.1.3 The conceptual model assumes the principle of little to no leachable substances within the
inert waste for environmental protection.
Source
• Any leachate generated within the CQA engineered contained cell and the remaining
wider unlined and undisturbed landfilled wastes.
Pathway
• Mixing with groundwater and advective transport (and dispersion) in the direction of
groundwater flow (towards the north)
Receptors
• For Non-Hazardous Substances – groundwater at the down-gradient boundary of the
landfill (pragmatically positioned peripheral monitoring boreholes)
• No Hazardous Substances will be produced as the landfill is an inert landfill
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5.

HYDROGEOLOGICAL RISK ASSESSMENT

5.1

Risk Assessment Scenarios

5.1.1 This Risk Assessment considers two scenarios: the risk from the inert waste deposits at the
site as a whole; and, the additional risk associated with the deposit of inert waste excavated
from the HWRC development Area.
5.2

Impacts from the Current Waste Deposits

5.2.1 Based on historical groundwater quality downgradient (north) of the site, it is apparent that
there have been only minor effects on groundwater as it passes across the site. Based on
groundwater levels, this could be through the waste to the south of site and then through the
unsaturated zone (UZ) underneath the northern half. An average increase of approximately
14 mg/l average for chloride and 10 mg/l increase in sulphate has been identified in
downgradient groundwater (boreholes GW3, GW5 and GW6) relative to GW8 for the duration
of the monitoring period. Considering the potential for direct contact between waste and
groundwater in the southern part of the site, the observed impact of the site on groundwater
is considered to be small. Concentrations of chloride have generally been within UK Drinking
Water Standards for the duration of the monitoring period. It is theorised that this is due to
the dilution of leachate to safely consumable levels by groundwater flux.
5.2.2 It is possible to estimate the degree of dilution of any leachate migrating from the landfill in
groundwater by comparing the likely volume of infiltration through the waste deposits with the
estimated groundwater flux across the site to obtain an approximate dilution factor along the
potential groundwater pathway. This assumes that the actual scenario of groundwater being
in direct contact with the waste has not occurred and is likely to over-estimate the remaining
leachable concentrations of chloride in the waste.
5.2.3 This assessment involves characterisation of the movement of water through the sourcepathway-receptor system, requiring several assumptions to be made regarding the local
water environment:
a) Priority Contaminants to be Modelled
5.2.4 For the purpose of this assessment the priority contaminants to be assessed are chloride,
sulphate and ammoniacal nitrogen which were considered appropriate for the Original
Groundwater Assessment.
b) Infiltration
5.2.5 For the purpose of this assessment, the value selected for infiltration into and through the
waste mass is 50% of the rainfall value (i.e. 0.885 mm/d). This is considered a highly
conservative estimate (i.e. an overestimate) of the actual amount of infiltration into the
subsurface at the site.
c) Flow through the waste mass
5.2.6 The waste mass has a potential area of around 268,000 m2 (based on the entire site’s size
minus the area of the incinerator complex). Based on the estimated average rainfall and
infiltration values, the average daily volume of water flowing downwards through the waste
mass and into the top of the unsaturated aquifer (Qinfiltration) is estimated, for the purpose
of this assessment, to be 2.15 x 1010 mm3 (21.5 m3/day).
d) Seepage to the watertable
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5.2.7 It is assumed, conservatively, that all the infiltrated water reaches the water table within the
bedrock some >0 to 8 m below the base of the waste mass.
e) Groundwater mixing zone
5.2.8 It is assumed that the uppermost 15 m of saturated aquifer provides the zone in which any
chemicals entering at the water table may be diluted by extant groundwater. This zone
approximates to the total decline in groundwater level across the site, south to north.
f) Hydraulic gradient
5.2.9 The hydraulic gradient beneath the site within the Hythe Beds aquifer is nominally estimated
at 0.026 (or a fall of 2.6 m in every 100 m).
g) Hydraulic conductivity
5.2.10 The hydraulic conductivity of the Hythe Beds strata beneath the site is estimated at
0.46 m/day (5.32 x 10-6 m/s), a typical value for this aquifer according to the BGS.
h) Groundwater flow
5.2.11 Groundwater flow beneath the site is a factor of the dimensions of the aquifer through which
it is flowing, the hydraulic conductivity of the aquifer material (fractured sandy limestone and
sand beds) and the local hydraulic gradient. Flow volume can be calculated using Darcy’s
Law (Q = k.i.a) and is based on estimated values appropriate for the Hythe Beds aquifer:
Flow volume (Qaquifer) = permeability (5.32 x 10-6 m/s) x hydraulic gradient (0.026) x
area (mixing depth of 15 m x width of site along the flow direction of 1500 m).
Therefore, Qaquifer equates to: 3.11 x 10-3 m3/s, or 269 m3/d.
5.2.12 Assessment of dilution within the aquifer requires comparison of the quantity of infiltrating
water (which may carry dissolved contaminants) with the quantity of groundwater flowing
through the mixing zone within the underlying aquifer. The dilution factor (DF) equates to:
(Qinfiltration + Qaquifer) / Qinfiltration
Therefore, DF = (21.5 m3/d + 269 m3/d) / 21.5 m3/d = 13.5.
5.2.13 Therefore, the increase in concentration of chemicals dissolved in downgradient groundwater
(i.e. compared with upgradient groundwater) can be multiplied by a DF of 13.5 to estimate
the concentration within pore water within the waste mass.
5.2.14 The apparent impact of chloride which increases by around 23 mg/l beneath the site is
potentially attributable to a leachate concentration of around 310 mg/l.
5.2.15 The apparent impact of sulphate which increases by around 61 mg/l beneath the site is
potentially attributable to a leachate concentration of around 823 mg/l based solely on dilution
in groundwater.
5.2.16 It is apparent that the waste mass could contain leachate with a concentration of chloride and
sulphate in excess of the 250 mg/l UKDWS for chloride and sulphate, however dilution of any
fugitive leachate within groundwater is sufficient to reduce the impact of chloride and sulphate
to below the UKDWS threshold as it has not been detected in quantities exceeding the
UKDWS. Consequently, the site is considered not to pose a significant potential risk to the
nearby Forstal PWS boreholes. The recorded increase in sulphate and chloride
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concentrations in the groundwater may be attributable to direct leaching as a component of
the groundwater passes through the waste. If all the waste was unsaturated then it is possible
that the impact of leaching derived from infiltration alone may be much lower.
5.3

Groundwater Uncertainties

5.3.1 The estimates of waste leachate source term for chloride and sulphate should be considered
tentative assessments of the composition of source concentration for these determinands.
5.3.2 The dilution calculation is primarily dependent on the volume of rainfall that infiltrates into the
subsurface within the site and the assumed value of 50% infiltration is considered likely to be
high (i.e. to exceed that which actually occurs).
5.3.3 Reduction in the volume of infiltration will increase the dilution factor, assuming the same rate
of groundwater flow beneath the site. This has the effect of increasing the potential leachate
concentration without causing higher than the observed downgradient groundwater quality.
5.3.4 For example, if infiltration is 25% of rainfall (i.e. 0.4 mm/day), the dilution factor will
approximately double to 27, thereby allowing double the estimated leachate concentration
for chloride and sulphate (and other landfill-derived determinands).
5.3.5 Variation in the hydraulic conductivity of the aquifer will also proportionately affect the dilution
factor.
5.3.6 It may be that the increase in concentration down gradient of site may be primarily attributable
to direct leaching of the waste by groundwater. If this is the case, infiltration derived leaching
of chloride and sulphate may not have caused an observable increase in concentration down
gradient of the site at all.
5.3.7 Another factor that is not included in this assessment is the potential degree of attenuation of
landfill-derived chemicals within the unsaturated and saturated zones within the bedrock. If
attenuation processes such as adsorption and dispersion are active, a higher concentration
of mobile (i.e. leachable) chemicals could be present in the waste leachate. However, this is
considered unlikely due to the relatively thin or absent unsaturated zone present beneath the
base of the waste deposits (i.e. the unsaturated zone has been reduced by historical mineral
extraction).
5.4

Impact from the Proposed HWRC Development

5.4.1 The inert waste will be sourced from the existing waste of the landfill, with any material that
does not meet the classification for Inert Waste Acceptance Criteria (WAC) being removed
from site. Ground investigation carried out in 2020 across the materials within the site
indicates that the previously deposited waste materials meet inert WAC.
5.4.2 A CQA engineered geological barrier will be installed on the base and sides of the HWRC
Refill Area. This will comprise of suitable inert, in-situ material or imported material taken
from the HWRC development platform area which can be engineered to 1m thick and attain
a permeability of <1x10-7 m/s or equivalent. Due to its age the wider Allington Quarry Landfill
Site does not benefit from an existing geological barrier to this specification.
5.4.3 The failure scenarios in the context of the HWRC development would be the failure to apply
LFD WAC to the material imported from elsewhere on the site and failure to use a geological
barrier to the requirements of the LFD. It is expected however that that there will be no
increased risks posed by any failure scenarios as the placement of material excavated from
the same landfill site and placed on existing waste deposits represents no net change in risk.
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The application of some or all LFD standards infers a betterment to a small area of site.
Otherwise there is no change in the risk associated with the site as agreed by the Agency in
the Original Groundwater Assessment for landfill surrender.
5.5

Review of Technical Precautions

5.5.1 The site in currently unlined with no active management in place due to the low risk nature of
the inert waste. The Operator will apply LFD standards to the areas where waste excavated
form the same landfill site will be deposited. There will continue to be no requirement to
monitor or manage leachate from these areas of redeposit.
5.6

Numerical Modelling

5.6.1 The application of LFD standards to the construction and deposit of inert waste within the
existing landfill boundary negates the need to apply numerical modelling above that approved
as appropriate by the Agency in the Original Groundwater Assessment.
5.7

Emissions to Groundwater

5.7.1 Emissions to groundwater from the current site are expected to be low. The imposition of
LFD standards to a small area of waste deposits may reduce emissions to groundwater,
however due to the inert nature of the materials the net improvement is not expected to be
discernible.
5.8

Hydrogeological Completion Criteria

5.8.1 The Original Groundwater Assessment was deemed acceptable to demonstrate that the site
was not causing an adverse impact on groundwater quality for the purposes of permit
surrender. It is anticipated that a review of this assessment in due course will fulfil the same
function to the Agency’s satisfaction.
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6.

REQUISITE SURVEILLANCE

6.1

Risk Based Monitoring Scheme

6.1.1 The proposal to bring the landfill out of definitive closure to enable the excavation and
redeposit of previous inert waste deposits is expected to result in a betterment in
environmental protection to groundwater. It is not proposed to change the current monitoring
requirements as detailed in Table 5.
Table 5

Groundwater Monitoring Programme

Monitoring
Location

Upgradient
GW01 and GW08

Downgradient
GW03, GW05
and GW06

Frequency

Parameter

Quarterly

Groundwater level, pH, EC, Cl and Ammoniacal Nitrogen.

7.
Annually

As Quarterly plus
Total alkalinity, magnesium, potassium, total sulphates,
calcium, sodium, chromium, copper, iron, lead, nickel, zinc,
manganese

Quarterly

Groundwater level, pH, EC, Cl and Ammoniacal Nitrogen.

Annually

As Quarterly plus
Total alkalinity, magnesium, potassium, total sulphates,
calcium, sodium, chromium, copper, iron, lead, nickel, zinc,
manganese

7.1.1 There are no compliance or control limits currently imposed on any of the boreholes for any
substances.
7.1.2 Groundwater levels and quality will be monitored in accordance with the locations, frequency
and testing schedule detailed in Table 5 and as detailed on TerraConsult drawing referenced
1577/1/004. Any future changes to the monitoring locations (e.g. if a borehole is replaced
due to damage) will be notified to the Agency.
7.1.3 Suitably trained personnel will undertake groundwater monitoring. A laboratory with testing
accredited by UKAS will carry out the analysis of the groundwater samples. Monitoring
equipment will be serviced and maintained in line with the manufacturers' recommendations.
Copies of field logs will be kept on file by FCC.
7.1.4 The groundwater level and quality monitoring results will be entered into a database, and the
data will be submitted to the Agency for review on a quarterly basis. Copies of the
groundwater monitoring data will also be available at FCC’s offices. Results and analysis of
the data will also be included within an annual environmental monitoring report.
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8.

Conclusions

8.1.1 This HRA has been undertaken to support a variation application to bring Allington Quarry
Landfill site out of definitive closure. This is to enable the excavation and redeposit of inert
waste to construction of a HWRC within the existing landfill permit boundary. No new waste
will be imported to the site for disposal.
8.1.2 The excavated inert waste will be tested to ensure it meets the LFD WAC for inert landfill.
Any material that does not meet this criteria will be exported from site for recovery or disposal
at an appropriate permitted facility. The excavated material will be deposited in the HWRC
Refill Area on a geological barrier which meets the LFD requirements for an inert landfill site.
This may rely on the suitability of in-situ material or utilise suitable material excavated from
the HWRC development area and then engineered to the required LFD standard.
8.1.3 The Agency has previously approved a groundwater assessment for permit surrender which
demonstrated the site in its current form was not causing an unacceptable impact on
groundwater. Groundwater monitoring indicates the site continues to not have a detrimental
impact on groundwater and the assumptions of the Original Groundwater Assessment have
not changed. The movement of the waste material to a new location within the same
permitted site will not result in increased risk to groundwater; furthermore, the imposition of
LFD standards on a small proportion of the relocated waste deposits may result in a net
improvement in environmental protection.
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