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Summary

1.1.1

Hannah Fraser of H Fraser Consulting Ltd is a hydrogeologist with 16 years’

experience in groundwater and land contamination projects, including many
quarrying, landfill and Environmental Impact Assessment studies. The full report has
more details of her background and relevant experience.
1.1.2

Hannah Fraser was asked by Action to Reduce and Recycle our Waste

(ARROW) to examine the available geological and hydrogeological data for
Whitemoss Landfill, and any other relevant information, to answer the following
questions:
•

Has the hydrogeology been adequately characterised and understood
in order to allow potential impacts to be properly assessed?

•

Does the modelling work provide reliable predictions of future impacts?

•

How certain is it that the Coal Measures can be adequately dewatered
through the lifetime of the operation, and have the hazards associated
with mining infrastructure been properly considered?

•

Have the likely quality and cost implications of treating the abstracted
groundwater been adequately considered?

•

30047R1v1
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How certain is it that the leachate management systems will properly

•

deal with groundwater rebound and leachate development once
operations cease, and that long term management plans will be
adequate?
1.1.3

Hannah Fraser visited the landfill on 19 June 2014, and reviewed the

Environmental

Statement

(ES),

Hydrogeological

Risk

assessment

(HRA),

Hydrogeological Risk assessment Review (HRA Review), Environmental Setting
Installation and Design (ESID), Mine Shaft Hazard Assessment (MSHA) reports,
along with 4 years’ (2010 – 2013) environmental monitoring returns.
1.1.4 The key findings of the review are:
Dewatering of the Peat and Shirdley Hill Sand Formation aquifer
1.1.5

The ES does not make any attempt to quantify the extent or volume of

dewatering of the shallow aquifer system as a result of excavation of the landfill void,
or to assess the likely impacts of such dewatering, which include subsidence of the
peat

and

potential material damage to

highways

infrastructure,

drainage

infrastructure and private property. This is in contravention of the Water Act (2003)
and the EIA Regulations (2011). Damage to drainage infrastructure has the potential
to create pollution of the shallow aquifer, in contravention of the Water Framework
Directive (2000).
Dewatering of the Coal Measures aquifer
1.1.6

The ES assumes that dewatering volumes will be similar to historic

abstraction volumes at the existing landfill, which are anecdotally reported as 450
m3/d, and not substantiated by monitoring data. Estimates of dewatering volumes
30047R1v1
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have been made, and a reasonable range presented as between 3,000 m3/d and
17,000 m3/d. The proposed drainage system is not sufficient to manage these
discharge volumes, and would rapidly become inundated, or result in off-site
discharges far in excess of the greenfield run-off rates. The proposed approach is
therefore considered to be in contravention of the Flood and Water Management Act
(2010). The discharge will contain hazardous substances and non-hazardous
pollutants, and proposals to treat the water prior to discharge are not insufficient to
protect controlled waters, which may results in contravention of the Water
Framework Directive (2000).
Water features survey
1.1.7

The local hydrogeological setting is highly complex, with relatively high

confined groundwater elevations in the Coal Measures. The proposal site has been
heavily undermined, with two shafts working two seams of coal below the site, and a
third seam worked, possibly from an off-site shaft. Hydraulic conductivity will derive
from fractures, faults, zones of mining subsidence, and derelict mine workings
including shafts, adits and tunnels, and will vary by several orders of magnitude
depending on the connectivity of these features. There has been insufficient work
done to characterise the hydraulic conductivity at the proposal site. The connectivity
of this system with local water features has not been adequately assessed, in
particular the evident location of a groundwater discharge zone to the south of the
site has not been considered. No attempt has been made to quantify the distance of
influence of dewatering of the excavation, and a detailed water features survey of the
local area has not been undertaken. This contravenes the Water Act (2003) and the
EIA Regulations (2011).
30047R1v1
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Hydrogeological risk assessment
1.1.8

The HRA supporting the ES does not properly consider the late post

operational stages of the landfill and assumes that leachate concentrations at this
stage will be benign. Assessment of the development of leachate chemistry as
leachate controls are removed and the waste mass becomes saturated is required in
order to comply with a direct request from the Environment Agency (Appendix A) and
the requirements of the Landfill Directive (1999). This work has not been done, and
is considered a significant deficiency in assessing long term risks from the landfill.
Requisite Monitoring and surveillance
1.1.9

The proposed monitoring for the landfill is deficient in that the suite of water

quality parameters is highly restricted and does not cover the range of likely
hazardous substances in the wastes disposed at the site (including priority
pollutants); the lack of annual leachate screening may result in significant pollution
going unidentified; proposals for derivation of surface water control and compliance
concentrations are not protective of surface water quality; and the lack of monitoring
of groundwater levels and groundwater discharge volumes mean that hydraulic
containment cannot be demonstrated. The proposals are considered to not meet the
requirements of the Landfill Directive or Environmental Permitting Regulations
(2010).
Basal Heave
1.1.10 Owing to the specific hydrogeological setting of this hazardous waste facility,
it is considered probable that the facility will suffer basal heave and rupture of the
landfill liner, compromising the hydraulic containment of the facility. In order to
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prevent basal heave, groundwater elevations must be rigorously controlled at below
the base of the landfill until a sufficient thickness of waste is present to balance
upwards hydrostatic forces. The thickness of waste required has been calculated
under several plausible scenarios of groundwater elevation and formation depth, and
it is concluded that the proposed depth of fill may be insufficient to control basal
heave. Additionally, it is not certain that operational controls on waste density and
groundwater elevations will be sufficient to ensure that basal heave is controlled
during landfilling operations and in the post operational phases. Uncertainty in fill
rates for the landfill exacerbate the risk of basal heave and rupture of the liner. This
failure scenario has not been adequately considered in the HRA, and the ES and
proposals for hydraulic containment are therefore not considered to meet the
requirements of the EIA Regulations (2011) or the Landfill Directive (1999).
1.1.11 It is concluded that the proposals present a significant risk to the water
environment, and that key aspects of the Environmental Statement concerning
baseline characterisation, contaminant transport modelling and proposals for
monitoring and surveillance are not adequate to ensure that these risks can be
controlled or mitigated. In addition, proposals for treatment and management of
groundwater discharge may be entirely inadequate, creating a potential for flooding
and pollution, and it is not certain that hydraulic containment can be achieved in this
complex hydrogeological setting. It is recommended that the planning application be
refused.

30047R1v1
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Statement

1

AUTHOR BIOGRAPHY

Profession:

Hydrogeologist

Position:

Director, H Fraser Consulting Ltd

Years of experience: 17
Qualifications:
1.1.1

BA (Cantab), MSc, FGS, CGeol

Hannah Fraser is director of H Fraser Consulting Ltd, delivering high quality

contaminated land and hydrogeological consulting services to public and private
sector organisations. She has 16 years’ experience as an environmental consultant,
with a broad range of experience in mining and quarrying hydrogeology,
contaminated land assessment and remediation, human health and environmental
risk assessment, environmental impact assessment, and groundwater resource
assessment and development.

1.2

Education and professional qualifications

1995-1996

Master of Science, Hydrogeology, Birmingham University

1991-1994

Bachelor of Arts (Hons), Natural Sciences (Geology), Cambridge
University

1996

Fellow of the Geological Society

2011

Chartered Geologist
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2013

Qualified Person under the CL:AiRE Definition of Waste Code of
Practice

1.3

Summary of professional career

2011 – date

Director, H Fraser Consulting Ltd

2010 – 2011

Director, ESI Ltd

2007 to 2010

Technical Director, ESI Limited

2006 to 2007

Principal Hydrogeologist, ESI Limited

2001 to 2006

Senior Hydrogeologist, ESI Limited

2000 to 2001

Senior Hydrogeologist, WSP Environmental Ltd

1996 to 2000

Hydrogeologist, Steffen Robertson and Kirsten (UK) Ltd

1.4

Selected project experience

Buckfastleigh planning appeal
1.4.1

Provision of hydrogeological expert witness services to a planning appeal

regarding placement of Incinerator Bottom Ash in a local disused quarry. The
prevailing hydrogeological conceptual model was shown to be in error, with the
implication that above water table placement of waste was a disposal rather than a
recovery activity. The decision to refuse permission was upheld.
Penderyn quarry
1.4.2

Hydrogeological investigation and extensive baseline data collection and

analysis, to fulfil planning conditions of a quarry extension at a limestone quarry in
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South Wales, adjacent to a hydrologically sensitive SSSI and Public Water Supply
borehole.
Hoddesdon
1.4.3

A groundwater risk assessment was requested by the Environment Agency

as part of an application for a PPC licence for this inert landfill site. A groundwater
risk assessment was undertaken to determine the likely risk from the accidental
placement of non-inert waste at the site, a former mineral workings. The results of
the risk assessment showed that there are no significant impacts from the inert
waste on groundwater receptors, and allowed groundwater control and trigger levels
to be derived.
Thorpe Park EIA
1.4.4

Preparation of the contamination and groundwater chapters for an

Environmental Impact Assessment for an extension to Thorpe Park, a theme park
set around the now restored and water-filled gravel pits of Chertsey, Surrey.
Riverside Sewage Treatment works
1.4.5

Controlled waters risk assessment in support of a planning application for

development at a sewage treatment works. The project involved a programme of
drilling and monitoring to characterise a complex tidal groundwater regime, and
development of a bespoke controlled waters risk assessment to predict contaminant
transport to a principal aquifer and local stream.
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Beacon Hill brickworks
1.4.6

Hydrogeological and hydrochemical investigation and assessment of a

brickworks site to determine sources of alkalinity to groundwater and assess risk to
an adjacent acid heath SSSI and Ramsar site, in support of a planning application to
extend a landfill.
Northwest foot and mouth
1.4.7

Assessment of the impact of the Foot and Mouth disposals to the

groundwater of the North West Region, comprising a review of the hydrogeological
settings in which carcass and ash disposals were made, and the development of a
methodology by which the impacts to the local groundwater environment around any
disposal site may be ascertained.
Salop Sand and Gravel
1.4.8

Hydrogeological impact assessment for a quarry extension and subsequent

landfill, including specification of a drilling programme to install groundwater
monitoring boreholes, data review and impact assessment. Significant regulatory
liaison was required to assess the regulatory requirements in the context of the
implementation of the Landfill Directive.
Oakamoor quarry
1.4.9

Development of a water management plan to fulfil the planning conditions for

a quarry extension. Dewatering had the potential to impact flows in three streams. A
relationship between quarterly baseflow volumes and antecedent quarterly rainfall
was developed that allowed the stream baseflow to be predicted, and any derogation
to be identified. This relationship was used to define a pragmatic stream
30047R1v1
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augmentation methodology which was presented as a Water Management Plan for
the quarry.
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2

INSTRUCTIONS

2.1.1

Action to Reduce and Recycle our Waste (ARROW) commissioned H Fraser

Consulting Ltd (HFCL) to undertake a study of the hydrogeology at Whitemoss
Landfill, Skelmersdale, Lancashire.
2.1.2

Waste management activities have been ongoing at Whitemoss Landfill

since the 1970s, with co-disposal of biodegradeable and inert waste; landfilling of
special waste has been licensed here since the 1990s, and a hazardous landfill
permit was granted in 2004. The site has permission to operate until 2018, with
restoration until 2019. Whitemoss Landfill Company Ltd (WLL) (formerly J.
Routledge & Sons) has applied for a Development Consent Order to extend landfill
operations to include the following:
•

The construction of new landfill void for the disposal of the same range of
hazardous wastes as at the current landfill site at an input rate of up to
150,000 tonnes per annum (tpa) supported by the existing site infrastructure.

•

The continuation of filling with hazardous waste at the current landfill.

•

As part of the creation of the western landfill void, the extraction and
stockpiling of clay, mudstones, coal, and general fill materials

•

Continuation of operations at an interceptor waste treatment facility until 2035,
including a hazardous waste input of 20,000 tpa.

•

The restoration of the site to a mixture of species rich grassland/meadow,
scrub pockets and broadleaf woodland with peripheral marshland/moss
habitats including ponds, scrapes and ditches using soils available at the site.

30047R1v1
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•

Completion of landfilling operations by the end of 2035 and completion of
restoration by the end of 2036.

•

The retention of the environmental management infrastructure including the
leachate treatment plant and the gas flare until necessary.

2.2

Objectives

2.2.1

The hydrogeological assessment will seek to address the following

questions:
•

Has the hydrogeology been adequately characterised and understood in order
to allow potential impacts to be properly assessed?

•

Does the modelling work provide reliable predictions of future impacts?

•

How certain is it that the Coal Measures can be adequately dewatered
through the lifetime of the operation, and have the hazards associated with
mining infrastructure been properly considered?

•

Have the likely quality and cost implications of treating the abstracted
groundwater been adequately considered?

•

How certain is it that hydraulic containment can be achieved?

•

How certain is it that the leachate management systems will properly deal with
groundwater rebound and leachate development once operations cease, and
that long term management plans will be adequate?

30047R1v1
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2.3

Scope of works

2.3.1

The following works have been undertaken:

•

Desk study

•

Site visit

•

Assessment and reporting

30047R1v1
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3

DESCRIPTION OF WORK UNDERTAKEN

3.0.1 This section describes the activities undertaken in preparing this report.

3.1

Desk Study

3.1.1

The following key data sources were used to support the assessment:

•

ES – Environmental Statement. MJCA, 2013. Environmental Statement for an
application for a development consent order under the planning act 2008 as
amended for the construction of new landfill void to the west of the existing
landfill site for the disposal of hazardous waste together with associated
development at Whitemoss Landfill, Whitemoss Road, Skelmersdale,
Lancashire. MAPD Document Reference: WS010003/WLL/ES. MJCA ref:
WL/WL/SPS/1616/01/ES December 2013.

•

HRA – Hydrogeological Risk Assessment. MJCA, 2014. Hydrogeological risk
assessment for the western landfill area at Whitemoss Landfill, Whitemoss
Road

South,

Skelmersdale,

Lancashire.

Report

reference

WL/WL/JRC/2773/01/EPHRA.
•

HRA review – Hydrogeological Risk Assessment Review. MJCA, 2013a.
Review of the hydrogeological risk assessment for Whitemoss hazardous
landfill. Report reference WL/WL/JRC/2773/01/HRAR March 2013.

•

ESID – Environmental Setting and Installation Design, MJCA, 2014a. An
application to vary environmental permit No DP3639LM for the Whitemoss
Landfill site operated by Whitemoss Landfill Ltd, to extend the existing
permitted site to authorise the disposal of hazardous waste in the western
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landfill area. Environmental Setting and Installation Design (ESID) report.
Report Reference WL/WL/MAS/5415/01/ESID. May 2014.
•

Mine Shaft Hazard Assessment. Wardell Armstrong, 2013. Whitemoss Landfill
Site, proposed construction of new landfill void to the west of the existing
landfill. Mine Shaft Hazard Assessment. Former Mossfield Colliery. February
2014. LE00173 001Final.

•

2010 – 2103 Environmental monitoring returns supplied by WLL.

3.2

Site visit

3.2.1

A visit to Whitemoss Quarry was undertaken on 19 June 2014.

3.2.2

It was noted that the road on the northern boundary of the site is subject to

subsidence, with moderately severe undulations in the road surface. This may be
due to movement in the Peat or historical coal mining related subsidence.

30047R1v1
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4 TECHNICAL BACKGROUND
4.1.1

This section of the report presents the technical data relevant to the report

objectives.

4.2

Conceptual model

Topography
4.2.1

The proposal site is generally flat lying, at around 68 m above Ordnance

Datum (OD) (Figure ES23). Elevations fall away south of the site, towards the
Rainford Road, and to the north, beyond the M58, to the River Tawd. Site elevations
range from approximately 70 m OD in the southeast corner of the site to
approximately 66 m OD on the west and east sides of the northern boundary. The
area in the centre north of the site, formerly used as a traveller’s site and colliery, is
slightly raised relative to surrounding ground levels.
4.2.2

The formation levels of the proposed landfill are approximately 50 m OD

(Figure ES5). Cell 3 of the existing landfill extends to c.44 m OD; it is understood that
excavations in this area went deeper than expected due to the obligation to win coal
(pers. comm, Rob Routledge, WLL).
Geology
4.2.3

Borehole logs (Appendix ESS) show that the site is underlain by Peat, sands

of the Shirdley Hill Sand Formation, Glacial Till, and Coal Measures. Made Ground is
also present in the area of the former colliery (boreholes W1, W2, W3, E420) at
thicknesses of up to 3 m, and also at borehole E41, south of the centre of the site,
and borehole E44 on the eastern edge of the northern boundary with Peel Farm.
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4.2.4

The Peat is extensive across the site, although absent in some locations

(boreholes E54, E57). The thickness of the Peat is variable, ranging from 0.5 m to
3.8 m. Detailed descriptions of the Peat are not available from borehole logs.
4.2.5

The sands of the Shirdley Hill Sand Formation are frequently absent, and

where present are thin, ranging from 0.1 m to 1.9 m in thickness. They are described
variously as sand, coarse sand, brown, orange-brown or light grey silty sand, grey
clayey sand and brown coarse sand.
4.2.6

The Glacial Till was encountered between 67.9 m OD and 63.16 m OD, with

the elevation of the surface of the Till generally falling towards the north.
4.2.7

The Glacial Till is described variously as Boulder Clay, silty sandy boulder

clay, brown boulder clay with sand bands, soft to firm or firm to stiff brown sandy
boulder clay.
4.2.8

The thickness of the Glacial Till ranges between 6.7 m and 11.7 m, and

generally thins towards the north. The average thickness of the Glacial Till observed
in boreholes drilled on the proposal site is 8.54 m.
4.2.9

The elevation of the surface of the Coal Measures generally slopes from

>57 m OD in the south to c. 55 m OD towards the south, however the highest
elevations (60.44 m OD, 59.89 m OD) were encountered in the middle of the site in
the area of the former colliery workings. A maximum thickness of 29.4 m of coal
measures has been proven on the eastern boundary of the proposal site, to a
minimum elevation of 29 m AOD (ES). The strata comprise interbedded mudstone,
siltstone, sandstone, siltstone with sandstone bands and coal.
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4.2.10 Borehole logs from the site indicate a high incidence of fracturing in the Coal
Measures strata, and the ES states that it is not possible to cross-correlate substrata
between boreholes due to the high incidence of faulting and displacement. This is
likely to be due in part to the local geological structure, but is also highly likely to be
attributable to mining related subsidence. It is noted that abandoned workings were
recorded in the borehole log W4 at an elevation of 43.46 m OD. Core loss was
observed in boreholes E47, E50, E53 and W6.
4.2.11 Figure ES19 and Wardell Armstrong’s 2014 report indicate that coal seams
present below the site, in order of increasing depth, are the Blaguegate Yard Mine,
the Skelmersdale Earthly Delf, the Ravine Mine, the Park Mine, the Rushy Park Mine
and the Arley Mine. Coal has been observed in borehole logs from the proposal site
at elevations ranging between 40.6 m OD and 53.93 m OD (Appendix ESS).
4.2.12 Examination of Figure ES19 shows that to the south of the site, in the area of
Bickerstaffe Moss and Brookdale Farm, relatively thin interbeds of sandstone and
mudstone subcrop. This area coincides with a high incidence of ponds, wells and
other water features, which are likely to be related to groundwater movement in the
sandstones. The Rushy Park seam subcrops at Brookdale Farm.
Mine workings
4.2.13 There are two abandoned mine shafts within Phase B of the proposed
landfill. It is not known whether these have been filled. Wardell Armstrong’s 2014
report presents mine abandonment plans and geological interpretation of the Coal
Measures below the site. The two shafts are thought to have extended to the Rushy

30047R1v1

18

Hannah Fraser

Park Mine approximately 190 m below ground level, and may have extended 250 m
to the Arley Mine.
4.2.14 Abandonment plans indicate that Park, Rushy Park and Arley Mines were all
worked below the site. Workings in the Park Mine extend between 100 m and 700 m
from the site boundary in all directions. Workings in the Rushy Park Mine extend to
an area slightly larger than the area of the site . The Arley Mine was extensively
worked in the area, from Bickerstaffe Colliery; it is not certain that the shafts on site
extended to this seam. It would be expected that the Coal Measures below the site
would be heavily fractured, as the mining techniques used induce collapse of much
of the workings as the coal was removed, with access tunnels, drives, adits and
shafts remaining open.
4.2.15 It is noted that the Rushy Park seam outcrops at Brookdale Farm.
Hydrogeology
Shallow groundwater system
4.2.16 Groundwater elevations in the superficial deposits (Peat and Shirdley Sand
Formation) are monitored by four shallow boreholes around the perimeter of the site
(E47A, E49A, E51A, E53A); there is an additional shallow borehole E56A located on
the existing landfill site, to the north and centre of the site.
4.2.17 Monitoring data from between February 2013 and July 2013 show that
groundwater levels are generally higher in the south of the site, at between
68.5 m OD and 69 m OD. Water levels on the northern boundary range between
64.5 m OD and 66 m OD. It is noted that the water table is within the peat as well as
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the sand, and that the saturated thickness of this shallow ‘aquifer’ unit ranges
between 0.85 m and 2.35 m, and is predominantly greater than 1.5 m.
4.2.18 Literature studies on the hydraulic conductivity of peat indicate that in
general, peat is averagely porous and has a medium degree of permeability with a
good drainage characteristic in its natural state (Wong et al 2009). Values of
horizontal permeability are estimated at between 10-6 and 10-4 m/s.
4.2.19 The Glacial Till is generally considered to have low permeability and to not
readily transmit water, However, borehole logs from the existing landfill describe
sand bands, wet sands bands, wet clay and several water strikes within the boulder
clay (see the RTD/91 series of borehole logs, Appendix ESS). The boreholes from
the proposed site predominantly rely on drillers logs and do not comprise sufficient
detail to ascertain whether water was encountered in the Glacial Till on the proposal
site.
Deeper groundwater system (Coal Measures)
4.2.20

Groundwater levels in the Coal Measures have been monitored in twenty

one monitoring boreholes around the proposal site and the existing landfill since
January 2013. (Data from monitoring boreholes around the existing landfill are also
available since 2003.) Groundwater elevations are generally of the order of 64 m OD
over much of the proposal site, with elevations varying more widely across the north
east corner i.e., the existing landfill site.
4.2.21 The ES describes a pumping event that took place at the groundwater sump
in June 2013; responses to pumping were observed in eleven boreholes, but not in
ten boreholes located in the northeastern corner of the combined site. Figure ES 21A
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shows groundwater contours, and also indicates which boreholes responded to the
pumping event; Figure ES Y.3 shows hydrographs of groundwater responses to
pumping.
4.2.22 The responses of groundwater to pumping were unusual in that boreholes
relatively close to the sump did not respond (e.g. BH37), and boreholes further away
did respond, the largest response being observed at BH50, furthest from the sump.
The ES postulates that some geological feature such as a fault isolates groundwater
flow in the northeast of the area from the wider proposal site. Groundwater contours
indicate that groundwater gradients in this northeast block are towards a low point in
the water table at borehole E54. No explanation is given for this. Elsewhere, across
the majority of the proposal site, gradients are extremely flat.
4.2.23 The observed groundwater behaviour in the Coal Measures is consistent
with a highly transmissive system with low to moderate storage, where groundwater
flow is predominantly within fractures. This would explain the large magnitude
responses to pumping furthest away from the pumping source. It also indicates that
there may be features which create a barrier to groundwater flow. Both of these
features may have serious implications for the dewatering efforts at the proposed
landfill.
4.2.24 It should be noted that groundwater elevations of approximately 64 m OD
are observed across much of the proposal site in the Coal Measures, and that this
elevation is generally within 2 m to 5 m of ground level; for the most part the
piezometric elevation corresponds to an elevation in the Glacial Till. This indicates
confinement of groundwater levels in the Coal Measures below the Glacial Till.
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4.2.25 There is a groundwater abstraction 1.2 km south of the site at Brookdale
Farm.

Ground

elevations

in

this

area

are

estimated

as

58 m OD

(www.streetmap.co.uk), and a groundwater level is reported by Wardell Armstrong
(2014) as 0.8 mbgl (or approximately 57 m OD). The borehole is understood to
abstract from the Coal Measures, and is 70 m deep.
Surface water
River Tawd
4.2.26 The River Tawd flows from south south east to north north west, through the
town of Skelmersdale, and at its closest point is approximately 1.7 m distant from the
eastern boundary of the current site, to the northeast. The approximate elevation of
the River Tawd at this location is between 55 m OD and 60 m OD. The channel has
been culverted through parts of the town. It is reported by residents that the River
Tawd is subject to pollution incidents on a regular basis.
4.2.27 It is understood that Whitemoss may have a discharge consent into the river
Tawd for 235 m3/d of groundwater abstracted from beneath cell 3 (refer to
https://www.thegazette.co.uk/notice/L-55733-514). The discharge location is given
as SD 4732 0532, coincident with the culvert on the northern boundary of the drain
on the eastern boundary of the site. It is understood that discharge of groundwater to
the culvert does not currently take place, but that approximately 450 m3/d of
abstracted groundwater is used for dust suppression or discharge from the site to
sewer via the leachate lagoon.
4.2.28 Barkers Brook rises approximately 1 km south of the site at an elevation of
approximately 68 m OD, where it flows southwest through Brookdale Farm before
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joining the Rainford Brook, which flows to the southeast (OS 1:25,000 mapping,
www.streetmap.co.uk).
4.2.29 The ES considers that the site is within the catchment of the Tawd;
examination of the OS mapping indicates that the watershed between the two
catchments (of the River Tawd and the Rainford Brook) lies at around 70 m OD, on a
northwest-southeast striking topographical high, slightly (0 – 250m) southwest of the
southern site boundary.
Drainage
4.2.30 The immediate area is a peat moss, which has partly been worked for peat,
and is drained by numerous small drainage channels. Figure 21B details four drains
which discharge from the site to the highway sewer network and ultimately to the
River Tawd. These are
•

On the western boundary of the proposal site, with an invert level of
65.7 m OD

•

On the northern boundary of the proposal site, close to borehole E51A, with
and invert level of 64.12 m OD

•

Via a culvert on the northern boundary and western edge of Cell 1, at an
invert level of 66.31 m OD.

•

Via a culvert on the northern boundary and eastern edge of the existing
landfill site at an invert level of 66.68 m OD.

4.2.31 Shallow groundwater levels at borehole E51A show a rise of almost a metre
at the location of the drain on the northern boundary, in mid-June 2013, at a time
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when other shallow boreholes are showing an ongoing decline in water levels, typical
of the warmer month when evapotranspiration acts to reduce water levels. This may
be related to an anthropogenic source of recharge to groundwater in the vicinity of
the drain.
4.2.32 The Rainford Drain is a culverted brook which crosses the site, as shown in
Figure ES4. It is proposed to divert this pipeline around the proposed landfill area
and route the discharge to the River Tawd via the surface water drainage system.
Water features
4.2.33 Examination of the 1:25,000 OS map indicates that there is a marked
contrast in the Brookdale Farm area with the proposal site in that there are several
water features and wells marked. This corresponds to subcropping thin interbeds of
sandstone and mudstone in the Coal Measures. Many of the water features around
Bickerstaffe Moss and Rose Farm occur at an elevation of approximately 65 m OD;
similar features around Brookdale Farm are at an elevation of between 55 m OD and
65 m OD.
4.2.34 It is considered likely that the surface water features to the south of the site
are related to groundwater in sandstone bands discharging to ground as the
sandstone bands subcrop against the falling topography in this area. The elevation
broadly corresponds with the elevation of the water table in the southeastern portion
of the proposal site. The area is considered to be a discharge zone for groundwater
in the Coal Measures.
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4.3

Current operations

4.3.1

Current site activities and infrastructure include the landfill and landfill void, a

weighbridge, soil storage area, waste reception, office and mess facilities, leachate
lagoon and treatment plant, landfill gas flare and interceptor waste treatment facility.
4.3.2

Early operations at the site comprised peat and clay excavation; the site has

a history of waste management activities since the 1970s, and in 1991 was subject
to waste management licence no 354, which permitted landfill only of inert wastes.1
The mechanism by which the site input was varied to include special wastes is
ambiguous.

The 2013 HRA review says: From information presented in the

Regulation 15 Report dated January 1997 (reference 4) the Waste Management
Licence permitted the landfilling of "a variety of wastes including special wastes".
4.3.3

The current landfill comprises Cell1 and Cell2 (now restored) and Cell3

which is operational. The landfill void was excavated to approximately 44 m OD, (i.e.
below the water table), and a groundwater drainage system (GDS) comprising a
sump and drainage network installed (see Figure ES21C). A mineral liner comprising
a 1 m thickness of site won clay and a synthetic liner were placed in the void, and
waste was placed. The permit allows for discharge of 235 m3/d of groundwater to a
drain on the eastern boundary of the site, however in practice groundwater discharge
is used for dust suppression and the remainder discharges via the leachate lagoon

1

The ESID says at § 1.7 “Landfilling with inert waste was the subject of a Waste Management
Licence (number 354) issued on 4 October 1991. In June 2003 an application was made for a
Pollution Permit Control (PPC) Permit for the operation of a hazardous waste landfill at the site”. The
mechanism by which the site input was varied to include special wastes is ambiguous. The 2013
HRA review says only: “From information presented in the Regulation 15 Report dated January 1997
the Waste Management Licence permitted the landfilling of "a variety of wastes including special
wastes"
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and treatment plant. Leachate is pumped from leachate extraction sumps in each of
the landfill cells to the leachate lagoon and treatment plant, from where it is
discharged to sewer.
4.3.4

The landfill operates under the principle of hydraulic containment; whilst the

void is being filled the water table is controlled below the level of the landfill.
However, once sufficient waste is present to balance hydrostatic forces, groundwater
levels are allowed to rise around the landfill void. Leachate levels are maintained at
the base of the landfill void so that groundwater levels are always higher than the
leachate levels and groundwater flow will be into the landfill void (at a rate limited by
the low permeability of the liner system), in theory preventing escape of leachate
from the landfill void and pollution of groundwater.
4.3.5

The interceptor waste treatment facility processes waste from drainage

interceptors, for example from fuel station forecourts, by a process of separation and
filtration. The process creates a liquid discharge and a filtration residue which is
landfilled. The residue is likely to include petroleum hydrocarbons and polycyclic
aromatic hydrocarbons.
4.3.6

The current permit allows for disposal of hazardous wastes that could

include a very wide range of hazardous substances with a high potential to pollute
the environment. Some waste streams are reasonably predictable in their chemical
signature, but others such as waste soils from contaminated sites might contain a
wide range of unpredictable and exotic chemicals. The permit also allows for the
disposal of biodegradable material such as wood and textiles, which have the
capacity to generate significant quantities of landfill gas.

30047R1v1

26

Hannah Fraser

Environmental Compliance
4.3.7

Table 4.1 presents the monitoring requirements for the current operation;

monitoring submissions to the Environment Agency since 2010 have been provided
by WLL, and are commented on in the table.
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Table 4.1 Environmental monitoring requirements

Schedule
S4.1
S4.3

S4.4

S4.5,

S4.11

S4.9

30047R1v1

Description
Weekly monitoring of leachate levels above the
landfill cell base
Weekly monitoring groundwater drainage water (i.e.
from the sub-landfill dewatering) of suspended solids,
pH, ammoniacal nitrogen, oil or grease, flow, volume,
and any List 1 substances found in the annual
leachate screening.
Continuous monitoring of flows and monthly
monitoring of cadmium and mercury concentrations in
discharge of leachate to sewer

Comment
Data indicate compliance with the limit of 1 m above the base of the
landfill.
Reports state that underground water is being discharged to the leachate
lagoon and used for dust suppression. Flow rates and quality data are
therefore not available. Limits on discharge to the watercourse include a
volumetric limit of 235 m3/d and a limit on the concentration of ammoniacal
nitrogen of 2.5 mg/l.
Discharge to sewer is generally close to the limit of 50 m3/d for 5 days per
week (no pumping at weekends). N.b. the permit states a limit of 50 m3/d,
but the reports state a limit of 150 m3/d. Data for cadmium and mercury
concentrations are absent in Q3 and Q4 of 2012.
Conductivities are often of the order of 1000 – 3000 uS/cm. Manganese
concentrations are high, sometimes up to c. 2000 ug/l., Ammoniacal
nitrogen concentrations are up to 7.2 mg/l, often around 2 or 3 mg/l in
certain boreholes.

Quarterly monitoring of groundwater from 11
boreholes and the underdrainage effluent for
cadmium, mercury, benzene, toluene, xylene,
ammoniacal nitrogen, chloride, arsenic, nickel,
phenol.
Monitoring of groundwater at 11 boreholes and
underdrainage effluent: monthly for water level,
conductivity, pH, ammoniacal nitrogen, chloride,
COD; quarterly for sulphate, ammoniacal nitrogen,
phenols, arsenic, TON, Na, K, Ca, Mg, Cr, Cd, Mn,
Fe, Cu, Ni, Zn, Pb, Hg, Cyanides, benzene, toluene,
xylene, List 1 screen. l
Monitoring of leachate in each cell collection sump: Conductivities are regularly of the order of 20,000 – 50,000 uS/cm.
weekly for conductivity, temperature, pH; quarterly for Chloride, and manganese concentrations are frequently of the order of
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Schedule

Description
ammoniacal nitrogen, chloride, sulphate, alkalinity,
phenols, COD, BOD, TOC, TON, Na, As, K, Ca, Mg,
Cr, Cd, Mn, Fe, Cu, Ni, Zn, Pb; Annually for mercury,
toluene, xylene, benzene and a list 1 screen.

S4.10

Monitoring of surface water at two streams; weekly
for conductivity, pH, total suspended solids, visible oil
and grease, ammoniacal nitrogen; quarterly for
chloride, sulphate, alkalinity, phenols, COD, TON, Na,
K, Ca, Mg, Cr, Cd, Mn, Fe, Cu, Ni, Zn, Pb, Hg, List 1
screening.
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Comment
20,000 mg/l and 1,500 ug/l, compared with assessment limits of 4534 mg/l
and 42 ug/l. Ammoniacal nitrogen concentrations are frequently of the
order of 1000 mg/l.
Toleune concentrations in 2013 were 83 ug/l, approaching the limit of 84
ug/l. Also in 2013, Aldrin R concentrations were the same as the
assessment limit of 0.1 ug/l.
Reports state that the streams were ‘dry, stagnant, water not
representative’ or ‘unable to sample still water’ or ‘’stagnant water in both
streams, sample not representative’.
(n.b. the 2010 quarterly reports for Q2 and Q3 include chlorobenzene,
pentachlorophenol, and trifluralin in the list of determinands that were
detected in Annual Leachate screening and are to be included in quarterly
monitoring, although nothing is reported as samples were not taken)
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HRA Review
4.3.8

A four-yearly HRA review is required to provide an assessment of trends in

groundwater quality and a comparison of groundwater quality against trigger levels.
Letters from the Environment Agency detail late submission of the most recent HRA
review, which was eventually submitted in March 2013, and has not yet been Duly
Made. The Environment Agency’s letter in response to the report submission is
presented in Appendix A. The EA draw attention to uncertainty in the conceptual
model for the site, stipulate a requirement to assess a wider range of contaminants
than was addressed in the HRA review, and note that hydrographs show
groundwater elevations to be rising and the requirement to make an estimate of
future recovered groundwater elevations.
4.3.9

Surface water quality

4.3.10 The ES reports that surface water monitoring was undertaken on 22
occasions between 2006 and 2009. Average concentrations of cadmium,
ammoniacal

nitrogen,

chromium,

iron,

manganese

and

lead

exceeded

Environmental Quality Standards. Additionally, maximum concentrations of mercury,
nickel, zinc and sulphate exceeded Environmental Quality Standards (EQS).
4.3.11 The ES states that the concentrations are considered to represent
groundwater quality in the Coal Measures, but does not explain how water from the
coal measures is present in the ditches, which are significantly elevated above the
Coal Measures and separated by Glacial Till. The ditch to the east of the site may
have been subject to discharge from groundwater drainage system, in which case
the landfill operation may have been discharging List 1 substances (cadmium and
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mercury) to a water course. It is not clear how water from the coal measures would
get into the ditch to the west of the site, as there is a thickness of till between the
surface water and the deep groundwater system.
Groundwater quality – shallow groundwater
4.3.12 The ES presents groundwater quality data from two sampling rounds in May
2013 and June 2013. The data are from the 5 shallow E series boreholes. All
boreholes showed elevated concentrations of ammoniacal nitrogen, chromium and
manganese. This may suggest a naturally occurring chemically reducing
environment, or may be as a result of anthropogenic sources. It is considered that
the data set does little to characterise the background quality of the groundwater in
the shallow system, as data are not available from the existing landfill site for
comparison. In addition, background concentrations of key contaminants including
polycyclic aromatic hydrocarbons and petroleum hydrocarbons have not been
assessed.
Groundwater quality –groundwater in the Coal Measures
4.3.13 Groundwater quality monitoring data show exceedences of the EQS for
arsenic, ammoniacal nitrogen, iron, manganese, nickel, phenols and sulphate. High
conductivities are associated with high sulphate concentrations. Iron, manganese,
sulphate and ammoniacal nitrogen may be associated with the Coal Measures but it
is not clear where arsenic, nickel or phenols derive from.
4.3.14 The provision of data in the format of minimum, maximum and mean does
not allow an assessment of trends or seasonal variations, and does not allow for
proper spatial assessment.
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4.3.15 The groundwater quality data does not include a full suite of hydrocarbons,
including priority pollutants such as polycyclic aromatic hydrocarbons or VOCs, and
it is not clear from the available data that annual screening would have picked up
these organic or other exotic compounds. It is noted that it is not a requirement of the
current landfill permit to monitor these substances in groundwater, but it is
considered that the background chemical status of the aquifer cannot be properly
assessed if these data are not acquired.
Groundwater control
4.3.16 The current operations are understood to have included pumping of
approximately 450 m3/d from the groundwater sump, to maintain groundwater levels
below the base of the void. The elevation of the sump is approximately 44 m OD. It is
noted that volumetric data are not available, and that where this volume is reported,
it is based on communications with WLL personnel rather than examination of
monitoring data. The stated volume of groundwater pumping to achieve a dewatered
void space is not supported by objective evidence.
4.3.17 Anecdotal accounts from local residents report that there has been some
difficulty at the site with basal heave, due to hydrostatic pressures from groundwater.
This has not been substantiated, but is considered possible or even probable, given
the high piezometric elevations in the Coal Measures. Basal heave might result in
significant movement of the floor of the void and damage to the clay and HDPE
liners, to the extent that the long term containment of the facility is compromised.
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4.4

Proposed operations

4.4.1

It is proposed to excavate the superficial materials and stockpile them. The

proposed landfill will be operated in four phases, (A, B, C, D), with each phase
incorporating excavation of the coal measures, placement of a groundwater drainage
system, placement of 1 m of clay with an 2 mm thick HDPE synthetic liner. The
formation depth is approximately 50 m OD (Figure ES20). Groundwater control will
be maintained to keep the water table below the base of the void whilst waste is
placed. When the waste is deep enough to counter the upward hydrostatic pressure
of groundwater, the groundwater system will be turned off, and leachate levels
controlled at 1 m above the base of the landfill.
4.4.2

The settled restoration levels for the site are below 77 m OD, with slopes

from two central plateaus down to elevations of c. 66 m OD on the northern and
western boundaries (Figure ES5)
4.4.3

The void will be dewatered and a groundwater drainage system will be

installed in the base and sides of the void as necessary. Groundwater will drain to a
sump from where groundwater will be pumped to the surface water management
system. A leachate collection system will be installed across the base of the landfill.
Leachate extraction wells will be installed in the landfill to facilitate the removal of
excess leachate and to control leachate levels. Following completion of filling the
landfill will be capped with a 1m thick clay cap covered with a geocomposite
drainage layer underlying restoration materials.
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Environmental Permitting
4.4.4

It is understood that an Environmental Permit application has been made to

the Environment Agency to vary the existing permit to extend the existing permitted
site and authorise the disposal of hazardous waste in the western landfill area.
4.4.5

The Environment Agency confirm that this application has not been duly

made, i.e. it does not contain the required components and sufficient information for
it to begin to be determined (EA, 2010a). There is therefore no indication as to
whether the Environment Agency will grant an environmental permit for the proposed
landfill.
Water management plans
4.4.6

Surface water management plans have been prepared by Wardell

Armstrong (2013), presented as Appendix ESD of the Environmental Statement. The
proposed water management system comprises ditches at the base of all landfill
slopes around the perimeter of the site. These discharge via 4 discharge points, with
the discharge rate restricted to the greenfield run-off rate of 58 l/s. Storage in the
form of lagoons and ditches is provided for each discharge point, to allow high flows
to be attenuated during high rainfall events. The total storage in the system is
10,110 m3. Pumped groundwater will also be discharged to this system, having first
been passed through a filtering system to remove suspended solids.
4.4.7

Whilst run-off and surface water discharge rates have been roughly

quantified, no attempt has been made to quantify the groundwater discharge.
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Dewatering the peat
4.4.8

The impact of the proposed operation on groundwater levels in the Peat and

Shirdley Hill Formation, or related water features, has not been considered.
Dewatering the coal measures
4.4.9

It has been assumed in the HRA that the Coal Measures can be dewatered,

and that groundwater inflow volumes will be 400 m3/d (4.6 l/s), based on an estimate
of the discharge rate provided by Whitemoss Landfill Ltd. Appendix 5 of the revised
HRA presents calculations of the discharge from the groundwater drainage system,
which ranged between 161.7 m3/d and 2088.2 m3/d, or between 1.8 and 24 l/s.
4.4.10 The impact of dewatering on surrounding groundwater elevations has not
been explicitly discussed, however it is evident from hydrographs (Appendix ESY)
and groundwater contours (Figure ES21C) that pumping from the groundwater sump
at an elevation of 44 m OD induced a drawdown of approximately 6 m OD at the
furthest monitoring point (BH E50), approximately 500 m distant. The zone of
influence of pumping would appear to be elongated on a northwest-southeast strike,
although the influence to the southeast has not been observed due to lack of
monitoring, (i.e. off-site monitoring boreholes). It is noted that the water features to
the southwest of the site, are between 675 m and 1100 m from the site.
4.4.11 It is considered that the assessment of the impacts of dewatering on local
water features is inadequate.
Hydrogeological Risk Assessment
4.4.12 The predicted impact of the proposed and current landfills has been
assessed in the Hydrogeological Risk Assessment (MJCA, 2014). The future landfill
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operation is considered in three stages: the early operational stage, when the landfill
void is being filled and groundwater and leachate levels are controlled; the late and
post-operational stage when groundwater levels are allowed to rebound, but
leachate levels are controlled to within 1 m of the base of the landfill (this means that
groundwater that flows into the filled void space is pumped out as leachate); and the
late post operational stage, when it is deemed that leachate concentrations are low
and leachate levels can be allowed to equilibrate with groundwater levels.
4.4.13 The operational phase of the landfill has been assessed using a Landsim
model; the late and post operational phase has been assessed using the
Environment Agency’s spreadsheet tool for hydraulic containment; and the late postoperational phase has not been assessed (it is assumed that leachate
concentrations are benign at this phase). Note that this is in contravention to the
Environment Agency’s request that risk assessment at the site needs to consider
when the wastes become sub-water table (Appendix A).
4.4.14 The HRA defines a leachate source term by which to model potential future
impacts, including arsenic, benzene, cadmium, ammoniacal nitrogen, chloride,
phenols, and zinc. The Environment Agency’s letter of May 2013 stipulates that
modelling for the proposal site needs to cover ‘all appropriate hazardous and nonhazardous substances’. It is considered that the range of contaminants modelled is
very restricted and does not adequately characterise risks to the environment.
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5

TECHNICAL ASSESSMENT

5.1.1

This section of the report presents the technical calculations and arguments

used and developed to meet the report objectives.

5.2

Baseline Characterisation

5.2.1

The conceptual hydrogeological model put forward in the ES is not

considered sufficiently robust to characterise the baseline setting. The period of
groundwater level monitoring does not cover a full hydrogeological cycle, hence
winter (high) groundwater levels are unknown, and no attempt has been made to
relate observed groundwater levels with rainfall events or other hydraulic stresses
which would enable an informed understanding of the hydrogeological regime. Much
of the historic groundwater level data has been identified as unreliable, as borehole
construction did not allow differentiation between the shallow and deep aquifer
systems, and in any case groundwater levels were affected by dewatering activities.
5.2.2

It is noted that many of the borehole logs for the proposal site rely on drillers

descriptions

of

strata

and

are

not

compliant

with

British

Standard

BS

5930:1999+A2:2010 ‘Code of practice for site investigations’. Much useful
information relating to water inflows in all strata including the Glacial Till, and
fracturing in the Coal Measures has not been recorded.
5.2.3

The hydrogeological setting is highly complex, comprising a dual aquifer

system, with high degree of anthropogenic modification through Coal Mining and
Peat extraction activities. The siting of a hazardous waste facility in this setting
without adequate hydrogeological characterisation is considered to present an
unacceptable risk to identified and unidentified water features. The lack of a holistic
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conceptual understanding has led to a number of deficiencies in the technical
assessment of risks and impacts. Of particular concern are:
•

The impacts of dewatering the shallow system have not been addressed.

•

The impacts of dewatering the Coal Measures aquifer have not been
quantified, and the volumes of underdrainage water required to be managed
via the surface water management system have not be adequately quantified.

•

The presence of many water features and a groundwater discharge zone to
the south of the site is not identified in the ES or HRA, and baseline
characterisation and impact assessment for these features has not been
carried out.

•

The proposals for monitoring and surveillance (and the baseline water quality
data sets) do not include key organic pollutants that will be present in the wide
range of wastes authorised by the permit.

•

The proposals for management and monitoring of the late post operational
phase of the landfill are considered inadequate.

•

There has been insufficient consideration of the likely problems of basal
heave associated with this specific hydrogeological setting.

5.3

Dewatering the shallow system

5.3.1

Dewatering of the sands/peat has not been taken into consideration in the

ES. These materials will be excavated across much of the proposal area, leaving an
excavation face around the perimeter of the void.
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5.3.2

Appendix B presents calculations of the likely inflow to the void as a result of

dewatering the peat, and estimates of the radius of influence of dewatering. Inflows
are estimated at between 200 m3/d and 400 m3/d. The water management plan has
not accounted for these inflows. In order to provide hydraulic containment, these
strata must be lined, however seepage on these faces is likely to contribute to
instability in the landfill liners, particularly as it may take some years for the void to fill
and for waste materials to be placed against these slopes.
5.3.3

Warburton et al. (2004) defined peat as a biogenic deposit which when

saturated consists of about 90-95% water and about 5-10% solid material. According
to Warburton et al. (2004) further, the organic content of the solid fraction is very
high, often up to 95% and is made up of the partly decayed remains of vegetation
which has accumulated in waterlogged areas over timescales of 102-103 years. This
renders peat as an extremely soft organic soil with very low bearing capacity and
high compressibility.
5.3.4

The radius of influence of dewatering the superficial aquifer is estimated at

between 20 m and 90 m (Appendix B). It is highly likely that dewatering of the Peat
will cause subsidence on the northern boundary of the site. Dewatering of the peat
may extend up to 90 m from the boundary of the excavations, and the strength of the
peat will be compromised even further as the water content is diminished. The
integrity of the road is likely to be compromised, and there is the possibility of
structural damage to the properties on the northern boundary, and to drainage
infrastructure. No account has been taken of this in the Environmental Statement.
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5.4

Dewatering the Coal Measures

5.4.1

Dewatering of the proposed facility will lower the water table at the proposal

site to less than 50 m OD, lower if the excavations have to progress deeper to win
coal which has been proved to depths of 40 m OD. This will create a zone of
depressed groundwater levels, with an influence that might be far reaching. The ES
estimates groundwater inflows to the GDS to be of the order of 400 m3/d, based on
anecdotal evidence of historic pumping rates from WLL.
5.4.2

The Minor Aquifer Properties Manual (Jones et. al. , 2000) reports that ‘ In

the Wigan area, yields from boreholes up to 300 mm diameter generally range from
432 m3/d to 864 m3/d, while large diameter mine shafts occasionally yield up to
1680 m3/d. …Much higher yields are observed from boreholes penetrating flooded
disused workings’.
5.4.3

Calculations of groundwater inflow to the GDS have been made and are

presented in Appendix B. A reasonable range for an estimate of pumping from the
GDS is considered to be 3000 m3/d – 17000 m3/d, or 34 – 190 l/s. The lower end of
this range assumes a larger radius of influence, as observed from recent pumping at
the site, and the higher end of the range assumes a higher hydraulic conductivity,
consistent with a highly fractured aquifer.
5.4.4

Appendix ESD describes the surface water management plans for the site,

which comprise a network of drainage channels around the site perimeter which feed
four storage lagoons, which in turn discharge to the local surface water drainage
system via culverts. The greenfield run-off rate for the site is 58 l/s. This is the rate
at which discharge to surface water drains should be restricted in order not to cause
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inundation downstream of the site. The total storage capacity in the surface water
lagoons is 10,110 m3.
5.4.5

At the GDS discharge rates described, groundwater pumping alone is highly

likely to exceed greenfield run-off rates. At the lowest estimated pumping rates, it
would take approximately 3.5 days to fill the surface water storage system, after
which there would be no capacity for storage of incident rainfall. There would be
regular exceedences of greenfield run-off rates in response to rainfall, or flooding at
the site. At the higher end of the range of estimated pumping rates, the entire system
would be inundated within a day, resulting in either on site flooding or off-site
discharge at rates far exceeding the greenfield run-off rate.
5.4.6

As discussed above, the quality of the Coal Measures groundwater is poor,

with concentrations of arsenic, ammoniacal nitrogen, iron, manganese, nickel,
phenols and sulphate exceeding EQS. Discharge of untreated groundwater to the
surface water drainage system will be in contravention of the Landfill Directive (1999)
and Water Framework Directive (2010) due to the presence of hazardous
substances and non hazardous pollutants. The ES states that groundwater will
undergo filtration prior to discharge, but this will not provide treatment of the
identified substances, and the infrastructure proposed will not be sufficient to
process the volumes anticipated.
Use of groundwater discharge for dust suppression
Current site practice is to use groundwater discharge for dust suppression.
Groundwater monitoring around the proposal site shows the groundwater to include
concentrations of both hazardous substances and non-hazardous pollutants; use of
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this water for dust suppression will therefore constitute a discharge of hazardous
substances and non-hazardous pollutants to the Peat and Shirdley Hill Sands
aquifer, in contravention of the Water Framework Directive (2010). Whilst a
proportion of dust suppression water will evaporate, and some be drawn back into
the landfill void via shallow groundwater flow, some may discharge to the surface
water drainage system and ultimately the River Tawd.

5.5

Water features survey

5.5.1

To comply with the Schedule 4 of the Town and Country Planning

(Environmental Impact Assessment) Regulations 2011 (“the EIA Regulations”), and
with the Water Act (2003) (which requires a Hydrogeological Impact Assessment to
accompany an application for a licence to dewater mineral excavations), it is usual
for sub-water table mineral extraction planning applications to include a water
features survey, which identifies all local water features, attempts to understand how
they are connected with the hydrogeological regime, and provides sufficient baseline
monitoring and technical assessment to provide a quantitative assessment of how
dewatering will affect flow and quality of the identified features. The survey will
include fieldwork, to make sure that all private boreholes, water abstractions,
streams, springs and ponds are identified, rather than relying on map-based reports
and national databases. This level of work has not been undertaken as part of the
ES, and it is considered that the failure to properly consider the water features in the
Coal Measures groundwater discharge zone to the south of the site presents a
significant risk to these receptors.
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5.6

Review of HRA and predictions for groundwater quality

5.6.1

The models used to predict impacts to groundwater quality assume

groundwater flow in a porous media. It is clear from borehole logs and responses to
groundwater pumping that the Coal Measures aquifer is highly anthropogenically
modified, and that flow is both enhanced and restricted on linear features such as
fractures and mine workings, with links between features created by fracture zones
and subsidence zones. The models used are not appropriate to predict contaminant
transport in this setting.
5.6.2

Regulatory guidance on hydrogeological risk assessment for landfill is given

in the Environment Agency’s Horizontal guidance Note H1 Annex J 3. Additional
guidance for hydrogeological risk assessments for landfills and the derivation of
groundwater control levels and compliance limits.
5.6.3

It is considered that the suite of source chemicals modelled in the HRA is too

limited to properly assess potential impacts to receptors. In particular, the impact of
hydrocarbons is limited to benzene. The landfill has a steady waste stream from the
interceptor waste plant, which is derived from oil and fuel, and the impact of
polycyclic aromatic hydrocarbons such as naphthalene (considered relatively mobile)
and benzo(b/k)anthracene, benzo(ghi)perylene and indeno(123-cd)Pyrene (which
have extremely low EQS and are Priority Substances under the Water Framework
Directive, 2010) should be assessed, as these compounds will be present in the
waste stream. Other weaknesses in the assessment include selection of hazardous
substances and non hazardous pollutants that have relatively high Environmental
Quality Standards. For example, the EQS for zinc ranges from 8 ug/l to 125 ug/l
(depending on water hardness), compared with an EQS for copper of between 1 ug/l
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and 28 ug/l. Zinc has been assessed rather than copper. Cadmium, which has an
EQS ranging from 0.08 ug/l to 0.25 ug/l has been assessed rather than mercury
which has an EQS of 0.05 ug/l.

5.7

Late post operational impacts

5.7.1

The proposal is to maintain leachate levels within 1 m of the base of the

landfill in the later operational and early closure phase, until leachate concentrations
are considered benign. Leachate control will then be removed, and leachate levels
allowed to rise. The waste mass will be capped at this point, and flow into the landfill
will be derived by slow inflows through the landfill liner and cap. Leachate levels
within the landfill will rise to eventually equilibrate with groundwater elevations.
5.7.2

This process is considered highly likely to create a leachate body with a

highly polluting potential. The landfill mass will have been capped for several years
as the leachate levels were controlled, and will essentially be dry. As groundwater
levels re-equilibrate, groundwater will flow into the landfill, (at low rates if the liner is
not compromised), the waste mass will (slowly) become saturated and the chemical
environment will change significantly. The redox environment will change, and
degradation of compounds and substances by chemical and biological reactions will
take place, with the potential release into the aqueous phase of hazardous
substances and no-hazardous pollutants that were stable within the unsaturated
waste mass. At this stage in the process, all leachate and groundwater management
operations will have ceased, hydraulic containment will have been switched off, and
the leachate will migrate through the liners, and through tears and holes in the liners,
with the flow of groundwater. It is considered inadequate for the HRA to have not
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considered management of groundwater and leachate rebound rates, and monitoring
of leachate and groundwater quality into the late-post operational phase.

5.8

Requisite Monitoring and surveillance

5.8.1

The

HRA

presents

recommendations

for

monitoring

of

leachate,

groundwater and surface waters during the operational and early post operational
phases of the landfill. Determinands to be monitored comprise arsenic, benzene,
cadmium, ammoniacal nitrogen, chloride, phenols and zinc (with additional
monitoring of suspended solids, pH, oil or grease and flow in surface waters).
5.8.2

The suite of chemicals proposed for monitoring is considered highly

restricted, a significant reduction over existing monitoring programmes, and
inappropriate given the wide range of waste types that may be landfilled under the
current permit (it is noted in particular that there are no proposals to monitor lead,
despite the landfilling of CRT glass at the current site, which has high lead
concentrations). The restricted list of quality data will preclude hydrochemical
assessment of the groundwater regime, which will be required if pollution is
suspected. The proposals do not include for annual screening of leachates to identify
possible additional pollutants, as recommended by Horizontal guidance Note H1
Annex J 3. This guidance requires that the following screening tests are undertaken
to assess leachate on an annual basis.
i) GCMS scan for volatiles;
ii) GCMS scan for semi-volatiles;
iii) derivitised GCMS scan for semi-volatiles;
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iv) extraction of organotin compounds;
v) reduction of mercury compounds; and
vi) solution of cadmium compounds.
5.8.3

The proposals for monitoring of surface waters include derivation of control

levels and compliance targets based on average future water quality. This is
because recent data from stream samples are not available. This proposal could
result in future control levels and compliance targets being based on the average
concentrations of polluted site discharges, and this approach is considered highly
flawed. It would be more appropriate to adopt standards based on historic water
quality data.
5.8.4

The monitoring proposals do not include for monitoring of the volume of

discharge from the groundwater drainage system. This parameter is important in
demonstrating whether or not groundwater control is taking place, and in
understanding the responses of the system to hydraulic stresses. It is also a
requirement for dewatering activities to record abstraction volumes (Water Act,
2003).
5.8.5

Environmental Assessment levels are based on mean groundwater

concentrations in the Coal Measures, from boreholes around the existing and
proposed landfills. This is considered inappropriate, as the groundwater quality may
be impacted by the existing landfill.
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5.9

Basal Heave

5.9.1

Due to the high elevation of groundwater in the Coal Measures (c. 64 m OD

measured from March – June 2013, conservatively estimated as 66 m OD in winter
months), there will be considerable upwards hydrostatic pressure on the basal liner
once groundwater control measures cease. If this pressure is not countered by a
sufficient thickness of waste of an appropriate density, the integrity of the basal liner
will be compromised, allowing groundwater/leachate movement between waste
mass and the Coal Measures aquifer.
5.9.2

Appendix C presents scoping calculations to assess the thickness of waste

required to balance the hydrostatic forces at the base of the landfill liner. Assuming
the formation level is at 50 m OD, 23.3 m of material will be required above the base
of the landfill, resulting in a finished height of 73.3 m OD. Under winter groundwater
elevations (assumed to be 66 m OD), 26.7 m of waste will be required, resulting in a
finished height of 76.7 m OD.
5.9.3

If coal is encountered during the excavation (considered likely), there will be

a requirement to win the coal, and therefore excavate to greater depths. Borehole
logs show thin seams of coal ranging between 40 m OD and 52 m OD. If a formation
depth of 40 m is required to win coal, the corresponding finished height of material
above the base to counter upwards hydrostatic forces is 83.3 m OD. Should
groundwater levels rise to 69 m OD, the final height required would be 88.3 m OD.
The proposed settled restoration levels of the proposed landfill are 77 m OD on the
central plateau, with the majority of the site area lying between 76 and 68 m OD.
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5.9.4

It is clear from consideration of these simple scoping calculations that the

integrity of the basal liner may be subject to catastrophic pressures under moderate
and highly plausible conditions of groundwater rise and low waste density. It is not
clear that operational controls will be sufficiently robust to ensure that these
considerations are taken into account, and in any case, rising regional groundwater
levels will be beyond control in the post-closure phase.
5.9.5

The reader’s attention is drawn to the problem of management of the

groundwater discharge. In the event that the surface water drainage and storage
system is full, it might be normal operating practice to cease groundwater pumping
for the duration of a storm event or rainy period, until capacity in the system is
available again. However, as shown above, allowing groundwater levels to rise when
there is insufficient waste present to balance hydrostatic forces will initiate conditions
likely to instigate failure of the landfill liner.
5.9.6

The reader’s attention is also drawn to the fact that disruption of the liner

system may go unobserved as it may occur when there is a significant thickness of
waste in the landfill.
5.9.7

The longer that the landfill takes to fill, the higher the risk that an event will

occur to initiate basal heave and rupture of the liner. It is understood that fill rates for
the current landfill have been slower than anticipated, and that future fill rates may
also be uncertain.
5.9.8

There will be seepage from the superficial aquifer, and possibly from the

Glacial Till, which will also contribute to liner instability further up the liner slopes if
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the strata are not either pre-dewatered or sufficient thickness and density of material
placed on the slope to prevent heave.
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6

CONCLUSIONS

6.1.1

The conclusions of the study are presented as answers to the questions

posed in the study brief, below.
Has the hydrogeology been adequately characterised and understood in order
to allow potential impacts to be properly assessed?
6.1.2

It is clear from the available data that the structure of the Coal Measures is

complex, and that the system includes effective barriers to groundwater flow, and
high transmissivity conduits for groundwater flow. The characterisation of the system
is considered inadequate, with no attempt made to explain groundwater
hydrographs, link groundwater elevations with rainfall or other hydraulic stresses
such as pumping and recharge from drains.
6.1.3

The assessment relies heavily on permeability measurements made in 2003

on the existing site that are likely to be significantly lower than at the proposal site.
6.1.4

The baseline groundwater quality has not been adequately characterised to

allow the impacts of possible future pollution to be assessed. Organic compounds
have not been reported.
6.1.5

A water features survey has not been undertaken, and predictions of the

radius of influence of dewatering in either the superficial aquifer or the Coal
Measures aquifer have not been undertaken.
6.1.6

Impacts of dewatering the peat on local groundwater levels and resulting

subsidence issues have not been considered.
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6.1.7

In answer to the question above, the characterisation of the system is not

considered adequate to allow potential impacts to be assessed or mitigated.
How certain is it that the Coal Measures can be adequately dewatered through
the lifetime of the operation, and have the hazards associated with mining
infrastructure been properly considered?
6.1.8

Predictions of the groundwater abstraction rates required to dewater the

Coal measures made by the author are between 1 and 2 orders of magnitude higher
than those assumed by the ES, and if realised would result in either discharge to
surface water significantly in excess of greenfield run-off rates, inundation of the site,
or a failure to lower the water table to the required depth. The discharge rates
assumed in the ES are unsubstantiated estimates provided by WLL to their
consultants.
6.1.9

It is considered highly uncertain that the Coal Measures can be adequately

dewatered under the current proposals; there is not sufficient understanding of the
complexity of the mined-out Coal Measures aquifer and the flooded mine workings to
be confident of dewatering predictions and, given the highly polluting potential of the
hazardous waste facility and the abstracted groundwater, it is considered that the
environmental hazards have not been properly considered.
Have the likely quality and cost implications of treating the abstracted
groundwater been adequately considered?
6.1.10 The proposed treatment of groundwater prior to discharge to the surface
water drainage system is filtration. Filtration is considered inadequate to treat the
concentrations of hazardous substances and non-hazardous pollutants observed in
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groundwater monitoring at the proposal site. The likely volumes would require
significant infrastructure that has not been included for in the ES. There is no
evidence that the quality and cost implications of groundwater treatment have been
adequately considered.
How certain is it that hydraulic containment can be achieved?
6.1.11 It is not certain that hydraulic containment can be achieved. In the first
instance, lowering the water table sufficiently to construct the landfill may be highly
problematic in this area which is subject to intensive fracturing and mining related
subsidence. If the landfill is successfully constructed, groundwater levels will have to
be maintained at below the base of the landfill until a very significant thickness of
waste is placed, to ensure against basal heave and rupture of the clay liner. If
groundwater abstraction has to stop due to pump malfunction, or lack of capacity in
the surface water storage and drainage system, groundwater levels will rise and the
integrity of the basal liner may be compromised. If the excavation has to proceed to
greater depths than anticipated due to the obligation to win coal, the required
thickness of waste to balance hydrostatic forces will be increased; if this is not
managed the integrity of the basal liner may be compromised. Hydrostatic forces will
also be acting on the liner on the slopes of the landfill due to inflow from the
superficial aquifer (and to a lesser degree from seepages from the Glacial Till) and
this has not been considered in the ES. Uncertainty in fill rates for the landfill
exacerbate the risk of basal heave and rupture of the liner. Finally, high winter water
tables or rising groundwater levels due to climate change or changes in local
groundwater abstraction may result in higher than expected ambient groundwater
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levels, basal heave and rupture of the liner during the post operational phase of the
landfill.
How certain is it that the leachate management systems will properly deal with
groundwater rebound and leachate development once operations cease, and
that long term management plans will be adequate?
6.1.12 The ES states that ‘leachate management will continue for as long as
necessary and will not cease until the EA agree that leachate management is no
longer needed’. It is considered that this leachate management should rightly allow
for a controlled rebound of leachate levels in the waste mass, so that the
development of the saturated chemistry of landfill can be monitored. However the
HRA does not provide an assessment of this process (it rather assumes that postclosure leachate concentrations will be benign). There is no estimate of how long it
will take for leachate levels to rebound or what the likely evolving chemistry will be,
nor is there a modelling scenario that assesses the risks arising from the saturated
waste mass. It is therefore not at all certain that appropriate long management plans
will be put in place to adequately mitigate risks of pollution; as there is a significant
possibility that the long-term management of leachate rebound and quality will be
onerous, it is considered highly inappropriate to commence operations without a
fuller assessment of these long term liabilities.
6.1.13 In addition to the questions above, the following comments are made:
•

For as long as the Environmental Permit allows for disposal of biodegradable
or volatile wastes at the site, it should be a stipulation of the future operation
that landfill gas monitoring and management is undertaken.
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•

The proposals are considered to be non-compliant with the following
legislation:
-

Schedule 22 of the Environmental Permitting Regulations: the proposals
do not include requisite surveillance and monitoring measures.

-

Water Act (2003) A hydrogeological impact appraisal has not been
undertaken to ascertain the impacts of dewatering the excavation on the
local water environment.

-

Flood and Water Management Act (2010) The proposed surface water
drainage system is insufficient to manage estimated groundwater
discharge volumes, and sustainable drainage is unlikely to be achieved.

-

Water Framework Directive (2010) The groundwater treatment proposed
prior to discharge of groundwater to surface water drainage is not
considered protective of water quality, and is likely to result in pollution
of surface water bodies.

-

Landfill Directive (1999). The risks arising from development of a
saturated waste body in the post operational phase have not been
adequately assessed; the risks arising from basal heave, rupture of the
landfill liner and release of hazardous substances and non-hazardous
pollutants to the aquifer have not been recognised or assessed.

-

Schedule 4 of the Town and Country Planning (Environmental Impact
Assessment) Regulations 2011 (“the EIA Regulations”) - baseline
characterisation is not sufficiently robust to allow identification of future
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impacts, and data on key water features has not been provided to allow
an assessment of potential impacts.
It is concluded that the proposals present a significant risk to the water environment,
and that key aspects of the Environmental Statement concerning baseline
characterisation, contaminant transport modelling and proposals for monitoring and
surveillance are not adequate to ensure that these risks can be controlled or
mitigated. In addition, proposals for treatment and management of groundwater
discharge may be entirely inadequate, creating a potential for flooding and pollution,
and it is not certain that hydraulic containment can be achieved in this complex
hydrogeological setting. It is recommended that the planning application be refused.
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7

LIMITATIONS

7.1.1

Copyright of this Report is vested in H Fraser Consulting Ltd and no part of it

may be copied or reproduced by any means without prior written permission from H
Fraser Consulting Ltd. If you have received this Report in error, please destroy all
copies in your possession and control and notify H Fraser Consulting Ltd.
7.1.2

This report has been prepared by H Fraser Consulting Ltd, with reasonable

skill, care and diligence within the agreed scope and terms of contract and taking
account of the manpower and resources devoted to it by agreement with its client.
7.1.3

The advice and opinions in this report should be read and relied on only in

the context of the report as a whole, taking account of the terms of reference agreed
with the client. The findings are based on the information made available to H Fraser
Consulting at the date of the report (and will have been assumed to be correct) and
on current UK standards, codes, technology and practices as at that time. They do
not purport to include any manner of legal advice or opinion. New information or
changes in conditions and regulatory requirements may occur in future, which will
change the conclusions presented here.
7.1.4

No liability is accepted by H Fraser Consulting Ltd for any use of this report,

other than for the purposes for which it was originally prepared and provided.
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Appendix B1
Dewatering and Inflow Calculations

Dewatering of the Shallow Peat and Shirdley Hill Sands aquifer
Two methods of estimating flow to the excavation from the Peat and Shirdley Hill Sands
aquifer are used; the equivalent well analysis and the planar flow to a trench analysis
(Preene et al, 1997).
1. Equivalent well analysis
=

2

( -

)

Where
Q – flow rate (m3/s)
k = hydraulic conductivity (m/s)
D = the thickness of the confined aquifer (m)
H = the initial piezometric level in the aquifer (m)
hw – the target drawdown inside the excavation (m)
re = the equivalent radius of the area to be dewatered (m)
R0 = is the radius of influence (m)

R0 is estimated as
= ( where the constant C is 3000.

) ( )

Equivalent radius
assessment
Permeability of sand
Thickness of sand
Transmissivity of sand
Permeability of peat
Thickness of Peat
Transmissivity of peat
Thickness of aquifer
Permeabillity of aquifer

Value

units

Source of data

2.50E-04
0.52
1.30E-04
1.00E-05
1.31
1.31E-05
1.83
7.8E-05

m/s
m
m2/s
m/s
m
m2/s
m
m/s

Domenico & Schwarz, 1990
Average of observed thickness
Calculated
Wong et al, 2009
Average of observed thickness
Calculated
Calculated
Calculated

R0
C
H
hw

3000
1.75
0.1

m
m
m

R0
re

293.73
250

m
m

Q

0.0046
401.2
4.64

m3/s
m3/d
l/s

Powers,1992
Estimated from observations
Target drawdown to 0.1 m above the
base of the aquifer
Calculated
Estimated from site dimensions

2. Flow to one side of a planar slot
=

(

-

)

2

Where all terms are as defined previously and
L0 = the distance of influence (m)
x = the linear length of the slot (m).

L0 is estimated as
= ( Where the constant C is between 1500 and 2000.

) ( )

Flow to a slot
k
x
L0
H
hw

Value
7.80E-05
1
25.51
1.75
0.1

Unit
m/s
m
m
m
m

Q per m length
Q per m length

9.34E-06
4.67E-06

m3/s
m3/s

1000
0.0046
403.5
4.67

m
m3/s
m3/d
l/s

perimeter of excavation
Total Q

Source
Calculated from site observations
distance of influence
Estimated from observation
Target drawdown to 0.1 m above the
base of the aquifer
Inflow rate to slot
Inflow rate to one side of slot

Distance of influence of flow to a planar slot – sensitivity analysis
The parameters changed are highlighted in bold
Parameter
C
H
hw
K
L0

unit
m
m
m/s
m

C
1500
1.75
0.1
7.0E-05
20.71

C
2000
1.75
0.1
7.0E-05
27.61

H
1750
2
0.1
7.0E-05
27.82

K
1750
1.75
0.1
7.0E-04
76.40

K and H
1750
2
0.1
7.0E-04
87.97
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Appendix B2
Dewatering and Inflow Calculations
Dewatering of the Coal Measures
The HRA uses Marinelli and Nicoli’s equation for flow into a mine void to estimate the
groundwater inflow to the GDS (Appendix HRA5). The results have been reproduced and
can be confirmed to be accurate if the input parameters are assumed to be correct.
=

(

-

) + 4

( -

)

Where all parameters are as defined above and
P = Distributed recharge (m/s).
What is a reasonable permeability value?
Table HRA4 describes the hydraulic conductivities used for the Coal Measures aquifer in the
modelling work undertaken by MJCA. They use a range of values from 2.3 x 10-7 to
2.3 x 10-5, stating the source of the data as: ‘Based on the results of the rising and falling
head tests with an order of magnitude increase for the maximum value to allow for fracture
zones, as reported in the 2003 HRA’. The 2003 HRA has not been reviewed, but falling and
rising head tests would have been undertaken on boreholes in the existing landfill site rather
than the proposal site.
The minor aquifer properties manual gives a mean value for unfractured sandstone in the
Coal measures of the western Pennines (derived from tests on cores) as up to 3 x 10-6 m/s.
The permeability of fractured strata is likely to significantly exceed this.
The Consim manual gives a range of values for fractured rocks (i.e. rocks that rely on
fracture flow to transmit water) as up to 3 x 10-4 m/s.
Permeability values of between 2.3 x 10-7 m/s and 1 x 10-4 m/s are used to estimate
dewatering volumes.
What is the likely radius of influence?
In the HRA, Ro is set at c. 200 m based on empirical equations. Site observations indicate
drawdown of 6 m at 500 m from the existing pumping sump. Radius of influence values of
between 200m and 600 m are used to estimate dewatering volumes.
Estimation of recharge
Distributed recharge has been set as 40% of incident rainfall (1.4 x 10-8 m/s).

Parameter

Unit

2

HRA
Base
case - low
61233

HRA Base
case - high

Change K

Change R0

High K

61233

61233

61233

61233

6.8E-09

3.4E-08

1.4E-08

1.4E-08

1.4E-08

3.14

3.14

3.14

3.14

3.14

area below
GDS
recharge flux

A

m

P

m/s

pi

pi

Radius of
influence
Equivalent
radius
Permeability

R0

m

159.2

215.1

159.2

600

500

re

m

139.6

139.6

139.6

139.6

139.6

K

m/s

2.30E-07

2.30E-06

2.30E-05

2.30E-06

1.00E-04

H - hw

H

m

13.6

16.6

15.1

15.1

15.1

Q

3

m /s

0.0019

0.0242

0.1942

0.0339

0.8530

Q

3

m /d

162

2088

16777

2926

73698

Q

l/s

1.87

24

194

34

853

63

4.8

0.6

3.5

0.14

8.9

0.69

0.09

0.49

0.02

No days to fill
storage
No weeks to
fill storage

A reasonable range for an estimate of pumping from the GDS is 3000 m3/d – 17000 m3/d, or
34 – 190 l/s.
This is consistent with the Minor Aquifer Properties Manual (ref) reports that ‘ In the Wigan
area, yields from boreholes up to 300 mm diameter generally range from 432 m3/d to 864
m3/d, while large diameter mine shafts occasionally yield up to 1680 m3/d. …Much higher
yields are observed from boreholes penetrating flooded disused workings’.
Appendix ESD describes the surface water management plans for the site, which comprises
a network of drainage channels around the site perimeter which feed four storage lagoons,
which in turn discharge to the local surface water drainage system via culverts. The
greenfield run-off rate for the site is 58 l/s. This is the rate at which discharge to surface
water drains should be restricted in order not to cause inundation downstream of the site.
The total storage capacity in the surface water lagoons is 10,110 m3.
At the GDS discharge rates described, groundwater pumping alone is highly likely to exceed
greenfield run-off rates. At the lowest estimated pumping rates, it would take approximately 2
days to fill the surface water storage system, after which point there would be no capacity for
storage of incident rainfall. At the higher end of the range of estimated pumping rates, the
entire system would be inundated, resulting in either on site flooding or off-iste discharge at
rates far exceeding the greenfield run-off rate.
Domenico,P.A. and Schwartz,F.W. Physical and Chemical Hydrogeology, Wiley,1990
Powers, J. P. (1992) Construction Dewatering: new Methods and Applications. Wiley, New
York, 2nd Edition.
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Appendix C
Basal Heave Calculations
In order to ensure the stability of the basal liner, the hydrostatic forces arising from
groundwater must be balanced by the downward force of the waste materials.
=

.

Where

ρ = density of waste (kg/m3)
g = acceleration due to gravity
FS = factor of safety

ρw = density of water
h = head of water above the formation depth
The thickness of waste required to balance hydrostatic forces is therefore
.

=

The density of the waste is conservatively estimated as 900 kg/m3, based on estimates of
landfill waste density ranging from 420 kg/m3 to 1000 kg/m3 (Worrell & Vesilind, 2011) and
estimates of soil density ranging from 1000 – 1600 kg/m3. A factor of safety of 1.5 is
assumed.
Parameter

Units

Base
case

Winter
water
levels

Lower
formation
depth

Rising
groundwater
levels

Higher
density
waste

Groundwater elevation

m OD

64

66

66

69

66

Formation depth

mOD

50

50

40

40

40

m

14

16

26

29

26

900

900

900

900

1.5

1.5

1.5

1.5

1.5

1.5

m

23.3

26.7

43.3

48.3

26.0

m OD

73.3

76.7

83.3

88.3

66.0

Head of water

Symbol

h

Density of waste

p

Factor of safety

FS

Thickness of waste
Finished height of
landform

T

kg/m

3

It is noted that the density of some of the waste streams at the current facility, for example
the CRT glass waste stream, may have higher densities than the density used in these

calculations (the density of CRT glass may rise to above 2,000 kg/m3, for example). It is
considered that the basal heave assessment should consider the likely density of the wastes
that are permitted and therefore may be landfilled under a future scenario, not the historic
waste streams of the current facility. Nonetheless, a calculation has been undertaken to
include for higher density waste streams, with an average density of 1.5 kg/m3. It can be
seen that 26.0 m of waste are required to balance hydrostatic pressures, and that there will
be a significant period of operation during which basal rupture might occur if groundwater
control mechanisms fail or cannot operate due to lack of capacity in the surface water
storage and drainage system.
References: Worrell, W. A., and Vesilind, P.A., 2011. Solid waste engineering.

