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Summary

SUMMARY

This project reports results of a hydro-geochemical study of leachate production at the
Silent Valley landfill, Blaenau Gwent, South Wales, UK.

Silent Valley landfill site is an active unlined landfill in South Wales. It lies on
interbedded sandstones and mudstones of the Rhondda Beds, which are overlain by a
mixture of boulder clay. head deposits and made ground. The annual rainfall recorded in
the area is approximately 1250 mm.

Resistivity surveys were performed across part of the site to help improve the
understanding of the internal structure of the landfill. Instrumentation to measure leachate
discharge, conductivity and meteorological inputs installed at the Silent Valley landfill site
are described and relationships between the rainfall and discharge data are analysed.
Regression analysis is used to model the discharge of leachate from the measured
meteorological data.

Water balance analysis has demonstrated that groundwater is entering the site. The
leachate generated on site is collected by a series of drains that feed into the Settlement
Tank, which then discharges to foul sewer. The discharge through the Settlement Tank
shows a rapid response to rainfall events with dilution effects indicated by conductivity
readings and chemical analysis. The volume of discharge from the Settlement Tank is
shown to have a long-term upward trend.

A preliminary study was undertaken to investigate the use of neural networks to model the
discharge in the Settlement Tank. Feedforward backpropogation neural networks were
constructed using the measured meteorological data to produce predictions of daily
discharge for the Settlement Tank.

lon Chromatography analysis was performed on the leachate to complement the historical
leachate analysis data. Element concentration was correlated with conductivity data and
variations related to discharge measurements. Since monitoring began in 1993, many of
the leachate constituents have shown an increase in concentration.
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CHAPTER 1

INTRODUCTION

Understanding the generation, character, long-term evolution and control of leachate
discharges from unlined landfills still provides an important scientific and engineering

challenge, requiring integration of hydrogeological and geochemical modelling.

Rainfall causes infiltration of water into the landfilled waste and also the generation of
leachate. Prediction of the volume of leachate that can be generated from a landfill is
generally based on water budget principals. This research will perform water budget
analysis for Silent Valley landfill site and take it a step further to identify trends in the
discharge in relation to meteorological variables in an attempt to produce a forecasting
tool. Coupled to this hydrological study, variation in selected geochemical characteristics
of the leachate produced by and discharged from the site are analysed in an attempt to

improve the understanding of this complex hydro-geochemical system.
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1.1 AIMS & OBJECTIVES

The aims of this study are to examine the relationships between the meteorological data
collected for the site and the discharge through the BSC Pipe and Settlement Tank and to
investigate the geochemical evolution of the leachate. Water balance analysis will be
performed for the Silent Valley using rainfall, Effective Rainfall and discharge data for the
site. The study aims to develop a hydro-geochemical model of leachate system, to allow

prediction of volumes and quality.

It is hoped that the research outcomes will provide a firm basis for the management of
Silent Valley landfill site. It is also anticipated that research techniques employed at this
case study site can be used at other landfill sites where similar or more extensive temporal

monitoring data are available.

1.2 CONTEXT OF RESEARCH

Silent Valley Landfill site (National Grid Reference SO 185 075) has been in operation as
a landfill site since 1981. Before accepting municipal waste it received large quantities of
waste from the iron and steel works at Ebbw Vale. The site is currently licensed to accept

household waste.

Much of the area surrounding the site is a Local Nature Reserve, with part of it designated

as a Site of Special Scientific Interest (SSSI).

The site is located on the interbedded sandstones and mudstones of the Rhondda Beds of
the Lower Pennant Measures. The solid geology is overlain by a mixture of boulder clay,

head deposits and made ground.
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The site is unlined and works on a dilute and disperse principal (Section 2.1.2.1). The
clay rich deposits covering the valley floor act a relatively impermeable layer. The
thickness of the clay, where present, varies across the site from 0.2 m to in excess of
3.5m. Over most of the site the clay is a silty clay with a measured permeability of
2.85x 107 t0 8.9 x 10" m/s. The head deposits on site have a measured permeability of
2.35 x 10° to 7.18 x 10° m/s (Golder Associates. 1993¢). Both the materials met the
National Rivers Authority (NRA) guideline of <1 x 10® m/s for an acceptable lining
material (Golder Associates, 1993b; Table 3.1).

The operational site can be divided into two areas. Phase I (20.1 ha) is active at present
and Phase II (13.5 ha) is the proposed area for future development. Phase I is located to
the south of the site. The southern face was filled, in an uncontrolled manner, during the
early 1980s while Blaenau Gwent Borough Council ran the site. Phase 1A is the present
day active phase, which is working northward from this face. It is being run by Silent

Valley Waste Services (SVWS) and is being infilled using the area method.

The leachate is collected through the drainage network at the base of the landfill and flows
into a sump. The leachate and contaminated water is then pumped into the Settlement

Tank. Water is discharged from here to foul sewer.

1.3 THESIS OUTLINE

Following the introduction, Chapter 2 reviews landfill practice in the United Kingdom, the
legal framework surrounding landfills, leachate and landfill gas, and the

hydrology/hydrogeology of landfill sites.

Silent Valley landfill site is described in Chapter 3. Descriptions of the site, the geology,

hydrology, hydrogeology, site history and the present site operating conditions are given.
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Chapter 4 reviews the site investigations and resistivity surveys that have been performed
at Silent Valley landfill site to help improve the understanding of the internal structure of
the landfill. The chapter concludes by using the information presented in Chapters 3 and 4

to produce a Conceptual Site Model of the landfill site.

The hydro-metrology of the site is examined in Chapter 5. The flow and meteorological
instrumentation installed at the Silent Valley landfill site are described and relationships
between the rainfall and flow data are analysed. Water balance analysis is performed
across the site for catchment areas given in previous consultancy reports and the current
catchment area within the drainage network surrounding the site. This is used to identify
if groundwater is entering the site or if leachate is entering the groundwater. Regression

analysis is used to model the discharge of leachate from the measured meteorological data.

Chapter 6 presents results of an investigation of leachate geochemistry. Historical
leachate analysis results of the basal drainage pipe where it emerges from the base of the
landfill are discussed over the period from 1993 to the present. Details of the Ilon
Chromatography (IC) analysis performed on leachate exiting this pipe (LP1) and the
Settlement Tank beyond, from which leachate is discharged to sewer, are given. These

results are compared with the conductivity measurements from two installed sensors.

In Chapter 7 artificial neural networks are used to predict leachate discharges. Artificial
neural networks have the advantage that they can be used where the form of the
relationship between the variables involved is unknown. Feedforward backpropogation
neural networks were constructed for Silent Valley' to produce a forecast of daily

discharge for the Settlement Tank.
In Chapter 8, results of monitoring, regression-based modelling and the application of
neural network analysis are discussed in the context of the landfill system, and an

assessment is made of the significance and limitations of the results described.

Chapter 9 presents the main conclusions and recommendations arising from the study.

! Neural networks for Silent Valley landfill were built by Stuart Paris using data supplied by the author.
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CHAPTER 2

RESEARCH CONTEXT

Since wastes have been produced the routes for its disposal have been landfilling,
recycling and combustion. We produce around 400 million tonnes of waste in England
and Wales each year. Industry, commerce and households produce 106 million tonnes of
this waste. The remainder is made up of construction and demolition wastes, agricultural

wastes, mining wastes, sewage sludge and dredged spoils (DoE, 2000).

Landfills play an important role in the disposal of waste. Most waste produced in England
and Wales goes to landfill. Around 54% of commercial and industrial waste, and 83% of
municipal waste is managed in this way (DoE, 2000). The quality of landfill design,
according to technical, social and economic development, has improved dramatically over

the last few decades.

This chapter reviews current landfill practice in the United Kingdom, the legal framework
surrounding landfills, leachate and landfill gas, and the hydrology/hydrogeology of
landfill sites.
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2.1 LANDFILLS

In the past landfills were not engineered to the extent that they are today. An engineered
landfill is a controlled method of waste disposal. The site of the landfill must be

geologically. hydrologically, and environmentally suitable.

The most important requirement of a landfill is that is does not pollute or degrade its

environment. This is achieved by careful siting and by proper design/construction.

2.1.1 WHAT IS A LANDFILL?

Article 2(g) of the Landfill Directive (99/31/EC) gives a definition of a landfill as “a
waste disposal site for the deposit of the waste onto or into land (i.e. underground),
including:
o internal waste disposal sites (i.e. landfill where a producer of waste is carrying out
its own waste disposal at the place of production), and
® a permanent site (i.e. more than one year) which is used for the temporary storage
of waste,
but excluding:
o facilities where waste is unloaded in order to permit its preparation for further
transport for recovery, treatment or disposal elsewhere, and
e storage of waste prior to recovery or treatment for a period less that three years as
a general rule, or

e storage of waste prior to disposal for a period less than one year ™.
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2.1.2 LANDFILL TYPES

The principles of landfill practice used have changed considerably since the 1970s. The
various changes in design philosophy have developed in response to an increased

understanding of landfill leachate. its behaviour and the risk to water.

2.1.2.1 “Dilute and Disperse” Sites

Sites constructed before the mid 1980s were commonly dilute and disperse sites, where
there is little or no engineering of the site boundary. The leachate and the landfill gas
produced during the lifetime of the landfill is released to the surrounding environment.
The movement of leachate is allowed so that the leachate is diluted, reduced in toxicity

and dispersed.

In 1980, the introduction of the EC Groundwater Directive (80/68/EEC) (see Section

2.2.1.4) caused a reassessment of the dilute and disperse principal.

Silent Valley landfill was designed on the dilute and disperse principal.

2.1.2.2 Engineered “Containment” Sites

Engineered containment sites developed extensively in the UK since the early 1980s. The
majority of UK landfills are now designed as containment landfills. A liner material
contains the leachate within the landfill site boundary. The degradation processes take
place within the landfill mass until stabilisation is complete. The leachate and landfill gas

are collected and treated.

Phase Il of Silent Valley Landfill will be designed as a containment landfill.
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2.1.2.3 “Flushing Bioreactor” Site

The design and development of the flushing bioreactor landfill site in the UK is driven by
the strategy of sustainable waste management. The strategy requires that waste should be
dealt with by the present generation and not be left for future generations to deal with.
The aim is to maximise waste degradation by the recirculation of water and/or leachate in
order to stabilise waste degradation within one generation (i.e. 30 to 50 years). Although
several sites within England and Wales operate leachate recirculation, no sites of this type

had been constructed by the end of the 1990s (Environment Agency, 2001).

2.1.3 SITE SELECTION

Some of the factors that must be considered when siting a landfill include:
1. proximity to waste generators
- transport costs
2. availability of transportation systems for moving waste to the site
- transport costs
- road network
3. available land area
- site ownership
- rights of way
- proximity to property
- void space available
4. site access
- road networks
5. site conditions and topography
6. climatic conditions
- rain
- wind (on very windy days tipping may not be possible)

7. surface water hydrology
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- potential for flooding
8. geology and hydrogeology
- geological structure (e.g. folds, faults, fractures)
- history of mining activity
- slope stability
- minerals availability and suitability for use on site (e.g. daily cover)
- movement and utilisation of groundwater in the vicinity
9. proximity of airports
- bird strike
10. land use
- present and in the future
11. impacts on the local community
- visual
- noise
- odour/air quality
- traffic

12. ultimate use for completed landfill.

The research reported in this thesis relates to factors 6 to 8 for the Silent Valley landfill in
the south Wales valleys. The significance of climatic inputs and geological conditions in
this unlined landfill are investigated in detail with particular reference to leachate

management and control.

2.1.4 LANDFILL DESIGN STAGES

Landfill design should follow a staged approach, which can be broadly divided into three
key stages:
» Conceptual stage

The designer will be principally concerned with the feasibility and viability of the site,

which will result in a notional model for the development of the site, giving

Emma C. Paris Cardiff University 9



Chapter 2 - Research Context.

approximate volumes, possible design features and proposals for afteruse and setting
out the principal aspects for clarification or investigation of subsequent stages.

Main design stage

At this stage a detailed site investigation and assessment of environmental issues
should be carried out. This should lead to a design for the overall construction,
operation and restoration of the site.

Construction design stage

When the site progresses to construction, the main design should be developed into a
fully documented construction design with sufficient detail, specification and contract
documentation to permit construction. The construction design is likely to be carried

out on a number of occasions during the site’s life and should be periodically reviewed

(DoE, 1995).

Design objectives for a landfill must run consistently through the design, preparation,

operation, restoration and aftercare stages. Key objectives for all sites include:

Environmental protection

The requirements of environmental protection should be determined by risk
assessment.

Physical acceptability

The site must be acceptable in relation to its former use and in the context of the
surrounding land use.

Longevity

Appropriateness

The design must be appropriate to the location, waste type, receptors at risk, intended
method of operation and proposed restoration and afteruse.

Cost effectiveness
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2.1.5 LANDFILL DESIGN COMPONENTS

In modem landfill design, the landfill envelope is the most important consideration. It

encapsulates the waste and isolates it from the surrounding environment.

It should

prevent escape of leachate, limit rainfall infiltration, and handle gas generation. The main

components of the envelope are the liner system, leachate collection and removal system,

gas collection and control system, and final cover system (Fig. 2.1).

To gas flare station
or power plant

Figure 2.1

From Qian et al (2002).

Emma C. Paris
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Gas collection and control system
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Gas vent/foundation layer

Solid waste

Leachate collection system
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Schematic diagram of a municipal solid waste landfill containment system.
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2.1.5.1 Liner Systems

The liner system is placed on the bottom and up the sides of the landfill. The selection of
a liner system is determined on a site specific basis, with the initial selection process

involving a risk assessment.

The protection of groundwater from unacceptable impact from landfill leachates is one of
the principal objectives of modern landfills, and is increasingly satisfied by the provision
of high specification low permeability liners which assist the management of landfill

leachate.

The performance objectives for a landfill liner system can be summarised as:

¢ to control seepage of leachate from the landfill into the environment such that it does
not cause an unacceptable level of contamination

e to assist in controlling the migration of landfill gas such that it does not cause an
increase in the concentration of soil gases, over and above background levels, by the
amounts defined in Waste Management Paper 27 (DoE, 1991)

¢ to retain consistent performance in its operating environment for the required design
life and to be compatible with the expected leachate and gas composition and
temperature

e to assist in the control of any groundwater ingress into the landfill which would cause
an unmanageable increase in the volume of leachate generated or unacceptable uplift
pressures (DoE, 1995).

A liner system should not rely on the provision of only one level of protection. In some
circumstances the ground conditions under the site may provide some protection in terms
of naturally low permeability, or attenuation/dilution of any seepage from the site. The

level of protection required will be based on risk assessment.

Liner systems should, in addition to the property of low permeability, be robust, durable,

and resistant to chemical attack, puncture and rupture.
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A landfill liner system may comprise a combination of barriers and fluid collection layers,
plus mineral or synthetic components acting as separation or protection. Landfill liners
are typically overlain by a leachate collection system (LCS) with appropriate
separation/protection layer and where necessary can be underlain by a groundwater
collection system (GCS). again with an appropriate separation/protection layer. The

drainage layers use either granular materials with geotextiles, or geonets.

Appropriate liner protection must be provided. Mineral liners are susceptible to erosion,
weathering, desiccation and penetration. Geomembranes are susceptible to puncture and

stress. A variety of granular materials and geotextiles can be used.

2.1.5.1.1 Single Liner System

The single liner system has a single primary barrier. It is typically only used in low
vulnerability situations. It is commonly made from clay, bentonite enhanced soil or

hydraulic asphalt (commonly used in dam construction).

2.1.5.1.2 Composite Liner System

Composite liners generally comprise of two or more barriers placed in contact with each
other. It combines the advantages of two different materials with different physical and
hydraulic properties. The performance of these barriers in combination is greater than the

sum of the individual components.

Typically, a primary geomembrane (flexible membrane line — FML) is placed above a
secondary low permeability cohesive mineral barrier. The FML is placed in contact with
the mineral liner to ensure that any flaws in the geomembrane will not lead to lateral

migration along the interface between the two components.
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2.1.5.1.3 Double Liner System

The double liner system includes primary and secondary barriers with an intermediate
high-permeability drainage layer to monitor and remove liquids or gasses from between
the barriers. In its most basic form, where geomembranes are used for the barriers, the

double liner system is generally inferior to the composite liner in terms of performance

and robustness.

2.1.5.1.4 Multiple Liner System

A multiple liner system represents a combination of the above. An inter-barrier drainage
layer allows the monitoring and removal of any fluids that may seep from the landfill, as
in the double liner system. A composite liner is used for the primary or secondary barriers
or both. This system combines the containment ability and robustness of a composite liner

with the monitoring and recoverability that a double liner system offers.

2.1.5.2 Liner Materials

Clay (natural and reworked) or bentonite enhanced soils (BES) are commonly used in
landfill engineering. Five major types of geosynthetic products that are used in landfill
engineering are (Qian et al, 2002):

* geomembranes

» geosynthetic clay liners

* geonets

o geotextiles

* geogrids
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2.1.5.2.1 Clay Liners

Where suitable low permeability clay materials are available, either on-site or locally,
these generally provide the lowest cost lining material. A typical specification is that the
material should be placed and compacted in layers to form a homogeneous layer with a
total thickness no less than 1000 mm with a hydraulic conductivity no greater than

1 x 10° m/s (Qian et al, 2002).

Where naturally occurring soils do not contain enough clay to achieve the desired
permeability, bentonite can be added to improve their permeability. Bentonite enhanced
soils (BES) work by the swelling of the bentonite particles on hydration, which forces the
hydrated bentonite around the soil particles to produce a synthetic clay. The maximum
coefficient of permeability of BEH is frequently specified as 1 x 107" m/s (Qian er al,
2002).

2.1.5.2.2 Geomembranes

Geomembranes (also known as flexible membrane liner or FML) are relatively thin sheets
of flexible thermoplastic or thermoset polymeric materials. They are manufactured and
prefabricated at a factory and transported to site. They are placed directly on the subgrade

or another geosynthetic material and seamed.

Geomembranes are made of one or more polymers along with a variety of other
ingredients such as carbon black, pigments, fillers, plasticizers, processing aids,
crosslinking chemicals, antidegradants and biocides. The polymers used include a wide
range of plastics and rubbers differing in properties such as chemical resistance and tensile
strength. The polymeric materials may be categorised as follows:
* Semicrystalline thermosplastic
such as high density polyethylene (HDPE), linear low-density polyethylene (LLDPE),
very low density polyethylene (VLDPE), and flexible polypropylene (fPP)

* Thermoplastics
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such as polyvinyl chloride (PVC)
o Thermoplastic elastomers

such as chlorosulfonated polyethylene (CSPE) (Qian et a/, 2002).

The recommended minimum thickness for all geomembranes is 0.75 mm, with the
exception of HDPE, which should be at least 1.5 mm to allow for extrusion seaming (Qian
et al, 2002).

For an intact geomembrane the transfer of moisture across the membrane occurs by
diffusion and the rates are extremely low. Diffusion values related to permeability values
range from 0.5 x 10" cm/s t0 0.5 x 107" cm/s (Qian er al, 2002). This is 10° to 10° times

lower in permeability than required for a clay liner.

Both HDPE and LLDPE can be made with textured surfaces. They can be made on one or
both sides of the geomembrane. The textured surface greatly improves slope stability by
increasing interface friction between the geomembrane and soils, geotextiles and other
geosynthetics. HDPE is the most widely used geomembrane in waste management. It is
the most chemically resistant of all geomembranes, has a very low permeability, has
excellent resistance to ultraviolet degradation and is available in many thicknesses and as
smooth and textured styles. It can be used for landfill liners (primary and secondary),

landfill caps, lagoon liners, wastewater treatment facilities etc.

2.1.5.2.3 Geosynthetic Clay Liners

Geosynthetic clay liners (GCL) are a combination of bentonite with geotextiles. At
present there are four types:
1. Geotextile-encased, adhesive-bonded GCL (Fig. 2.2a)
A non-reinforced GCL with two light woven or nonwoven geotextiles encapsulating a
bentonite layer.

2. Geotextile-encased, stitch-bonded GCL (Fig. 2.2b)
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A layer of bentonite is encapsulated between two woven or nonwoven geotextiles that
are stitched together with parallel rows of stitches. The stitch-bonding of the
encapsulating geotextiles increases the internal strength.

3. Geotextile-encased, needle-punched GCL (Fig. 2.2¢)
A layer of bentonite is encapsulated between two woven or nonwoven geotextiles that
are needle-punched together. The internal matrix of bentonite and needle-punched
fibres provides high internal shear strength.

4. Geomembrane-supported, adhesive-bonded GCL (Fig. 2.2d)
This is a bentonite-geomembrane composite GCL. The geomembrane can be any type
(usually HDPE or LLDPE), of any thickness, and either rough or textured. It can be

installed with the geomembrane side facing up or down.

Geosynthetic clay liners are manufactured in continuous sheets. They are installed by

unrolling and overlapping the edges, which self-seal when the bentonite hydrates.
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Upper geotextile

A

Clay + adhesive
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Lower geotextile
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b) Geotextile-encased, stitch-bonded
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d) Geomembrane-supported,

adhesive-bonded

Figure 2.2 Four types of geosynthetic clay liner. After Qian ef a/ (2002).

2.1.5.2.4 Geotextile, Geonets & Geogrids

Geotextiles consist of polymeric fibres made into woven or unwowen textile sheets. The

primary functions of geotextiles are separation, reinforcement, filtration, and drainage.

Geonets are formed from polyethylene and are unitised sets of repeating parallel ribs

positioned in layers such that liquid can be transmitted within their open spaces. Geonets

are used almost exclusively for their drainage capability. They are always covered with a

geomembrane or geotextile on their upper and lower surfaces because if they were in
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direct contact with the soil, soil particles would fill the apertures of the geonet rendering it

useless.

Geogrids are net-shaped synthetic polymer-coated fibres that are used in reinforcement.

2.1.5.3 Leachate Collection and Removal System

A leachate collection and removal system is used to collect the leachate produced in a
landfill, to prevent the buildup of leachate head on the liner, and to drain leachate to a

wastewater treatment plant, sewer or leachate storage tank.

A typical leachate collection and removal system consists of a leachate filter and drainage
layer, a perforated collection pipe network, sumps, riser pipes or manholes, cleanout ports,

pumps, and leachate storage tanks.

In order to avoid the build-up of leachate at the bottom of the landfill, the base of the
landfill should be graded so that the leachate can flow under gravity to low points for

collection.

2.1.5.4 Gas Collection and Control System

The gas collection and control system is used to collect the landfill gas, which can either
be used to produce energy or flared under controlled conditions. There are different
systems that can be used to collect landfill gas:

o Passive gas collection system

e Active gas collection system

Passive gas collection systems allow gas to be released without the use of mechanical

devices. Trenches and perforated pipes can be used to intercept the migration of gas
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through the soil and vent it to the atmosphere. Passive gas collection systems are
relatively inexpensive and require little maintenance. However, due to the shallow

construction of these vents, the effectiveness of the vent for collecting gas is limited.

Most active gas collection systems use negative pressure and apply a vacuum to pull gas
out of the landfill via vertical extraction wells, horizontal extraction trenches, or venting
layer beneath the cover barrier system. The gas collected must be treated before releasing
to the atmosphere and this is commonly done through gas flaring or gas processing and

energy recovery.

2.1.5.5 Final Cover System

The capping system is the final component in the construction of the landform, comprising

of engineering and restoration layers.

The objectives of the engineering cap are to:

+ contain the wastes

o manage leachate production by controlling the ingress of rain and surface water into
the underlying waste

» prevent uncontrolled escape of landfill gas or the entry of air into the wastes

+ provide protection for the emplaced wastes

» accommodate the environmental control measures (DoE, 1995).

The objective of the restoration layers is to enable the planned afteruse of the site.

The usual components within a final cover system are the surface or erosion control layer,
protection layer, drainage layer, hydraulic barrier layer, gas collection layer (as required)

and foundation layer (Fig. 2.3).
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Surface / Erosion Control Layer (topsoil)

Protection Layer (locally available soil)

Drainage Layer (granular soil or geosynthetic
drainage materials)

Hydraulic/Gas Barrier Layer (geomembrane,

compacted soil, and/or geosynthetic clay liner)

Gas Collection Layer (granular soil or
geosynthetic materials)

Foundation Layer (soil)

Solid Waste
.:I..$£% , > v.>v

Figure 2.3 Typical layers of final cover systems for municipal solid waste (not to

scale). After Qian et al (2002).

2./.5.5.1 Surface Layer

Topsoil is commonly used for the surface layer. When vegetated it helps minimise
erosion and promote transpiration of water back to the atmosphere. Vegetation also
creates a leaf cover above the soil to reduce rainfall impact and decrease wind velocity on

the soil surface. The minimum thickness of soil used is 150 mm.

2.1.5.5.2 Protection Layer

The protection layer lies directly beneath the surface layer, and in some cases is combined
with it into a single “cover soil”. Locally available soil is most commonly used. The

protection layer serves one or more ofthe following functions:
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o store water that has infiltrated into the cover until it is later removed by
evapotranspiration

« physically separate the underlying drainage and barrier layer components and buried
waste from burrowing animals and plant roots

o minimise the possibility of human intrusion into the contaminated material

o protect underlying layers from excessive wetting/drying (which could cause cracking
of fine-grained soils)

o protect underlying layers in the surface barrier from freezing (which could cause frost
heave of underlying soils or cracking of fine-grained soils) (Koerner & Daniel, 1997).

The required thickness of the protection layer depends on what is to be protected and how

much protection is needed.

2.1.5.5.3 Drainage Layer

Water that penetrates through the cover soil may be removed from the cover system using

a drainage layer. It serves three principal functions:

o reduces head of liquid on the underlying barrier layer, thereby minimising the amount
of water percolation into underlying layers, waste, or contaminated soil

o drains water from the overlying soil, allowing it to absorb and retain additional water

 ecliminates pore water pressures at the interface to the underlying barrier layer (Koerner
& Daniel, 1997).

The materials used in a drainage layer are sand or gravel, or geosynthetic materials. If
constructed using granular materials, the layer should have a minimum thickness of
300 mm. Whether constructed out of granular or geosynthetic materials, the hydraulic
conductivity of the drainage material should be no less than 1 x 102 cm/sec (hydraulic

transmissivity no less than 3 x 10 m%/sec) at time of installation (Koerner & Daniel,
1997).

The drainage layer should be designed, constructed, and operated to function without

excessive clogging over the lifetime of the facility.
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2.1.5.5.4 Hydraulic/Gas Barrier Layer

The barrier layer is generally viewed as the most critical component of an engineered final
cover system. It minimises percolation of water through the cover system directly by
blocking water and indirectly by promoting storage or drainage of water in the overlying
layers, where water 1s eventually removed by runoff, evapotranspiration, or internal
drainage. The barrier layer also prevents landfill gases from escaping into the atmosphere,
forcing it to migrate beneath it and so the barrier layer must be used in conjunction with an

effective landfill gas venting or collection system to control lateral gas migration.

Site-specific and waste-specific conditions dictate the type and configuration of materials
used as a barrier layer. The main materials used are:

o geomembranes (GMs)

« geosynthetic clay liners (GCLs)

¢ compacted clay liners (CCLs).

2.1.5.5.5 Gas Collection Layer

The gas collection layer may be constructed of sand, gravel, geonet, geotextile,
geocomposite, or other gas-transmitting material. If natural soils are used, the layer
should be a minimum of 300 mm thick. Gas is captured and flows into periodically-

spaced collection pipes or vents. More details are given in section 2.1.5.4.

2.1.5.5.6 Foundation Layer

Depending on the type of waste being covered, the foundation layer can be the last lift of
daily soil cover, a temporary soil cover, or a previously placed soil cover which does not

meet regulatory standards.
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2.1.6 LANDFILL MONITORING

Monitoring is a long-term commitment accompanying the development, operation and

post-closure management of a landfill. Reasons for monitoring a landfill are:

o to meet the requirements of legislation

o to demonstrate that the landfill is performing as designed

e to provide reassurance that leachate controls are preventing pollution of the

environment (by reference to a pre-established baseline)

e to indicate where further investigation is required and, where risks are unacceptable,

the need for measures to prevent, reduce or remove pollution by leachate

o to identify where a site no longer presents a significant risk of pollution or harm to

human health (to enable an application for surrender of a landfill permit).

Guidance on monitoring can be found in:

o Waste Management Papers (WMP) published by the Department of the Environment

WMP 4
WMP 26A
WMP 26B
WMP 26D
WMP 27

Licensing of Waste Management Facilities, 1994

Landfill Completion, 1998

Landfill Design, Construction and Operational Practice (DoE, 1995)
Landfill Monitoring, 1996

Monitoring of Landfill Gas (DoE, 1991)

* Environment Agency documents

Regulation 15 Guidance, 1999

National Sampling Procedures Manual, 1998

Guidance on Monitoring of Landfill Leachate, Groundwater and Surface Water,
2001 (EA, 2001)

¢ National and international standards

Standing Committee of Analysts, 1996
ISO 5667: Water Quality Sampling
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2.1.6.1 Leachate, Groundwater and Surface Water Monitoring

All water monitoring should be fit for the purpose of detecting any significant leakage or
overspill of leachate. Effective water monitoring will provide early warning of water

pollution and should allow corrective action to be taken in good time.

Monitoring of leachate, groundwater and surface water in undertaken to:

o define baseline water quality and physical conditions in surrounding groundwater and

surface water

o allow assessment of compliance with site licence conditions

o provide confirmation that landfill engineering measures are controlling leachate as
designed

o provide information about the processes occurring within the landfill site

o provide information on the state and rate of stabilisation of the waste body for
comparison to the design lifetime of containment and monitoring systems

o provide an early warning of any departure from design conditions

o provide an early warning of breach of regulatory standards

+ provide information to enable decisions on the management of the site to be taken

o to provide information to support an application for the certificate of completion

(Environment Agency, 2001).

Typically the leachate level in a landfill site is measured once a week. Chemical analysis
of the leachate composition is typically done monthly. A typical suite of determinands

would include (North West Waste Disposal Officers, 1991):

e pH e Conductivity
¢ COD and or BOD/TOC e Ammonia

¢ Chloride e Nitrate

¢ Nitrite e Sulphate

¢ Sulphide e Cadmium

¢ Chromium e Copper

e Lead e Nickel

e Zinc
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The actual suite of determinands should be tailored to address the working controls and
risks posed by the individual site. The leachate monitoring at Silent Valley will be

discussed in Chapter 6.

2.1.6.2 Landfill Gas Monitoring

A monitoring programme's aim is to provide information to assess whether gas generation

from wastes is likely to give rise to risk to public health or the environment, or a nuisance.

For sites without control measures, monitoring should be targeted at measuring for
changes in gas evolution and migration patterns.

The frequency of monitoring required will be site specific, and will depend on:

o the age of the site

o the type and mix of waste

 the possible hazard or nuisance from gas escaping from the site

o the results of previous monitoring

o the control measures that have been or are to be installed

o the development surrounding the site

o the geology.

Site monitoring frequencies should be varied under certain conditions. They should be

increased when:

 increases in gas quantity or changes in gas quality are found during routine off-site
monitoring

» control systems are changed by landfill operations

o capping of part or all of the site takes place

» pumping of leachate ceases or starts or leachate levels rise within the wastes

* variations in weather occur when gas migration pathways can be changed significantly
(eg when ground freezing is widespread)

* building development on or adjacent to the site takes place. Additional monitoring

points may also be necessary if this occurs.
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Waste Management Paper No. 27 (DoE, 1991) recommends that monitoring should

continue until:

o the maximum concentration of flammable gas from biodegradation within the landfill
remains less than 1% by volume (20/5 LEL) and the concentration of carbon dioxide
from biodegradation within the landfill site remains less then 1.5% by volume
measured in any monitoring point within the wastes over a 24 month period taken on
at least four separate occasions, including two occasions when atmospheric pressure
was falling and was below 1000 mb

e an examination of the waste using an appropriate statistical sampling method provides

a 95% level of confidence that the biodegradable matter has been used up.

The monitoring strategy should be kept under regular review and subject to specialist
appraisal. Waste Management Paper No. 27 (DoE, 1991) recommends that the interval of

such assessment should not exceed 12 months.
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2.2 REVIEW OF LANDFILL REGULATION

The UK's legislative regime concerning waste has evolved over many years. As a result,
there are numerous Acts of Parliament that set out a regulatory system for waste

management in the UK.

2.2.1 LEGAL FRAMEWORK

2.2.1.1 Control of Pollution Act 1974

The Control of Pollution Act 1974 (COPA 1974) covered waste on land (Part I), the
pollution of water (Part II), noise (Part III), and pollution of the atmosphere (Part IV).

Part [ (waste on land) of the Act introduced a system of licensing under which a waste
disposal licence was required from the waste disposal authority (WDA) for the deposit of

household, industrial or commercial waste, referred to generically as “controlled waste”.

2.2.1.2 Framework Directive on Waste

The Framework Directive on Waste 75/442 (later amended by Directive 91/156/EEC)
established a general framework of controls for waste management. In accordance with
the EC’s general policies, it aimed to encourage the recovery of waste and its management
at the point of production. The Directive also requires Member States of the EU to

produce a National Waste Strategy setting out their policies on the disposal and recovery

of waste.
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2.2.1.3 Dangerous Substances Directive (76/464/EEC)

The Directive covered discharges to inland surface waters, territorial waters, inland coastal

waters and ground water.

The Directive was the response to the need for general and simultaneous action by the
Member States to protect the aquatic environment of the Community from pollution,
particularly that caused by certain persistent, toxic and bioaccumulable substances. Two
lists of substances, List I and List II, were established and listed in the Annex (see Section
223.0).

2.2.1.4 Groundwater Directive (80/68/EEC)

In 1980 the protection of groundwater was taken out of 76/464/EEC to be regulated under
the separate Council Directive 80/68/EEC (Groundwater Directive) on the protection of

groundwater against pollution caused by certain dangerous substances.

Transposition of the EC Groundwater Directive (80/68/EEC) was completed by the
Groundwater Regulations 1998 (SI 1998 No. 2746) in England, Wales and Scotland.

2.2.1.5 Town and Country Planning Act 1990

The Town and Country Planning Act 1990 requires that all development, operational or a

material change of use, requires planning permission.
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2.2.1.6 Environmental Protection Act 1990

The Environmental Protection Act seeks "to re-enact the provisions of the Control of
Pollution Act 1974 relating to waste on land with modifications as respects the functions

of the regulatory and other authorities concerned in the collection and disposal of waste

and to make further provision in relation to such waste”.

Part | of the Environmental Protection Act (EPA) 1990 deals with Integrated Pollution
Control (IPC) and Local Air Pollution Control (LAPC).

Part II (waste on land) of the Environmental Protection Act (EPA) 1990 deals with:

e duty of care

e waste management licences

o collection, disposal or treatment of controlled waste

e Special waste and non-controlled waste

e Publicity

e Supervision and enforcement
Virtually all of Part I of COPA 1974 was repealed and replaced by Part II of EAP 1990.
The waste on land provisions of Part II of EPA were brought into force progressively

between 1991 and 1994.

The powers for a waste disposal authority to undertake waste disposal through its own

operational landfill and other sites were removed by section 32 of EPA 1990.

The main changes by EAP 1990 to COPA 1974 were:

o The separation of regulatory and operational functions of the waste disposal
authorities

o The extension of control to all types of handling of waste

o The imposition of a duty of care on all persons who produce, handle or dispose of
waste

o Tighter control on transfer and surrender of licences

o The imposition of fees for applications for, and the subsistence of licences

e A requirement that a licence holder should be “fit and proper”.
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2.2.1.7 Water Resources Act 1991

Under the Water Resources Act 1991, the Environment Agency has the duty to monitor
and protect controlled waters. Section 85 says that it is an offence to cause or knowingly
permit pollution of controlled waters without appropriate authorisation. Section 88(1)(c)

provides a defence if the discharge is made as a result of compliance with a waste

management or disposal licence.

2.2.1.8 Waste Management Licensing Regulations 1994

The Waste Management Licensing Regulations 1994 (SI 1994 No. 1056) bring into force
the waste management licensing system under Part II of the Environmental Protection Act
1990. It also implements the Framework Directive on Waste (91/156/EEC) by requiring
that Waste Regulation Authorities take the Directive into account when drawing up their

waste management plans.

2.2.1.9 Environment Act 1995

The Environment Act 1995 provides ‘for the establishment of a body corporate to be
known as the Environment Agency and a body corporate to be known as the Scottish
Environment Protection Agency; to provide for the transfer of functions, property, rights

and liabilities to those bodies and for the conferring of other functions on them”.

The main provisions of the Environment Act 1995 are as follows:
¢ The creation of Environment Agencies
¢ The new contaminated land regime
e Protection of the Aquatic Environment
e Air quality management

¢ Producer responsibility
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Part I of the Act sets up two new Environmental Agencies namely the Environment

Agency (EA) (England and Wales), and the Scottish Environment Protection Agency
(SEPA). The agencies encompass:

e The National Rivers Authority (England and Wales)
o The River Purification Authority (Scotland)
e The Waste Regulation Authorities

e Her Majesties Inspectorate of Pollution

The new contaminated land regime (Section 57) amends Part II of the Environmental

Protection Act 1990 by introducing new provisions as regards contaminated land.

Section 93 of the Environment Act 1995 provides for the introduction of Regulation to
impose obligations on the producers of materials or products to recycle, recover or re-use

those products or materials.

2.2.1.10 Special Waste Regulations 1996

The Special Waste Regulations 1996 (SI 1996 No. 9727) came into force on 1 September
1996. The regulations were primarily introduced in order to transpose the Hazardous
Waste Directive (91/689/EEC) into British law.

2.2.1.11 Landfill Tax Regulations 1996

The landfill tax became effective on 1st October 1996 and is levied on waste deposited in
landfills. The objectives of the tax are to encourage waste producers to minimise the
volume of waste generated, reduce the amount deposited in landfills and to encourage

recycling.
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Landfill operators are liable for the tax on all consignments of wastes accepted for landfill
disposal. All landfill operators will add the cost of the tax on to any waste disposal

charges to be paid by the customers or taxpayers.

Levies of £7 per tonne were introduced for active waste and £2 per tonne for inactive
waste. The standard rate for active waste was raised to £10 per tonne from April 1999. In
the March 1999 budget, the Chancellor announced that the standard rate would be subject
to a landfill tax escalator of £1 per tonne per year for at least five years, reaching £15 per
tonne in 2004. In the 2003 Budget the Government announced that the rate would
increase to £18 per tonne in 2005-06 and by at least £3 per tonne in the years thereafter on
the way to a medium-to-long-term rate of £35 per tonne. The lower rate, which applies to

inactive waste disposed of to landfill, remains at £2 per tonne.

The tax is collected by HM Customs & Excise on a quarterly basis, but one fifth of the tax
value may be reclaimed and donated to Environmental Bodies for projects satisfying set

objectives. The scheme is overseen by ENTRUST.

2.2.1.12 Integrated Pollution Prevention and Control

The Integrated Pollution Prevention and Control (IPPC) Directive is about minimising
pollution from various point sources throughout the European Union. All installations
covered by Annex I of the Directive are required to obtain an authorisation (permit) from
the authorities in the EU countries. Unless they have a permit, they are not allowed to
operate. The permits must be based on the concept of Best Available Techniques (BAT),
which is defined in Article 2 of the Directive.

The fifteen EU Member States had until the end of October 1999 to adjust their national
legislation in line with the Directive. As from October 1999 the Directive applies to all
new installations, as well as existing installations that intend to carry out changes that may

have significant negative effects on human beings or the environment. As mentioned
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above, the Directive does not immediately apply to other existing installations. These have

been granted an additional 8 years of grace.

The IPPC Directive is designed to prevent, reduce and eliminate pollution at source
through the efficient use of natural resources. It is intended to help industrial operators

move towards greater environmental sustainability.

2.2.1.13 Pollution Prevention and Control (PPC)

The Pollution Prevention and Control Act 1999 and the subsequent Pollution Prevention
Control (England and Wales) Regulations 2000 provide the replacement of Part 1 of the

Environmental Protection Act 1990.

The Pollution Prevention and Control (PPC) Regulations 2000 are the UK enactment of
the European Commission Directive 96/61 of Integrated Pollution Prevention and Control

(IPPC), and the successor to the old Integrated Pollution Control (IPC) regulations.

2.2.1.14 Landfill Directive (99/31/EC)

The EC Landfill Directive (99/31/EC) was adopted in July 1999 and should have been
implemented by 16 July 2001. The Directive aims “by way of stringent operational and
technical requirements on the waste and landfills, to provide for measures, procedures
and guidance to prevent or reduce as far as possible negative effects on the environment,

.. as well as any resulting risk to human health, from landfilling of waste, during the

whole life-cycle of the landfill” (Article 1).

The Directive requires that all landfills are classed as one of the following:

o landfill for hazardous waste
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‘hazardous waste’ means any waste which is covered by Article 1(4) of Council
Directive 91/689/EEC (Article 2, paragraph (¢)).

The list identifying hazardous wastes is called the Hazardous Waste List (HWL)
and is subject to constant review. The latest HWL is dictated by European
Directive 2000/532/EC.

landfill for non-hazardous waste

‘non-hazardous waste means waste which is not covered by [Article 2] paragraph
(c) (Article 2, paragraph (d)).

landfill for inert waste. (Article 4)

‘inert waste’ means waste that does not undergo any significant physical, chemical
or biological transformations. Inert waste will not dissolve, burn or otherwise
physically or chemically react, biodegrade or adversely affect other matter with
which it comes into contact in a way likely to give rise to environmental pollution
or harm to human health. The total leachability and pollutant content of the waste
and the ecotoxicity of the leachate must be insignificant and, in particular, do not

endanger the quality or any surface water and/ or groundwater. (Article 2,

paragraph (e))

It also states that the following wastes will not be accepted in a landfill:

liquid waste;

waste which is explosive, corrosive, oxidising, highly flammable or flammable;
hospital or other clinical waste or infectious waste

whole tyres (from 2003) and shredded tyres (from 2006)

any other type of waste which does not fulfil the acceptance criteria determined in

accordance with Annex II (Article 5).

Article 5 states that Member States shall set up a national strategy for the implementation

of the reduction of biodegradable waste going to landfill by means of in particular,

recycling, composting, biogas production or materials/energy recovery. The strategy must

ensure that;

e by 2006 the amount of biodegradable municipal waste going to landfill must be

reduced to 75% of the total amount (by weight) of biodegradable waste produced
in 1995;
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e by 2009 the amount of biodegradable municipal waste going to landfill must be
reduced to 50% of the total amount (by weight) of biodegradable waste produced
in 1995;

e by 2016 the amount of biodegradable municipal waste going to landfill must be

reduced to 35% of the total amount (by weight) of biodegradable waste produced
in 1995;

Member States that in 1995 put more than 80% of their collected municipal waste to
landfill can postpone the attainment of the above targets by a period not exceeding four
years. Because the UK is so dependent on landfill, it has been allowed the extra four years

to meet the targets, giving the UK targets to reduce the biodegradable municipal waste

going to landfill to:
e 75% of biodegradable waste produced in 1995 by 2010;
e 50% of biodegradable waste produced in 1995 by 2013;
e 35% of biodegradable waste produced in 1995 by 2020.

Article 6 specifies that:

e only waste that has been treated to reduce the quantity of the waste or the hazards
to human health or the environment may be landfilled;

o only hazardous waste that fulfils the criteria set out in accordance with Annex II
can be assigned to a hazardous landfill;

¢ landfill of non-hazardous waste may be used for:
— municipal waste;
— non-hazardous waste in accordance with criteria set out in Annex II;

— stable, non-reactive hazardous wastes (e.g. solidifies, vitrified) which fulfil
criteria in Annex II.

e inert waste landfill sites shall be used only for inert waste.
The Directive also covers landfill permits, waste acceptance procedures, control and
monitoring procedures in the operational phase, closure and after-care procedures,

procedures for existing landfills and the functions and activities of a Committee.

Annex I lays down general requirements for all classes of landfills covering:
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e Jocation;

water control and leachate management;

protection of soil and water;

gas control;

¢ nuisances and hazards;

stability;

barriers.

Annex II covers waste acceptance criteria and procedures. It describes:
e general principals for acceptance of waste at various types of landfills;
o the general characterisation and testing of waste procedures based on a three-level
hierarchy;
¢ guidelines for the acceptance of waste at the three major classes of landfill;

e sampling of waste.

Annex III outlines the control and monitoring procedures in operation and after-care

phases. It details the:
e collection of meteorological data;
e monitoring leachate, surface water and gas;
e protection of groundwater through sampling, monitoring and setting trigger levels;

¢ landfill body topography.

2.2.1.15 Landfill (England and Wales) Regulations 2002

The Landfill Directive (99/31/EC) was adopted by the European Union in 1999 and was
brought into force in the UK on 15 June 2002 as the Landfill (England and Wales)
Regulations 2002.

Landfill sites “closed” before 16 July 2001 are not affected by the Landfill Regulations

and can continue to be subject to their licence until the Environment Agency accepts its
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surrender under Part II of the EPA 1990. Sites closed between 16 July 2001 and 16 July

2002 will need to meet the Landfill Regulation requirements on closure.

All new landfill sites (permitted after 16 July 2001) must comply with the full

requirements of the Landfill Directive.

Existing landfills (granted a permit before July 2001) that wished to continue operating
after 16 July 2002 were required to submit a “Conditioning Plan™ to the Environment
Agency by 16 July 2002. This set out how the landfill intended to comply with the
Regulations. The site would have decided whether it was going to operate as a hazardous,
non-hazardous or inert site. Following submission, the plans were assessed and prioritised
against a standard set of criteria by the Environment Agency’s Conditioning Plan
Assessment Centre. Once the Environment Agency had assessed the plans it informed
operators of the date (between 2003 and 2006) by which they need to apply for a PPC
permit. These sites have a transitional period within which to comply with the
requirements of the Directive, with the precise timing depending upon the agreed
conditioning plan. Full compliance with the regulations must be by 31 March 2007
(Schedule 4).

2.2.2 ENVIRONMENT AGENCY

The Environment Agency took over responsibility, in England and Wales, of waste
management administration from the waste regulation authorities in April 1996. The
Scottish Environment Protection Agency (SEPA) took responsibility for Scotland. The
Environment Agency has responsibility for the main regulatory functions in relation to
waste management including the administration, supervision and enforcement of licensed
activities. It is also responsible for the system of licensing waste carriers, special waste

provisions, and the operation and enforcement of the duty of care.
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2.2.3 CONSENTED DISCHARGES FROM LANDFILL SITES

The discharge to controlled waters of potentially polluting waters from landfill operations
should be controlled by the terms of a discharge consent or other authorisation issued by
the Environment Agency under the Water Resources Act 1991. All discharges are

evaluated in relation to the quality of the effluent and receiving water.

2.2.3.1 List I and II Substances

“List I” substances were selected mainly on the basis of their toxicity, persistence, and
bioaccumulation, with the exception of those which are biologically harmless or which are

rapidly converted into substances which are biologically harmless.

“List II” substances have a deleterious effect on the aquatic environment, which can,
however, be confined to a given area and which depend on the characteristics and location

of the water into which they are discharged.

The Dangerous Substances Directive stated that pollution through the discharge of the
various dangerous substances within List | must be eliminated, and that it is necessary to
reduce water pollution caused by the substances within List II. Any discharge of these

substances should be subject to prior authorisation which specifies emission standards.

Under the Groundwater Directive, implemented by Regulation 15, List I substances
should not be discharged directly to the saturated zone, and the release of List Il
substances should be controlled so that there is no pollution to groundwater. Similar
controls on discharges to surface waters are provided for within the EC Dangerous

Substances Directive for List I (“Black List”) and List II (“Grey List”) substances.
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2.2.3.2 Discharge to Sewer

The discharge of leachate to foul sewer requires authorisation by way of a Trade Effluent
Consent or Agreement. The appropriate water utility may grant these. Discharges of
specific “Red List” substances to sewer can not be authorised without prior approval of

the Environment Agency. Most “Red List” substances are also List I substances.

Silent Valley landfill has a consent to discharge to foul sewer. The leachate is then treated
by Welsh Water.

2.2.4 INTERNATIONAL CONTEXT

In the United States, under the Resource Conservation and Recovery Act (RCRA),
landfills that accept MSW are primarily regulated by state, tribal, and local governments.
The Environmental Protection Agency (EPA), however, has established national standards
that these landfills must meet in order to stay open. EPA regulates how hazardous wastes
are managed and disposed under a program known as the Land Disposal Restrictions
(LDR) program. The number of landfills in the United States is steadily decreasing with
numbers falling from 8,000 in 1988 to 1,767 in 2002 (figures from EAP website
http://www.epa.gov/epaoswer/non-hw/muncpl/facts.htm). The capacity, however, has

remained relatively constant with new landfills much larger than those in the past.

In both the United States and European Union current legislation demands that landfill
sites are engineered to minimise ingress or egress of groundwater and leachate. The
precise engineering strategy may vary, but increasingly landfill sites are isolated from the
surrounding environment by artificial barriers, lining systems and caps. However, in
many countries there remains a large number of residual unlined landfills with the
potential to generate leachate for many decades to come. The case study presented in this
dissertation provides a detailed analysis of leachate generation in a still active unlined

landfill and develops methodologies to model leachate quality and volume. It is hoped

Emma C. Paris Cardiff University 40


http://www.epa.gov/epaoswer/non-hw/muncpl/facts.htm

Chapter 2 - Research Context.

that methodologies and approaches developed here may be adopted elsewhere in order that
the potential environmental effects of unlined landfills (active and closed) may be better

predicted and understood.
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2.3 LANDFILLS IN WALES

In 2000 the Environment Agency produced ten Strategic Waste Management Assessment
(SWMA) reports, with nine covering the planning regions of England and a single report
for Wales. The Strategic Waste Management Assessment reports provide local
information about the amounts and types of wastes produced and how that waste is

managed. The following information in this section comes from this report.

The report divides Wales into seven sub-regions (Fig. 2.4) because some of the key
datasets cannot be broken down to local authority level with sufficient confidence.

Blaenau Gwent is in sub-region South Wales-East.

North West Wales

Yrys Mon

Gwynedd

Conwy o
North East Wales North West ~ North East
Denbighshre Wales . Wales
Fliintshire ' ;

Wrexham

Mid Wales

Powys

Cerdigion

South Wales-West

Swamsea

Neath & Port Talbot

South Wales-Central

Bridgend MHd-Wales

\ale of Glamorgan

Rhonda Cynon Tam

Cardinm .

South Wales-East

Mertryr Tydril ‘
Caerphilly South West Wales

Biaenau Gwent
Tortaen
Monmoutrshire f
Newport SOLft‘:“IJ \e)‘:?los o -East
South West Wales . S
Pernbrokeshire South Wales
Carmarthershire - Central

South WVales

Figure 24  Map showing how data from unitary authorities have been grouped together

into seven sub-regions for Wales. From Environment Agency (2000).
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2.3.1 WASTE MANAGEMENT FACILITIES

As of March 1999 there were 351 licensed waste management facilities operating in
Wales (Table 2.1). Half of these are located in the three sub-regions in south Wales.
Excluding the 63 civic amenity sites, the remaining facilities are divided almost equally
between landfills, treatment plants and transfer stations. Three quarters of the treatment
facilities are metal recycling sites, the remainder are physical/chemical and biological
treatment sites. More than half the open-gate landfill sites receive only inert and

construction and demolition wastes and only nine are licensed for any special wastes other

than asbestos.
Transfer CM(.:
Landfills | Treatment Stations Amenity TOTAL
Sites
North West Wales 15 3 9 12 39
North East Wales 11 15 27 14 67
Mid Wales 10 1 S S 21
South West Wales 17 9 8 11 45
South Wales-West 12 10 14 13 49
South Wales-Central 14 9 17 19 59
South Wales-East 19 16 16 20 71
TOTAL 98 63 96 94 351
Table 2.1 Summary of licensed waste management facilities operating in Wales in

March 1999. After Environment Agency (2000).

Around 16% of the waste managed in Wales received treatment of some sort. More than
80% of this originated from commerce or industry. Some of the waste which is being
treated will be recovered for re-use or recycling but much of it goes on to final disposal at
a landfill site after treatment. 1 million tonnes of waste was handled by licensed waste
transfer facilities. Around a quarter of the municipal, industrial and commercial, and
special wastes which were consigned to landfill was subject to transfer before disposal (on

the assumption that imports/exports of such waste to and from Wales are negligible).
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2.3.2 WASTE DISPOSAL

Some 7.0 million tonnes of waste were handled, treated or disposed of at licensed waste
management sites in Wales in 1998-99. The 1998-99 dataset is the most up-to-date
complete information available at present. Of the 4.4 million tonnes that were landfilled
approximately 25% (1 million tonnes) was classified as inert and construction/demolition
waste, 35% (1.5 million tonnes) as industrial and commercial waste and 35% (1.5 million

tonnes) as municipal waste. Special waste accounted for 5% (0.2 million tonnes) of waste

disposed to landfill in Wales.

The waste streamn received at Silent Valley will be discussed in Section 3.6.4.1.

2.3.3 WASTE PRODUCTION

2.3.3.1 Municipal Solid Waste

Municipal waste typically accounts for 15% of the ‘controlled’ waste produced in an area.
In Wales, around 955,700 tonnes (about two-thirds) of the municipal waste produced is
collected from households by the local authority refuse collection, and 230,200 tonnes
(about 16%) is taken by the public to civic amenity sites (Table 2.2). Other household
collections, such as bulky waste, green waste, or a separate collection of recyclables

amounts to 69,500 tonnes (around 5% of total).

In Wales 95% of all municipal solid waste goes to landfill, with around 5% going for

recycling. No municipal waste is moved to England for disposal.
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Collections
Sub-region Refuse Other ivi
C\?él}]eiztlle:osn Household Agllerlxﬁty Hoi(c):rl:old TOTAL
North West Wales 108.6 15.8 11.2 13.0 148.6
North East Wales 110.8 6.7 50.7 17.7 185.9
Mid Wales 61.6 2.1 6.5 15.2 85.4
South West Wales 89.9 2.0 28.1 12.4 132.4
South Wales-West 112.6 5.5 34.1 47.5 199.7
South Wales-Central 270.6 20.1 50.3 36.1 377.1
South Wales-East 201.6 17.3 493 78.4 346.6
TOTAL 955.7 69.5 230.2 220.3 1475.7
Table 2.2 Amount (000s tonnes) and collection method of municipal solid waste

produced in Wales. After Environment Agency (2000).

2.3.3.2 Industrial and Commercial Waste

Wales produced around 6 million tonnes of industrial and commercial waste in 1998/99
(Table 2.3). More than 80% came from industrial activities and less than 20% was

produced by the commercial sector.

The proportion of waste produced by the industrial sector is higher than the national
average because of the very large tonnage of minerals waste and residues (2.6 million
tonnes; 53% of all the waste produced by industry in Wales) produced in the iron and steel
and electricity generating industries. Around 11.5% of the region’s industrial waste is
classified as ‘general industrial’, and a further 7.5% is classed as ‘other general and
biodegradable’. ‘Metals and scrap equipment’ and ‘chemical and other’ wastes together
account for around 15%, while ‘paper and card’ accounts for 3%, and ‘food’ just over 2%.

‘Inert’ and ‘construction and demolition’ each account for around 2.6%.
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The commercial sector produces less than 20% of the region’s waste and its waste is much
less varied, more than 75% being reported as ‘general commercial’. Most of the

remainder (around 9.5%) is ‘paper & card’ and ‘other general and biodegradable’ waste at

1%.

Waste Type Industry | Commerce | TOTAL (VELE\;/%: {ear; d
Iner/C&D 129 9 138 5.8%
Paper & card 150 106 256 4.9%
Food 105 18 123 4.8%
General industrial & commercial 572 853 1,425 5.0%
Other general & biodegradable 370 80 450 5.1%
Metals & scrap equipment 393 22 415 8.7%
Contaminated general 198 33 231 5.8%
Mineral wastes & residues 2,654 1 2,655 20.7%
Chemical & other 418 19 437 7.4%
TOTAL 4,989 1,141 6,130 8.2%

Table 2.3 Amount (000s tonnes) and composition of industrial and commercial waste

produced in Wales for 1998-99. After Environment Agency (2000).

The National Waste Production Survey indicated that 6% of industrial waste and 3% of

commercial waste produced in 1998-99 in Wales was ‘special’.

The waste management methods used for both industrial and commercial waste are
predominantly land disposal (landfill) and recycling and re-use. The industrial sector also

makes significant use of treatment in managing its wastes.

The form in which the waste is produced has a significant impact on the method of
recovery or disposal adopted. In Wales, nearly 5.5 million tonnes was solid, around
215,000 tonnes was liquid, with only 175,000 tonnes sludge and 134,000 tonnes mixed
(Fig. 2.5). Solid waste was predominantly disposed of to landfill or recycled/re-used
(showing again the influence of the ‘mineral wastes and residues’ waste stream) whereas

liquid waste was much more likely to receive some form of treatment.
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Figure 2.5 Chart showing waste form and method of disposal or recovery. From

Environment Agency (2000).

2.3.3.3 Special Waste

Overall, Wales produced 8.5% of the total special waste for England and Wales.
Production of special waste in Wales was dominated by the three sub-regions in the south

which between them produced three-quarters ofthe special waste.
The physical form of special waste is different from other wastes, where solids

predominate. For special waste liquids form 50%, sludges a further 20%, with solids just

one quarter of'the total (Fig. 2.6).
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Figure 2.6 Chart showing waste form and method of management used for special

waste. From Environment Agency (2000).

A substantial proportion (almost 100,000 tonnes of liquids and more than 40,000 tonnes of
solids and sludges) of special wastes were treated. Only a small proportion (12,000
tonnes) of liquid special wastes were landfilled and overall only one quarter of all forms
was disposed ofto landfill. Almost 20% of special waste was recycled and just less than

10% was subject to thermal treatment (mostly liquids).

2.3.4 REMAINING LANDFILL CAPACITY

Estimates of voidspace and the operational life for landfills licensed for household,
industrial and commercial waste (including those that take special waste) for each sub-

region of Wales are shown in table 2.4.
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Wales has around 34 million m® of disposal capacity for biodegradable waste with the

largest remaining voidspace in South Wales-East, South Wales-Central and North West

Wales.
Sub-region Voidspace 1/4/99 Capacity 1998-99 (000s m®) Inputs (000s tonnes) Life expectancy
(000s m®) cap/cover waste all degradable years
North West Wales 5.286 2.114 3.172 361 239 11
North East Wales 3.059 1.224 1.835 703 480 3.2
Mid Wales 350 140 210 91 57 3.1
South West Wales 3,480 1.392 2.088 252 184 9.5
South Wales-West 4,429 1,772 2,657 597 452 49
South Wales-Central 6.500 2.600 3.900 800 532 6.1
South Wales-East 10,690 4,276 6,414 881 699 7.6
TOTAL 33,794 13,518 20,276 3,685 2643 6.4

Table 2.4

biodegradable waste. After Environment Agency (2000).

Voidspace deposits and remaining capacity at landfill sites licensed for
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2.4 REVIEW OF NATURE AND EVOLUTION OF MIXED
WASTE LANDFILLS

2.4.1 WASTE

Section 75(2) of the Environmental Protection Act 1990 gives the definition of “waste” to
include:
“(a) any substance which constitutes a scrap material or an effluent or other
unwanted surplus substance arising from the application of any process, and
(b) any substance or article which requires to be disposed of as being broken, worn
out, contaminated or otherwise spoiled,
but does not include a substance which is an explosive within the meaning of the [1875 c.

17.] Explosives Act 1875.”

It also states (section 75(3)) that “any thing which is discarded or otherwise dealt with as
if it were waste shall be presumed to be waste unless the contrary is proved”. Thus,
material will still be classed as waste even where it has value to other persons, such as

recyclers, as it is the original holder's intention to discard that is relevant.

A definition for "Controlled waste" is given (section 75(4)) as meaning “household,
industrial and commercial waste or any such waste” where,
»  “"household waste" means waste from:
(a) domestic property, that is to say, a building or self-contained part of a building
which is used wholly for the purposes of living accommodation;
(b) a caravan (as defined in section 29(1) of the [1960 c. 62.] Caravan Sites and
Control of Development Act 1960) which usually and for the time being is situated
on a caravan site (within the meaning of that Act),
(c) a residential home;
(d) premises forming part of a university or school or other educational
establishment;
(e) premises forming part of a hospital or nursing home. (Section 75(5))

» "industrial waste" means waste from any of the following premises:
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(a) any factory (within the meaning of the [1961 c. 34.] Factories Act 1961),

(b) any premises used for the purposes of, or in connection with, the provision to
the public of transport services by land, water or air;

(c) any premises used for the purposes of, or in connection with, the supply to the
public of gas, water or electricity or the provision of sewerage services; or

(d) any premises used for the purposes of, or in connection with, the provision to
the public of postal or telecommunications services. (Section 75(6))

o "commercial waste” means waste from premises used wholly or mainly for the
purposes of a trade or business or the purposes of sport, recreation or entertainment
excluding:

(a) household waste;

(b) industrial waste,

(c) waste from any mine or quarry and waste from premises used for agriculture
within the meaning of the [1947 c. 48.] Agriculture Act 1947 or, in Scotland, the
[1948 ¢. 45.] Agriculture (Scotland) Act 1948, and

(d) waste of any other description prescribed by regulations made by the Secretary

of State for the purposes of this paragraph.” (Section 75(7))

"Special waste” is controlled waste of any kind that “is or may be so dangerous or difficult

to treat, keep or dispose of that special provision is required for dealing with it” (Section
62(1)).

In 1994 the Department of the Environment (DoE) announced its intention to repeal the
existing definition of “waste” and to replace it with the definition which appears in the
Framework Directive (75/442/EEC as amended by 91/156/EEC), so that “waste shall
mean any substance or object in the categories set out in Annex I which holder discards or

intends is required to discard”.

In the Waste Management Licensing Regulations 1994 (SI 1994 No. 1056) "waste" means
“Directive waste” (reg 1(3)). “"Directive waste" means any substance or object in the
categories set out in Part Il of Schedule 4 which the producer or the person in possession
of it discards or intends or is required to discard but with the exception of anything

excluded from the scope of the Directive by Article 2 of the Directive.”
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“For the purposes of all the provisions of Part I of the Act [EPA 1990), waste which is not
Directive waste shall not be treated as household waste, industrial waste or commercial

waste” (reg 22(3)).

The Landfill (England and Wales) Regulations 2002 use “waste” to mean “controlled
waste” as given in section 75(4) of the Environmental Protection Act 1990. Other

expressions used have the same meaning as in the Landfill Directive (99/31/EC).
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2.4.2 LEACHATE

Landfill leachate is comprised of the soluble components of waste and the soluble
intermediates and products of waste degradation which enter as it percolates through the
waste body (Westlake, 1995).

Leachate may vary in colour from light brown to red (ochreous precipitates of iron
hydroxide) to black (sulphide precipitation). It commonly has a sweetish or sickly odour
(due to organic esters) but this may be masked by the rotten egg smell if sulphides are
present. Some leachates exhibit an iridescent sheen on their surface (North West Disposal
Officers, 1991).

2.4.2.1 Leachate Generation

The amount of leachate generated is dependent upon a number of factors which can be

summarised as follows:

e Water availability
Factors affecting water availability include precipitation, surface run-off,
groundwater intrusion, irrigation, liquid waste disposal and refuse decomposition.

¢ Landfill surface conditions
Surface conditions that may affect leachate generation include vegetation, cover
material (density, permeability, moisture content etc.), surface topography and
local meteorological conditions.

¢ Refuse state
The refuse state will affect the "field capacity” of the waste. The field capacity is
defined as the maximum moisture content which a soil or a solid material can
retain in a gravitational field without producing continuous downward percolation.
The water content of the waste will be affected by the water content at
emplacement, infiltration during landfill development, the waste composition and
waste density.

* Conditions of surrounding strata
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The condition of surrounding strata includes the ground characteristics and the

level of the water table.

Measurements of each of the above can be used in the water balance equation (DoE, 1995)

to assess likely leachate generation volumes.

Lo=[ER + LIW + IRA] - [LTP + aW + DL] (1)

where: Lo = free leachate retained
ER = effective rainfall
LIW = liquid industrial waste
IRA = infiltration through restored and capped area
LTP = discharge of leachate off-site
a = unit absorptive capacity of wastes
W = weight of absorptive waste

DL = designed seepage

Parameters listed above may be measured on site or values typical for the region and the

waste stream may be derived from published literature.

2.4.2.2 Leachate Composition

The composition of leachate depends on the stage of degradation and the type of waste
within the landfill (Fig. 2.7). Degradation of the organic fraction of waste materials within
a landfill may be divided into a five stage process (Fig. 2.8). Each stage of the process has
an impact on the characteristics of the intermediate and final breakdown products and the

quality and rate of leachate and landfill gas generation.

The first and fifth stage occur under aerobic conditions (in the presence of oxygen) whilst
the remaining stages take place under predominantly anaerobic conditions (in the absence
of oxygen). The following summary of the stages is adapted from Waste Management
Paper 26B (DoE, 1995).
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Figure 2.7 Major stages of waste degradation. From WMP26B (DoE, 1995).
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Figure 2.8 Graph showing changes in composition of leachate with time. From

WMP26B (DoE, 1995).
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Stage I — Hydrolysis/Aerobic Degradation
This first stage occurs both during and for a period after waste placement. A
proportion of the organic fraction of waste is metabolised by aerobic micro-
organisms present in the waste. The micro-organisms convert readily degradable
carbohydrates to simple sugars such as glucose, carbon dioxide and water. During
this stage the exothermic reaction from the intense microbiological activity can

cause the temperature of the waste mass to rise to 8§0-90°C.

The duration of this aerobic stage depends on the availability of oxygen, which is
influenced by management practices on site. As oxygen becomes depleted the
aerobic micro-organisms are superseded by groups of micro-organisms which can
tolerate low levels of oxygen (facultative anaerobes) and then, as the anaerobic

conditions develop, the anaerobic micro-organisms gradually become established.

Stage II - Hydrolysis and Fermentation
In this stage the carbohydrates, lipids and proteins are hydrolysed to simple sugars
and then fermented by bacteria to soluble intermediates (such as volatile acids),
acetate, carbon dioxide, hydrogen and inorganic salts (such as sulphate and
ammonium). During this stage, the nitrogen is displaced by carbon dioxide and
hydrogen to form leachate with a high ammoniacal nitrogen content. The

temperature within the landfill drops to 30-50°C.

Stage I1I — Acetogenesis
During this stage bacteria convert the soluble acids formed by the activities of the
fermentative bacteria of the previous stage to acetate, carbon dioxide and
hydrogen. Other bacteria convert carbohydrates, hydrogen and carbon dioxide to
acetic acid. In a balanced system the gases predominately generated are carbon

dioxide, hydrogen and methane.

Stage IV — Methanogenesis
In this stage the methane-generating bacteria (methanogens) metabolise acetate
and formate produced during the other degradation stages to form methane and

carbon dioxide. Some other methanogens may be able to generate methane by
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direct conversion of hydrogen and carbon dioxide. Methanogens are most active

in the pH range of 6.8-7.4.

A balanced relationship usually occurs between the hydrogen-producing
fermentative bacteria of the acetogenic stage and the hydrogen-utilising
methanogens. If the activity is not balanced then the breakdown intermediates of

the acetogenic stage accumulate in a process known as acid-souring.

Stage V- Oxidation
In this stage as the degradable components are exhausted, progressive re-
establishment of aerobic conditions can occur. As the prevailing conditions permit
the landfill is recolonised by facultative aerobic and aerobic micro-organisms.
This may release substances such as metals which were stable during preceding

anaerobic conditions.

Within the whole landfill site, all the stages of degradation may be occurring at different
rates at any one time. This is the result of different times of waste emplacement, differing
biodegradabilities and spatial variability in the physical and chemical environment of the

waste materials.

Stage I is usually short and no substantial leachate generation will take place. Leachates
generated during stage II are characterised by high concentrations of volatile fatty acids,
acidic pH, high BOD to COD ratio and high levels of ammoniacal nitrogen and organic
nitrogen. Andreottola and Cannas (1992) suggest that pH values typically lie in the range
5-6, BODs values are commonly greater than 10,000 mg/l, and BOD to COD ratios are

commonly greater than 0.7.

During Phase 111, sulphate concentrations decrease. The conversion of fatty acids causes
an increase in pH values and alkalinity with a consequent decrease in the solubility of
calcium, iron, manganese and heavy metals (Andreottola & Cannas, 1992). A study of the
composition of 35 samples of acetogenic leachates (Table 2.5) was carried out by the

Department of the Environment (1995).
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During Phase IV, the composition of the leachate is characterised by almost neutral pH
values, low concentrations of volatile acids and total dissolved solids, relatively low BOD
values and low ratios of BOD/COD. A study of the composition of 29 samples of

methanogenic leachates (Table 2.6) was carried out by the Department of the Environment
(1995).

Comparing the leachate produced at Silent Valley with these leachate analysed by the
Department of the Environment, the Silent Valley leachate is a weak leachate. Silent

Valley leachate geochemistry will be discussed in Chapter 6.
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Determinand Samples |[Minimum {Maximum{Median [Mean |(SD

pH value 34 5.12 7.8 6.0 6.73 -
COD 35 2740 152000 23600f 36817 32718
BOD;s 29 2000 68000 14600 18632 15643
Ammoniacal-N 34 194 3610 582 922 802
chloride 34 659 4670 1490, 1805 910
BOD; 13 2000 125000 14900{ 25108| 32870
TOC 24 1010 29000 7800] 12217 10028
Fatty acids (as C) 26 963 22414 5144 8197 6786
Alkalinity (as CaCOs3) 24 2720 15870 5155 7251 4390
Conductivity (uS/cm) 28 5800 52000 13195| 16921 11602
Nitrate-N 30 <0.2 18.0 0.7 1.80 341
Nitrite-N 25 0.01 1.4 0.1 0.20 0.30
Sulphate (as SO4) 24 <5 1560 608 676 549
Phosphate (as P) 21 0.6 22.6 33 5.0 5.47
Sodium 26 474 2400 1270; 1371 631
Magnesium 28 25 820 400 384 196
Potassium 28 350 3100 900 1143 760
Calcium 31 270 6240 1600 2241 1656
Chromium 26 0.03 0.3 0.12 0.13 0.08
Manganese 26 1.4 164.0 22.95| 3294 37.29
Iron 32 48.3 2300 475/ 653.8 566.2
Nickel 24 <0.03 1.87 0.23 0.42 0.48
Copper 24 0.020 1.100 0.075{ 0.130 0.216
Zinc 34 0.09 140.0 6.85| 17.37 29.56
Cadmium 24 <0.01 0.10 0.01 0.02 0.03
Lead 24 <0.04 0.65 0.30 0.28 0.16
Arsenic 19 <0.001 0.148 0.010{ 0.024 0.039
Mercury 15{ <0.0001 0.0015{ 0.0003| 0.0004{ 0.0004
Heavy metals 24 0.34 2.57 0.95 1.03 0.56

Results in mg/l except for pH value and conductivity
Heavy metals represents the sum of concentrations of chromium, nickel, copper,
cadmium, lead, arsenic and mercury.

Table 2.5 Summary of composition of acetogenic leachates sampled from large
landfills with a high waste input rate, relatively dry (35 samples in all).
From WMP26B (DoE, 1995).
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Determinand Samples |Minimum |Maximum|Median |Mean |[SD

pH value 29 6.8 8.2 7.35 7.52 -
COD 29 622 8000 1770 2307 1527
BODs 29 97 1770 253 374 378
Ammoniacal-N 29 283 2040 902 889 396
chloride 29 570 4710 1950 2074 9870
BODy 24 110 1900 391 544 459
TOC 29 184 2270 555 733 470
Fatty acids (as C) 29 <5 146 5 18 29
Alkalinity (as CaCOs3) 29 3000 9130 5000{ 5376 1664
Conductivity (uS/cm) 25 5990 19300{ 10000{ 11502 3890
Nitrate-N 27 0.2 2.1 0.7 0.86 0.53
Nitrite-N 27 <0.01 1.3 0.09] 0.17 0.26
Sulphate (as SO,) 16 <5 322 35 67 83
Phosphate (as P) 28 0.3 18.4 2.7 4.3 4.3
Sodium 29 474 3650 1400 1480 691
Magnesium 29 40 1580 166 250 308
Potassium 29 100 1580 791 854 387
Calcium 29 23 501 117 151 106
Chromium 28 <0.03 0.56 0.07 0.09 0.11
Manganese 29 0.04 3.59 0.30] 0.46 0.66
Iron 29 1.6 160 15.3 27.4 32.8
Nickel 29 <0.03 0.60 0.14] 0.17 0.13
Copper 27 <0.02 0.62 0.07 0.13 0.15
Zinc 29 0.03 6.7 0.78 1.14 1.30
Cadmium 27 <0.01 0.08 <0.01{ 0.015 0.02
Lead 27 <0.04 1.9 0.13 0.20 0.35
Arsenic 27 <0.001 0.485 0.009| 0.034 0.093
Mercury 23] <0.0001 0.0008| <0.0001| 0.0002] 0.0002
Heavy metals 27 0.15 2.78 0.51 0.61 0.49

Results in mg/l except for pH value and conductivity

Heavy metals represents the sum of concentrations of chromium, nickel, copper,

cadmium, lead, arsenic and mercury.

Table 2.6

landfills with a high waste input rate, relatively dry (29 samples in all).

From WMP26B (DoE, 1995).

Summary of composition of methanogenic leachates sampled from large
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2.4.2.3 Environmental Effects of Leachate

The main environmental aspects of landfill leachate are the impacts on surface water
quality and groundwater quality if leachate is discharging into them. North West Waste
Disposal Officers (1991) state that the polluting potential of leachate can be of the order of

10 to 100 times that of crude sewage.

2.4.2.3.1 Surface Waters

The input of high strength organic leachate and inorganic solutions of metals in a reduced
state of oxidation into a watercourse will deplete the oxygen to the detriment of local flora
and fauna. The inorganic fraction of the leachate may be toxic to life forms. Non-
biodegradable organic compounds will persist for some time. When such compounds are

assimilated into food chains they may adversely affect aquatic species (DoE, 1986).

Suspended matter and precipitation from leachate may inhibit photosynthesis. Settlement
of the suspended matter may give rise to putrefraction and blanket the bed with solids
reducing the abundance of flora and fauna. The visual quality of the watercourse may be
affected by the formation of unsightly gelatinous microbial growths and by staining of the

stream bed and plant life.

Concentrations of above a few mg/l of ammoniacal nitrogen can be directly toxic to fish
(DoE, 1995).

2.4.2.3.2 Groundwater

The extent and chemical nature of leachate pollution is complex and dependent on the

nature and structure of the soils and rocks, their hydraulic characteristics and the position
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of the site with respect to abstractions or natural discharges. Once the groundwater has

become polluted it may be unsuitable as a source of water for many years.

The effects of high strength organic leachate on groundwater will persist for a long time
due to the limited amount of dissolved oxygen available and the low rates of dispersion
(DoE, 1986). Some constituents in leachate will not attenuate by physical processes in the

groundwater environment.

The leaking of a strongly reduced leachate, high in organic matter, into a shallow,
presumably aerobic aquifer creates a sequence of redox zones downstream of the landfill.

These redox zones will strongly influence the attenuation of the pollutants in the plume.

2.4.2.4 Leachate Management

Leachate management is concerned with how to 'manage’ the leachate that is produced.
The leachate management system is there to be an effective leachate control. It is essential

as wastes can produce highly toxic effluents during their decomposition.

A good leachate management system is the prime requirement for the accelerated
stabilisation of a landfill site. Investigation and risk assessment are an important factor in
the production of an acceptable leachate management plan and will form an essential part

of a licence application.

Important considerations which influence leachate management are:

* site lay-out
The shape of the site base and hence the drainage gradients will have a bearing on
the leachate management.

¢ surface water control
Surface water management is required to ensure that rainwater run-off does not
drain into the waste from surrounding areas and that contaminated surface water

run-off from the operational area does not enter water courses.
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¢ leachate collection
A landfill will need an efficient leachate collection and removal system to enable
leachate to be removed from the site for disposal.

¢ leachate monitoring
The composition and volume of leachate generated will vary over time. Leachate
treatment will be required to meet these long and short term variations.

¢ estimates of leachate production
The volumes of leachate generated will vary over time. Leachate treatment will
have to cope with these changing quantities.

e daily cover
Daily cover is used primarily in preventing windblown litter and odours,
deterrence to scavengers, birds and vermin and improving the site’s visual
appearance. It is also advocated as a means of shedding surface water during the
filling sequence, thereby assisting in leachate management (DoE, 1995).

¢ final capping of site
A cap manages leachate production by controlling the ingress of rain and surface
water into the underlying waste.

¢ leachate removal and treatment
The leachate removal and treatment facilities should be adequate for the varying
volumes and composition of leachate generated through all stages of landfill

development and restoration.

The effectiveness of the leachate management system can be monitored. Monitoring can
be used to confirm that the landfill is behaving in the ways predicted when the site was
first planned and licensed and to provide information needed for management decisions.
The Environment Agency dictates the required level of monitoring for a site within the
license agreement. The Environment Agency has the right to obtain access to the site and

take its own samples.
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2.4.3 LANDFILL GAS

Landfill gas is a by-product of the digestion by micro-organisms of putrescible matter
present in waste deposited in landfill sites. The gas is predominantly methane (64%) with

carbon dioxide (34%) and trace concentrations of a range of other gases and vapours.

2.4.3.1 Landfill Gas Generation

The important factors controlling the rates and amounts of gas likely to be generated are:

¢ physical dimension of the site;
anaerobic processes normally dominate in wastes at depths greater than 5 metres.

* waste type;
the composition of waste affects the rate, quality of gas generated per unit mass.
Different organic materials in deposited wastes will produce slight differences in
methane/carbon dioxide ratios. Mixed waste streams may also react within the site
to produce other gases such as hydrogen sulphide.

e waste density;
the degree of saturation of the waste and its density depends both on void space
and the absorptive capacity of the waste. The greater the waste density in a landfill
the higher the theoretical yield of a landfill gas per unit volume of void space.

® waste input rates;
progressive restoration coupled with high input rates will encourage more rapid
development of the anaerobic process.

* site operations;
reduction of the particle size of the waste, by pulverisation and compaction using
thin layering techniques, will hasten the onset of anaerobic decomposition for the
more readily degradable materials. Rapid infilling of small areas of a site will
shorten the aerobic degradation phase and tend to keep waste temperatures down.
Daily or intermediate cover and the use of low permeability materials in cell wall
construction may encourage perched water tables to develop and have effects on

moisture movement, transmission of gases and buffering of leachates.
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e moisture content;
a moist landfill environment is normally associated with high rates of gas
generation. Liquid movement within the waste tends to provide a more even waste
moisture content. It also distributes nutrients and bacteria within the mass, which
can further enhance rates of waste degradation and gas evolution.

¢ pH within the landfill;
the optimal range for methanogenesis is between pH 6.5 to 8.5 and outside this
range it is inhibited.

e temperature;
the optimum temperature range for maximising methane production is between 35
and 45°C, which is common in deep landfill sites. A significant reduction in gas
evolution occurs below 10 to 15°C.

® oxygen ingress.
the ingress of oxygen into anaerobically decomposing wastes can occur by
extensive pumping rates in landfill gas extraction schemes, or through trenches
dug into mature wastes for site operations. Oxygen will inhibit the methane

formation.

During the aerobic phase of degradation, oxygen levels become depleted and carbon
dioxide levels rise (Fig. 2.9). As the hydrolysis and fermentation stage of degradation
occurs, levels of carbon dioxide and hydrogen increase and nitrogen levels fall. The
concentration of methane present in the gas gradually rises as the acetogenic and
methanogenic stages develop. When steady-state methanogenic conditions occur, the

resulting gas composition is about 64% methane and 34% carbon dioxide.

As the degradable organic fraction within the waste becomes exhausted, methane and
carbon dioxide generation decline. Hydrogen sulphide can be generated by sulphate-

reducing bacteria which act on sulphate within the waste.

El-Fadel e al (1996a; 1996b; 1997) have developed a numerical model for simulating the
spatial and temporal distribution of production and transport of landfill gas and heat. The

model is based on microbiology, chemistry and physics.
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El-Fadel er al (1997) found that when the acidogens grow at a fast rate, they produce
acetic acid at a rate proportional to their growth. This in turn results in early stabilisation

with higher methane generation peaks.

Acetic acid is the direct substrate to the methanogens, which in turn are the most essential
variable for methane generation. Stabilisation will be enhanced by increasing the food
source of methanogens. Conversely, a lack of acetic acid will delay methanogen growth
and methane generation. In the presence of enough substrate, methanogens are the rate-
limiting step for the final formation of methane and carbon dioxide. A higher initial
concentration of methanogens would result in faster stabilisation processes. However,
although faster stabilisation is observed at higher methanogen initial concentrations, the
maximum methane generation rate decreases because the substrate is not being generated

fast enough to sustain a large microbial population.

2.4.3.2 Landfill Gas Composition

Table 2.7 gives typical landfill gas composition values. The values have been taken from

Waste Management Paper No 27 (DoE, 1991).

The principal biodegradable constituents of refuse are cellulose and hemicellulose (Table
2.8), which account for 91% of the methane potential of refuse. The remainder of the
methane potential of refuse consists of protein (8.3%), and soluble sugars (0.5%). Lignin
and the other major organic components of refuse do not decompose to any significant

extent under anaerobic conditions.

Once anaerobic conditions predominate, substantial amounts of methane can be expected

to be evolved within 3 to 12 months of waste deposition (DoE, 1991).
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Component Typical Value Observed Maximum
(% Volume) (% Volume)

Methane 63.8 88.0

Carbon Dioxide 33.6 89.3

Oxygen 0.16 20.9
Nitrogen 24 87.0
Hydrogen 0.05 21.1

Carbon Monoxide 0.001 0.09

Ethane 0.005 0.0139
Ethene 0.018 -
Acetaldehyde 0.005 -

Propane 0.002 0.0171
Butanes 0.003 0.023
Helium 0.00005 -

Higher Alkanes <0.05 0.07
Unsaturated Hydrocarbons 0.009 0.048
Halogenated Compounds 0.00002 0.032
Hydrogen Sulphide 0.00002 35.0
Organosulphur Compounds 0.00001 0.028
Alcohols 0.00001 0.127

Other 0.00005 0.023
Table 2.7 Typical landfill gas composition values. From WMP 27 (DoE, 1994)

Chemical Constituent | % dry weight | Methane Potential
Cellulose 51.2 73.4
Hemicellulose 11.9 17.1
Protein 4.2 8.3
Lignin 15.2 0
Starch 0.5 0.7
Pectin <3.0 -
Soluble Sugars 0.35 0.5
Table 2.8

constituent. From Barlaz & Ham (1993).

Composition and methane potential of municipal refuse by chemical
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2.4.3.3 Landfill Gas Production
2.4.3.3.1 Quantity

Often the total amount of gas production is calculated from measured or estimated refuse
analysis. Using the carbon content of refuse, the total gas production rate is calculated
using the following equation:

G.=1.868 C (2)
where G, is the total gas production (m’® (STP)/t MSW), C is the carbon content (kg/t),
1.868 is a conversion factor from solid carbon to gaseous carbon, and STP is standard
temperature pressure. For this equation, the assumption is that the carbon is totally

biologically converted into biogas (CH4 and CO,) (Ehrig, 1996).

2.4.3.3.2 Production Rate

The gas production rate can be estimated using the following equation (Ehrig, 1996):
Gi=A (1 —e W)y ek 3)
where G is the gas production rate at time t (m* (STP)/t MSW x year), A is the maximum

gas production rate, and k1 and k2 are coefficients.

2.4.3.3.3 Landfill Gas Yields

The maximum theoretical landfill gas yield can be calculated using the equation (Cossu et
al., 1996):

4da-b-2c+3d 4a+b-2c—-3d 4a-b+2c+3d
. - -CH, +

CHON, +
attb~etVd 8 8

H,0

.CO, +dNH,
“4)
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where C,HyONy 1s the empirical chemical formulation for biodegradable organics in solid
waste. The equation allows the estimation of the maximum theoretical yield of landfill

The

estimation can also be carried out directly according either to the specific formula of

gas, starting from the general formula characterising solid wastes (CHyOcNy).

organic compound to be decomposed or to the empirical formulae introduced to represent
biodegradable fractions of MSW. Once the elementary composition of the waste is
known, this equation permits evaluation of both the quantity and quality of the gas

generation. The proportion of methane being generated in the gas can be calculated.

The equation above states that 1 mol of organic carbon is bioconverted to 1 mol of landfill
gas. Therefore, given that 1 mol of gas at 0°C and | atm occupies 22.4 litres:

1 mol C in organic matter = 22.4 litres gas (CHs + CO,)
On a weight basis:

1 g C in organic matter = 1.867 litres gas (CH4 + CO,)

Table 2.9 summarises some typical data on the elementary composition of the
biodegradable fraction of MSW, expressed as percentage of dry weight.

Component | Wet weight | Dry weight Elementary composition (%)

(%) (%) Cc | H| o N | s |ash

Food wastes | 11.4 4.6 4.7 4.7 4.4 13.0 [10.0 |4.0
Paper 42.8 55.0 50.8 [53.0 (613 (185 [60.0 |55.2
Cardboard | 7.5 9.8 92 9.4 11.1 | 3.7 10.0 |8.0
Plastics 8.8 11.9 15.1 | 13.8 |6.8 - - 19.8
Textiles 25 3.1 3.6 3.3 24 14.8 | - 1.4
Rubber 0.6 0.9 1.4 1.4 - 1.9 - 1.4
Leather 0.6 0.7 0.9 0.8 0.2 7.4 - 1.1
Yard wastes | 23.3 11.2 114 |108 |10.8 |40.7 |20.0 |83
Wood 2.5 2.8 29 2.8 3.0 - - 0.6
Total 100.0 100.0 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
Table 2.9 Typical data on the elementary composition of the biodegradable fraction

of MSW, expressed as percentage of dry weight. From Cossu er al. (1996).
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Table 2.10 shows values of landfill gas yields and generation rates that have been reported

in the literature.

Source LFG yields LFG production rates
(m>/ton of MSW) (m3/ton year)
Rhyne (1974) 437
EMCON (1976) 1.22 (methane)
Tabasaran (1976) 60-180
Rasch (1976) 300-500
Augenstein et al. (1976) 128
Bowermann et al. (1977) 40-50
Rovers et al. (1977) 12-22
DeWalle & Chian (1978) | 5.4 I/kg TS 0.181 l’kg TS d™
Rettenberger (1978) 200
Stegmann (1978) 250
Ham (1978) 440 16
120-310
Pacey (1981) 55-225
EMCON (1981) 9.6
Beker (1981) 250
Hoeks & Oosthoek (1981) | 200 10 m*/yr m’
Bogardus (1983) 2-8
Hoeks (1983) 20
Stegmann (1983) 120-150
Campbell (1985) 100-400
Stegmann (1986) 186-235 (USA) 12.8 (Palos Verdes)
120-150 (Germany) 18.6 (Fresh Kills)
Wise et al. (1987) 100-400 3.9-130
AFRC (1988) 400
Rae (1988) 400
Willumsen (1988) 2-5
Richards (1989) 135-400
Table 2.10  Landfill gas yields and generation rates that have been reported in the

literature. From Cossu et al. (1996)
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2.4.3.3.4 Landfill Gas Generation Time

Information concerning the generation time is provided by the half time (t,5), the time
over which the gas generation equals half the estimated yield. By definition the ty; is such
that the area under the production curve is the same on both sides. In the literature (Cossu

et al., 1996) t;; values range from 2-5 years for wet to 10-25 years for dry climates in the
USA.

The half time can be calculated in first-order kinetic models by:

12, =]nk3 )

t

where £; is the decay rate constant of the ith component of organic waste.

Laboratory-scale experiment results have been transferred to full-scale landfills to give

half-lives of biological degradation of 4-7.5 years (Ehrig, 1996).

2.4.3.3.5 Estimating Landfill Gas Quantity

The US Environmental Protection Agency present three methods to estimate gas flow
from a landfill site (EPA, 1996). Landfill characteristics, and therefore gas generation,
can vary substantially among landfills so the following methods of gas generation should
be used as rough estimates only. The EPA recommend that it should be assumed that the

actual gas flows may be 50% higher or lower.

2.4.3.3.5.1 Simple Approximation

A rough approximation of landfill gas production can be estimated using the amount of
waste in place as the only variable. Industry experts have developed a rule of thumb,
based on their experience. They found that landfill gas generation rates range from 0.05 to

over 0.20 cubic feet (cf) of gas per pound (Ib) of refuse per year [0.00064 to
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0.00257 m3/kg], with the average landfill generating 0.10 cf of landfill gas per Ib
[0.00128 m3/kg] per year (EPA, 1996). This rule of thumb results in the following

equation:

Annual Landfill
Gas Generation (cf) =0.10 cf/Ib x 2000 Ib/ton x Waste in place (tons) (6)

A figure of 0.1 ft© CHa/wet lb-yr is often used to estimate the methane production rate
from a landfill. Assuming refuse buried at 20% moisture, this converts to 7.8 litres
CHy/dry kg-yr (Barlaz & Ham, 1993).

2.4.3.3.5.2 First Order Decay Model

A First Order Decay Model can be used to account for the changing gas generation rates
over the life of the landfill. The model requires that the following variables are known or
can be estimated:

¢ the average annual waste acceptance rate;

the number of years the landfill has been open;

the number of years the landfill has been closed, if applicable;

the potential of the waste to generate methane;

the rate of methane generation from the waste.

The basic first order decay model is:
LFG=2LoR (e -e™ ()
Where:

LFG = Total amount of landfill gas generated in current year (cf)

Lo = Total methane generation potential of the waste (cf/Ib)

R = Average annual waste acceptance rate during active life (1b)
k = Rate of methane generation (1/year)

t = Time since landfill opened (years)

c = Time since landfill closure (years)
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Values for Lo and k are thought to vary widely. They are dependent in part on local
climatic conditions and waste composition. Ranges for Lo and k have been developed by

an industry expert and are presented in table 2.11.

Variable Range Suggested Values
Wet Climate | Medium Moisture Climate | Dry Climate
Lo (cf/lb) | 0-5 2.25-2.88 2.25-2.88 2.25-2.88
k (1/yr) 0.003-0.4 0.1-0.35 0.05-0.15 0.02-0.10

Table 2.11 Suggested values for first order decay model variables. From EPA (1996).

Due to the uncertainty in estimating Lo and k, gas flow estimates derived from the first

order decay model should be given as a range of plus or minus 50%.

2.4.3.3.5.3 Pump Test

The most accurate method for estimating gas quantity is to conduct a pump test. A pump
test involves sinking test wells and installing pressure monitoring probes, then measuring
the gas collected from the wells under a variety of controlled extraction rates. A benefit of

this method is that the collected gas can be tested for quality as well as quantity.

2.4.3.3.6 Landyfill Gas Properties

2.4.3.3.6.1 Major Constituents

Methane is both colourless and odourless, but is flammable between about 5 and 15% by
volume in air at normal atmospheric pressures. This range reduces with increasing carbon
dioxide and reducing oxygen content. A methane:air mixture is potentially most explosive

when there is just enough oxygen to completely combust the gas (about 9.5% methane in
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air). The minimum concentration of oxygen required for flame propagation in a

methane:air mixture at STP is 12% by volume.

Carbon dioxide is also colourless and odourless, is non-flammable but stimulates the

respiratory and central nervous systems at high concentrations.

2.4.3.3.6.2 Minor Constituents

Landfill gas contains many minor constituents at low concentrations. There are
considerable variations in the concentration and presence of trace compounds, which are

related to waste constituents, age and extent of waste degradation.

Over 100 trace compounds in landfill gas have been recognised and some groups of
compounds may be related to known phases of decomposition. Many compounds present
in trace amounts may be flammable, toxic or carcinogenic, or have an obnoxious odour.
Such compounds include hydrogen, hydrogen sulphide, and organic compounds including

volatile and halogenated varieties.

Organosulphur compounds and esters are found in gases derived from recently deposited

wastes, from which odours are more obvious.

Hydrogen sulphide can be evolved in quantity from the co-deposit of sulphate containing
materials, such as wastes containing gypsum from plasterboard or some colliery spoils,

with biodegradable wastes.

2.4.3.3.6.3 Density

The density of landfill gas depends on the proportion of compounds present. The different
gases have different densities; hydrogen (0.08 kg/m?), carbon dioxide (1.98 kg/m®) and
methane (0.72 kg/m?). Thus a mixture of 10% hydrogen and 90% carbon dioxide, which

is typically evolved in the early stage of anaerobic degradation, will be denser than air. A

Emma C. Paris Cardiff University 76



Chapter 2 - Research Context.

mixture of 60% methane and 40% carbon dioxide will be slightly lighter than air. The
evolution of warm landfill gas gives it buoyancy in colder air. As a result of different
densities and buoyancies, landfill gas may collect in the bottoms of trenches or

excavations, or may rise up and accumulate beneath structures and foundations.

2.4.3.4 Environmental Effects of Landfill Gas

Emissions of landfill gas lead to pollution of the environment, and have the potential to
produce malodours, cause damage to vegetation, destruction of property or harm to human

health. Landfill gas emissions lead to reduced air quality.

2.4.3.4.1 Atmospheric Pollution

The dominant landfill gases, methane and carbon dioxide, are the two main greenhouse
gases produced as a result of human activity. Methane is thought to be 20-30 times more
effective than carbon dioxide in blocking the long wave energy radiated from the Earth's
surface. Using 1990 estimates, landfill accounts for over 39% of all UK methane
emissions, with an estimated total of over one million tonne escaping from landfill sites

each year (Warwickshire Environmental Protection Council, 1995).

2.4.3.4.2 Soil Pollution

Stressed vegetation is commonly associated with the presence of landfill gas within soils,
but the extent will be dependent on a species' tolerance of methane and carbon dioxide,
and oxygen depletion. These conditions may arise from the displacement of air by a high
flux of landfill gas through the soil. Where emissions are lower methane-oxidising

bacteria within the soil can oxidise residual methane to carbon dioxide and where recharge
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with air is slow, i.e. in cohesive soils, oxygen depletion can result in stressed vegetation.
The level of oxidation will be dependent on soil types and thickness, moisture content,

temperature and retention time of the methane within the soil.

2.4.3.4.3 Damage to Health

Carbon dioxide stimulates the respiratory and central nervous systems at high
concentrations. It is a highly soluble gas and this leads to a rapid appearance of
physiological effects when exposed to high concentrations. Carbon dioxide is naturally
present in air at about 0.03%. At 0.5% in air, breathing becomes slightly deeper and at a
level of 3% in air the breathing rate is doubled. There is a steady increase in breathing
rate between 3 and 10% in air, leading to headaches and exhaustion. Complete recovery
will usually occur on removal from the oppressive environment. Above 10% in air
breathing becomes very distressful and severe headaches are experienced with convulsions
due to acute depression of the brain stem. An individual may collapse if subjected to
concentrations above 10% in air and death usually results above 25% (Warwickshire

Environmental Protection Council, 1995).

Oxygen depletion usually accompanies elevated levels of landfill gas, due either to
dilution or oxidation of methane to carbon dioxide. Exposure to an oxygen deficient
atmosphere may result in asphyxiation. A normally healthy person will first experience
symptoms of anoxia at about 16% oxygen, with serious distress and fatigue resulting when
the oxygen level drops to about 14% by volume. Unconsciousness may result in oxygen
concentrations below 10% and death at less than 6% (Warwickshire Environmental
Protection Council, 1995). The HSE Guidance Note EH40 suggests that no one should

enter or remain in an unventilated area where oxygen has fallen below 18%.
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2.4.3.4.4 Flammability

When methane or hydrogen is mixed with air, within certain concentration limits known
as the flammable or explosive range, the resultant mixtures may ignite to produce fires and
explosions. The concentration limits are commonly known as the "Lower Explosive
Limit" (LEL) and the "Upper Explosive Limit" (UEL). The LEL is reached when there is
sufficient flammable gas in air to sustain combustion. With an increasing concentration of
flammable gas the amount of available oxygen will reduce to a point at which combustion

cannot be sustained, the Upper Explosive Limit.

The flammable ranges of methane and hydrogen are 5-15% and 4-74% by volume
respectively (DoE, 1991). The presence of carbon dioxide affects these ranges, but there
is little change at the lower limit. When oxygen concentration falls to below 13% by

volume, under normal conditions methane cannot ignite.

There is generally little risk of an explosion from landfill gas venting to atmosphere,
though there may be a possibility of a flash fire if accumulation occurs in poorly ventilated

areas.

2.4.3.4.5 Toxicity

Some of the minor constituents of landfill gas have toxic effects if present in high enough
concentrations. Trace gases do not usually represent a health hazard following normal
atmospheric dilution. At present there is little information available regarding the

accumulation effect of low concentrations of potentially harmful gases.
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2.4.3.4.6 Corrosive Properties

Some of the components of landfill gas, or the derivatives thereof, have a corrosive

potential.

Carbon dioxide is soluble in water and will give rise to an ionised solution of carbonic
acid in aqueous condensates associated with the gas. Such condensates can corrode a

range of metals (DoE, 1991).

The combustion of landfill gas will give rise to a high temperature environment in which
some trace components, such as halogenated or sulphuretted compounds, may give rise to
highly acidic and aggressive derivatives. At such elevated temperatures, carbon dioxide,
hydrogen, hydrocarbons and water vapour can be involved in decarbonisation (removal of
carbon) or carburization (coking) reactions with alloys strengthened by the addition of
interstitial carbon (DoE, 1991).
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2.5 HYDROLOGY /HYDROGEOLOGY OF LANDFILLS

2.5.1 WATER BALANCE

A water balance or water budget analysis can be used to estimate the potential leachate
production. Knowledge of the possible range of leachate production is important for
sizing the leachate collection system and in making decisions about how to manage

treatment of the leachate.

Water balance analysis accounts for the effects of many hydrologic processes on water

movement at a site. Potential pathways of water movement are shown in figure 2.10.

Rainfall/Snow

l l l l Interception TTranspiration

Snow evaporation Interception evaporation

Runoff Snow mel

/

Soil Evaporation

Infiltration l Percolation

Figure 2.10  Potential pathways of water movement on a landfill site.

The leachate potential of landfilled municipal solid waste is commonly evaluated by water
balance methods. Water balance calculations handle volume inputs, outputs and
absorptive capacity by empirically derived bulk coefficients. A standard water balance
equation may be written as (McDougall et al, 1996):

P=R-SR-E-AM 8)
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where:

P = percolation

R = rainfall

SR = surface runoff

E = evapotranspiration

AM = change in moisture retained within the waste fill.

2.5.1.1 Precipitation

Precipitation represents the largest single contribution to the production of leachate. Once

precipitation strikes a site, it may:

o be intercepted by vegetation and subsequently be evaporated

o be stored temporarily on the surface in the form of snow or ice

¢ run off the surface

¢ infiltrate into the cover

2.5.1.2 Infiltration

Water that is not intercepted or does not run-off may infiltrate into the soil.

infiltrating the soil may:
» be transpired to the atmosphere via plants
» evaporate from the surface soil into the atmosphere

¢ be stored in the soil

o percolate downward through the soil and past the evaporative zone.

Water

As with all cases of infiltration, the most critical situation occurs during periods of light

rainfall over long a long elapse of time. Short bursts of heavy rainfall during a storm

result in a quick saturation of the cover material with the remainder being shed as run-off

(Canziani & Cossu, 1989).
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2.5.1.3 Run-Off

The most important factors that influence the run-off of rainwater are:
o topography;

« morphology of the soil;

o type of soil cover,

e vegetation;

o permeability of the soil;

o drainage system installed.
It is possible to make estimates of run-off. Two methods commonly used are the rational
method and the infiltration curve method. The Infiltration Curve method is recommended

for calculating daily fluctuations in run-off whereas the rational method is more use for

calculations of run-off over longer periods of time.

2.5.1.3.1 Rational Method

The rational method is based on the general formula:

R=cxP )
where:
R =run-off
P =rainfall

¢ = an empirical coefficient which varies in function with the nature of soil, the slope of

the site, the presence and type of vegetation.

Values of ¢ adopted for the evaluation of the hydrological balance around a landfill site

have been proposed (Table 2.12) by Salvato et al. 1971 (in Canzizni & Cossu, 1989).
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Soil Texture

Soil Cover Slope | Sandy | Loamy | Clay
(%) loam | clay

Grassed soil | 0-5 0.10 0.30 0.40
5-10 [(0.16 |0.36 0.55
10-30 | 0.22 0.42 0.60
Bare soil 0-5 0.30 1[0.50 0.60
5-10 | 0.40 |0.60 0.70
10-30 | 0.52 0.72 0.82

Table 2.12  Values of ¢ for the evaluation of the hydrological balance around a landfill

site. From Canzizni & Cossu (1989).

2.5.1.3.2 Infiltration Curve Method

The United States Department of Agriculture and Soil Conservation Service (USDA-SCS)
formulated the infiltration curve method in 1947. It calculates the run-off taking into
account various factors such as the permeability of the topsoil, type of vegetation growing,
the slope of the site and the moisture content of the soil at the moment for which the

estimation is to be made.

2.5.1.4 Evaporation

If the number of water molecules passing to the vapour state exceeds the number of
molecules joining the liquid, the result is evaporation. Evaporation will continue until the

air becomes saturated with moisture.

The absolute humidity of a given air mass is the number of grams of water per cubic meter

of air. At any given temperature, air can hold a maximum amount of moisture, called the
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saturation humidity, which is directly proportional to the temperature of the air (Table
2.13). The relative humidity of an air mass is the percent ratio of the absolute humidity to
the saturation humidity for the temperature of the air mass. As the relative humidity

approaches 100%, evaporation ceases.

Temperature (°C) | Saturation Humidity (g/m’)
-25 0.705
-20 1.074
-15 1.605
-10 2.358
-5 3.407
0 4.874
5 6.797
10 9.399
15 12.83
20 17.30
25 23.05
30 30.38

Table 2.13 Saturation humidity of air (g/m®). From Fetter (2001).

When an air mass is cooled and the saturation humidity value drops, condensation occurs
as the air mass can no longer hold all of its humidity. If the absolute humidity remains
constant, the relative humidity will rise. When it reaches 100%, any further cooling will
result in condensation. The dew point for an air mass is the temperature at which

condensation will begin.

There are two characteristics of an uncovered landfill that affect the evaporation in
opposite directions: the high infiltration capacity and the heat production in the top layer
(Bendz & Bengtsson, 1996). The high infiltration capacity diminishes the evaporation
because of rapid transportation of precipitation into the landfill. Campbell (1983)
estimates that the evaporation from an operational landfill surface in the UK could

annually be as low as 40% of the precipitation due to the high infiltration capacity. The
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heat production in the top layer contributes to the energy available for evaporation. For

most active landfills the high infiltration seems to be the dominant process of the two.

Evaporation from a landfill with a soil cover that is not thin and has well-established

vegetation is comparable to the regional evaporation.

Bendz and Bengtsson (1996) conducted experiments in an active landfill site in Sweden.
They investigated the contribution of the heat of biodegradation by measuring the
temperature gradient in the top layer of the landfill. The evaporation was calculated by
combining the energy budget with an expression for sensible heat flux, and taking the
atmospheric stability into account by introducing the similarity theory of Monin and
Obukhov. It was found that the biological heat enhanced the net energy flux and the

actual evaporation by 20% and 10%, respectively.

2.5.1.5 Evapotranspiration

Evapotranspiration refers to the transfer of water from the soil directly to the atmosphere
(evaporation), and to the removal of water by plants and transfer of that water to the

atmosphere by those same plants (transpiration).

The growth of vegetation causes water loss to the atmosphere by evapotranspiration,
which is greater than that which could be lost by evaporation from the soil alone without

any vegetation.

For European climates the formula developed by Thorntwaite, corrected by coefficients to

take into account latitude, seems closest to reality (Canziani & Cossu, 1989).

PE, = 16(1—?—TLJ C (10)
where:
PE; = potential evapotranspiration in the i-th month (mm/month)

T; = monthly average temperature (°C)
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a =675x107xI7)+7.71 x (10° x [2) + 1.79 x (107 x I,) + 0.49239 (11)
I, = annual thermal indice
1.514
12 T
I, = z{—'] (12)
| I[
C, = correction coefficient relative to the month which takes account of the variation in

length of day at various latitudes

2.5.2 WATER BALANCE ANALYSIS ON A LANDFILL CAP

2.5.2.1 Computer Analysis

The computer programme HELP (Hydraulic Evaluation of Landfill Performance) employs
the same principals as the method of the hand analysis described in Section 2.5.2.2. The
programme uses daily (rather than monthly) time step and employs more sophisticated
algorithms for many of the computations. The model accepts weather, soil, and design
data, and uses solution techniques that account for the effects of surface storage,
snowmelt, runoff, infiltration, evapotranspiration, vegetative growth, storage of soil
moisture, lateral drainage of water in drainage layers, leachate recirculation, vertical

percolation of soil water, and leakage through hydraulic barriers (Koerner & Daniel,
1997).

2.5.2.2 Hand Analysis

One of the first decisions that must be made when carrying out water balance analysis is
what time-scale to use — hourly, daily or monthly. When performing the analysis by hand

over long periods of time it is more convinient to look at monthly averages.
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Koerner & Daniel (1997) and the US Environmental Protection Agency (2003) give
details of a spreadsheet (Table 2.14) that can be set up for analysing the annual water

balance on a landfill cap using monthly averages.

This method is used in Chapter 5 using data for Silent Valley to work out the water

balance on the capped Southern Slope.

Mont
Row | Parameter onth Total

Av. Monthly Temp (°C)
Monthly Heat Index (H.,,)

Unadjusted Daily Potential
Evapotranspiration (UPET)
(mm)

D Possible Monthly Duration of
Sunlight (N)

Potential Evapotranspiration
(PET) (mm)

Precipitation (P) (mm)
Runoff Coefficient (C)
Runoff (R) (m)
Infiltration (IN) (mm)
IN - PET (mm)

Qo>

m

Rl—=|—|=|a|™

Accumulated Water Loss
(WL) (mm)
Water Stored (WS) (mm)

Change in Water Storage
(CWS) (mm)

Z|c

N Actual Evapotranspiration
(AET) (in)

0 Percolation (PERC) (mm)

P Check (CK) (mm)

Q Percolation Rate (FLUX)
(m/s)

Table 2.14  Spreadsheet used for water balance analysis. From Koerner & Daniel
(1997).
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2.5.2.2.1 Row A: Average Monthly Temperature

The average monthly temperature (°C) is recorded in Row A (Table 2.14).

2.5.2.2.2 Row B: Monthly Heat Index (H,,)

The monthly heat index (H,) is a dimensionless, empirical parameter used to estimate
evapotranspiration. The monthly heat index is calculated as follows:
H,=(0.21n"" (for T> 0°C) (13)
H,=0 (for T<0°C) (14)

where T is the average monthly temperature from row A.

The monthly values can be summed to determine the annual heat index (H,), which is

entered into the ‘total’ column.

2.5.2.2.3 Row C: Unadjusted Daily Potential Evapotranspiration (UPET)

The unadjusted daily potential evapotranspiration (UPET) refers to the maximum amount
of evapotranspiration that would occur if the soil were saturated with water. The amount
of actual evapotranspiration will depend on the water content of the soil and will usually
be less than the unadjusted daily potential evapotranspiration. Unadjusted daily potential

evapotranspiration can be calculated as follows:

UPET =0 (for T < 0°C) (15)
UPET = 0.53(107/H,)" (for 0°C < T <27°C) (16)
UPET = -0.0157 + 1.093T — 14.208 (for T = 27°C) (17)

where T is the temperature in °C, H, is the annual heat flux, and a is a dimensionless
empirical factor that is computed as follows:

a=(6.75 x 10\H,> - (7.71 x 10°)H,? + 0.01792H, + 0.49239 (18)
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2.5.2.2.4 Row D: Monthly Duration of Sunlight (N)

The mean possible monthly duration of sunlight (V) is corrected for possible amount of
sunlight and expressed in units of 12 hour periods. The value of N depends on the latitude
and month of the year. It can be determined by looking at tables (Appendix A) developed
for the northern and southern hemispheres by Thornthwaite and Mather (Koerner &
Daniel, 1997).

2.5.2.2.5 Row E: Potential Evapotranspiration (PET)

The potential evapotranspiration is calculated by multiplying the values for the unadjusted

daily potential evapotranspiration (Row C) and the monthly duration of sunlight (Row D).

2.5.2.2.6 Row F: Precipitation (P)

The mean monthly precipitation (P) for the site is entered in Row F. Precipitation varies
from year to year, so it is important to consider the purpose of the water balance analysis
(e.g. Maximum expected percolation through cap, long-term average) when deciding on

monthly values.

2.5.2.2.7 Row G: Runoff Coefficient (C)

The runoff coefficient (C) is dimensionless and is defined as the ratio of runoff to
precipitation. It can vary widely and is difficult to predict accurately. If no site-specific
information is available, then it is recommended to use guidance developed by Fenn et al,
which is summarised in table 2.15 (Koerner & Daniel, 1997).
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Description of Soil Slope Runoff coefficient
Sandy Soil Flat (£2%) 0.05-0.10
Sandy Soil Average (2-7%) 0.10-0.15
Sandy Soil Steep (27%) 0.15-0.20
Clayey Soil Flat (£2%) 0.13-0.17
Clayey Soil Average (2-7%) 0.18-0.22
Clayey Soil Steep (27%) 0.25-0.35

Table 2.15 Suggested runoff coefficients. From Koerner & Daniel (1997).

2.5.2.2.8 Row H: Runoff (R)

Runoff (R) is calculated from precipitation (Row F) and the runoff coefficient (C) (Row
G):
R=PC (19)

2.5.2.2.9 Row I: Infiltration (IN)

The monthly infiltration (/N) is defined as the amount of water entering the surface of the
cover and is assumed to equal precipitation (Row F) minus runoff (Row H):

IN=P-R (20)

2.5.2.2.10 Row J: Infiltration minus Potential Evapotranspiration (IN-
PET)

The difference between infiltration (Row I) and potential evapotranspiration (Row E) (/N
- PET) is entered into Row J. A positive value indicates potential accumulation (storage)

of water in the cover soil and a negative value indicates that the soil is drying.
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2.5.2.2.11 Row K: Accumulated Water Loss (WL)

The accumulated water loss (WL) is the sum of the negative monthly values of IN-PET

(Row J) since the beginning of the year.

2.5.2.2.12 Row L: Water Stored in Root Zone (WS)

The water stored in the root zone (WS) is defined as the amount of water stored in the
portion of the soil cover that can be tapped by plant roots for evapotranspiration. The
amount of water stored in the root zone is calculated from the volumetric water content (6)
of the soil and the depth of the root zone (H,,,.,) as follows:

WS = 6H, o0 1)
The volumetric water content (6) is defined as the volume of water (V,) divided by the

total volume of the soil (V).

2.5.2.2.13 Row M: Change in Water Storage (CWS)

The change in water storage (CWS) in a month is the water stored (WS) (Row L) in that
month minus the watered stored in the previous month. If CWS is negative then the soil in

the root zone is losing water and if it is positive it is gaining water.

2.5.2.2.14 Row N: Actual Evapotranspiration (AET)

The actual evapotranspiration (A4ET) depends on whether infiltration exceeds potential
evapotranspiration. If there is less infiltration than potential evapotranspiration, the soil in

the root zone is losing water through evapotranspiration.
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AET = PET (if N — PET) > 0) (22)
AET = PET + [(IN - PET) — CWS] (if UN - PET) < 0) (23)

2.5.2.2.15 Row O: Percolation (PERC)

Percolation (PERC) is the amount of water draining from the root zone and is calculated

as follows:
PERC=0 (if IN - PET) < 0) (24)
PERC = (IN-PET)-CWS (if UN - PET) > 0) (25)

The monthly percolation should be summed to obtain the annual amount of percolation.

2.5.2.2.16 Row P: Check for Calculations (CK)

The idea of water balance calculations is to account for all of the precipitation that falls on
the cover. For each month it is possible to check the previous calculations as follows:

CK = PERC + AET + CWS + R (26)
Each monthly value and the yearly total should equal precipitation P, i.e. Row P should

equal Row F for each column.

2.5.2.2.17 Row Q: Percolation Rate (FLUX)

The rate of percolation (FLUX) is the flux of water passing through the cover soil. It
should be calculated for months where PERC > 0 as follows:
FLUX = (PERC-0.001)/t (27)

where ¢ is the number of seconds in the month.
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2.6 RESEARCH BY THE WASTE MANAGEMENT

INFORMATION BUREAU (WMIB)

With funding from the Department of the Environment, the Waste Management
Information Bureau (WMIB, 1995) produced a report for them reviewing the composition

of leachates from domestic wastes in landfill sites.

2.6.1 VALLEY LANDFILLS WITH GROUNDWATER INGRESS

Natural valleys were often identified as suitable areas for the deposition of household and
other wastes. The most common problem encountered at such sites relates to the
uncontrolled entry of groundwater into wastes from either springs along the valley walls

or from streams in the base of the valley.

Streams were often culverted beneath the site. Culverts must be watertight, designed to
accommodate the anticipated external loadings, and constructed with concrete suitably
corrosion-resistant to the aggressive conditions present in the base of landfills. The
granular materials used around the culvert could provide a pathway for leachate to travel
along the side of the culvert, either to enter it at a point of weakness, or discharge with it at

its outlet.

Waste Management Paper 26 (DoE, 1986) warns about the risks of valley landfills,
recommending detailed investigation of site hydrology to identify all springs, streams and
watercourses. It did not regard landfilling over culverts as good practice, unless a well

designed and properly engineered culvert can be provided.

The Waste Management Information Bureau examined detailed leachate monitoring
records from eight landfill sites. They found a consistency in leachate composition from
the sites examined (Table 2.16).
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Landfill Site Operational Present Leachate Composition
Opened | Closed | pH | COD | BODs | NH,;-N cr Na Fe

Dean House Farm 1980 1984 7.3 84 4.5 64 1280 | 658 34
Conygar Coppice 1966 1978 6.7 94 ~1.0 43 345 | 225 | 38.8
Sherbourne 1976 ~1994 | 7.1 174 ~14 97 360 | 210 | 354
Farthinghoe 1972 1983 7.0 133 <0.5 54 200 171 | 135
Cannon Bridge 1968 1993 7.0 195 71 77 161 88 22.8
Faygate 1969 1993 7.5 257 14.7 166 403 262 | 21.8
Stangford 1982 1990 6.8 330 ~50 161 311 351 | 27.0
Fowlchurch ~1965 1994 7.1 373 25 328 824 | 631 11.2

Results in mg/1, except for pH value.

Table 2.16 ~ Summary of leachate quality in 1995 at valley landfills with groundwater

ingress. From Waste Management Information Bureau (1995).

Leachate quality at each site is characterised by neutral pH, very low BODs values (often
less than 10 mg/l), but relatively high and persistent residual concentrations of
ammoniacal-N and chloride. While these very low levels of biodegradable organic
compounds indicate that methanogenic conditions have become established, as supported
by generally low sulphide concentrations, the relatively high rates of water ingress appear
to have prevented pH values of 8 or above from being established, as might otherwise be
the case. A consequence of continuing pH values close to 7.0 is that relatively high

residual concentrations of soluble iron (typically 20 to 40 mg/l) remain in the leachate.

Results for leachate at Silent Valley show similar results to those in table 2.16. Leachate

geochemistry for Silent Valley will be discussed in detail in Chapter 6.
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CHAPTER 3

DESK STUDY

Silent Valley landfill site (SO 185 075) has been in operation as a landfill site since 1981.
Before accepting municipal waste it received large quantities of waste from the iron and

steel works at Ebbw Vale. The site is licensed to accept household waste.

This chapter gives a description of the site, the geology, hydrology, hydrogeology, site

history and the present site operating conditions.
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3.1 SITE DESCRIPTION

3.1.1 SITE LOCATION

Silent Valley Landfill Site is located in the Cwm Merddog, an eastern tributary valley that
joins the Ebbw Fawr at the village of Cwm (Fig. 3.1). The site is 1.2 km east of the
village of Waunlwyd and lies to the southeast of Ebbw Vale. It is located at National Grid

Reference SO 185 075.
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Figure 3.1 Map showing the location of Silent Valley landfill site. From OS

Landranger Series 161.

Emma C. Paris Cardiff University 97



Chapter 3 ~ Desk Study.

3.1.2 SITE ACCESS

The site is reached via an access road, between Cwm and Waunlwyd, off the A4046. The
turnoff is signed. The access road also leads to Cwm Cemetery. The A4046 joins the
A467 and links Ebbw Vale with Newport.
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3.1.3 SITE OF SPECIAL SCIENTIFIC INTEREST (SSSI)

A leaflet about Cwm Merddog is available from the Gwent Wildlife Trust. Many of the

details given below are taken from the leaflet.

The site has been declared by the Blaenau Gwent County Borough Council as a Local
Nature Reserve. Much of the site was notified in 1984 as a Site of Special Scientific
Interest. It was purchased by the Gwent Wildlife Trust with financial help from Blaenau

Gwent Borough Council, WWF and the Nature Conservancy Council.

Silent Valley Local Nature Reserve covers approximately 50 hectares. It is made up of a
number of plant communities including grassland, wetlands, heaths and woodlands.
Species such as narrow buckler fern, greater tussock sedge and heath spotted orchid can be
found. The Reserve attracts a lot of birds, including finches, Bramblings, Green

Woodpecker, Pied Flycatcher, Redstart and buzzard.

The two main blocks of beech woodland are found at Cwm Merddog, which straddles the
Nant Merddog stream, and Coed Tyn y Gelli, which is the highest known site of beech in
the UK. There, at an altitude of up to 1500 feet (460 m) the trees are stunted and gnarled

and many grow little taller than 2 m.

Gwent Wildlife Trust in partnership with the Countryside Council for Wales, Blaenau
Gwent County Borough Council, Silent Valley Waste Services Ltd is developing an
education and community resource. The project is funded through the Silent Valley
Environmental Trust (landfill tax) and the European Regional Development Fund. It aims
to enhance the Silent Valley Local Nature Reserve as an important wildlife site to be

enjoyed by the local community and as an educational resource for schools.
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3.2 GEOLOGY

The site is located within the Carboniferous Upper Coal Measures, Westphalian C and D
series (Golder Associates, 1993a; 1993b). The Hughes Beds form the top of the sequence
and belong to the Upper Pennant Measures. Below the Hughes Beds are the Brithdir and
Rhondda Beds of the Lower Pennant Measures. The solid geology is overlain by a
mixture of boulder clay, head deposits and made ground. Figure 3.2 shows the regional

geology of Silent Valley and the surrounding area.

The landfill site lies at elevations below the outcrop of the Brithdir Seam and

consequently rests on the Rhondda Beds (Fig. 3.3).

3.2.1 SOLID GEOLOGY

3.2.1.1 Llynfi Beds

The Llynfi Beds consist of mudstones and sandstones occurring in approximately equal
proportions. The sandstones are typically quartzitic sandstones, commonly pebbly and
conglomeratic. Red beds appear towards the top of the formation in the Ebbw Fach

Valley (Barclay, 1989).

The No. 3 Rhondda, locally called Old Man’s Coal, is the most persistent coal in the
Llynfi Beds.

3.2.1.2 Rhondda Beds

The Rhondda Beds in the area are about 100m thick with the No. 2 Rhondda coal defining

the base of the formation. The lower part of the formation comprises mainly pebbly

coarse-grained orthoquartzitic sandstones and polymitic conglomerates. In the upper part
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WOMDCMIBN
EXPLANATION OF GEOLOGICAL SYMBOLS
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General dip of strata, dip in degrees
— Geological boundary, Drift
—Geological boundary. Solid
> Brithdir Beds (Bd) —Coal crop
I Faultat surface, crossmark indicates downthrow side
sandstone
No2 RHONDDA (No2R) * Marine Band (MB)
Cambnense Manna Bang #1711 B0 1 Silent ValU In general, broken lines denote uncertainty. Drft boundaries on this sheet
landfill sit are shown as continuous lines regardless of their certainty or uncertainty.
o Borchole
QORLLWYN RIDER (CR)
Acgtranug G Pit or mine shaft open at time of survey
UPPER SIX FEET(USIT) S Pitor mine shaft abandoned
NING FEET (RFT) Bnd I Adit or mine mouth, showing direction of entry
HR, ;&{S& BVPo4 > Adit or mine mouth, abandoned, showing direction of entry
OARW (Gl
Cross measures drift
Llanelly Formation Made ground
scr.,™

Castell Coch Limestone

Figure 3.2 Geological map of area surrounding Silent Valley landfill site. From British Geological Survey. Solid and Drift Geology. England and Wales Sheet 232, Abergavenny.
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Figure 3.3 Geological map of area surrounding Silent Valley landfill site. From NERC Geological Survey of Great Britain (England and Wales), Sheet SO 10 NE.
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of the succession the quartzite strata are interbedded with mudstones, coal and associated
seatearths. The mudstones are predominantly red and know as Deri Beds (Golder

Associates, 1993a; 1993b).

3.2.1.3 Brithdir Beds

The boundary between the Rhondda and the overlying Brithdir Beds is formed by the
Brithdir coal seam. In the past, two mines worked this seam to the north of the site and

two mines to the east (Golder Associates, 1993a; 1993b).

Pennant sandstones, about 16m thick overlie the Brithdir on the west side of the Ebbw
Fawr Valley and on the east side of the valley near Cwm, but mudstones overlie the coal

in the Cwm Merddog (Barclay, 1989).

The Brithdir Rider, a thin inferior coal seam overlies the mudstones and is itself overlain

by about 25 m of strong massive conglomeritic to fine grained orthoquartzitic sandstones.

The base of the Cefn Glas coal seam, known locally as the Tillery Rider, defines the top of
the Brithdir Beds (Barclay, 1989).

3.2.1.4 Hughes Beds

The Hughes Beds extend from the base of the Cefn Glas coal seam to the base of the
Mynyddislwyn seam. Pennant sandstones dominate the formation, with only thin and
impersistent mudstones. On the west side of the Ebbw Fawr Valley the Cefn Glas is
0.12 m thick in a disused quarry at Victoria [1694 0630]. On the east side of the Ebbw
Fawr Valley the coal is thick enough to have been worked from crop levels in Cwm
Merddog (Barclay, 1989).
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Head Deposits Silty CLAY Guidelines

Range Range NRA
Natural Moisture Content % 15-17 (3) 13-26 (15) -
Liquid Limit % 23-47 (4) 30-57 (15) <90
Plastic Limit % 8-26 (4) 11-34 (15) <65
Clay Content % 5-12 (6) 18-47 (4) >10
Specific Gravity Mg/m’ 2.65-2.68 (2) 2.71-2.80(6) |-
Optimum Moisture Content % 8.5-10 (2) 9-18 (6) -
Maximum Dry Density Mg/m®> | 2.00-2.11 (2) 1.76-2.06 (6) | -
Permeability m/s 2.35-7.18x10° (3) |2.85x10°- | <1Ix10?

8.9x10'° (10)

Undrained Shear Strength kN/m® | - 75-10 (4) -

Figures in brackets represent number of samples tested.

Table 3.1

guidelines for landfill lining material. From Golder Associates (1993c).

Summary of laboratory results (BGBC and Golder Associates) and NRA
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Cardiff University

105



Chapter 3 — Desk Study.

3.3 HYDROLOGY

3.3.1 SURFACE WATER

3.3.1.1 Surface Water Catchment

Golder Associates and Ove Arup & Partners have made calculations of the landfill site
catchment area. Golder Associates (1993b) calculated a surface water catchment area of

106 hectares.

Ove Arup & Partners (1995) calculated that at the downhill toe of the landfill, the
theoretical catchment of the Nant Merddog is about 110 hectares, of which the landfill site
occupies 20 hectares. The effective catchment of the Nant Merddog upstream of inlet A
(Fig. 3.32) is about 30 hectares. The remaining 60 hectares of catchment is from the

interfluve ridges to the east and west of the site where little run-off occurs.

In another report Ove Arup & Partners (1997) give the surface water catchment area
(upper part of Cwm Merddog) as an area of approximately 120 ha.

The main surface water running through the site is the Nant Merddog stream. It is a
subsidiary of the Ebbw Fawr River, which it joins to the south of the site near Cwm. The
Nant Merddog is culverted to the east of the site.

3.3.1.2 General Quality Assessment of the Ebbw Fawr

The General Quality Assessment scheme (GQA) is the Environment Agency’s method for
classifying water quality in rivers and canals. The scheme provides a way of comparing
quality from one river to another and for looking at changes through time. Water quality
is assessed for:

o Chemistry
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o Biology

o Nutrients

o Aesthetics.

The following information comes from the Environment Agency website (accessed in
February 2004, http://www.environment-

agency.gov.uk/yourenv/eff/water/213902/river_qual/gqa2000/?version=1&lang=_e).

3.3.1.2.1 Chemistry

The grade (Table 3.2) is defined by standards for biochemical oxygen demand (BOD),
ammonia and dissolved oxygen. These determinands are indicators of pollution that apply
to all rivers, first because of the widespread risk of pollution from sewage or farms, and
second because of the toxicity of ammonia and the requirement for dissolved oxygen for

aquatic life.

In 2002 the Ebbw Fawr had a river classification for chemistry as fairly good and good
upstream of the landfill site and good downstream (Fig. 3.4).
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Chemical Grade

Dissolved
oxygen

(%
saturation)
10-percentile

Biochemical
Oxygen
Demand

(mg/l)

90-percentile

Ammonia
(mg/1)

90-percentile

Likely uses and characteristics*

A | Very Good

80

2.5

0.25

All abstractions

Very good salmonid fisheries
Cyprinid fisheries

Natural ecosystems

B | Good

70

0.6

All abstractions

Salmonid fisheries

Cyprinid fisheries

Ecosystems at or close to natural

C | Fairly Good

60

1.3

Potable supply after advanced
treatment

Other abstractions

Good cyprinid fisheries
Natural ecosystems, or those
corresponding to good cyprinid
fisheries

D | Fair

50

25

Potable supply after advanced
treatment

Other abstractions
Fair cyprinid fisheries
Impacted ecosystems

E | Poor

20

9.0

Low grade abstraction for industry

Fish absent or sporadically present,
vulnerable to pollution**

Impoverished ecosystems**

F | Bad

<20

Very polluted rivers which may
cause nuisance

Severely restricted ecosystems

* Provided other standards are met
** Where the grade is caused by discharges of organic pollution

Table 3.2 Table showing the General Quality Assessment scheme grades for

chemistry.

3.3.1.2.2 Biology

The biological scheme (Table 3.3) is based on the macro-invertebrate communities of
rivers and canals. The variety of macro-invertebrates differs from site to site and from

river to river even when there is no pollution or physical disturbance. This is because they
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are affected by the size, slope, altitude and geographical location of the watercourse, the
nature of the stream bed, the river flow and the geology of the catchment. Because of
these natural differences, it is best to describe biological quality as the difference between
the macro-invertebrate community actually found in the river and that which would be

expected under natural conditions.

Grade | Quality

A Very Good The biology is similar to (or better than) that expected for an average,
unpolluted river of this size, type and location. There is a high diversity of
families, usually with several species in each. It is rare to find a dominance of
any one family.

B Good The biology shows minor differences from Grade 'a’ and falls a little short of
that expected for an unpolluted river of this size, type and location. There may
be a small reduction in the number of families that are sensitive to pollution, and
a moderate increase in the number of individuals in the families that tolerate
pollution (like worms and midges). This may indicate the first signs of organic
pollution.

C Fairly Good | The biology is worse than that expected for an unpolluted river of this size, type
and location. Many of the sensitive families are absent or the number of
individuals is reduced, and in many cases there is a marked rise in the numbers
of individuals in the families that tolerate pollution.

D Fair The biology shows considerable differences from that expected for an
unpolluted river of this size, type and location. Sensitive families are scarce and
contain only small numbers of individuals. There may be a range of those
families that tolerate pollution and some of these may have high numbers of
individuals.

E Poor The biology is restricted to animals that tolerate pollution with some families
dominant in terms of the numbers of individuals. Sensitive families will be rare
or absent.

F Bad The biology is limited to a small number of very tolerant families, often only

worms, midge larvae, leeches and the water hog-louse. These may be present in
very high numbers but even these may be missing if the pollution is toxic. In the
very worst case there may be no life present in the river.

Table 3.3 Table showing the General Quality Assessment scheme grades for biology.

The Environment Agency use a computer-based system to predict the macro-invertebrates
that would be found if the river was unpolluted and undamaged. The system is called
RIVPACS (River Invertebrate Prediction and Classification System). The classification of
waters is not precise and there is an average risk of 22% that rivers may be classed

wrongly. It is unusual, however, for this error to extend beyond the neighbouring grade.
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In 2002 the Ebbw Fawr had a river classification for biology as fairly good and fair
upstream of the landfill site and good and fairly good downstream (Fig. 3.5).

3.3.1.2.3 Nutrients

Samples are analysed for their concentrations of two nutrients: nitrate and phosphate. The
data are collected over three years to determine average nutrient concentrations. So the
classification for the year 2002 includes the results for 2000 and 2001. Data from three
years (36 samples per site) is used to reduce any variation due to unusual weather

conditions.

A grade from 1 to 6 is allocated for both phosphate (Table 3.4) and nitrate (Table 3.5).
These are not combined into a single nutrients grade. There are no set ‘good’ or ‘bad’
concentrations for nutrients in rivers in the way that we describe chemical and biological
quality. Rivers in different parts of the country have naturally different concentrations of
nutrients. ‘Very low’ nutrient concentrations, for example, are not necessarily good or
bad; the classifications merely states that concentrations in this river are very low relative

to other rivers.

Classification for | Grade limit (mgP/1) Description
Phosphate Average

1 <0.02 Very low

2 >0.02 to 0.06 Low

3 >0.06 to 0.1 Moderate

4 >0.1t00.2 High

5 >0.2t0 1.0 Very high

6 >1.0 Excessively high

Table 3.4 Table showing the General Quality Assessment scheme grades for
phosphate.
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Classification for | Grade limit (mg NO3/1) Description
Nitrate Average

1 <5 Very low

2 >51t0 10 Low

3 >10 to 20 Moderately low
4 >20 to30 Moderate

5 >30 to 40 High

6 >40 Very high

Table 3.5 Table showing the General Quality Assessment scheme grades for nitrate.

In 2002 the Ebbw Fawr had a river classification for phosphate as low upstream of the
landfill site and very low downstream (Fig. 3.6). Nitrate was classed as very low

upstream of the landfill site and very low downstream (Fig. 3.7).

3.3.1.2.4 Aesthetics

The aesthetic quality of rivers and canals is based on:
o litter (gross litter, general litter, sewage litter and dog faeces)
o oil, surface scum, foam, sewage fungus, ochre

¢ colour and odour.

The standard sampling unit consists of an area extending 50 m along the riverbank and up

to 5 m from the water’s edge plus the river and its bed. Each parameter is assigned a class

in the following way:

o+ Litter is classified on the total number of items counted for each parameter.

+ 0il, scum, foam, sewage fungus and ochre are classified on the percentage cover of the
water.

+ Colour is classified according to its hue and intensity.

¢+ Odour is classified according to the type of odour and its intensity.

The overall grade for a site is derived from the ‘score’ allocated to each parameter.
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The classification of a site for aesthetic quality is one of four grades:
¢ Grade 1 - good

¢ Grade 2 - fair

e Grade 3 - poor

e Grade 4 - bad

In 2000 the aesthetic quality of some rivers and canals was assessed. The Ebbw Fawr was
not assessed (Fig. 3.8). At a couple of locations north of the Ebbw Fawr, the assessment

had been good. A location in Newport had been assessed as poor.
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v ¢ *faty9°od
D - fair

v  E-poor
A/ F-bad
No data

Source: Environment Agency

Figure 3.4 Classification under the General Quality Assessment scheme (GQA) for

river chemistry in 2002.
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/S / a-very good

/V  b-Qood
/\/ ¢ - fairly good
d - fair

/S/ e- poor

A / f- bad
No data

Source: Environment Agency

Figure 3.5 Classification under the General Quality Assessment scheme (GQA) for

river biology in 2002.
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A/ 1- very low
A/ 2- 0w
A / 3 - moderate
/V  4- high

5 -very high
A / 6 -excessively high

No data

Source: Environment Agency

Figure 3.6 Classification under the General Quality Assessment scheme (GQA) for

river phosphate in 2002.

Emma C. Paris Cardiff University 115



Chapter 3 - Desk Study.

A / 1-very low
A/ 2-low
/'V 3 *iroderately low

/v 4" moderate

A/ s high

/'V 6- very high
No data

Source: Environment Agency

Figure 3.7 Classification under the General Quality Assessment scheme (GQA) for

river nitrate in 2002.
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e Good
¢ Fair
e Poor
¢ Bad

Newcastle-upon-Tyne
Urban areas

Liverpool
heffield

Nottingham

Birmingham

Southampton

Source: Environment Agency

Figure 3.8 Classification under the General Quality Assessment scheme (GQA) for

river aesthetics in 2000.
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3.3.2 RAINFALL

On site there is a weather station that measures the TH index, outside temperature, wind
chill, high temperature, low temperature, outside humidity, dew point, wind speed, peak
wind speed, wind direction, rainfall, atmospheric pressure and indoor temperature and

humidity. The measurements are recorded every 30 minutes.

The monthly rainfall for Silent Valley is shown in figure 3.9. There are gaps in the data

where measurements have not been recorded due to equipment or download failure.

450

400 o Complete data

m Incomplete data
350

300
£250
£200
*150

100

N o > Q 2?20>>x> > o >

Month

Figure 3.9 Monthly rainfall data for Silent Valley landfill site.

Golder Associates (1993b) obtained the long term annual rainfall from the Meteorological

Office for MORECS square 146 as 1257.8 mm.
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Effective rainfall for the Silent Valley area is estimated to be of the order of 60% of
rainfall (Ove Arup & Partners, 1999).

The rainfall at the site will be dealt with in more detail in Section 5.2.
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3.4 HYDROGEOLOGY

3.4.1 REGIONAL HYDROGEOLOGY

Studies carried out on the sediments underlying the site show that the arenaceous deposits
and mudstones of the Rhondda Beds are characterised by an intergranular permeability
several orders of magnitude greater than that of the less permeable mudstones. The
folding, faulting and fracturing of the sequence subsequent to deposition has lead to a
secondary permeability within the sandstones which is likely to increase the transmissivity

of these horizons.

The sandstone beds predominantly control the movement of groundwater in the Upper
Coal Measures and that movement is more likely to occur horizontally along bedding
planes than vertically across sandstone/mudstone interfaces. This sequence of high and
low permeability layers forms a multi-layer aquifer system with individual water pressures

in each sandstone aquifer horizon.

Springs commonly emerge along the boundaries of the high permeable sandstones with
low permeable mudstones or coal/seatearths. Water is also issuing from disused mine
adits. The adit at the north-western end of the site has an engineered drainage system.
From the two mines on the eastern valley side water is issuing from their entrances and

free draining downslope.

No site specific data are available from published material regarding the hydraulic
properties of the aquifer horizons. However, transmissivity values of the coal measure
sandstone horizons are reported to range between 0.1-20 m?/d with porosity values of

around 0.02 expected (Barclay, 1989).
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3.4.2 SITE HYDROGEOLOGY

According to the NRA Document on Policy and Practice for the Protection of Ground

Water, Silent Valley landfill is lying in a catchment source protection zone (Golder
Associates, 1993b).

The hydrogeological map (Fig. 3.10) produced by the British Geological Survey has the
landfill site marked. The map shows sites of overflowing mine drainage (>0.5Mm>/a) to

the south of the site and a licensed abstraction point (>0.05Mm’ /a) to the northwest.

The groundwater vulnerability map (Fig. 3.11) produced by the Environment Agency
identifies the wvulnerability of groundwater to contamination. An assessment of the
physical and chemical properties of the soil is overlain onto geological information to
produce 7 groundwater vulnerability classes. Silent Valley Landfill site is treated as a

Minor Aquifer (variably permeable) with soils of high leaching potential (H).

The minor aquifer is classified as seldom producing large quantities of water for
abstraction but they are important both for local supplies and in supplying base flow to

rivers.

Soils of high leaching potential (H) are soils with little ability to attenuate diffuse source
pollutants and in which non-adsorbed diffuse source pollutants and liquid discharges have
the potential to move rapidly to underlying strata or to shallow groundwater. The soils at
Silent Valley have been classified in the sub-class H3; coarse textured or moderately
shallow soils which readily transmit non-adsorbed pollutants and liquid discharges but
which have some ability to attenuate adsorbed pollutants because of their clay or organic

matter contents.
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Figure 3.10  Hydrogeological map of Silent Valley and surrounding area. From BGS 1:125,000 Hydrogeological Map of South Wales.
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Scale: 1:100 000 or 0-633 inches to 1 mile

Metres 10&9““ 0 1 2 3 4 5 6 7 8 9 10 Kilometres
1 i i 1 r 1 % t N [ E— )
MF 1 0 1 2 3 4 5 6 Miles
VULNERABILITY CLASSES
Geological Classes Soil Classes

High (H) 1.2. 3. U*

Malor Aquitei

X Intermediate (1) 1, 2
(Highly Permeable)

Low

High (H) 1,2.3, U*

Mm(?r Aquifer Intermediate (I) 1,2
(Variably Permeable)

Low
Non-Aquifer
(Negligibly Permeable)
Low permeability drift deposits occurring at the surface and overlying Major and
N . Minor Aquifers are peat, marine and estuanne alluvium, first terrace of warn or higher

estuannc alluvium, tidal flat deposits, glaciolacustnne deposits, morainic drift and till.

1 - Soil information for restored mineral workings and urban areas is based on fewer observations than elsewhere. A
wuiti case vulnerability classification (H) is therefore assumed for these areas and for current mineral workings. All are

given a designation HU until proved otherwise.

Figure 3.11  Groundwater vulnerability map of area surrounding Silent Valley landfill

site. Adapted from Environment Agency map, sheet 36.
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There is likely to be a contrast in conductivity between the landfill and underlying boulder
clay. Combined with the steep valley topography and the presence of underdrains and
pipelines the effect would be the rapid drainage of leachate, with little opportunity for the
build-up of leachate heads. Infiltration and percolation of groundwater through the

landfill is therefore characterised by short transit times and peaky flows.

To the north-east and north-west of the landfill site there is little run-off. These areas are
underlain by massive sandstones which in places contain fissures and open joints which
are largely the result of previous mining. Rainwater through these sandstones would enter
extensive workings in the Brithdir Seam. In the Tarren y Trwyn ridge to the north-west of
the landfill, pipe-rubble drains were installed to drain these levels and discharge away

from the landfill (Ove Arup & Partners, 1995).

Below the Brithdir Seam, the strata contain frequent bands of mudstone, which act as
aquicludes inhibiting the downward percolation of groundwater. Consequently, downhill
of the Brithdir Seam, groundwater flow will be largely restricted to the near surface strata

and will flow downhill along the rockhead topography and along the dip of the beds.

Flows emerging from pipelines at the toe of the landfill reflect two components of

groundwater flow:

o seasonally changing baseflows due to groundwater flowing through the natural strata
before entering the landfill;

o short duration, peaky flows due to rainfall on the landfill rapidly percolating to the
downhill toe (Ove Arup & Partners, 1996b).
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3.4.3 ANALYSIS OF GROUNDWATER FLOWS

In 1993 Golder Associates (1993b) carried out a site investigation to assess the feasibility
of a proposed extension of the site. As part of the investigation 4 groundwater monitoring

boreholes were drilled to assess the hydrological regime beneath the site (Fig. 3.12).

The drilling showed that there is a sequence of mudstones and sandstones of various
thicknesses underlying the site. Correlation between the boreholes was not possible due to
differences in their elevation and the wide spacing between them. The boreholes therefore
measured water pressures in different horizons and so the data could not be used to

construct contour maps showing groundwater flow across the site.

A numerical model of the site could not be produced due to the layering of the coal
measure strata and the scarcity of data available. The standard Modflow package is not
suitable. There are other packages for modelling that are commercially available. It was
therefore decided to estimate the occurring groundwater flow underneath the site for a
single 50 m thick layer with a hydraulic conductivity representing the mudstone/sandstone

sequence encountered in the boreholes. A single idealised equivalent layer is created.

The thickness of the mudstones and sandstones in each well are taken from the borehole
logs and the hydraulic conductivities were assumed to be 10 m/s for a sandstone and
10”7 m/s for a mudstone (no measurements of hydraulic conductivity for the horizons were
available). For each well the hydraulic conductivity of the equivalent layer to the depth of
that well is calculated according to the formula:

K, = g!%’—d_' (28)
where K; = individual hydraulic conductivity [m/s]

d; = thickness of individual layer [m]

d = total thickness of n layer [m]

The hydraulic conductivity of the equivalent layer for the boreholes was as follows:
GA/5 Kx=3.9x 10° m/s
GA/6 Kx = 4.4 x 10° m/s
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GA/7 Kx=6.3 x 10° m/s
GA/8 Kx=1.8x 10°m/s

Giving an average for the equivalent layer of:

Kx (av.)=3.7 x 10 m/s

Assuming a repetitive sequence of the coal measure strata, the calculated average value
can be used to determine the flow through the top 50 m below the site. This provides a

simple model that assumes that the flow is parallel to the strata.

The hydraulic gradient (i) of the site can be calculated between GA/4 and GA/8.
. Ah
i=—
Al
where Ah = difference in head = 100 m
Al = distance between GA/4 and GA/8 = 800 m

i= 100 =0.125
800

(29)

Assuming that the flow occurs across the width of the valley of 500 m, the flow can be
calculated using Darcy’s Equation,

Q= Aki (30)
where A = cross-sectional area of flow [m?]

K = hydraulic conductivity [m/s]

1 = hydraulic gradient [-]
=50m x 500 m x 3.7 x 10° m/s x 0.125
=12x 102 m%/s

~1.0x 102 m%/s

This value must balance with the recharge to the aquifer which can be estimated. Golder
Associated took the likely area contributing to the recharge of the sequence as 705000 m?
(Fig. 3.12).
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Figure 3.12  Estimated recharge area for calculation of flow through the equivalent

layer. From Golder Associates (1993Db).

Emma C. Paris Cardiff University 127



Chapter 3 — Desk Study.

Golder Associates obtained the long term annual rainfall fro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>