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1.1

1.2

1.3

1.4

Introduction

MJCA is commissioned by Augean South Limited (Augean) to undertake a review of
the hydrogeological risk assessment (HRA) for the landfill at the East Northants
Resource Management Facility (reference 1). The review of the HRA has been
undertaken in accordance with condition 3.1.5 of Environmental Permit (EP) variation
number EPR/TP3430GW/V005 for the hazardous waste landfill issued in October
2015 (reference 2).

In addition to the review, the HRA has been updated to support an application to vary
EP EPR/TP3430GW to authorise the development of a hazardous waste landfill in
Phases 12 to 21 (the western extension area) adjacent to the west, north west and
south west of the current operational hazardous waste landfill at East Northants
Resource Management Facility (ENRMF landfill). The location of the currently
permitted site and the location of the proposed western extension are shown on
Figure HRA 1.

HRA review

Prior to 2002 the site was the subject of a Waste Management Licence (WML 73068)
with the original EP (formerly referred to as a Pollution Prevention and Control Permit)
issued on 16 July 2002 (reference BK 2259). The EP was issued based on
documentation and risk assessments submitted with the EP application and on
responses to queries raised by the Environment Agency during the application
process. Since the original EP was issued in 2002 a number of variations to the EP
have been issued and additional documentation and risk assessments have been
submitted with the applications to vary the EP. The supporting documentation and
risk assessments include the most recent HRA (reference 1) and the most recent
Environmental Setting and Installation Design Report (ESID) (reference 3) dated
September 2014. The current EP variation reference EPR/TP3430GW/V005 issued
in October 2015 (reference 2) comprises a consolidated version of the EP including

all current EP conditions.

The 2014 HRA (reference 1) was prepared to support the application to vary the EP
for the construction of new landfill void comprising the Western Landfill Area (WLA
Phases 6 to 11) to the west of the previously permitted hazardous waste landfill site.

The 2014 HRA was based on a preliminary HRA prepared in 2011 (reference 4) in
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1.5

1.6

support of a Development Consent Order (DCO) for the WLA. In the 2011 preliminary
HRA information from an HRA review prepared in August 2008 (reference 5) and the
original EP application HRA prepared in December 2004 (reference 6) together with
updated monitoring data were used to develop a LandSim model to assess the
potential impact of the preliminary design of the WLA. The 2014 HRA took into
consideration changes to the design of the WLA since the 2011 preliminary HRA was
prepared together with changes to the conceptual site model based on information
collected during a site investigation in the WLA in 2013 (reference 7) and
environmental monitoring carried out at the site since the preparation of the 2011

preliminary HRA.

It is stated in condition 3.1.5 of EP variation number EPR/TP3430GW/V005 for
ENRMF that:

“The operator shall submit to the Environment Agency a review of the

Hydrogeological Risk Assessment:

(a) between nine and six months prior to the fourth anniversary of the

granting of the permit; and

(b) between nine and six months prior to every subsequent six years after

the fourth anniversary of the granting of the permit.”

If it is assumed that the 2008 HRA review was the first HRA review and that the 2014
HRA comprised the second HRA review then this report comprises the third HRA
review for the site since the original EP was issued. This report comprises the first
HRA review for the site following the issue of EP variation reference
EPR/DP3639LM/V005 in October 2015 with future HRA reviews due every six years.

Leachate level and groundwater level and quality monitoring data for the period May
2014 to March 2021 and leachate quality monitoring data for the period May 2014 to
February 2021 have been reviewed. The CQA validation reports for the construction
since 2014 of Phase 6 (cells 6A, 6B and 6C) and Phase 10 have been reviewed to
confirm that the values for the engineering containment parameters used in the 2014
HRA are consistent with the phases constructed at the site. The data and information
have been compared with the assumptions made in the conceptual model presented
in the 2014 ESID (reference 3) on which the 2014 HRA is based together with the
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1.7

1.8

1.9

1.10

values for the parameters used in the modelling in the 2014 HRA. The positions of
the monitoring locations together with the key features of the site are shown on Figure
HRA 2.

Where necessary the HRA models have been updated to demonstrate that the impact
of the site on groundwater is compliant with Schedule 22 of the Environmental
Permitting (England and Wales) Regulations 2016 which have replaced the 2010
regulations referred to in the 2014 HRA. The results of the HRA review are presented

in this report.

Revised HRA (2021 HRA) to support the application to vary the EP to extend

the area of the landfill site

A site investigation in the proposed western extension area was undertaken between
November 2019 and March 2020. A total of twenty six boreholes were drilled round
the perimeter of and within the proposed western extension. The results of the site
investigation have been used to update the conceptual site model to include the
western extension area and are presented in the ESID report submitted with the
application to vary the EP (reference 8). The site investigation report is presented as
an Appendix to the ESID report. The scope of the site investigation was agreed with
the Environment Agency. The results of the site investigation have been used to
inform the design of the western extension area presented in the application to vary
the EP. The principles of the thickness of the geological barrier to be left in situ
beneath the western extension area have been the subject of consultation with the
Environment Agency including a meeting held on 17 July 2020 for the purpose of
receiving pre-application advice prior to the preparation of the landfill design and the
application to vary the EP. A record of the pre-application advice is provided at
Appendix HRA A.

The conceptual site model is presented in the ESID (reference 8) including a
description of the geology, hydrogeology and hydrology of the site. Geological cross
sections through the currently permitted landfill and the western extension area are
presented in the ESID report. A schematic cross section as a summary of the

conceptual site model for the western extension area is presented on Figure HRA 3.

Following completion of the HRA review, the HRA model has been revised to include

the proposed western extension to the west, north west and south west of the
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1.1

1.12

currently permitted site. The results of the revised models are presented in this
report. This report includes the revised HRA in support of the application to vary the
EP for the hazardous waste landfill to include the western extension. The revised
HRA is included in the same report as the HRA review document as agreed with the
Environment Agency (Appendix HRA A). The revised HRA is referred to as the 2021
HRA for the purpose of this report.

For ease of reference for the Environment Agency in determining the application to
include the western extension, a sign posting document is included at Appendix HRA
B in respect of the template for HRAs. The document identifies where the information
for each section of the template for HRAs relevant to the western extension can be
located in this document which includes both the review of the 2014 HRA and the

2021 HRA for the proposed western extension.

EP EPR/FB3598DD for the disposal of Low Level Radioactive Waste (LLW) in Phase
4B onwards and up to Phase 11 of the landfill site was issued in 2015 superseding
the permit issued in 2011 for the disposal of LLW in phases 4B, 5A and 5B. It is
intended that the disposal of LLW will continue in future phases in the western
extension area. The assessment of potential radiological impacts from the disposal
of LLW on water resources is the subject of a separate assessment as part of a

variation to be made to the LLW Permit and is not considered in this HRA.
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Review of the conceptual site model
Sources

In the HRA the lifecycle of the landfill is divided into three stages. The first stage
comprises the operational phase of the landfill up to the completion of filling with
waste where active leachate management is undertaken during active waste
deposition. The second stage comprises the post closure managed phase of the
landfill where all areas of the site are restored and active leachate management
continues. The third stage comprises the point beyond which active management is

necessary. During the third stage there will be no active leachate management.

Since the issue in 2015 of EP variation reference EPR/TP3430GW/V005 there have
been no significant changes to the permitted site operations. Since the preparation
of the 2014 HRA (reference 1) the main changes at the site with respect to the
development of the landfill comprise the construction of phases 6 and 10, the
completion of the capping of phases 1, 2, 4A, 5A, 6A and 6B and the temporary
capping of phase 5B. Landfilling is currently ongoing in phases 6C and 10. Phase 7
is currently being constructed. Phases 3 and 4B remain unchanged since 2014 with
phase 3 being fully capped and phase 4B covered with temporary capping. ENRMF
hazardous waste landfill is in the first or operational stage of the landfill life cycle
considered in the HRA.

Leachate levels at the site are reviewed in the section on the review of essential and

technical precautions (Section 3) of this HRA review.
Leachate quality

There have been changes to the classification of some substances as hazardous
substances or non-hazardous pollutants since the 2014 HRA was carried out for the
site with some hazardous substances for groundwater modelled in the 2014 HRA
being reclassified as non-hazardous pollutants. Cadmium and naphthalene which
are included in the hazardous substance leachate source term for the previous HRAs,

have been reclassified as non-hazardous pollutants.

Leachate concentrations for each determinand modelled in the 2014 HRA have been
reviewed over the monitoring period May 2014 to February 2021 comprising the

period of monitoring following that reviewed in the 2014 HRA. The leachate
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2.6

2.7

concentrations have been compared with the values used in the 2014 HRA. The
results of the comparison of the leachate quality data with the 2014 HRA source term
are presented in Table HRA 1. The re-classification of substances as non-hazardous
pollutants has been included in the table. An electronic copy of the leachate quality

monitoring data reviewed is presented at Appendix HRA C.

In the 2014 HRA the currently permitted landfill comprised phases 1 to 5 and the WLA
comprised the future landfill phases 6 to 11. Phases 1 and 2A comprise co-disposal
areas with hazardous and non-hazardous wastes deposited in the phases. Phase
2B is predominantly filled with hazardous waste with a limited amount of co-disposal.
In the 2014 HRA the source term for the future phases in the WLA generally were
consistent with those used for Phases 1 to 5 except for ammoniacal nitrogen and
chloride. The ammoniacal nitrogen concentrations recorded in the leachate in the
co-disposal phases of the current landfill were greater than the concentrations
recorded in the hazardous waste phases hence the ammoniacal nitrogen source term
concentration for Phases 1 to 5 were based on the combined quality of the hazardous
waste phases and the co-disposal phases and the source term for the WLA was
based on the ammoniacal nitrogen concentrations recorded in the hazardous waste

phases only.

At the time of the 2014 HRA the current site was permitted to accept wastes with
levels of chloride which derogate from the hazardous Waste Acceptance Criteria by
up to 3 times until December 2015. It was assumed that the cells in the WLA would
not accept waste during 2015 as filling would continue in Phases 1 to 5 hence the
source term for the WLA was adjusted to reflect the change in the Waste Acceptance
Criteria for chloride at the site. The current landfill was included in the model
presented in the 2014 HRA so that the cumulative impact of aqueous contaminants
from the current and future landfill areas at the site at the receptor was modelled
where appropriate. In fact, as a result of changes in government policy, the
derogation of chloride from the hazardous Waste Acceptance Criteria by up to 3 times
did not cease in December 2015 and has not yet been removed. For this HRA review
the chloride leachate quality data for Phases 1 to 5 have been compared with the
2014 HRA leachate source term for those phases and the leachate quality data
recorded in the hazardous waste phases only of Phases 1 to 5 and in Phase 6 have
been compared with the 2014 HRA leachate source term for the WLA consistent with

ammoniacal nitrogen concentrations.
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Where concentrations recorded in the leachate over the review period exceed the
concentrations in the source term used in the 2014 HRA the source term has been
updated. While some of the updated source terms are not significantly different to
the 2014 source term concentrations, due to the re-classification of some substances
as hazardous substances or non-hazardous pollutants, a comprehensive update of
the source term has been carried out to include all revisions identified. The
classification of substances has an impact on the location at which compliance is
assessed as set out in Section 2.25 and 2.26 below. With the reclassification of
cadmium and naphthalene as non-hazardous pollutants, to redress the balance of
hazardous substances and non-hazardous pollutants used in the source term of the
LandSim models arsenic has been added to the hazardous substances included in
the source term. The relevant chemical and attenuation properties for arsenic used

in the updated LandSim model are presented in Table HRA 2.

With the exception of the addition of arsenic, the concentrations of hazardous
substances recorded in the leachate since the preparation of the 2014 HRA are within
the range of concentrations used in the source term of the 2014 HRA in all of the
landfill cells or phases and no revisions to the source term concentrations are
necessary. With the exception of naphthalene and zinc there have been revisions to
the concentrations of all non-hazardous pollutants used in the source term of the
2014 HRA in some or all of the landfill phases. The results of the LandSim modelling

run with the updated source terms are presented in Section 4.
Waste porosity

The waste porosity input parameter in LandSim is not clearly defined as total porosity
and as such effective porosity or drainable porosity of waste values have been used
in the 2014 LandSim models for ENRMF. It does not state in the LandSim manual
how waste porosity is used in the model calculations. Based on comments from the
Environment Agency on other sites where this approach has been taken, the
LandSim manual has been reviewed and it is assumed that waste porosity is used
along with field capacity to calculate the “Free draining volume of leachate present in
the waste mass (Vfd)” parameter presented in equation 4 of the LandSim 2.5 manual
update (page Xl) calculating leachate levels. It is assumed that the volume, Vfd, is
calculated using a drainable porosity parameter calculated from (total) waste porosity

minus field capacity which implies that the waste porosity used in LandSim is the total
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213

porosity of the waste rather than the effective porosity or drainable porosity assumed
in the 2014 LandSim models. On this basis and as summarised in Table HRA 3
revised waste porosity values have been calculated and comprise the effective
porosity or drainable porosity of waste values used as waste porosity in the 2014
LandSim models added to the field capacity values in the models. This approach has

been accepted by the Environment Agency on other sites.
Western extension

The source term used for the 2021 HRA are presented in Table HRA 4. The
dimensions of the landfill in the western extension used in the 2021 HRA are
presented in Table HRA 5.

Pathways

In respect of the pathway through the basal liner, the CQA validation reports for
engineering carried out at the site since the 2014 HRA are reviewed in the section in
this report on the review of essential and technical precautions (Section 3) as part of
the HRA review.

The conceptual site model (CSM) for the site on which the 2014 HRA is based is
described in the 2014 ESID (reference 3) and the geology at and in the vicinity of the
proposed western extension area is presented in the 2021 ESID report submitted
with the application to vary the EP (reference 8). In summary, the geology comprises
glacial till (formerly boulder clay) where present, overlying the Blisworth Limestone
Formation in the south eastern corner of the currently permitted site and northern part
of the proposed western extension area. In the remainder of the site the glacial till
where present overlies the Rutland Formation which comprises mainly clays and silty
clays. The Rutland Formation underlies the Blisworth Limestone Formation (where
present) and is underlain in turn by the Lincolnshire Limestone Formation, the
Grantham Formation, the Northampton Sand Formation and the Whitby Mudstone
Formation. In part of the proposed western extension area the glacial till directly
overlies the Lincolnshire Limestone Formation with both the Rutland Formation and
Blisworth Limestone Formation absent. The Lincolnshire Limestone Formation
comprises mainly limestones, sandy limestones and sandstones. The Grantham

Formation and Northampton Sand Formation are not easily differentiated at the site
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2.16

and comprise mainly silt, clay, sand and sandstones. The Whitby Mudstone

Formation comprises mudstone and clay.

The Grantham Formation includes a thin laminated clay unit observed in the majority
of boreholes round the perimeter of the currently permitted site and the proposed
western extension area. This clay unit is of variable thickness between 0.1m and
1.5m thick where recorded and considered to be laterally discontinuous as the unit is
absent at a number of locations across the currently permitted site. Beneath the
proposed western extension area this clay unit is generally laterally extensive but
thinner typically ranging from 0.1m to 0.8m in thickness and pinching out near to the
southern boundary of the proposed western extension area. Given the often thin and
locally discontinuous nature of this clay unit in the Grantham Formation generally, the
Lincolnshire Limestone Formation and Northampton Sand Formation are considered
to be in hydraulic continuity at the site and are considered to form a single aquifer

unit.

The Blisworth Limestone Formation and Lincolnshire Limestone Formation are
designated as Principal aquifers by the Environment Agency. The glacial till is
designated as a Secondary undifferentiated aquifer and the Rutland Formation is
designated a Secondary B aquifer. The Grantham Formation is designated a
Secondary undifferentiated aquifer and the Northampton Sand Formation is

designated a Secondary A Aquifer.

The Blisworth Limestone Formation where present at the site occurs close to ground
level and is thin and of insignificant resource value. The Lincolnshire Limestone
Formation and Northampton Sand Formation are considered to be in hydraulic
continuity at the site and are considered to form a single aquifer unit. The pathway
for the migration of leachate from the site will be through the basal liner of the landfill,
vertically through the unsaturated zone of the Lincolnshire Limestone Formation and
to the groundwater in the Lincolnshire Limestone Formation. For the WLA (Phases
6 to 11) approximately 2m of the Rutland Formation has been and is being left in situ
between the base of the liner and the top of the Lincolnshire Limestone Formation to
act as part of the natural geological barrier. The 2m thickness was informed by
sensitivity analysis of the LandSim models presented in the 2014 HRA (reference 1).

However, for the purposes of the modelling carried out in the 2014 HRA it is assumed
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2.20

conservatively that the 2m of in situ Rutland Formation beneath the WLA is not

present.

Groundwater levels recorded at boreholes round the perimeter of the currently
permitted site recorded between November 2003 and March 2021 are presented on
Figure HRA 4A. As can be seen on Figure HRA 4A groundwater levels at the
currently permitted site fluctuate within similar ranges between May 2014 and March
2021 compared with between November 2003 and April 2014. The unsaturated zone
thicknesses calculated for Phases 1 to 5 and the WLA (Phases 6 to 11) based on
groundwater levels recorded between May 2014 and March 2021 are similar to albeit
slightly less than the values used in the 2014 HRA (Table HRA 2).

It is assumed in the 2014 HRA that groundwater flow in the Lincolnshire Limestone
Formation/ Northampton Sand Formation is to the south and south east with the
deregulated/ private groundwater abstraction approximately 1.1km south east of the
site at Law’s Lawn comprising the closest sensitive receptor. The pathway length
used in the models comprises the distance to the site boundary of a minimum 40m
from the southern edge of the landfill. Based on the groundwater levels presented
on Figure HRA 4A it is considered that there has been no significant change in the
groundwater regime at the site since 2014 hence the assumptions made in the 2014
HRA with respect to the saturated pathways and groundwater flow direction remain

valid.

Indicative groundwater level contours are presented on Figure HRA 5 for the
groundwater in the Lincolnshire Limestone Formation/ Northampton Sand Formation.
The groundwater level contours have been interpolated from the groundwater levels
recorded in June 2020 at the monitoring boreholes at and in the vicinity of the
currently permitted site and the proposed western extension. Hydraulic gradients
across the currently permitted site including the WLA generally are within the range
of gradients used in the 2014 HRA.

Western extension

Consistent with the WLA and as agreed with the Environment Agency during pre-
application consultation, it is proposed that 2m of the Rutland Formation or glacial
clay will be left in situ between the base of the liner and the top of the Lincolnshire

Limestone Formation in the western extension to act as part of the natural geological
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barrier (Figure HRA 3). For the purposes of the modelling carried out in the 2021
HRA it is assumed conservatively that the 2m of in situ Rutland Formation beneath

the western extension is not present.

Groundwater levels recorded at boreholes round the perimeter of the proposed
western extension recorded between January 2014 and March 2021 are presented
on Figure HRA 4B. The groundwater levels recorded in the boreholes installed in
2019/ 2020 are within the range recorded in the boreholes round the current ENRMF
site with the exception of the boreholes K34 to K37 along the southern boundary of
the western extension where groundwater levels are lower. The lower groundwater
levels recorded at boreholes K34 to K37 are consistent with groundwater flow
towards the south as expected and the levels are between those recorded at the
current ENRMF site and those recorded at borehole K09 located approximately 700m
south east of the site. The thickness of the unsaturated zone is calculated based on
groundwater levels recorded between November 2003 and March 2021 and the level
of the top of the Lincolnshire Limestone Formation for use in the 2021 HRA to include

the western extension (Table HRA 5).

The Lincolnshire Limestone Formation/ Northampton Sand Formation aquifer was
locally confined by the Rutland Formation at boreholes K30 and K31 located along
the eastern boundary of the northern area of the western extension between
December 2019 and March 2020 and over a similar period in 2020/ 2021. Since
monitoring records began at the site in November 2003, the highest recorded
groundwater levels were recorded at the majority of boreholes over the winter/spring
of 2019/ 2020 or 2020/ 2021 (Figure 4A) including at borehole KO1 comprising the
closest borehole to K30 and K31 with a long-term monitoring record. The maximum
groundwater levels at KO1 in the winter/spring of 2019/ 2020 and 2020/ 2021 were
76.02mAOD and 74.74mAOD respectively. Groundwater levels above 74mAOD
have been recorded on one other occasion only over the monitoring record at
borehole K01 in 2007. Over the period of elevated groundwater levels at K30 and
K31 levels at KO1 down to approximately 71mAOD were recorded. As a conservative
maximum it could be inferred that groundwater in the vicinity of boreholes K30 and
K31 may have been locally confined during the monitoring period November 2003 to
March 2021 when groundwater levels at borehole KO1 exceed 71mAOD comprising
10% of monitoring occasions. The impact of the highest groundwater levels recorded
at boreholes during the period December 2019 to March 2020 and December 2020
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2.25
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to March 2021 is assessed by sensitivity analysis of the revised HRA Landsim model
presented at Section 5 with respect to the unsaturated zone thickness of the northern
area of the western extension. The elevated groundwater levels are recorded at
boreholes K30 and K31 are below the proposed basal levels of Phases 13 and 14 of

the western extension adjacent to the boreholes.

The groundwater contours presented on Figure HRA 5 show that in general
groundwater flows from north to south across the western extension area consistent
with the current ENRMF site with an element of flow towards the west in the central
area of the western extension. The closest sensitive receptor to the western
extension area comprises the issue to the south where the tributary of the Willow
Brook emerges approximately 0.8km south south east of the western extension.
Consistent with the 2014 HRA the pathway length used in the models comprises the

distance to the site boundary of a minimum 40m from the southern edge of the landfill.

Saturated pathway thicknesses calculated based on groundwater levels recorded
between November 2003 and March 2021 and the level of the top of the clay layer
within the Grantham Formation as a conservative assumption where present or the
top of the Whitby Mudstone Formation for use in the 2021 HRA to include the western
extension are presented in Table HRA 5. Hydraulic gradients across the western
extension generally are within the range of gradients used in the 2014 HRA with the
exception of the southern area where gradients are shallower. Hydraulic gradients
calculated based on groundwater levels recorded between November 2003 and
March 2021 for use in the 2021 HRA to include the western extension are presented
in Table HRA 5.

Receptors

Details of all licensed, deregulated and private water abstractions located within 2km
of the site are presented in the 2021 ESID report (reference 8). Based on the records
provided there are no additional abstractions located down hydraulic gradient and

within 2km of the site to those reported in 2014.

As described in the 2014 HRA, the compliance point for hazardous substances in
groundwater will be at one or more boreholes down hydraulic gradient and directly
adjacent to the landfill. No contaminant attenuation is assumed for hazardous

substances in the groundwater pathways so that only the effect of immediate dilution
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2.28

2.29

2.30

2.31

2.32

after the discharge enters the groundwater is modelled. For the purpose of the HRAs
the receptor for hazardous substances is at a monitoring borehole down hydraulic

gradient of the phase boundary.

As described in the 2014 HRA, the compliance point for non-hazardous pollutants in
groundwater will be at one or more boreholes down hydraulic gradient and adjacent
to the landfill. For the purpose of the HRAs the receptor and compliance point for
non-hazardous pollutants is at a monitoring borehole 40m down hydraulic gradient of

the landfill and adjacent to the EP boundary.

The secondary receptors closest to the site for non-hazardous pollutants migrating
from the landfill is an abstraction borehole located approximately 1.1km down

hydraulic gradient of the current ENRMF site.

Environmental Assessment Levels (EALs) were proposed in the 2014 HRA
(reference 1) based on laboratory detection limits, background groundwater quality
data or the Drinking Water Standard (DWS) depending on which is more appropriate.
EALs are the concentrations of substances above which there may be a discernible
discharge of hazardous substances to groundwater and pollution of groundwater by
non-hazardous pollutants at the respective receptors. The EALs are presented in
Table HRA 1. The EALs have been reviewed as part of the review of the impacts on

groundwater quality section (Section 5) of this HRA review.
Western extension

The compliance point for hazardous substances and non-hazardous pollutants for
the western extension are consistent with the current ENRMF site. For the purpose
of the 2021 HRA the receptor and compliance point for hazardous substances is at a
monitoring borehole down hydraulic gradient of the phase boundary and the receptor
and compliance point for non-hazardous pollutants is at a monitoring borehole 40m

down hydraulic gradient of the landfill and adjacent to the EP boundary.

The secondary receptor closest to the site for non-hazardous pollutants migrating
from the landfill is the issue to the south where the tributary of the Willow Brook

emerges approximately 0.8km south south east of the western extension.

The EALs for the 2021 HRA are consistent with those used in the HRA review
presented in Table HRA 1 and are reproduced in Table HRA 4.
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2.34

2.35

2.36

2.37

Summary of changes to the sources, pathways or receptors

In summary the changes to the conceptual site model since the 2014 HRA was

carried out are:

. reclassification of cadmium and naphthalene as non-hazardous pollutants and
the addition of arsenic to the source term as a hazardous substance (Table
HRA 1),

. updates to the source term used in the 2014 HRA based on the leachate quality
recorded over the review period and the reclassification of substances (Table
HRA 1)

o waste porosity revisions (Table HRA 2)

The results of the HRA review re-run models are presented in Section 4 and Table
HRA 6.

2021 HRA for the western extension

The input parameters for the revised Landsim models to include the western
extension are presented in Table HRA 4 and Table HRA 5. All input parameters are
included in the tables including those for the currently permitted ENRMF landfill for

completeness.

The thicknesses used as input values for the Landsim models in the 2014 HRA for
the unsaturated zone have been updated for the currently permitted landfill and
western landfill areas based on the groundwater level monitoring data recorded
between November 2003 and March 2021. While these values are not significantly
different to those used in the 2014 HRA (Table HRA 2) they have been updated for
completeness and to correct an error in the ground level used to calculated the
groundwater level hence the unsaturated zone thickness at borehole K12 in the 2014
HRA.

The results of the 2021 HRA to assess the western extension are presented in
Section 5 and Table HRA 7.
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3.2

3.3

3.4

Review of the essential and technical precautions

For the purpose of reviewing the essential and technical precautions the leachate
level monitoring data and the available CQA reports for the construction of Phase 6
and Phase 10 have been reviewed and compared with the assumptions and values

for the parameters used in the 2014 HRA (reference 1).
CQA data

The results of the comparison of landfill liner data from the CQA reports for Cells 6A
to 6C of Phase 6 (references 9 to 11) and Phase 10 (reference 12) with the values
for the parameters used in the 2014 HRA (reference 1) are presented in Table HRA
2. Based on a review of the available landfill liner data from the CQA reports the data
are within the range of values for the parameters used in the 2014 HRA or show that

the values for the parameters used in the 2014 HRA are conservative.

Phases 6 and 10 comprising the constructed phases of the WLA have been
separated out in the HRA review re-run model with the hydraulic conductivity of the
liner presented in a log triangular distribution using the lower quartile, geometric mean
and 90" percentile of the data for Phases 6 and 10 (values in brackets in Table HRA

2) consistent with the approach taken for Phases 1 to 5 in the model.

There is a significant amount of data for testing of the hydraulic conductivity of the
clay materials excavated from ENRMF and used to construct clay liners to a CQA
criterion of 1 x 10°m/s at ENRMF and the nearby Augean Thornhaugh Landfill Site.
A total of 270 samples of clay liner material from the construction of Phases 6 and 10
at ENRMF and Phases 3 to 7A at Thornhaugh Landfill have undergone laboratory
hydraulic conductivity testing for the purpose of CQA verification. The data are
presented at Appendix HRA D. As can be seen from the graphs presented at
Appendix HRA D the data spans orders of magnitude and appears to be skewed to
the lower end of the range. When the log values of the hydraulic conductivity are
presented graphically the distribution appears normal hence the distribution of the
data is log normal. Consistent with Environment Agency guidance on the selection
of model input parameters (reference 13) a log normal distribution is typically used to

describe the variation in hydraulic conductivity values.
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3.7

The values for the hydraulic conductivity of the liner in Phases 7 to 9 and Phase 11
of the WLA have been updated to the log normal distribution of the significant amount
of data for the hydraulic conductivity of the clay materials excavated from ENRMF

and used to construct clay liners to a CQA criterion of 1 x 10°°m/s (Table HRA 2).
Leachate level

A leachate level compliance limit of 5m above the top of the basal landfill liner is set
in Table S3.1 ‘Leachate level limits and monitoring requirements’ of the EP for the
site (reference 2). The leachate level limit of 5m is set for both operational cells and
non operational cells for the period from the issue date of the current EP in October
2015 to 30 December 2026. The increase in leachate level limit was to allow for the
storage of an increased quantity of leachate so that it is available for use in the waste
treatment plant operations at the site. Based on the current EP, after 31 December
2026 the leachate limit for all cells will be set at 1m above the top of the basal landfill
liner. Itis proposed as part of the EP variation application to extend the period of the
5m leachate limit in the currently permitted ENRMF landfill (i.e. Phases 1 to 11 of the
landfill site) from 2026 to 2046 (2021 HRA). Leachate levels recorded at the site
between January 2014 and March 2021 are shown on Figure HRA 6. Generally
leachate levels are below the leachate level limit of 5m with exceedances of the
leachate level limit recorded on a number of occasions in leachate wells KCLW2A2,
KCLW2A3, KCLW3B1, KCLW4A1, KCL5A1 and KCLW5B1 over the monitoring
period reviewed. It is considered that in general the leachate levels are managed

and maintained below the compliance limit.

It is understood that leachate wells KCLW1A1, KCLW2A3 and KCLW2B3 have
become blocked and are not in use currently. It is understood that leachate well
KCLW1A1 became unblocked during engineering works in the area at the end of
2020 to the extent that leachate levels can now be monitored in the well. During the
current period when leachate levels are permitted to be up to 5m above the cell base
there are more than sufficient remaining leachate monitoring/extraction wells in the
Phase 1 and 2 area to provide leachate control and monitoring in accordance with
Environment Agency guidance. At the time when leachate levels are required to be
returned to 1m above the base it will be necessary to review the suitability of the
leachate monitoring, extraction and control infrastructure within Phases 1A, 1B, 2A
and 2B.
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3.10

Consistent with the long term compliance limit the leachate level in the re-run HRA
review LandSim model and the LandSim model in support of the 2021 HRA for the
proposed western extension are set at 1m. The LandSim models have been run with
a leachate level of 5m in the currently permitted landfill with results from the first
100year time slice presented in this report to represent the potential impacts from the
short term compliance limit of 5m. There are no proposals for a short term leachate

level compliance limit of 5m in the western extension.

Cap material/ infiltration

As presented in section 3 of the ESID (reference 8) the rainfall data for the
meteorological station at Wittering Airfield has been updated. As detailed in section
2 above, the capping works in Phases 1, 2, 3, 4A, 5A, 6A and 6B is complete with
Phases 4B and 5B covered with temporary capping. It is understood that capping of
all phases has been completed with clay with the exception of sections along the
northern slope of Phases 1 and 2A, Phase 2B and Phase 3. It is understood that a
combination of a Geosynthetic Clay Liner (GCL) with a geomembrane have been
used to cap the northern slope of Phases 1 and 2A, Phase 2B and Phase 3. As such,
all capped phases of the site have a component of clay capping. It is proposed that
future capping works will be completed using clay. On the basis that clay has been
and will be used to cap the site, infiltration parameters used for the landfill have been
reviewed. Calculations for potential infiltration through a 1m clay cap are presented
at Appendix HRA E.

The infiltration parameters used in the revised HRA review model models have been
updated to reflect the updated rainfall data and the use of a clay cap. The updated
parameters are used in the 2021 HRA (Table HRA 5). The currently permitted design
includes for either a clay cap or a geomembrane cap. The EP variation application
includes for either a clay cap or a geomembrane cap. As there are geomembrane
elements to limited areas of cap over the restored areas of the currently permitted
landfill and in the future the cap could comprise a geomembrane, sensitivity analyses
have been run for both the revised HRA review model and the 2021 HRA with

geomembrane caps.
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4.2

4.3

HRA review modelling

As set out in Section 2, the source term concentrations have been updated where the
concentrations recorded in the leachate over the review period exceed the
concentrations in the source term used in the 2014 HRA model. The updated model
has been run in LandSim version 2.5.17. The reclassification of substances as
hazardous substances or non-hazardous pollutants has an impact on the location at
which compliance is assessed. The reclassification of substances as non-hazardous
pollutants has been addressed as part of the updated model runs in this HRA review.
There have been revisions to the concentrations for the non-hazardous pollutants
chloride and manganese and arsenic has been added to the hazardous substance

source term.

The updated model incorporates changes to the conceptual site model with changes
to the waste porosity. The model phase boundaries have been updated such that
the currently permitted landfill area from the 2014 HRA comprising Phases 1 to 5 is
labelled as the permitted eastern area, Phase 6 and the current operational Phase
10 have been separated out from the WLA and are labelled P6 & 10 permitted
western area, and the WLA comprising the future Phases 7 to 9 and 11 are labelled
P7-9 & 11 permitted western area. The hydraulic conductivity values of the clay liner
for P6 & 10 permitted western area comprise values derived from the CQA data for
these phases consistent with those for the permitted eastern area. The hydraulic
conductivity values of the clay liner for P7-9 & 11 permitted western area comprise a
log normal distribution using the mean and standard deviation from the results of
hydraulic conductivity tests of 270 samples from Phases 6 and 10 at ENRMF and
Phases 3 to 7A at the nearby Augean Thornhaugh Landfill site which have been
constructed with the same clay materials excavated at ENRMF and proposed for use
in the future cells with a CQA criterion for the construction of the compacted clay

landfill liner of 1 x 10°m/s.

Consistent with the 2014 HRA, for the purposes of this HRA review the receptor for
hazardous substances in the LandSim model is the assumed down hydraulic gradient
monitoring point adjacent to the landfill phases. The receptor for non-hazardous
substances is the groundwater at a monitoring borehole down hydraulic gradient of
the landfill and adjacent to the EP boundary. The compliance point in the model has

been moved such that it is located on the boundary between the constructed phases
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4.7

of the WLA and the future phases of the WLA to assess the maximum cumulative

impact from the landfill phases.
Emissions to groundwater

The results of the updated LandSim model are summarised in Table HRA 6. An
electronic copy of the LandSim model and result file are presented at Appendix HRA

C. A hard copy of the LandSim model is presented at Appendix HRA F.
Hazardous substances

The results of the LandSim model show that there will be no discernible discharge of
hazardous substances above the relevant EALs at the 50 percentile or the 95"
percentile results to the groundwater at the assumed monitoring point adjacent to the
boundary of the landfill phases during the operational or post closure managed

phases of the landfill.
Non-hazardous pollutants

The results of the LandSim model show that there will be no exceedances of the
groundwater EALs by non-hazardous pollutants at the 50" percentile or 95
percentile results at the non-hazardous pollutant receptor during the operational or

the post closure managed phases of the landfill.
Warning messages

Consistent with the 2014 HRA model following completion of the model run an on-
screen warning is displayed stating that ‘leakage rate decreasing’ during the current
simulation. The leachate level is fixed at 1m hence leakage should be consistent
throughout the life of the model. From the hydraulics results of the model for the
leakage from the landfill there is no detectable decrease in leakage rate shown during
the life of the model. It is considered that any period over which the leakage rate
decreases must be very short and very slight only hence will not have a significant
impact on the overall results of the model and that the input parameters used are

appropriate.
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Sensitivity analysis

A leachate level limit of 1m is set for all phases in the re-run of the HRA review
LandSim model the results for which are presented in Table HRA 6. As discussed in
Section 3 a leachate level compliance limit of 5m above the top of the basal landfill
liner is set in the EP for the site to allow for a greater volume of leachate storage for
use in the waste treatment plant operations at the site. The leachate level limit of 5m
applies for all phases at the currently consented site and is a temporary limit for the
period up to 31 December 2026. After 31 December 2026 the leachate limit for all
cells will be specified at 1m above the top of the basal landfill liner. The proposal to
extend the period of the 5m leachate limit from 31 December 2026 to 31 December
2046 for Phases 1 to 11 as part of the EP variation application is assessed in the
2021 HRA (Section 5).

To assess the risk to groundwater from leachate levels above 1m the re-run HRA
review model has been run with a leachate head input value of 5m in the permitted

phases. The results from the first 100year time slice are provided below.
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The results of the model for a temporary 5m leachate head compliance limit
during the period of operation of the waste treatment plant included in the

model time slice period 0 to 100 years

Substance Environmental Maximum Maximum
Assessment concentration at | concentration at
Level (EAL) the 95th the 50th
(mgl/l) percentile percentile
Hazardous substances
Arsenic 0.035 - -
Dichlorprop 0.00005 - -
Toluene 0.001 - -
Trichloroethene 0.001 - -
Non-hazardous pollutants
Ammoniacal N 0.39 - -
Cadmium 0.0007 - -
Chloride 250 306 43
Manganese 0.46 - -
Naphthalene 0.00001 - -
Zinc 0.1 - -

The results of the sensitivity analysis show that there will be no exceedances of the
groundwater EALs by hazardous substances or non-hazardous pollutants at the 50
percentile or 95 percentile results at the relevant receptors during the operational or
the post operational phases of the landfill with the exception of chloride. The results
of the sensitivity analysis show that the concentration of chloride at the 95" percentile
results of 306mg/l exceeds the EAL of 250mg/l with a leachate head of 5m. The time
to exceedance of the EAL for chloride at the 95" percentile results is 87 years. The
increased leachate levels are permitted for a period of 11 years only. The model
predicts that in these time scales the breakthrough of chloride at the base of the clay
liner at the 50" percentile and 95" percentile results are below the EAL. Based on
the sensitivity analysis there is no significant increased risk to groundwater resulting
from temporary leachate levels above 1m and up to 5m for the period up to 31

December 2026 in the permitted landfill.

The results after the period of operation of the waste treatment plant are not valid as
leachate levels will be controlled at 1m in all phases after this period. Irrespective of
this, the results show at the 50th percentile (most likely) there would be no
exceedance of the EALs at the relevant receptors even if the leachate head was

maintained at 5m in the permitted phases of the landfill in perpetuity. The only
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exceedance of the EALs at the 95th percentile is an exceedance of the non-

hazardous pollutant chloride (results: 325mg/l, EAL: 250mg/l).

Consistent with the sensitivity analysis carried out of the period of management
control provided to the Environment Agency in response to a Schedule 5 notice
during the determination of the 2014 EP variation application (reference 14), the re-
run HRA review model has been run deterministically with a management control
period of 60 years to assess the change in the “Expected Values” (50" percentile or

most likely concentration).

The results of the sensitivity analysis of the management control period for the re-run
HRA review model are comparable with the results of the sensitivity analysis
undertaken on the 2014 HRA model in 2015. The results show that with a duration
of management control of 60 years the predicted “expected” or “most likely”
concentrations do not exceed the groundwater EALs for hazardous substances or
non-hazardous pollutants at the relevant receptors during the operational or the post

closure managed phases of the landfill.

As set out in section 3, as the currently permitted design includes for either a clay cap
or a geomembrane cap and as there are geomembrane elements to limited areas of
cap over the restored areas of the currently permitted landfill a sensitivity analysis
has been carried out on the cap design infiltration incorporating a geomembrane
caps. The re-run HRA review model has been run with the cap design infiltration

from the 2014 HRA. The results are provided below.
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The results of the model with a geomembrane cap

Substance Environmental Maximum Maximum
Assessment concentration at | concentration at
Level (EAL) the 95th the 50th
(mgl/l) percentile percentile
Hazardous substances
Arsenic 0.035 6.1E-04 -
Dichlorprop 0.00005 1.5E-10 -
Toluene 0.001 - -
Trichloroethene 0.001 - -
Non-hazardous pollutants
Ammoniacal N 0.39 8.1E-03 2.9E-07
Cadmium 0.0007 - -
Chloride 250 184 38
Manganese 0.46 1.4E-03 -
Naphthalene 0.00001 - -
Zinc 0.1 4.2E-06 -

The results of the sensitivity analysis show that there will be no exceedances of the

groundwater EALs by hazardous substances or non-hazardous pollutants at the 50

percentile or 95" percentile results at the relevant receptors during the operational or

the post closure managed phases of the landfill where a geomembrane cap is used.

An electronic copy of the sensitivity analysis LandSim models and result files is

presented at Appendix HRA C.

Based on the re-runs of the LandSim model undertaken using the updated source

term concentrations, waste porosity and clay liner hydraulic conductivity values it is

considered that the results are similar to those presented in the 2014 HRA and do

not change the conclusions of the HRA. The site remains compliant with Schedule

22 of the Environmental Permitting (England and Wales) Regulations 2016.
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2021 HRA in support of the application to vary the EP

The LandSim model updated as part of this HRA review has been revised to include
the proposed western extension. The source term for the revised model is presented
in Table HRA 4. All site input parameters are presented in Table HRA 5 including
references and justifications for the values selected where these differ from the 2014
HRA. The input parameters for the chemical and attenuation properties are
consistent with the 2014 HRA with the parameters for the added hazardous
substance arsenic presented in Table HRA 3 of this HRA review. A copy of Table
HRA 3 of the input parameters for the chemical and attenuation properties from the

2014 HRA is provided at Appendix HRA G for reference and completeness.
Emissions to groundwater

The results of the 2021 HRA LandSim model are summarised in Table HRA 7. An
electronic copy of the LandSim model and result file is presented at Appendix HRA

C. A hard copy of the LandSim model is presented at Appendix HRA H.
Hazardous substances

Consistent with the results of the HRA review model, the results of the 2021 HRA
LandSim model with the proposed western extension show that there will be no
discernible discharge of hazardous substances above the relevant EALs at the 50%"
percentile or 95" percentile predicted results to groundwater at the assumed
monitoring point adjacent to the boundary of the landfill phases during the operational

or post closure managed phases of the landfill.
Non-hazardous pollutants

The results of the 2021 HRA LandSim model show that there will be no exceedances
of the groundwater EALs by non-hazardous pollutants at the 50th percentile or 95
percentile predicted results at the non-hazardous pollutant receptor during the

operational or the post closure managed phases of the landfill.
Warning messages

Consistent with the 2014 HRA models and the re-run HRA review models, following

completion of the model run an on-screen warning is displayed stating that ‘leakage
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rate decreasing’ during the current simulation. The leachate level is fixed at 1m hence
leakage should be consistent throughout the life of the model. From the hydraulics
results of the model for the leakage from the landfill there is no detectable decrease
in leakage rate shown during the life of the model. It is considered that any period
over which the leakage rate decreases must be very short and very slight only hence
will not have a significant impact on the overall results of the model and that the input

parameters used are appropriate.
Sensitivity analysis

Consistent with the re-run HRA review model, a leachate level limit of 1m is set for
all phases in the 2021 HRA LandSim model the results for which are presented in
Table HRA 7. To assess the risk to groundwater from leachate levels above 1m the
2021 HRA model has been run with a leachate head input value of 5m in the currently
permitted phases (Phases 1 to 11). The leachate level limit of 5m applies for all
currently permitted phases at the site and will be a temporary limit for the period up
to 31 December 2046. After 31 December 2046 the leachate limit for all cells will be
set at 1m above the top of the basal landfill liner. There are no proposals for a 5m
leachate level limit in the western extension hence leachate levels remain at 1m in

these phases. The results from the first 100year time slice are provided below.
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The results of the model for a temporary 5m leachate head compliance limit
during the period of operation of the waste treatment plant included in the

model time slice period 0 to 100 years

Substance Environmental Maximum Maximum
Assessment concentration | concentration at
Level (EAL) at the 95th the 50th
(mgl/l) percentile percentile
Hazardous substances
Arsenic 0.035 - -
Dichlorprop 0.00005 - -
Toluene 0.001 - -
Trichloroethene 0.001 - -
Non-hazardous pollutants
Ammoniacal N 0.39 8.0E-08 -
Cadmium 0.0007 - -
Chloride 250 172 27
Manganese 0.46 - -
Naphthalene 0.00001 - -
Zinc 0.11 - -

The results of the sensitivity analysis show that there will be no exceedances of the
groundwater EALs by hazardous substances or non-hazardous pollutants at the 50
percentile or 95 percentile results at the relevant receptors during the operational or

the post closure managed phases of the landfill.

5.7 The results after the period of operation of the waste treatment plant are not valid as
leachate levels will be controlled at 1m in all phases after this period. Irrespective of
this, the results show at the 50th percentile (most likely) there would be no
exceedance of the EALs at the relevant receptors even if leachate head was
maintained at 5m in the permitted phases of the landfill in perpetuity. The only
exceedance of the EALs at the 95th percentile is a marginal exceedance of the non-

hazardous pollutant chloride (results: 254mg/I, EAL: 250mg/l).

5.8 Consistent with the sensitivity analysis of the period of management control carried
out for the re-run HRA review model, the 2021 HRA model has been run
deterministically with a management control period of 60 years to assess the change
in the “Expected Values” (50" percentile or most likely concentration). The results of
the sensitivity analysis of the management control period for the 2021 HRA model
are comparable to the results of the sensitivity analysis for the re-run HRA review
model. The results show that with a duration of management control of 60 years the

predicted “expected” or “most likely” concentrations do not exceed the groundwater
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EALs for hazardous substances or non-hazardous pollutants at the relevant receptors

during the operational or the post closure managed phases of the landfill.

5.9 To assess the impact of the highest groundwater levels recorded during the period
December 2019 to March 2020 and December 2020 to March 2021 the 2021 model
has been run with an unsaturated zone thickness in the northern area of the western
extension of 4.1m based on groundwater levels recorded at boreholes KO1 and K25
to K32 round the northern area between February 2020 and February 2021. The
results of the sensitivity analysis show that there will be no exceedances of the
groundwater EALs by hazardous substances or non-hazardous pollutants at the 50
percentile or 95" percentile results at the relevant receptors.

5.10 As set out in section 3, as the EP variation application includes for either a clay cap
or a geomembrane cap and as there are geomembrane elements to limited areas of
cap over the restored areas of the currently permitted landfill a sensitivity analysis
has been carried out on the cap design infiltration incorporating a geomembrane cap.
The 2021 HRA model has been run with the cap design infiltration from the 2014
HRA. The results are provided below.

The results of the model for with a geomembrane cap
Substance Environmental Maximum Maximum
Assessment concentration at | concentration at
Level (EAL) the 95th the 50th
(mg/l) percentile percentile
Hazardous substances
Arsenic 0.035 1.7E-03 -
Dichlorprop 0.00005 1.6E-08 -
Toluene 0.001 - -
Trichloroethene 0.001 - -
Non-hazardous pollutants
Ammoniacal N 0.39 0.0365 9.0E-06
Cadmium 0.0007 - -
Chloride 250 229 66
Manganese 0.46 4.6E-03 4.1E-06
Naphthalene 0.00001 - -
Zinc 0.11 2.1E-04 -
The results of the sensitivity analysis show that there will be no exceedances of the
groundwater EALs by hazardous substances or non-hazardous pollutants at the 50
percentile or 95™ percentile results at the relevant receptors during the operational or
the post closure managed phases of the landfill where a geomembrane cap is used.
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5.11

5.12

An electronic copy of the sensitivity analysis LandSim models and result files is

presented at Appendix HRA C.
Conclusion of the 2021 HRA in support of the application to vary the EP

Based on the 2021 HRA model there are no significant adverse impacts as a result
of the inclusion of the western extension area. It is proposed that 2m of glacial clay
or Rutland Formation will be retained in situ beneath the engineered basal liner of the
western extension consistent with the permitted western landfill area. The presence
of this insitu clay has not been taken into account in the models hence the predicted
impacts presented in this 2021 HRA are conservative and the insitu clay provides a
level of additional precaution within the site design. It is concluded that the site
including the proposed western extension will remain compliant with Schedule 22 of

the Environmental Permitting (England and Wales) Regulations 2016.
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6.1

6.2

Review of the impact on groundwater quality for the current landfill site
Groundwater compliance limits

The groundwater compliance limits and control levels for the site are set out in Table
HRA 8 of the 2014 HRA and Table S3.4 Groundwater emissions limits and monitoring
requirements of EP variation number EPR/TP3430GW/V005 for ENRMF landfill. The
compliance limits are set at the Environmental Assessment Limits (EAL) from the
2014 HRA. The monitoring points at which the compliance limits and control levels
should be applied for Phases 1 to 5 are the downgradient boreholes K04, K05, KOGA,
K12, K13A, K14A, K15A and K16 and for Phases 6 to 11 are the downgradient
boreholes K07, K08, K11 and K21. The groundwater quality monitoring data
collected between May 2014 and March 2021 have been reviewed and compared
with the compliance limits setin 2014. An electronic copy of the groundwater quality
monitoring data reviewed is presented at Appendix HRA C. A comparison of
groundwater quality data collected between May 2014 and March 2021 with the
compliance limits set in 2014 is presented on the chemographs presented at

Appendix HRA I. Revisions to the compliance limits are proposed where appropriate.
Hazardous substances

The hazardous substance arsenic is now included in the LandSim models for the site.
As arsenic was not included in the 2014 HRA, groundwater quality monitoring data
since 2003 has been reviewed to identify the trends in arsenic concentrations in the
