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Cost-effective, Multi-purpose Water Environment Monitoring for Aggregate Quarries

EXECUTIVE SUMMARY

Quarrying activities can affect the water environment in a variety of different ways and careful assessment
and monitoring of those effects is needed to ensure that they are adequately controlled. Pre-operational
(baseline) monitoring is generally required before applications are made for the planning permissions
licences and consents that are needed to develop and operate the site. This is needed to establish an
adequate understanding (conceptual model) of the local water environment, to assess potential impacts and
to identify appropriate trigger levels that are to be associated with the implementation of certain mitigation
measures. Operational monitoring is then needed to ensure that actual impacts, and the performance of
any mitigation measures being used, are properly recorded. This also helps to refine the conceptual model
further, and enables trigger levels to be reviewed periodically to ensure that they are appropriate. Post-
operational monitoring may subsequently be required after quarrying has ceased (or in parallel with
ongoing extraction in another phase of the quarry) in order to confirm that reclamation, aftercare and/or
after use impacts are being controlled in accordance with expectations, either by the restoration design
itself or by further active mitigation measures, if required.

In each of these three stages, the monitoring will have different specific objectives. These can be classified
into two main types: those that relate to common monitoring drivers ; and those associated with specific
policy drivers . Common monitoring drivers are those that are necessary to provide a basic understanding
of the water environment and which thereby assist the development of a conceptual model of the
hydrological and hydrogeological system. Such monitoring is likely to be required for the majority of
aggregate quarries, initially as part of the baseline characterisation process, but then also throughout the
operational and post-operational periods, as the baseline conditions evolve (as a result of the quarry
operations, other water environment users in the surrounding area and natural climatic variations). Such
monitoring (particularly during the pre-operational period) will usually include a wide range of parameters
(e.g. levels, flow rates and quality of both groundwater and surface water, as well as rainfall), with a
monitoring network that covers a wide area surrounding the quarry.

In addition to these general monitoring requirements, there are a number of receptor-specific requirements
that may be driven by legislation and/or policy in relation to the natural, historic and built environments,
water resource management and landfill operations. These will often require specifically located monitoring
points that will enable the monitoring data to be used to provide an early warning of an actual impact from
the quarrying or reclamation operations, triggering the need for associated mitigation measures.

At a particular quarry site, monitoring will often need be undertaken for multiple receptor specific
requirements as well as for more general purposes. Unless properly co-ordinated, this may lead to an
unnecessary duplication of monitoring (with associated cost and programme implications). If carefully
planned, however, individual monitoring parameters can often provide data for multiple purposes. In
particular, receptor-specific monitoring locations can be integrated within a wider monitoring scheme,
allowing the data that is gathered to be beneficial to a variety of purposes. There is also considerable scope
for the simplification of reporting requirements in order to avoid unnecessary duplication. Although different
statutory consultees will be interested in particular aspects of the local water environment, it may be
appropriate and more efficient to serve their various needs by reference to a single monitoring report,
produced by a suitably qualified competent person. Such a report would be able to provide an integrated
assessment of all water environment impacts based on a single set of comprehensive monitoring data.

The potential for integration needs to be considered on a site-by-site basis. There is no standardised
template that can dictate the optimum solution, since every site is different, and any monitoring strategy
needs to retain the flexibility to accommodate both temporal and spatial variations in specific monitoring
requirements including shared monitoring opportunities. It has, however, been possible to devise a draft
protocol to assist mineral operators in considering where and how the integration of monitoring
requirements could be beneficial, for each individual site. This attempts to provide a pragmatic approach
which ties in directly with the normal procedures for developing a monitoring strategy in conjunction with
minerals planning and/or operational licence applications relating to quarrying activity (and/or reclamation).

It is recommended that the draft protocol is implemented by mineral operators, being adapted or improved if
necessary to meet particular circumstances. It is also recommended that both the protocol itself and the
supporting research presented in this report are considered by Mineral Planning Authorities, the
Environment Agency, Natural England, English Heritage and other stakeholders who have an interest or
involvement in monitoring and controlling potential impacts of quarrying on the water environment. It is
hoped that this will lead to a greater degree of ‘joined-up thinking’ regarding individual monitoring
requirements, so that the opportunities for integration are increased, where this is beneficial.
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INTRODUCTION

The European Water Framework Directive and associated research programmes have highlighted
the importance of developing a broad scale, holistic understanding of the water environment', and of
the complex interactions between its various components (groundwater, surface water, ecosystems
and dependent aspects of the built and historic environments). This applies both generally and in the
context of predicting and controlling the effects on the water environment that can be caused by
development.

Monitoring forms an essential component of both the prediction and control of these potential effects.
It is needed to establish the ‘baseline’ conditions against which impacts can be assessed; and to
establish appropriate thresholds of change or ‘trigger levels’ beyond which specific actions would
need to be taken to mitigate adverse effects. In the case of mineral extraction — a process of
continuous development — monitoring is also needed both during and after the operational life of a
quarry, to record any actual impacts which occur (and, where necessary, to trigger and monitor the
effectiveness of any mitigation measures that are used).

As explained in detail within the report on “Good Practice Guidance on Controlling the Environmental
Effects of Surface Mineral Workings on the Water Environment” (Thompson et al., 2008), the impacts
involved can include both beneficial and adverse effects. They may entail changes in levels, flow
characteristics and/or quality of groundwater and/or surface water, and may include a variety of
consequential effects on the natural, historic and built environments. The specific ‘receptors’ of
these effects include both groundwater and surface water bodies and the water resources they
contain, as well as water users, water-dependent ecosystems, habitats and species, buried
archaeological remains and existing built development.

Monitoring requirements relating to each of these potential effects may be identified by a range of
different organisations (in England, these include the Environment Agency, Natural England, English
Heritage and Local Authorities), and may be specified in conditions attached to planning permissions,
‘Section 106’ legal agreements, water abstraction licences, discharge consents and/or other
environmental permits. The diversity of potential effects, combined with the wide range of potential
receptors, authorities and regulatory mechanisms involved can (in many cases) give rise to a number
of overlapping monitoring requirements with the potential for considerable duplication, increased
costs and inefficiency.

The purpose of this report is therefore to review the different monitoring requirements associated with
the impacts that quarrying may have on different types of receptors within the water environment,
and to examine the extent to which (and how) these might usefully be integrated into a more cost-
effective, water environment monitoring protocol. The report focuses primarily on sand & gravel
quarrying, since it is here where potential impacts on both ecology and archaeology are most
commonly found in combination, and where the integration of monitoring requirements is most likely
to prove beneficial. Many of the principles, however, are transferable to other situations, including
hard rock quarrying, opencast mining and excavations associated with large scale engineering
works.

The report is aimed primarily at those within mineral operating companies who are responsible for
devising water environment monitoring schemes in connection with mineral planning and licensing
applications; and to those who are involved in preparing associated Environmental Statements (ES),
Hydrogeological Impact Appraisals (HIA); and monitoring reports. It will also be of interest to mineral
planning officers, Environment Agency personnel and others who provide scoping opinions regarding
water environment impacts; assess the validity of the schemes put forward by operators; and
subsequently review the monitoring reports.

! The Water Environment _ is defined (by Thompson et al., 2008) as comprising: groundwater and surface water bodies and the water
resources within them, together with the ecosystems, habitats, species, water users, existing land use and development, and
archaeological features that are either dependent on those resources or sensitive to changes in their conditions
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1.7 Chapter 2 of the report provides background information on the purpose and principles of water
environment monitoring. Chapter 3 then examines the monitoring requirements associated with
different policy ‘drivers’ influencing monitoring requirements; and Chapter 4 reviews the range of
water environment monitoring techniques available. Drawing on these sources, Chapter 5 then
discusses how the various requirements can be integrated into a more cost-effective, multi-purpose
monitoring protocol.
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THE PURPOSE AND PRINCIPLES OF MONITORING

Chapter 11 of the Guide to Good Practice referred to above (Thompson et al., 2008) provides a
detailed explanation of the need for and specific purposes of monitoring of the water environment in
connection with quarrying. This chapter summarises that information as a starting point for
understanding the requirements of an effective monitoring strategy.

Purpose and Scope

In general terms, environmental monitoring is a tool to help optimise the design and environmental
management of a site. It is important, in this respect, to recognise that mineral working is different to
most other forms of development in that it is an ongoing process that continues throughout the lifetime
of the planning permission. In most, but not all cases, the potential impacts of a quarry on the water
environment progressively increase during this period, as the excavation is gradually enlarged or
deepened, and as new processes, such as dewatering, are introduced. The control of impacts cannot
therefore rely solely on the assessment of original design proposals, or even on the periodic review of
planning conditions at fifteen year intervals, as required under the Environment Act 1995. Ongoing
operational monitoring is therefore needed to ensure that the actual impacts of quarrying and the
performance of mitigation measures are properly recorded and that further actions can be taken to
control or reverse those impacts if the need arises.

Pre-operational (baseline) monitoring s also required before an application is submitted, in order to
provide an adequate understanding of the local water environment. This is needed to provide a basis
for assessing potential impacts and for designing any operational monitoring requirements and
mitigation measures that are needed. It is important to note that the expression ‘pre-operational’ is
specific to individual operations within a quarry, and does not only refer to the commencement of
quarrying itself. For example, where a new process (such as dewatering) is introduced, or where a
new regulatory requirement (e.g. abstraction licensing) is brought in, there may be a need for
additional baseline monitoring to be carried out in parallel with the ongoing operation of the quarry. In
such cases, whilst the previous operational monitoring will contribute greatly towards those
requirements, there will often be a need for additional parameters to be considered or additional detalil
to be observed.

Post-operational monitoring  may be required after quarrying has ceased (or in parallel with ongoing
extraction in another phase of the quarry) in order to confirm that reclamation, aftercare and/or after
use impacts are being controlled in accordance with expectations.

Each of these types of monitoring has distinctly different aims and objectives, as detailed below,
although elements of a single monitoring network can generally be used to satisfy parts of all three
stages.

Pre-Operational (Baseline) Monitoring

As indicated above, monitoring is needed, initially, to establish an understanding of ‘baseline’ physical,
chemical and biological conditions relating to the water environment within and around the site (i.e. the
conditions which exist immediately prior to the proposed development). These include the
hydrological and hydrogeological processes in operation within that area and the nature and
magnitude of variations that are associated with both natural (e.g. climatic) and man-made factors that
are unrelated to the proposed development. Such monitoring, and the conceptual understanding
which it helps to provide, enables the potential impacts of quarrying operations to be assessed, trigger
levels set and appropriate mitigation measures to be designed to avoid or minimise those effects.

Pre-operational monitoring may involve making (or acquiring, if they already exist) a sequence of
observations over a period of time, in order to establish the existing range of variation in the
parameters concerned. The work may also include ‘one-off’ surveys to establish the details of factors
which are either static or which change only gradually (such as the distribution of surface water
features).
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Pre-operational monitoring may thus include:

baseline surveys of topography, geology and geomorphological features, which might be
affected by the quarrying proposals and thereby lead to other impacts on the water environment;

baseline surveys of water features, groundwater and surface water abstraction points, and other
potential ‘receptors’ which may be sensitive to changes in the water environment, including
ecosystems and their component habitats and species, built development and areas of buried
archaeological remains (or archaeological potential);

surveys of current and historical land use within the surrounding area, noting especially any uses
or features that may represent actual or potential sources of contamination;

regular measurements (from existing records or purpose-installed instruments) of daily rainfall
and temperature and calculations of potential evaporation;

regular measurements of groundwater levels and groundwater quality within pre-existing wells
and boreholes and/or within monitoring wells in new boreholes specifically installed for this
purpose;

regular measurements of water levels and water quality within streams, rivers, lakes, canals,
wetlands and other surface water features;

occasional or regular measurements of flow velocities and discharge rates within streams, rivers
or natural springs, using existing or purpose installed gauges, as appropriate;

baseline surveys of ecological parameters (i.e. invertebrates, macrophytes and water quality
data) together with habitat surveys, protected species surveys (e.g. crayfish, otter, water vole,
kingfisher, sand martin) and fish surveys; and

identification of any factors which could bring about future changes in local hydrological,
ecological or geomorphological conditions, and thereby complicate or mask the potential impacts
of quarrying activities.

During the pre-operational stage, monitoring is likely to cover a wider area than in later stages, based
on theoretical calculations of the likely zone of influence, and should include the largest number of
parameters. Hydrological data, in particular, are normally required for a minimum of one year to
enable seasonal variations to be assessed. Clearly, the longer the period of baseline monitoring the
better, in terms of understanding the hydrogeology and existing ecological conditions. In practice,
however, there is a limit to what is reasonable. This will be dependent on the type and scale of the
proposed development and, more especially, on the likely significance of any adverse effects that this
may have on sensitive receptors (see Thompson et al., ibid., for further discussion).

The amount of baseline monitoring required will also be dependent on the information already
available. For a new development in an area where there has already been a number of similar
operations, or where the proposal is for the extension to an existing site, there may already be enough
information available to make a satisfactory assessment of the likely impact of the new proposal.
Where existing data is adequate, in terms of its accuracy, spatial coverage, frequency of observation
and length of record, there may be little or no need for additional baseline monitoring to be carried out.

Where new monitoring data is needed, in many cases it may be appropriate to have a two-fold
monitoring regime, whereby a simple set of data is collected relatively frequently (e.g. daily, weekly or
monthly) with a more complete set, in terms of monitoring points or analysis parameters, being
collected on a less frequent basis (e.g. quarterly or annually). The use of automated water level
recorders and/or flow gauges can be beneficial to identify rainfall response times, to provide a check
on the manual measurements, and allow more frequent measurements than would be possible by on-
site personnel.
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Operational Monitoring

In most cases, operational monitoring needs to serve a number of different purposes simultaneously.
For example:

to inform the ongoing continual improvement or refinement of the conceptual model of the
surrounding water environment (and of computer models, where used), throughout the lifetime of
the operations;

to predict and keep track of evolving baseline conditions (e.g. in response to climate change)
against which the effects of mineral operations should be judged;

to assess whether or not progressive changes brought about by quarrying, dewatering, and
related activities, are having an adverse effect on the water environment;

to distinguish potential and actual impacts attributable to mineral operations from those of other
water users in the surrounding area, and to provide supporting evidence;

to trigger (when necessary) the appropriate stages of a mitigation strategy in response to
observed changes in the water environment; and

(more generally) to gather the monitoring data required for compliance with planning conditions,
legal agreements and any operational licences that may be required (e.g. abstraction licences,
discharge consents or environmental permits).

Many, if not all of the parameters that were monitored during the pre-operational stage are likely to
require continued monitoring throughout the operational period. On-going monitoring of water levels,
flows, water quality and climatic parameters may thus need to be combined with periodic monitoring
(and comparison to baseline conditions) of ecological and geomorphological characteristics. The
density of observation points and the frequency of observations may, however, be different, depending
on the findings of the baseline monitoring work and the outcome of any Environmental Assessment,
Hydrogeological Impact Appraisal, or other studies carried out in connection with planning, abstraction
licence or discharge consent applications (see Thompson et al., ibid., for further discussion).

In detail, the nature of the operational monitoring strategy will depend upon the sensitivity of the
surrounding water environment to change. It is likely that different monitoring frequencies will be
appropriate for different parameters and even for different monitoring locations, depending on the
degree of variation being detected, the significance of those variations in terms of damaging effects,
and the speed at which the changes occur in response to particular operations (see also para’s 4.57 et
seq. for detailed discussion on monitoring frequencies).

The monitoring network should also be flexible and regularly reviewed throughout the lifetime of the
quarry operations. If operational monitoring demonstrates that any effects are being contained within
a smaller area than that predicted by the initial environmental assessment, then monitoring in some of
the outlying areas may be able to be discontinued, or at least reduced to fewer monitoring points.
Also, as the quarry workings progress through subsequent phases or stages where the potential
impact from operations are likely to be reduced (e.g. excavation is moving away from a sensitive
receptor) then the number of monitoring points (or the frequency of monitoring) may be able to be
reduced. Conversely, if monitoring demonstrates that an impact is actually more pronounced than had
been anticipated, additional monitoring points (or increased frequency of monitoring) may be required.

Details of the operational monitoring requirements and trigger levels may therefore vary substantially
from one site to another. In some cases this may relate to historical differences in the thinking applied
to schemes developed at different times, or simply to different approaches being adopted by different
people, as well as to genuine differences in hydrogeological or other circumstances. The
requirements will always need to be informed by local knowledge and expertise, including the views of
the Environment Agency, Natural England, English Heritage and other statutory consultees. For this
reason, the use of standardised conditions should be avoided, but that is not to say that a
standardised framework or protocol cannot be used for defining the requirements at each site, or that
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neighbouring schemes cannot be designed to similar standards (for example in terms of trigger level
requirements).

Post-Operational and Reclamation Monitoring

It may be necessary for monitoring to continue after mineral extraction has ceased, for example to
monitor the rebound of water levels after dewatering or the re-establishment of ecological habitats or
archaeological preservation conditions during and after reclamation. The extent to which this is
necessary will depend on the timescale of any impacts that have resulted from quarrying activities
(some of which - e.g. from the release of contamination - may continue long after extraction has
ceased); but also the nature of the reclamation scheme involved and the nature of the intended after-
use of the site.

The frequency and duration of such monitoring will depend on the hydrogeological characteristics of
the site and on the sensitivity of the water environment to changes as a result of cessation of
operations and site reclamation. Depending on the reclamation scheme, it may be appropriate to
reduce the frequency and geographical extent of monitoring as reclamation proceeds and as the
hydrogeological system reverts towards a natural, or new equilibrium, condition.

Landfill operations, which may commence after mineral extraction has ceased, or which may run in
parallel to ongoing extraction in other parts of the site, have their own particular monitoring
requirements. In general, these are likely to be more intensive than for other methods of reclamation,
and will include monitoring for landfill gas and for specified leachate contaminants, both within the
landfill site and in the surrounding environment. Further details are given in Guidance on the
Monitoring of Landfill Leachate, Groundwater and Surface Water (Environment Agency, 2003b).

Monitoring Scheme Design — General Principles

A scheme of monitoring which encompasses some or all of the requirements outlined above has to be
put forward by the applicant at the time of submitting a planning or licence application, and
subsequently at the time of each periodic review of a minerals planning permission or licence renewal.
Although the proposed schemes have to be approved by the MPA / Environment Agency, and may
therefore change as a result of negotiation during the application processes, it is extremely important
that they are specific to the site in question and that standard conditions are avoided. It is also
important that the separate requirements for different purposes (e.g. planning and abstraction
licensing) are mutually compatible.

In general, the following basic principles (taken directly from Thompson et al., 2008) should be
followed:

the objectives of the monitoring plan should be defined before the start of mineral operations;
the design should be based on the best conceptual understanding at that time;

allowance should be made for the plan to change (e.g. reduction in monitoring points or
frequency) as conceptual understanding is improved with new information over time;

the design (monitoring point location, data parameters and frequency of collection) should be
risk based (i.e. fit-for-purpose rather than blanket precautionary monitoring);

the function of each monitoring point and type of data collected should be clearly defined;

the construction of each monitoring point should be appropriate to its function, and should be
recorded (e.g. screening depths and intervals);

quality control measures should be incorporated into the monitoring plan, together with regular
calibration of all monitoring instrumentation (e.g. automated data loggers, in situ water quality
monitoring equipment); and
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monitoring data should be reviewed, interpreted and reported on by a competent person, on a
regular basis (e.g. monthly or quarterly) to identify potential trends in water environment changes
or breaches in trigger levels.

As noted by Thompson et al. (ibid), monitoring can have long-term resourcing and financial
implications for mineral operators. Liaison between the MPA, the Environment Agency, conservation
organisations and the mineral operator is therefore essential to ensure that monitoring is adequate,
and ‘fit for purpose’ but not excessive. It is also important to identify, in advance, how the results of
each monitoring exercise might lead to other actions (e.g. the cessation of dewatering or the
implementation of specific mitigation measures if groundwater levels fall below agreed thresholds). It
follows that the reporting of monitoring results needs to highlight where trigger levels relating to these
actions have been exceeded, and what actions have been taken as a result. This is considered
further below.

Analysis and Reporting — General Principles

It is essential that when a monitoring programme is designed, it includes a programme for data
processing and regular reporting. In particular, the immediate processing and analysis of data is
necessary to identify anomalies within the dataset, whether these are due to errors in sampling,
recording or in the laboratory analysis, or whether they represent genuine changes in the water
environment. Such an assessment would allow the early identification of actual impacts from the
quarrying process and allow any mitigation measures to be put into operation.

Due to the implications monitoring data may have in terms of proof of compliance with regulations, the
importance of having a reliable data set can not be overstated (Environment Agency, 2003a). As
such, an important aspect of a monitoring strategy is the maintenance of quality assurance with
monitoring records (including data related to compliance, infrastructure and data related to specific
surveys). This may involve preserving raw data records and ensuring that any changes made to the
data when it is being processed are fully recorded. Data such as information on borehole construction
and installation details, assessment and compliance standards, field and lab measurements and chain
of custody records should also be maintained.

The monitoring data should be collated and stored in a manner that will allow it to be retrieved and
analysed easily. This may be as simple as storing the data electronically within a spreadsheet that
can allow a large amount of data to be stored and displayed graphically. Where greater volumes of
monitoring data (or data for multiple sites) need to be stored, more detailed and specialist database
software is available that may allow data to be more effectively managed and linked, if required, to
Geographical Information Systems. Irrespective of the particular software used, the development of
standardised formats and protocols for entering the data would allow this operation to be undertaken
more cost effectively, as well as allowing anomalous data to be more easily identified.

A process of reporting is essential for recording the analysis of data that has been undertaken. The
periodic reporting of monitoring data may be a condition of a planning permission or an operational
licence (such as an abstraction licence or discharge consent) and as such may need to be provided to
different parties, including the local Planning Authority, the Environment Agency, Natural England or
English Heritage. Individual parties or offices may require data to be provided in a specific format, or
may be interested in only a specific part of the monitoring that is undertaken (whether a particular
parameter or with regard to a particular receptor). There are, however, potential benefits to be gained
by integrating the various reporting requirements into a single document, and these are considered in
Chapter 5 of this report.

As well as periodically submitting factual monitoring records (such as the electronic spreadsheets), it is
important that a clear interpretation of these results is given by a competent person. Both the policy
recommendations report on the water environment (Thompson et al., 2007), and the accompanying
guide to good practice (Thompson et al., 2008) recommend that the reporting of monitoring results
should be carried out “by a suitably qualified competent person, who must provide clear professional
opinions on the extent to which any impacts on the water environment are either taking place or
increasing in likelihood as a consequence of the development”. This is important because, although
the various statutory consultees responsible for identifying the monitoring requirements may have their
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own expertise, the monitoring results also need to be kept under review by minerals planning officers
who may not have the training (or the time) to decipher purely numerical data.

2.28 It is, of course, important to report the factual data as well, e.g. as appendices to the interpretative
review, highlighting any key observations, such as the exceedance of trigger levels or significant
changes. In more complex or sensitive settings, or on a less frequent basis at most sites, it may be
necessary to prepare a more comprehensive review, identifying long-term trends and updating the
conceptual model based on the new information obtained.
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MONITORING REQUIREMENTS IN DETAIL

For each of the three monitoring stages identified in the previous chapter, there is a range of different
monitoring requirements. Some of these, such as the establishment of a good conceptual model of
the water environment within and around the quarry, are common to all situations. Others are related
more specifically to separate policy ‘drivers’ relating to the natural, historic and built environments, the
protection of water resources and/or the requirements of landfill regulations. This chapter considers
each of these in turn.

Common Requirements

The common requirements for monitoring are those that are necessary to provide a basic
understanding of the water environment and, in particular, to enable the development and subsequent
ongoing refinement of a conceptual model of the hydrological and hydrogeological conditions and
processes in operation within and around the quarry. As explained by Boak et al. (2007) in relation to
the Environment Agency’s requirements for abstraction licensing, and by Thompson et al. (2008) in
relation to the wider requirements of the minerals planning system, the conceptual model lies at the
heart of any attempt to assess the likely impacts of quarrying on the water environment. It is therefore
relevant to all of the more specific requirements associated with individual policy drivers.

A conceptual model is simply a quantified, written and / or diagrammatic explanation of the local water
cycle, including the local groundwater and surface water regimes), their interactions with each other
and with rainfall inputs, and their linkages to associated habitats, ecosystems and other water
dependent features and users within the area. In the case of an existing or proposed quarrying
operation, the conceptual model needs to include an explanation of the way in which these various
factors are (or will be) influenced by that operation.

As noted by Thompson et al. (2008), “desk studies and site inspections are essential starting points for
the development of a conceptual model. They allow an initial appreciation of the main characteristics
of the groundwater and surface water environment to be gained, and thereby help to identify what
additional information is likely to be needed as part of the assessment process”. Early consideration
of potential impacts at the desk study stage can thus allow monitoring locations to be planned and
installed as an integral part of any site investigations that are needed to assess the basic geology.

Depending on the likely scale and significance of the potential risks involved, and the complexity of the
systems being assessed, the initial conceptual model may need to be progressively refined and
improved through field tests and the acquisition of new data, in order to generate the degree of
confidence required. In some cases, they may need to be developed into more detailed analytical
equations / spreadsheets or numerical models, but only where this is justified by the level of risk
involved and where there is adequate and reliable data to feed into such models.

The conceptual model process may thus involve a range of different assessment and monitoring
procedures, ranging from initial desk studies and baseline monitoring to the assessment of potential
impacts, operational monitoring, regular reporting and periodic review. The process is one that should
continue to develop and improve throughout the period of operation, so that increasingly refined
understandings of the water environment can be made use of at each successive periodic review of
planning conditions or renewal of operational licences or consents.

The common monitoring requirements associated with the development and progressive refinement of
a conceptual model are predicated on a number of more specific and fundamental needs. These
include:

the need to understand the local aquifer system as part of the wider water environment ;

the need to identify the likely depth of drawdown and lateral extent of the zone of influence of
any dewatering operations which may be needed;
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the need to establish water balances for the existing (pre-operational) conditions and for the
proposed operational phase(s);

the need to establish the water quality characteristics of nearby water features and aquifers,
and their susceptibility to change in response to quarrying operations; and

the need to anticipate and monitor background environmental changes  (e.g. in response to
climate change), and the resulting evolution of baseline conditions against which the likely (and
actual) effects of mineral operations will need to be assessed.

Each of these aspects of establishing a basic conceptual model is briefly considered in more detail,
below.

Understanding the Aquifer System as part of the Wid er Water Environment

As discussed in more detail in Chapter 2 of Thompson et al. (2008), developing a good understanding
of the local aquifer system, including its relationship to surface hydrology, local hydrogeology and
larger (regional) - scale aquifer systems is an essential requirement for any conceptual model of the
water environment. It requires a combination of geological, hydrogeological and hydrological
information to be collated within and surrounding the area of interest. The degree of complexity of the
system is an important consideration for the assessment of impacts and will determine both the level
of detail that is needed to inform the conceptual model and the complexity of monitoring that is
subsequently required.

The information needed includes the identification and hydrogeological characteristics (lithology,
thickness, permeability, geological structure) of the different aquifer units; the principal mechanism for
groundwater flow in each one (whether intergranular or fracture flow); the extent to which groundwater
is able to flow between the different units (which may be influenced by intervening geological strata of
lower permeability); and the nature of interactions between groundwater and surface water (including
the principal areas of groundwater recharge and discharge).

In the simplest flow systems (where intergranular flows or diffuse fissure flow is prevalent) existing
groundwater monitoring data may allow hydraulic gradients, groundwater flow patterns and
approximate rates of flow to be determined and illustrated by plotting groundwater contours (i.e. lines
joining points of equal hydraulic head). In more complex systems where individual aquifer units are
separated by intervening strata of lower permeability, or by geological structures such as certain types
of faults and igneous intrusions, the distribution of hydraulic heads, and thus the form of the
groundwater contours and the patterns of groundwater flow may be different for each unit, and may be
complicated by localised vertical flows between the units. In such cases, the groundwater monitoring
network may need to include either ‘nested’ boreholes, or different boreholes located within the
individual units.

Identifying the Likely Zone of Influence of Dewater  ing

As explained in detail by Thompson et al. (2008) and Goodwin et al. (2007), quarry dewatering can
have a significant effect on both groundwater levels, fluxes and flow directions in the surrounding area,
resulting in the formation of a zone of dewatering influence which, in some cases, may extend for
many hundreds of metres or even kilometres from the quarry. In order to be able to assess the likely
effects on receptors within this zone, an essential pre-requisite is to be able to establish the likely
extent and magnitude (depth) of drawdown in each radial direction.

Whilst an initial estimate of the radius of influence can be obtained using simple analytical equations,
more accurate predictions require more detailed information on aquifer characteristics, including the
analysis of pumping test results and observations from a network of monitoring boreholes around the
quarry. Such boreholes can be used, initially, to establish baseline conditions in terms of groundwater
levels, hydraulic gradients and resulting groundwater flow directions. Once dewatering begins, the
same borehole network can then be used to monitor the actual pattern of drawdown, enabling other
impacts to be reassessed, as necessary, if this departs from the initial predictions.
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Establishing the Local Water Balance

Establishing a water balance for both the existing (pre-operational) conditions and for the proposed
operational phase(s) is another important aspect of understanding the local water environment. It
involves quantifying the inputs and outputs to the system as well as changes in storage and movement
of water through the system. As noted by Boak et al. (2007), the exercise is an essential requirement
of any application for a water abstraction licence, whether this is for consumptive use or for dewatering
operations. Though not mandatory for planning applications, it is good practice for these (and
associated Environmental Statements) to make use of the understanding that a local water balance
can provide.

As described in Chapter 10 of Thompson et al. (2008), the water balance may be considered in two
parts: the background water balance (representing natural, or at least pre-operational conditions)
and the quarry water balance . This enables the differences between existing and operational
conditions to be identified and understood, as a starting point for assessing the likely impacts of the
proposed development. The components that may be included in each of these parts are detailed in
Table 3.1 below. For more detailed information on each of the components the reader is referred to
Chapters 2 and 3 of Thompson et al. (2008).

Table 3.1: Water balance components

Basic components of a Additional components of a
Background Water Balance Quarry Water Balance
o Rainfall
Inputs to the local 0 Grr:duigg;/vater input from up- o Reduced groundwater input from up-gradient due to
system 9 use of low permeability barrier
o Surface water inflows from
upstream
o Surface water storage (lakes, o Surface water storage in attenuation ponds and silt
ponds, reservoirs) lagoons
Storage within the o Soil Moisture Deficit within the o Changes in storage in the unsaturated zone (e.qg.
local system unsaturated zone though removal by quarrying)
o Groundwater storage in o Changes in aquifer storage (e.g. through removal
aquifers by quarrying or drawdown of groundwater levels)
o Changes in rainfall/runoff relationships induced by
uarryin
o Groundwater flow quarying
o Control of surface water movement within the local
o Surface runoff system including diversion of watercourses,
o Flow within surface drainage systems, surface water abstractions and
Movement of water watercourses discharges
Wlthlg tsrlz rLocaI o Infiltration o Dewatering transfers within the local system (rates
Y of abstraction and rates of discharge or recharge)
0 Recharge e .
o Atrtificial disruption of groundwater flow (e.g. by the
0o Other interactions between use of low permeability barriers)
groundwater and surface water . .
0 Localised readjustment of groundwater flows
induced by dewatering or other operations
o0 Evapo-transpiration
o Local aroundwater and surface o Changes in evapo-transpiration induced by
water gbstractions quarrying and/or reclamation scheme
Outputs from the o Seepades o Discharges from groundwater and surface water
| oF:: al system pag abstractions associated with quarrying which are
4 o Groundwater output down- not balanced by recharge or discharge within the
gradient local system.
0 Surface water outputs 0 Water content of products transported off-site
downstream

In each case, the water balance should be constructed for an area which encompasses all of the
features that are likely to be impacted by the proposed quarry operations, i.e. covering the whole of
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the surface water catchment area draining into the quarry and (where appropriate) the whole of the
anticipated zone of influence of dewatering. Separate water balances may need to be constructed for
summer and winter conditions, to account for seasonal variations in some or all of the components.

Some of the information required to construct a detailed water balance may be obtained from publicly
available sources, such as river flow gauging; groundwater levels; rainfall and evaporation records;
and details of local groundwater and surface water abstractions. In particular, rainfall forms the
principal input to the local hydrological system and needs to be assessed as part of this process, and
needs to be apportioned between infiltration, evaporation and surface run-off, according to local
catchment characteristics such as slope, infiltration capacity, soil moisture deficit, vegetation and land
use, using the methods described in the Flood Estimation Handbook (NERC, 1999).

However, additional baseline monitoring of the local hydrological and hydrogeological systems is also
likely to be required in order to provide more specific data. For the background water balance this
may comprise the collation of more detailed and localised data than can be obtained from publicly
available sources, such as rainfall with the quarry, groundwater levels, surface water levels and flows,
local abstractions and discharges. Some of these will require the installation of suitable monitoring
equipment, such as local rain gauges, sharp-crested weirs on local streams and other watercourses,
and data loggers within monitoring wells (boreholes). These areas are discussed in later chapters of
this report and further guidance is given in Thompson et al. (2008). Groundwater flow rates and
directions can be determined through analysing groundwater levels using empirical equations, while
the interaction (inflow/outflow) between groundwater and surface watercourse can be assessed using
both groundwater level data and surface water levels and flows.

Establishing Water Quality Characteristics

Understanding groundwater and surface water quality characteristics is an increasingly important
aspect of developing a conceptual model. This is not least because of the requirements of the
European Water Framework Directive (WFD) and the recent recommendations for draft minerals
policy in England (Thompson et al., 2007), both of which place significantly increased emphasis on
water quality.

Quarrying can affect water quality in many different ways, with potential adverse consequences for
drinking water, ecosystems, buried archaeological features, general amenity and (in some cases) the
built environment (for details, see Thompson et al., 2008). The specific monitoring requirements in
each of these areas relate to a variety of different sensitivities to change by different ‘receptors’, as
discussed later in this report. As a minimum requirement, however, it is useful to be able to establish
baseline water quality characteristics in relation to WFD definitions.

For surface water bodies the WFD identifies five levels of classification: ‘high’, ‘good’, ‘moderate’,
‘poor’ or ‘bad’. These are based upon both the ‘ecological status’ (including biology and physical
habitat) and ‘chemical status’ of the watercourse.

Ecological status is classified on the basis of the combined (cumulative) effects of the following
parameters (all of which may therefore usefully be included in any programme of baseline
characterisation):

Biological: numeric measures of communities of phyto-plankton (diatoms), aquatic plants
(macropyhtes) and animals.

Physico-chemical: includes temperature, pH, dissolved oxygen, Biological Oxygen Demand
(BOD), Chemical Oxygen Demand (COD), salinity, and nutrient levels (e.g. phosphorous,
ammonia, dissolved nitrogen).

Hydro-morphological: physical habitat, including channel morphology, sedimentology and flow
regime.

Environmental standards for each of these parameters are currently being developed by the UK
Technical Advisory Group.
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With regard to chemical status, the Environment Agency has already defined Environmental Quality
Standards (EQS) to be used to assess and monitor both freshwater and saltwater systems. Until such
time as the EQSs are either accepted as WFD standards or superseded by Threshold Values detailed
in individual River Basin Management Plans, the existing system will continue to be used.

In addition to the chemical parameters mentioned above in relation to ecological status, some of those
which may need to be measured in relation to chemical status include dissolved (and precipitated)
metals (including speciated iron), Total Dissolved Solids (TDS), hazardous substances (as defined by
the European Groundwater Daughter Directive), nitrate, nitrite, sodium, chloride, calcium, magnesium,
potassium, sulphate, and organics associated with existing or historical rural land uses.

Current groundwater quality standards include those that focus on environmental protection (e.g.
Environmental Quality Standards, EQS) and those that focus on the protection of resources for human
use (e.g. Drinking Water Standards). Whilst these will remain important objectives, the WFD requires
a more holistic view to be taken, and for groundwater quality also to be assessed in terms of the
quality and health of the surface ecosystems which it supports. As noted by Thompson et al. (2008),
this requires much more attention to be given to the interactions between surface and groundwater
systems than has hitherto been the case.

Two factors have to be considered: quantity and chemistry. On the basis of such assessment,
groundwater bodies will, in each case, fall into one of two classes: ‘good’ or ‘poor’ status. For a
groundwater body to be classified as being of ‘good’ status, both chemical and quantitative status
must be good. In addition, because of the interaction between groundwater and surface water, a
groundwater body cannot be classified as having good overall status if its associated surface water
body or groundwater-dependent ecosystem fails to achieve good ecological and chemical status.

In terms of quantity, the WFD requires that there should be sufficient groundwater resource to
maintain the health of dependent ecosystems and public water supplies (including rivers and streams
during low flow conditions, as well as many wetland habitats). The needs of other users (e.g.
industrial processes) are regarded as being of secondary importance and abstractions for such uses
have to be controlled in such a way that they do not deplete the resources necessary to support the
needs of the ecosystem. These requirements are monitored and controlled (through abstraction
licensing) by the Environment Agency’'s Catchment Abstraction Management Strategy (CAMS)
process.

WFD chemical quality standards for groundwater are partially defined for some compounds in the
Groundwater Daughter Directive and will be defined as Threshold Values in the RBMPs (River Basin
Management Plans) prepared for Defra by the Environment Agency. In particular, the Groundwater
Daughter Directive requires the prevention of hazardous substances entering groundwater and the
limitation of non-hazardous substances. Hazardous substances (akin to List | substances, as defined
in the 1980 Groundwater Directive) may include mineral oils and hydrocarbons, pesticides, mercury
compounds and chlorinated solvents. Non-hazardous substances (akin to List Il substances in the
Groundwater Directive), may include ammonia, nitrates, biocides, and some metals and their
compounds.

Monitoring Background Environmental Change

As noted earlier, mineral working is different to most other forms of development in that it is an
ongoing process which continues for many years or even decades. On such a timescale, in addition
to the potential effects which might be caused by quarrying, other land use, environmental and climatic
changes are likely to take place within the surrounding area. Such changes could, in some cases,
exacerbate the effects of quarrying, but in other cases they may either mask those effects or
counteract them. It is important, therefore, that independent monitoring of those additional changes is
carried out in parallel with operational and post operational monitoring of quarry impacts, in order to
establish the “dynamic baseline” conditions against which assessments of quarry effects should be
made.

In some cases this may be possible by reference to other, publicly available monitoring data, such as
rainfall and temperature records, routine flow gauging and water quality monitoring, and groundwater
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level monitoring at locations outside the zone of influence of the quarry. In other cases, it may be
necessary for such monitoring points to be installed and operated by the quarry operator, subject to
being able to gain access to the land in question.

Requirements Associated with Specific Policy Driver S

In addition to the general monitoring requirements outlined above, there are a number of more specific
requirements that may be driven by legislation and/or policy in relation to the natural, historic and built
environments, water resource management and landfill operations, these are discussed below.

The Natural Environment — Ecological Requirements

Almost all ecosystems and habitats in the UK are dependent, in one way or another, on the water
environment. Those that have the greatest dependence are the aquatic and wetland ecosystems that
rely on the permanent or seasonal presence of water, either as open water at the surface, or as
groundwater. All of these systems may be sensitive, to varying degrees, to changes in water levels,
rates of flow or water quality — all of which can potentially be influenced by quarrying. Other terrestrial
ecosystems are primarily dependent on soil moisture within the unsaturated zone. As such, these are
generally less susceptible to the potential impacts of quarrying activities.

Whilst certain effects, such as the complete drying out of a stream, peat bog or reedbed due to
excessive dewatering are obviously to be avoided, potential impacts are often far more subtle than
this, and the problem is compounded by the fact that the sensitivities to change of different plant
communities are not well understood. Recent attempts to produce eco-hydrological guidelines for a
selection of habitats in Eastern England (Wheeler et al., 2004) have shown that changes in the depth,
duration, frequency, magnitude and timing of water supply available to a particular ecosystem can
substantially influence the component vegetation communities, as can variations in hydrochemical
conditions. In particular, wetland ecosystems may be susceptible to changes in acidity and nutrient
availability. Changes in water levels and rates of flow can also have potential knock-on effects on
other physico-chemical parameters such as pH and dissolved oxygen content. Changes in such
parameters may, in turn, act as catalysts to chemical and biological reactions that lead to further
changes in the nutrient balance of the system.

In view of these complications, and the inherently complex nature of natural ecosystems themselves,
much further work is needed before threshold hydrological conditions and tolerance ranges can be
defined with any confidence. For this reason, site-specific expert advice will always need to be sought
from ecologists regarding the particular hydrological and hydrochemical requirements for individual
protected sites. Only once that information has been obtained will it be possible to assess the specific
ecological monitoring requirements for that site.

There are, however, more general requirements that can be anticipated, including the need to
understand the relative proportions of groundwater and surface water involved (and variations in this
balance), through the monitoring of levels and flows; and the need for monitoring of basic water quality
parameters (as outlined in paragraphs 3.22 and 3.25, above). Both of these are vital elements of
developing the conceptual model and are therefore covered in the earlier section on common
requirements. There will also be a need for surveys of the ecology itself (indicator species, protected
species and habitat surveys), but these are beyond the scope of this report.

The Historic Environment — Archaeological Requireme nts

Recent research has highlighted the importance of waterlogged soils in general, and wetland areas in
particular for the in situ preservation of buried archaeological remains (Holden et al., 2006; Corfield,
2007; Lillie & Smith, 2007; Ward et al., 2007). The ‘reducing’ (low redox potential) environments
associated with waterlogged soils provide good conditions for the preservation organic material,
inhibiting the activity of aerobic micro-organisms that would otherwise be one of the main causes of
decay. Holden et al. (2006) detailed the chemical characteristics of such anoxic burial environments,
including: increased Nitrous Oxide (N,O) and Nitrogen (N,); reduced Sulphate concentrations, S0~
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(and increased Sulphide, S,, and Hydrogen Sulphide, H,S); increased Iron (Il) oxide (Fe®"); and
reduced salt forms (with salts such as FeOOH no longer present).

The same reports and others (French et al., 1999; French, 2004; Caple, 2004; Thompson et al., 2008)
have also drawn attention to the potential adverse impacts that dewatering can have on the conditions
required for preservation. Lowering the water table may reduce the moisture content of the soil and
will allow oxygen to be reintroduced into the burial environment, altering the redox potential of the
soils, as well as inducing changes in pH and temperature, which in turn can influence other chemical
and biological processes. Under these modified conditions, artefacts made of metal, glass and bone
may corrode rapidly. Dissolution or precipitation reactions (involving iron or manganese, for example)
that are brought about as a result of the changes in pH and redox conditions may compound the
problem, causing further corrosion of, or encrustation on, buried remains.

It is important to recognise that, whilst ecosystems can often recover, if damaging changes in their
conditions are reversed, this is not true of archaeological features, for which the adverse effects of
corrosion and decay are simply irreversible. Subsequent rewetting may thus increase pH through the
reduction of oxide minerals or buffering by organic matter but the preservation of archaeological
material may, by then, have already been compromised (Ward et al., 2007). Thompson et al. (2008)
identify a range of mitigation measures that can help to control the potentially damaging effects of
dewatering, but also point out that, in certain circumstances, the chemical changes associated with the
implementation of mitigation measures themselves (such as artificial recharge and low permeability
barriers) might also be detrimental to certain archaeological features.

In order to manage (and preferably avoid) the adverse effects of either dewatering or mitigation on
archaeological preservation potential, it is important to be able to predict, monitor and control the
resulting changes in groundwater level and groundwater chemistry. These are all covered by the
general requirements for groundwater monitoring and the development of a good conceptual model,
as described earlier, although the specific water quality parameters that need to be monitored may
sometimes be different to those relating to the natural environment. Specific hydrochemical
monitoring in the vicinity of archaeological sites may be required to establish baseline conditions (and
seasonal or other variations therein) and to observe any changes that take place in key indicators
such as soil moisture content, pH and redox potential.

The Built Environment — Land Instability Requiremen ts

Lowering of groundwater levels, whether as a result of dewatering or other quarry processes has the
potential to cause subsidence and settlement of the ground within the area surrounding the quarry.
Such subsidence could potentially have significant adverse effects on certain aspects of the built
environment that happen to be sensitive to minor ground movements. These could include railway
lines, pipelines, reservoirs and flood embankments, but also roads, houses and other buildings.
Planning Policy Guidance note 14 (PPG14) makes it clear that land instability is the responsibility of
the developer, and mineral operators thus have a liability to ensure that their operations do not cause
instability on adjoining land.

The mechanisms of subsidence and settlement that may be associated with the lowering of
groundwater levels include:

the shrinkage of clay soils which are susceptible to changes in moisture content;

the physical disturbance of poorly consolidated materials such as loosely compacted drift
deposits or made ground, by groundwater flowing rapidly towards an abstraction well or sump;

the removal of hydraulic support; and
the chemical dissolution of soluble rocks by groundwater being drawn towards an abstraction

well or sump, leading to the formation or exacerbation of underground cavities which
subsequently collapse.
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As noted by Thompson et al. (2008), although there is no documented evidence of these specific land
instability mechanisms being triggered by the effects of surface mineral workings, such problems are
well documented in relation to natural groundwater variations and, to a lesser extent, in relation to
dewatering associated with construction activity and underground mining. Subsidence relating to
underground brine pumping in Cheshire is perhaps the best known of these examples. It is therefore
not uncommon for concerns over potential impacts of this kind to be raised in connection with
proposed quarry dewatering and for precautionary monitoring of ground movement (linked to
appropriate mitigation measures) to be adopted in order to address these concerns.

Such monitoring may be in the form of change detection using installed instrumentation such as
inclinometers, or by regular visual observation (both on the ground by eye and with aerial photography
or remote sensing imagery), or by means of regular topographic levelling surveys. Which ever method
is used, the monitoring of ground movement should be complemented by detailed groundwater
monitoring in the same area so that, in the event of any movement being detected, it can be compared
with groundwater changes to confirm whether or not there is a specific causal link.

Requirements Associated with Water Resource Managem  ent

The monitoring requirements relating to the natural, historic and built environments will, in most cases,
be reflected in conditions attached to planning permissions and (in the case of pre-operational
monitoring) in schemes of baseline monitoring agreed with planning officers and/or the Environment
Agency at the pre-application stage. Additional licences and consents may also be needed, however,
primarily in relation to the protection and management of water resources, and additional monitoring
requirements may be stipulated in conditions attached to these.

‘Section 32’ Consents

Section 32 of the Water Resources Act 1991 requires an operator to obtain (from the Environment
Agency) a ‘Consent to Investigate a Groundwater Resource’, prior to undertaking a pumping test.
Such tests are, themselves, often a key aspect of preparing a proposal for quarry dewatering or other
groundwater abstraction. The Consent will specify the way in which changes that are induced by the
test need to be monitored. Such monitoring will usually focus on the protection of other water users
and/or any sensitive water features within the local area, and will usually include monitoring of water
levels (both groundwater and surface water).

Water Abstraction Licences

The abstraction licensing regime is the Environment Agency’'s principal means of protecting and
controlling the use of water resources. By requiring abstractions to be licensed, and by requiring them
to comply with specified conditions, the Agency is (theoretically) able to ensure that new abstractions
do not derogate those which are already licensed and that they do not deplete the availability of water
resources needed to maintain existing levels of support to ecosystems and other users. In practice,
the water resources in some areas are already ‘over-abstracted’, and there is little or no room for
manoeuver.

Most, if not all quarries require a supply of water for processing the excavated material (e.g. mineral
washing to remove fines); and/or to meet environmental planning conditions (e.g. dust suppression,
vehicle washing and road cleaning). In addition, some (but not all) quarries require water for use in
related industrial activities within the site, such as concrete batching. Such water is most commonly
obtained by abstraction from a local groundwater or surface water source and, in most cases, is
subject to the requirements of an abstraction licence. Although such uses were previously exempt
from abstraction licensing, those exemptions are being lifted under the provisions of the Water Act
2003, subject to the publication of transitional regulations (expected in 2009).

At the same time, the former exemptions for quarry dewatering are also being lifted, meaning that, in
most cases, either a full abstraction licence or (if none of the water is used in any way) a transfer
licence will be required for abstractions greater than 20 m®/day. Further details on these new
requirements and their implications for quarry operators are set out in the report by Thompson &
Howarth (2007). Conditions attached to these licences will stipulate the ongoing monitoring
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requirements needed to provide early warning of any adverse impacts on water resources and the
water environment in general.

As with planning applications, the Environment Agency will also expect a certain amount of pre-
application baseline monitoring to have been carried out before an application is submitted. More
specifically, it has developed a procedure for Hydrogeological Impact Appraisal (HIA) that will be used
as an integral part of the determination process and this, in turn, will indicate the type and level of
monitoring that is required before a licence can be issued. Although the HIA procedure is not
prescriptive in detall, it is a risk-based approach involving the development and progressive refinement
(where necessary) of a conceptual model. In most cases, the type of monitoring described earlier in
the section on ‘common requirements’ is likely to be sufficient, provided that it is adequately focused
on assessing the likely effects on water resources and existing users, though in some cases there may
be a need for more specific monitoring to be carried out. The report by Boak et al. (2007) provides
further details of the HIA procedure, together with an indication of the level of detail likely to be
required in different circumstances.

Discharge Consents

Separate discharge consents will still be required for the disposal, to surface water or ground, of water
used in site processes. The Environment Agency regulates the quality of the discharges in England
and Wales to help protect water quality, the environment and human health, with any discharge
consent holder being allowed to discharge agreed volumes of water with agreed levels of pollutants
into rivers, groundwaters and coastal waters. The discharge consent will include conditions regarding
both the quality and quantity of the water that is discharged, with requirements to monitor discharges
to make sure they meet their consent conditions.

Requirements Associated With Landfill

The disposal of waste has historically been a common method for the reclamation of a quarry void.
Although the requirements of the Landfill Directive have led to a marked decline in the number of sites
being re-permitted or gaining new permits to accept waste material, where a permit’ is granted the
associated conditions require the operator to provide assurances that the landfill operation does not
cause harm to human health or the environment (either during operation or during an agreed after-
care period). Specifically this includes a requirement for monitoring leachate, groundwater and
surface water within and around the landfill.

Leachate is the contaminated liquid generated within some landfill sites, which originates from the
infiltration of rainfall and surface water and the biochemical and physical breakdown of wastes. The
type of waste deposited determines the type of leachate produced and hence determines the
requirements for containment. Inert waste as defined in the Landfill Directive does not decompose
and therefore poses a lower (by definition, acceptable) risk of contamination to groundwater resources
than other types of waste. The two other waste classifications defined by the Landfill Regulations are
Hazardous and Non-Hazardous waste. Hazardous and Non-Hazardous landfills produce leachate that
may have elevated concentrations of contaminants, such as ammoniacal nitrogen, heavy metals and
organic compounds. By definition, these wastes are potentially harmful to the environment and any
leachate generated by them therefore needs to be adequately controlled and contained.

The Environment Agency has produced a series of guidance documents to assist the management of
waste disposal to comply with the requirements of the Landfill Directive. This includes ‘Guidance on
Monitoring of Landfill Leachate, Groundwater and Surface Water’ (2003), which provides technical
monitoring guidance for operators when preparing Environmental Permit (EP) applications (including
details of the necessary objectives and standards for monitoring, the design of monitoring programmes
and monitoring infrastructure).

2 Previously “Pollution Prevention and Control” (PPC) permit as granted under the Pollution Prevention and Control Regulations (2000),
now “Environmental Permits” (EP) under the Environmental Permitting Regulations (England and Wales) 2007 (from 6" April 2008).
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3.55 The guidance details what parameters (physical, chemical and biological) should be monitored to
achieve different objectives, including:

monitoring to characterise the groundwater and surface water system;
routine monitoring of the groundwater and surface water system;
leachate characterisation monitoring;

assessment monitoring (including control and trigger levels); and
completion monitoring.

3.56 The main parameters that could be monitored to achieve these objectives are detailed in Table 3.2

below.
Table 3.2: Example of water quality monitoring para  meters required for characterisation of groundwater and surface
water surrounding a landfill site (Environment Agen cy, 2003b)
. o Principal Chemical Composition Minor Chemical Composition
Physical Monitoring M remen
ysical Monitoring Measurements Measurements Measurements
Observation Landfill Run-off Temperature Cadmium
Measurements . .
Other Contaminant Sources pH Chromium
Vegetation Electrical conductivity Copper
Dissolved oxygen Nickel
Redox potential Lead
Total suspended solids Zinc
Total dissolved solids Orthophosphate
Water Balance Rainfall Ammoniacal nitrogen Arsenic
Measurements Total oxidised nitrogen Barium
Volume leachate removed by
drainage or pumping Volatile fatty acids Boron
Volume leachate or other Total organic carbon Cyanide
fluids added
Biochemical oxygen demand Fluoride
Volume leachate removed off-
site Chemical oxygen demand Mercury
Calcium Dissolved methane
Magnesium Phenols
Physical Surface Water Flow Sodium Mineral oils/hydrocarbons
Measurements
Groundwater Levels Potassium Pesticides (e.g. Atrazine, Mecoprop)
Leachate Levels within Landfill Total alkalinity (as CaCOg) Polychlorinated biphenyls (PCBs)
Surface Water Level Sulphate Chlorinated solvents (e.g.
. trichloroethylene)
Chloride
Hazardous Substances®
Iron
Manganese

3.57 Monitoring the water environment for a landfill is a specific case where the management and
monitoring strategies are dictated by the Landfill Regulations (2002). However, it is not uncommon for
an active aggregate quarry to be located within the area of an existing or historic landfill site and,
where this is the case, the conceptual model developed for the quarry will need to consider both the
legacy of the landfill (in terms of existing contamination of the enclosing aquifer) and the interaction
between (and combined influence of) any ongoing landfill processes and those associated with the
quarry itself.

® Hazardous Substances as defined by the European Groundwater Daughter Directive (and akin to the ‘List I' substances of the earlier
Groundwater Directive (1980)).
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Historically, landfill operators were not required to control or contain the leachate generated within their
sites, the conventional wisdom being to adopt a ‘dilute and disperse’ strategy. As a consequence,
contamination plumes may be present within groundwater surrounding those sites. Changes in the
groundwater levels or flow paths subsequently induced by quarrying or dewatering operations have
the potential to change or accelerate the movement of such plumes, increasing the risk to receptors
which had not previously been affected. Contaminated water may even be drawn into a dewatered
excavation and then discharged to another part of the hydrological system, thereby increasing the
risks further.

In such cases it may be necessary to monitor the chemical parameters required under the Landfill
Regulations (2002), both as part of the initial baseline characterisation process and as part of the
subsequent operational monitoring of the quarry. This may need to include the sampling and testing
of surface water as well as groundwater quality. Such monitoring will need to be capable of predicting,
and then detecting what (if any) changes to the pre-existing contamination risks are being caused by
the quarrying operations. It may also provide early warning of any new contamination leaking from a
lined landfill site.
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WATER ENVIRONMENT MONITORING TECHNIQUES

Irrespective of the particular policy drivers or the stage of quarrying (pre-operational, operational or
post-operational) at which they are carried out, a range of different monitoring techniques is available
for a wide range of individual parameters. These include geomorphological and ecological as well as
hydrological and hydrogeological techniques, all of which are comprehensively reviewed in the recent
Guide to Good Practice (Thompson et al.,, 2008). The following summary, drawn largely from that
review, focuses specifically on the measurement of hydrological and hydrogeological parameters.

Rainfall and Evaporation

Rainfall and evaporation data are generally required as part of the initial baseline characterisation
process that is needed to support any planning or abstraction licensing application for development
that could affect the water environment. In particular, such data are needed to inform the development
of a water balance and to provide a means of assessing the magnitude of seasonal and longer-term
variations in hydrological conditions.

The level of detail required is likely to vary from site to site. For example, annual averaged rainfall
may be sufficient for the development of an initial, generalised water balance, but more frequent
observations (monthly, weekly or even daily) may be needed to correlate with (and thereby
understand) the observed variations in groundwater and surface water and the interactions between
them, over seasonal and other timescales. Daily rainfall data, or at least information relating to
individual high magnitude rainfall events, will also be needed for the purposes of designing adequate
drainage systems within the quarry.

Existing rainfall records will often be publicly available but, in many cases, it is likely that additional
field instrumentation will be needed to provide data that are more specific to the site in question.
Automated or manually recorded rain gauges can usefully be installed within a quarry and correlated
with other nearby records. Where there is good correlation, the longer term records available from
existing gauges can be applied to the site in question with greater confidence. Where there is not,
then provided the site gauge has been properly installed and used, it may indicate important local
differences in rainfall input, which will need to be taken into account.

Evaporation is a parameter that is often overlooked or simply estimated, but is an important
component in water balance calculations. It can potentially account for a significant loss of water from
the local water environment. As with rainfall data, evaporation records will often be publicly available
from the Meteorological Office, but there may be situations where it will be beneficial (in terms of
understanding the losses more accurately) to carry out site-specific monitoring. This is because
evaporation, more than rainfall, can be strongly influenced by site specific factors such as aspect
(slope direction) and exposure to the wind. The common method for accomplishing this is through the
use of an evaporation tank - where water in the tank (of known specific dimensions) is exposed to the
atmosphere and allowed to evaporate, with measurements of the water level within the tank then
being taken at the same time each day (allowing for any rainfall or top-up water added to the tank,
Brassington, 1998). It should be noted, however, that this method will only provide data for open
water (potential) evaporation — the maximum that can occur — which will only provide a conservative
daily estimate of the actual evaporation losses from across the wider area.

Groundwater Levels
As noted by Brassington (1998), ‘A good set of groundwater level measurements is the best

foundation on which to build an understanding of a groundwater system’. In particular, groundwater
level data can be used to:

define aquifer units;
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identify the position of the water table in relation to the depth of the quarry excavation (which in
turn will influence the method of working);

allow an understanding of the natural variation of groundwater levels (i.e. changes in
groundwater storage);

allow an assessment of groundwater interaction with local surface water features (provided that
you also have surface water level data);

provide the data required to determine groundwater flow rates and directions; and

identify changes in the groundwater system (levels and flow patterns) that may result from
quarry operations (whether from dewatering operations, the physical presence of the
excavation).

Once monitoring boreholes have been installed, the depth to groundwater in each one can be
manually recorded, accurately and relatively easily, using an electronic contact dip-meter. Provided
that each monitoring location and measurement point has been accurately surveyed (relative to
Ordnance Datum), this will allow water level elevations to be obtained, which can then be compared
with those obtained at other locations. The measurement point (whether the top of the borehole
casing or ground level) should be clearly marked and recorded to ensure each subsequent
groundwater level reading is taken from the same point. Both the date and time of each dip
measurement should be recorded so that observed variations can be correlated with changes in
controlling variables, such as rainfall events, river levels, tidal influences or groundwater abstractions.

Where a more detailed (e.g. hourly) record is required, automated data recorders (‘loggers’) can
provide an almost continuous record of groundwater levels. The benefits (in terms of cost efficiency
and of being able to obtain high frequency data) of using automated data recorders are discussed in
more detail below (paragraph 4.57 et seq.). It should be noted, however, that there are a number
practical design considerations that need to be taken into account when using such equipment. These
include:

the need for the start and end of the data record to be checked against manual water level
measurements;

the need for consideration of changes in barometric pressure which (depending on the type of
automated recorder used) may require a separate atmospheric logger to be installed at the
ground surface;

the suitability of the monitoring borehole - including the diameter of the standpipe and the
borehole cover (whether to provide an attachment to suspend the recorder down the standpipe
or housing a reading unit at the surface); and

the need to protect the monitoring equipment against vandalism or interference.

The type of groundwater level data required, and the way that it is used, may vary at different times
during the lifetime of a typical quarrying operation, as outlined below.

Pre-Operational Monitoring of Groundwater Levels

4.10 The main objectives for pre-operational monitoring of groundwater levels are to:

determine baseline groundwater levels and consequential groundwater flow directions;
define the natural (or existing) pattern of temporal variation in groundwater levels; and

to provide a basis for assessing the likely impacts of the proposed development on groundwater
levels; and subsequently for measuring any actual impacts which occur.
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The development of a conceptual model (including defining the aquifer system, the water balance and
the baseline groundwater flow patterns) requires a dataset that covers a sufficiently wide area (based
on theoretical calculations of the likely zone of influence) to allow both groundwater levels and flow
directions within the site and within the surrounding area to be determined. This is needed in order to
identify the main controls to the groundwater system (including interactions with surface water features
and the influence of any groundwater abstractions).

In the simplest of settings, where the geological formations are dominated by intergranular flow, basic
groundwater gradients and flow directions can be determined from measurements taken from three
different locations (in a triangular formation). Where greater detail is required, the spatial pattern of
groundwater flows can be illustrated by plotting groundwater contours, (i.e. lines joining points of equal
hydraulic head), with the accuracy and precision of the groundwater contours determined by the
number and distribution of monitoring points. Where fissure flow is dominant, and especially in karstic
environments, it may not be possible to calculate gradients and flows in the same way as intergranular
deposits. Within such a setting, using three monitoring wells to triangulate a groundwater flow
direction may give different results depending on the position of individual wells relative to the
preferential flow paths (Goldscheider & Drew, 2007).

Understanding the natural groundwater level variations can help to inform the most suitable method of
working the quarry (e.g. whether it needs to be seasonally or continuously dewatered to allow dry
working). It also forms a vital aspect of understanding the ways in which groundwater interacts with
surface water features and water-dependent features of the natural, historic and built environments.
For these reasons, baseline monitoring should at least account for seasonal variations in levels, and
should therefore extend over a minimum of one year prior to the quarry operations commencing (and
preferably for 2 years to provide a contrast between years). In particular settings, such as those
influenced by tidal variations or where there are other artificial controls on groundwater levels (e.g.
groundwater abstractions) it may be necessary to increase both the duration and frequency of this
monitoring in order properly define the existing controls and interactions of the groundwater system.

In sensitive environments, where aspects of the natural, historic or built environment may be adversely
impacted by changes in groundwater levels, more focused monitoring may be necessary to provide
the information to assess the dependence and interaction of each receptor with the groundwater
system. Such monitoring will be important in defining any threshold or trigger levels that may be
needed for implementing mitigation measures. This may require specifically located monitoring
locations and/or it may require data to be collected more frequently than for developing a conceptual
model. One example identified in case study work relating to this project is Lafarge’s Methley Quarry
in West Yorkshire, where, in addition to the operational monitoring being carried out under an earlier
permission, 8 additional monitoring wells were installed in 1999 between the quarry and the
Mickletown Ings wetland SSSI (see Figure 4.1, below), to provide more comprehensive pre-
operational monitoring in support of an extension application submitted in 2001.

The precise duration and frequency of monitoring required will be dependent on the particular type of
sensitive feature and should be undertaken in line with other forms of environmental monitoring (such
as monitoring the ecological status of the water body or the existing preservation conditions of buried
archaeological remains.

Again this may be more complex where fissure flow is dominant. Boreholes that are spaced closely
together could show completely different fluctuations of water levels. In such cases, greater attention
may usefully be given to the identification and location of major fissures or conduits (perhaps using
appropriate geophysical techniques) so that these can be intercepted and monitored by carefully
positioned boreholes. Even still, monitoring groundwater levels alone may be insufficient to determine
the overall flow characteristics, particularly in a karstic setting, and should be combined with other
tests, such as dye tracing (Goldscheider & Drew, 2007).
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Figure 4.1: Example of groundwater and surface wat  er monitoring at Methley Quarry (Lafarge Aggregates , taken from
Gill et al, 2006)

Operational Monitoring of Groundwater Levels

During the operational phase of a quarry, continued monitoring of groundwater levels will enable the
ongoing improvement or refinement of the conceptual model of the surrounding water environment
(including refinement of the ‘quarry water balance’). Such monitoring will also enable the actual
effects on the water environment to be observed and compared with predictions. Where the
excavation is being dewatered, operational monitoring of groundwater levels will enable the actual
extent of the zone of dewatering influence, the depth of drawdown and any resulting changes in
groundwater flow paths to be observed.

This may still require monitoring to be undertaken over a wide area, particularly to observe the
changing interactions with other parts of the water environment. However, it may be possible to
reduce the number of monitoring locations or the frequency of monitoring from that undertaken during
the pre-operational stage, provided that the observed effects are less than or as expected. The
precise pattern of operational monitoring may need to change over time to reflect the progressive
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development of the quarry itself (in particular, the position(s) and depth(s) of the point(s) of dewatering
— the number of which may increase as the quarry is enlarged).

In addition to these general requirements, operational monitoring will often have two more specific
aims, these being to:

identify and quantify changes within particular sensitive features; and to
determine whether or not those changes are attributable to quarrying activity.

This may require monitoring groundwater levels at a number of additional borehole locations (over and
above the basic network required to monitor the general form of the zone of influence). Where this is
the case, it is likely that such additional boreholes will have been installed and used at the pre-
operational stage, to obtain the essential baseline observations relating to these concerns.

As well as boreholes in the immediate vicinity of the identified sensitive features, there may need to be
boreholes at intervening locations between such features and the quarry. These may be needed to
provide advance warning of any impending threat, and to trigger appropriate mitigation, but they can
also help to demonstrate whether or not there is a link between the quarrying operations and apparent
effects some distance away. The Methley Quarry example referred to earlier again provides an
illustration of this. Both the new boreholes installed in 1999 and three others installed as a condition of
the 1995 application, were specifically located between the quarry and the wetland SSSI, and were
additional to the six original boreholes that had been monitored since 1987 (Figure 4.1, above). Two
gauge boards were also inserted into the Mickletown Ings SSSI to monitor surface water levels within
the receptor itself. The monitoring scheme was revised as a condition of the most recent permission
(secured on appeal in 2003), to include the provision of two (rather than the original one) ‘primary’
boreholes to which trigger levels are assigned. Over the years, the monitoring here has successfully
demonstrated that falling water levels within the SSSI were not attributable to quarry dewatering,
which was shown to have a more limited zone of influence.

Another example where receptor-specific monitoring requirements have been specified in planning
conditions, in this case with regard to a nearby Public Water Supply (PWS) source, is Stonecastle
Farm Quarry in Kent. At this site, Lafarge is required to monitor at a greater frequency in four primary
boreholes, where trigger levels have been assigned to identify possible impact to PWS wells. Within
these wells, groundwater data loggers are installed, reading at intervals of 20 minutes. Another 20
boreholes across the site are monitored manually once a month.

The level of detail required, in terms of the density of observation points and/or the frequency of
monitoring, will be dependent on the particular sensitivities of the individual receptors involved. For
example, ecosystems, and the individual habitats and species within them, might be able to tolerate
slightly adverse water environment conditions for longer than certain types of buried archaeological
remains. This is simply because, as noted earlier (paragraph 3.39), the latter do not have the same
resilience or ability to recover as do natural systems, and it is therefore more imperative in such cases
that the frequency of monitoring is sufficient to identify detrimental changes in groundwater levels as
soon as they begin to occur. Further comments on monitoring frequency are given in paragraphs 4.57
et seq., at the end of this chapter).

Additional monitoring points may also need to be installed in to monitor the effectiveness of specific
mitigation measures such as recharge trenches and low permeability barriers.
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Post-Operational Monitoring of Groundwater Levels

As explained more fully by Thompson et al. (2008), the various forms of quarry reclamation can also
have effects on groundwater levels. Although generally less pronounced than the effects that can be
associated with active quarrying, these potential impacts are nevertheless important because of their
longer-term nature. In most cases, however, post-operational monitoring of groundwater levels should
only need to be monitored until they have reached a new dynamic equilibrium that is considered by the
regulators to be acceptable (taking account of climate change and other influences which may
preclude a return to the original baseline conditions).

In some cases, however, sensitivities to changes in groundwater may have increased whilst the quarry
was in operation. This is particularly the case where development has occurred, or ecosystems have
developed, within a zone of dewatering influence, and then become susceptible to adverse effects as
the water table rebounds after pumping has ceased. In other cases, dewatering may have allowed the
oxidation of chemicals within previously waterlogged ground and there could be a risk of the resulting
natural contaminants becoming mobilised as groundwater rises. In each of these cases, the likely
effects should have been considered and solutions identified at the planning stage but post-
operational monitoring will nevertheless be required to keep a close check on actual events, so that
additional measures can be deployed if required.

Surface Water Levels

The monitoring of surface water levels provides a straightforward means of observing the effects of
quarrying on surface watercourses, open water bodies (lakes, ponds and reservoirs) and various
wetland environments. In each case, the water levels represent a balance between inputs to and
outputs from the feature concerned — both of which can be affected by quarrying activities. Surface
water flows can be intercepted, disrupted or augmented (whether deliberately or otherwise), and
groundwater flows can be reduced or even reversed by changes in groundwater levels. In many
cases, the changes observed may provide an indicator of other potential impacts, including those
relating to changes in the rate of flow (discharge), water chemistry and hydromorphology (see
Thompson et al. 2008, for further details). For all of these reasons, the monitoring of surface water
levels is important, as well as being generally simple and effective.

Pre-Operational Monitoring of Surface Water Levels

The objectives for pre-operational monitoring of surface water levels is not only to provide an
understanding of baseline conditions (including the range of natural, or existing, variation) but also to
contribute to an understanding of the interaction between surface water features and the groundwater
system.

Surface water features are naturally variable, although the degree of variation (and hence the type and
frequency of monitoring required) will depend on the type of feature involved. In the case of large
open water bodies (other than reservoirs), the degree of natural variation in the water levels will be
limited, controlled by the outlet elevation and the rate of input from surface run-off. Monitoring levels in
such features can easily be achieved by periodic (e.g. monthly or quarterly) topographic surveying of
levels at the water's edge or (more commonly) by readings from a calibrated, permanently installed
topographically surveyed (to metres AOD) gauging board or staff (see Figure 4.2, below).

Within streams and rivers (especially those which are primarily dependent on rapid surface run-off),
water levels can show a greater degree of natural variation (including tidal variations in areas close to
the coast). Human influences, such as abstraction, impounding, discharge from development sites
(including quarries), sewers and storm drainage systems, and the operation of locks and sluices may
contribute to the observed variation.

Where the variability is high, there is generally a need for a higher frequency of measurements.
Where necessary, continuous monitoring can be achieved through using automatic water level
recorders (similar to those used for groundwater level measurements). This would require a stilling
well to be installed within the water feature in order to minimise the effects of turbulent flow and to
eliminate short term fluctuations that may be caused by waves, while the same design considerations
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for installing groundwater data recorders are also applicable. In particular, a gauge board
(topographically surveyed to Ordnance Datum) will be necessary to calibrate and reference the
measurements to observed levels.

Within moving water (such as rivers and streams) the choice of monitoring location becomes
significantly more important than within lakes and ponds. The structure to which a gauge board is
fixed, or a stilling well installed, should be located within a stable point in the river with care taken that
the structure does not produce eddies around it that will produce erroneous readings (Environment
Agency, 2003b). Appropriate locations would include, for example, attaching the gauge board to the
upstream side of a bridge (Shaw, 1994) or within a part of a channel that has relatively low flows
(Environment Agency, 2003b).

Figure 4.2: Examples of surface water level monitor ing using gauge boards (River Kennet) and automated data
recorders (Stoneycombe Quarry, Aggregate Industries )

Operational Monitoring of Surface Water Levels

The same principles and techniques for surface water level monitoring outlined for the pre-operational
stage continue to be applicable throughout the lifetime of the quarry, although it may be possible to
reduce the frequency of observations once a good understanding of the flow regime and effects has
been obtained. The frequency and detail need to be sufficient, however, to distinguish the effects of
quarrying from other factors such as natural seasonal variations, longer term climate change or the
influence of other nearby development.

Within a stream or river, monitoring water levels at up to three points along the course of the river
would allow any differences that may be induced by the quarry operations to be identified. The first of
these should be located upstream of the quarry, and beyond the likely zone of influence of dewatering,
in order to continue monitoring the natural variation of levels. The second (where required) should be
located at a point that is most likely to be impacted by dewatering operations, e.g. where the
watercourse is either closest to the quarry or most directly connected to the aquifer being dewatered.
Monitoring should also be carried out immediately downstream of the point where surface runoff
and/or abstracted groundwater is discharged into the watercourse. In each case, the monitoring at the
second and third sites will, by comparison with the records obtained from the upstream location, make
it possible to identify any differences in the pattern of variation that could be attributable to the quarry.

If stage-discharge relationships have been established for the monitoring locations (see para 4.40 et
seq., below), these records may also be able to help quantify any losses or gains in surface water
discharge — but only if any other influences (such as tributary streams, springs, drainage outfalls etc)
are also quantified.
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Post-Operational Monitoring of Surface Water Levels

Post operational monitoring may need to continue, usually with a much reduced frequency, until such
time as an acceptable post-quarrying dynamic equilibrium of surface water levels has been
established (for example following the rebound of groundwater levels after dewatering has ceased, or
following the completion of landscaping works and the establishment of land use or natural habitats).
Where such monitoring reveals that design water levels have not been achieved, or that the pattern of
temporal variation is very different to what had been expected (e.g. more pronounced peaks in storm
runoff) additional reclamation work and/or mitigation may be required.

Surface Water Flows

Although the flow (discharge) of water within surface watercourses (such as rivers, streams and
drainage channels), is directly related to the water level, there are occasions when it may be
necessary to quantify and monitor the rate of flow itself. In addition, flow monitoring forms an
important part of understanding the water balance of the hydrological system and the development of
the conceptual model. For these purposes, rates are needed for flows into, within and from the
quarry , as well as within the nearby or receiving watercourses

In other cases, the critical issue may be the effects of the water velocity, which has a direct bearing on
the shear stresses exerted by the flow on the bed and banks of the river (and thus on rates and
patterns of erosion, sediment transport and deposition).

In karstic settings, monitoring surface water flow becomes more critical in understanding the local
hydrological and hydrogeological conditions. In such settings groundwater flows as ‘streams’ through
a series of subsurface conduits and caves (fractures that have been enlarged through the dissolution
of carbonate rock). Surface water contributes to these underground flows, through stream capture
(sinks) and through more diffuse seepage along the bed of the channel. In other areas, the
underground flows emerge as springs or contribute to the baseflow of streams and rivers. Changes to
the flow of groundwater as a result of quarrying can have a direct impact on these features. Whilst
such impacts can adequately be detected, in most cases, by simply observing the surface water
levels, measurements of the flow itself, as inputs to and outputs from the groundwater system, can
contribute significantly to understanding the overall karstic flow regime.

Pre-Operational Monitoring of Surface Water Flows

Pre-operational monitoring of surface water flow rates will often be required to develop the background
water balance for the site and also to establish the ‘normal’ range of flow conditions, for comparison
with those observed in the subsequent operational stage. For major watercourses (Main Rivers in the
Environment Agency’s classification), existing flow records will often be available, but for smaller
streams, independent gauging may be required. Given the natural variability of flow rates in almost all
surface watercourses, it is important that this is not limited to one-off observations. As with
groundwater level monitoring, baseline measurements should extend over a minimum of one year
prior to the quarry operations commencing (and preferably for 2 years to provide a contrast between
years), although, where available, existing flow records would provide a longer-term understanding of
the river system. A range of measurements is needed at different stages of flow in order to be able to
understand the overall flow regime (or at least maximum, minimum, ‘typical’ and ‘average’ rates). In
most cases, a limited number of direct measurements at different stages of flow will, however, be
sufficient to establish a stage-discharge relationship for the watercourse concerned, so that relatively
simple measurements of water levels can then be used to provide a surrogate record of corresponding
flows.

A common method for calculating the stream’s discharge is multiplying measurements of cross-
sectional area and average flow velocity. Estimates of the cross sectional area can usually be
estimated fairly easily, or can be surveyed for more accurate measurements. However, there are a
variety of methods for estimating the flow velocities, each of which will provide a different level of
accuracy. The simplest (and least accurate) method comprises using estimating the time taken for a
‘float’ to travel a predetermined distance, while current meters (either mechanical or electromagnetic)
or Acoustic Doppler Current Profilers (ADCPs) can be used to measure the more accurate velocity of
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the stream (see Thompson et al. 2008 for further details). ADCP measurements are sometimes less
accurate but the technique has the advantage of being able to record a series of measurements at any
pre-determined monitoring frequency (e.g. hourly or daily).

Operational Monitoring of Surface Water Flows

During the operational stage, the primary objective of surface water flow measurements will generally
be to update the quarry water balance, thus enabling a comparison to be made with earlier
predictions. Such measurements may also be critical to the operation of mitigation measures that
need to be triggered when flows (or at least levels at flow gauges) fall below a specified threshold.
The techniques employed will be no different to those used at the pre-operational stage but will need
to be supplemented by monitoring flows within the site itself. This might include recording the rates
(m®s) and durations (in order to calculate volumes) of abstractions and discharges, as well as
quantifying the amount of water used for site processes (such as mineral washing, dust suppression
etc), and can most effectively be achieved using in-line flow gauges within closed pipes.

Continuous or even periodic measurements of flows within natural watercourses will not normally be
required during the operational stage. Instead, it will usually be sufficient to monitor surface water
levels at locations where a reliable stage-discharge relationship has previously been established (e.g.
during the pre-operational stage). It is important, however, for the reliability of longer-term
comparisons, that these locations have fixed cross sections. Scouring or deposition on the bed of the
stream, or changes in channel width can give rise to changes in water level at the monitoring point,
making it difficult to quantify any systematic trends over time and leading to errors in the flow
calculation from the stage-discharge relationship. The installation of more permanent flumes, weirs
and gauging stations would act to control the river flow by a rigid, indestructible cross-channel
structure of standardized shape and characteristics, improving the reliability of using the stage-
discharge relationship in the long-term (Shaw, 1994). Continuous measurements can be obtained
through the installation of an automatic water level recorder. However, such methods can be
expensive, especially within larger rivers where permanent gauging stations are required.

As with surface water levels, it is important that such monitoring should be undertaken at a minimum
of two points along a watercourse (see para’s 4.34 and 4.35, above). Any differences in the
magnitude or variability of flows between the two locations (other than those observed during pre-
operational monitoring) may then signify possible effects induced by the quarry operations (e.g. site
discharge and/or the consequential effects of changes in groundwater flows). As previously noted
however, such effects can only be quantified if any other influences within the same reach (such as
tributary streams, springs, drainage outfalls etc) are also quantified.

Post-Operational Monitoring of Surface Water Flows

As with surface water levels, post-operational monitoring may need to continue in order to provide an
adequate post-quarrying record of flows within local surface watercourses. Where stage discharge
relationships have been established, this would normally take the form of continuing to monitor surface
water levels at the same locations for the length of time required. This will be dictated by however
long it takes reasonably to establish that the flow regime has regained a dynamic equilibrium which
matches expectations (which may or may not be the same as the regime which existed prior to the
commencement of quarrying). Where no stage-discharge relationships are available, it will not
generally be unreasonable for the post operational monitoring to be limited to levels rather than flows,
since these will still allow comparisons to be made with the temporal pattern of variation seen at the
pre-operational stage.
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Figure 4.3: Examples of flumes installed at Brooksb  y Quarry and a v-notch weir installed at Stonecastl e Farm Quarry
(both Lafarge Aggregates)

Water Quality

4.46 As noted earlier, understanding groundwater and surface water quality characteristics is an
increasingly important consideration for mineral operations. The parameters that need to be
monitored will depend largely on the particular sensitivities of individual ‘receptors’ to changes in water
quality and in some cases may be slightly different for groundwater and surface water bodies.

Groundwater Quality

4.47 As part of the initial pre-operational monitoring of groundwater quality it will generally be necessary to
sample for a broad range of determinands over a wide area surrounding the quarry, making use of the
same boreholes as used for groundwater level monitoring and based on theoretical calculations of the
likely zone of influence. This should include a combination of in situ quality monitoring as well as
taking samples for laboratory analysis. It is advisable for sampling to be undertaken at least once per
quarter, for a minimum of one year prior to operations, in order to identify any natural seasonal
changes in the local water chemistry that might otherwise be assumed to be effects of quarrying.
Further guidance on sampling and in situ monitoring practices for groundwater quality is provided in
Thompson et al. (2008). Table 4.1, below, provides a list of the chemical parameters that commonly
need to be considered.
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Table 4.1: Chemical determinands that may need tob e monitored during baseline water quality monitorin g

In situ Monitoring Laboratory Analysis
Water Quality pH, Electrical conductivity, Alkalinity, pH, Redox potential (Eh),
Parameters Redox potential (Eh), Dissolved Oxygen,
Dissolved Oxygen, Temperature Biological Oxygen Demand (BOD),

Chemical Oxygen Demand (COD), Dissolved metals (including
speciated iron), Ammonia (NH; and NH,"), Nitrate (NO3),
Nitrite (NO,), Sodium (Na"), Chloride (CI), Calcium (Ca?"),
Magnesium (Mg*"),

Potassium (K"), Sulphate (SO,%)

Additional determinands may need to be monitored in particular circumstances, not least in relation to
the potential pollutants that may be associated with locally contaminated land (such a historic landfill
sites or other industrial sites) but also in relation to identified sensitive sites in the surrounding area,
which should also be considered at the pre-operational stage of the quarry. These are outlined in
Table 4.2 below.

However, detailed monitoring within, or in close proximity to, sensitive receptors must consider the
potential impacts that might be associated with the installation of monitoring boreholes and
piezometers themselves (Holden et al., 2006). In particular, in situ measurements of pH and redox
potential within an area of buried archaeological remains may be difficult without introducing oxygen
into the system, or disturbing the Carbon Dioxide (CO,) and Nitrate (NO3) equilibria.

Table 4.2: Additional chemical determinands for par  ticular environments

Sensitivity Additional Determinands Details

Wetland Nutrients — primarily Phosphorus and Nitrogen The chemical composition of a wetland may
include the availability of nutrients as well as pH
and dissolved oxygen content.

(see Thompson et al. (2008) for further
information)

Buried Archaeological Chemical characteristics associated with anoxic | Localised quality monitoring within an area of

Remains environments, including: buried archaeological remains would enable to
Nitrous Oxide (N2O), existing decay conditions to be determined, this
Nitrogen (Ny); would specifically require monitoring of the pH
Sulphate (SO5), and redox potential, but may also include
Sulphide (S;), monitoring dissolved oxygen and the major
Hydrogen Sulphide (H.S), chemical characteristics associated with anoxic
Iron compounds (Fe** and Fe*") environments.

(see Holden et al. (2006); Corfield (2007) for
further information)

Historic or Existing Determinands outlined in Table 3.2 above. More detail provided in ‘Guidance on Monitoring
Landfill of Landfill Leachate, Groundwater and Surface
Water’ (Environment Agency 2003b)

Historic Industrial Metals (Beryllium, Mercury, Cadmium, etc) Potential contaminants will be dependent on the
Contaminant Sources ) ) type of historic land use. Additional guidance is
Semi-metals/Non-metals (Arsenic, , Boron, . . |
Seleni ; provided by Defra and Environment Agency's
elenium etc) CLR8 Report (2002)
Inorganic chemicals (Cyanide)

Organic (Acetone, Oil/fuel hydrocarbons,
Aromatic hydrocarbons, Chlorinated aliphatic
hydrocarbons, Chlorinated Aromatic

hydrocarbons, Organometallics)
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Operational monitoring would then normally focus on a more limited range of parameters,
concentrating on the likely changes that may result from the quarry operations. As such the
operational water quality monitoring undertaken will be dependent on the potential impacts identified at

that particular site.

Table 4.3, below, provides some examples of the type and frequency of

operational monitoring requirements specified in relation to three extraction sites.

Table 4.3: Examples of operational groundwater qual

ity sampling requirements

Quarry

Reasons for Operational
Monitoring

Determinands

Frequency

Thrislington Quarry

Mineral deposit: Magnesian
Limestone

Operator: Lafarge
Aggregates

Identify the occurrence of
waters originating from the
underlying Coal Measures
(as a result of groundwater
up-welling) and any on site
pollutants

pH, EC, CI, K, NH4-N, BOD,
COD,

TOC (Total Organic Carbon),
S0.%,

Fe (filtered), Mn (filtered),
phenols and pesticides
(including Mecoprop, MCPA
and 2-4D)

Monthly sampling within 4
‘nested’ borehole locations

Former Landfill Site

Environment Agency'’s full
‘Landfill monitoring suite’

Quarterly sampling (reducing
to six-monthly after 2 years)

in 1 ‘nested’ borehole
location (closest to Landfill)

Coldharbour Lane Proposed reclamation of
backfilling with inert waste —
plus background water
quality information affected

by adjacent former landfill

pH, Cl, NHs-N, E.C. Quarterly (18 borehole

) . locations)
Mineral deposit: Sand and

Gravel

pH, Cl, NHz-N, NOz-N, NO,-
N, SO.%, Ak, E.C., COD,
TOC, Na, K, Ca, Mg

6-monthly (18 borehole

Operator: CEMEX locations)

As 6 monthly plus Cu, Cd,
Cr, Ni, Pb, Zn

Annual (18 borehole
locations)

Stonecastle Farm Quarry Protect the nearby public
water source from potential
impacts to water quality,
associated with the quarrying

activities and restoration

Turbidity (suspended solids) Turbidity sensor recording
every hour (downloaded

Mineral deposit: Sand and monthly)

Gravel

Hydrocarbons (TPH and
PAH)

Monthly sampling (reviewed

Operator: Lafarge
P 9 annually)

Aggregates
Mn (in response to request
by SE Water)

Again, more specific monitoring may be needed in the vicinity of particular sensitive environments (e.g.
certain types of wetland ecosystems or buried archaeological remains). However the monitoring of
these sites may only need to be undertaken on an occasional basis, or in response to observed
changes in physical conditions (such as groundwater levels or flow directions) which may trigger
detrimental changes in water chemistry. No examples have been found in this study of planning
conditions which identify specific water quality parameter monitoring requirements relating to potential
impacts on either ecological or archaeological sites. This is perhaps not as surprising as it seems,
because the basic research into both of these areas has only recently started to be carried out (e.g.
Wheeler et al. (2004); Holden et al. (2006); Corfield (2007)). It is very likely, however, that such
conditions will start to be seen more widely in the years ahead, reflecting the gradual translation of
research into policy and the progressive implementation of Water Framework Directive requirements.
General guidance on the types of parameters needing to be monitored in relation to sensitive aspects
of the natural and historic environments is given in Chapter 3 of this report.

Surface Water Quality

As with groundwater quality, pre-operational monitoring may require a wide range of determinands to
be monitored in order to characterise the baseline surface water quality. The parameters typically
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needing to be monitored include all of those identified for groundwater (Table 4.1 above), together with
suspended sediment, Total Dissolved Solids, precipitated metals and phosphorous. As with
groundwater quality sampling it is good practice to include both in situ field measurements (electrical
conductivity, pH, dissolved oxygen or redox potential and temperature) as well as taking samples for
laboratory analysis.

The list of determinands may be able to be reduced during the operational stage of a quarry to include
only certain key parameters related to particular requirements or sensitivities. The requirements will
usually include monitoring the quality of any water discharged from site, as specified in Environment
Agency discharge consents. This will often comprise monitoring for a limited range of determinands
(suspended solids and pH) but, depending on the particular requirements or sensitivities of the local
environment, a larger range of determinants may be required. For example at Coldharbour Lane
Quarry, sited next to a historic landfill, CEMEX (as a condition of their discharge consent) are required
to undertake the following water quality sampling:

Fortnightly (for 6 months from start of dewatering) — Ammoniacal nitrogen, chloride and
suspended solids;

Monthly (6 months after start of dewatering until cessation of dewatering) — Ammoniacal nitrogen,
chloride and suspended solids; and

6 monthly (from start of dewatering) — pH, alkalinity, conductivity, Cl, NH3-N, NO3-N, NO,-N,
S0,*, COD, TOC, Na, K, Ca, Mg and suspended solids.

It may also be useful to monitor the quality of the receiving watercourse, in order to demonstrate
whether or not any changes are attributable to the quarry workings, and whether or not they are
significant. In order to assess the effects of a particular site on surface water quality within a river or
stream, it is necessary to sample both upstream and downstream of the site discharge point, and from
the site discharge itself. Upstream measurements will enable the background conditions to be
monitored, as a dynamic baseline against which the downstream changes (if any) can be compared,
whilst site discharge monitoring is needed to check for compliance with discharge consent criteria, and
to correlate with any changes that may be detected downstream.

Soil Moisture

Although soil moisture is very small in volume compared with quantity of groundwater in the saturated
zone below, it can nevertheless be of critical importance to plants and ecosystems that depend on it,
and to certain types of buried archaeological remains that lie above the water table. Such monitoring
does not usually feature in either planning conditions or pre-application requirements, though there
may be special circumstances in which it might be required. At the pre-operational stage, such
monitoring may help to characterise baseline conditions in the areas immediately surrounding the
quarry (and elsewhere within the zone of influence of any planned dewatering, especially where
sensitivities to changes in soil moisture are high), and to contribute to an understanding of the local
water balance. At the operational stage, such monitoring might help to determine whether or not soil
moisture within any critical areas is being significantly depleted by quarrying activity.

Techniques for monitoring soil moisture often require the use of specialist equipment. The standard
method comprises installing tensiometers within the soil (consisting of a ceramic cup attached to a
tube filled with water, which is inserted in the soil. As the soil dries, water is pulled out of the tube
through the porous ceramic cup and a negative pressure is created inside the tube which is measured
using a vacuum gauge or pressure sensor) (Freeze and Cherry, 1979; Fetter, 2000). More specialist
equipment includes using neutron probes (which use a neutron radiation source; Bell, 1987) to record
occasional soil measurements, however, due to the nature of the equipment it can be subject to a
number of regulations and controls, and can result in relatively high costs.
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Monitoring Frequency — General Observations

The frequency of monitoring clearly has cost implications in terms of both data collection and analysis
and a balance must therefore be struck between these costs and the validity of the results obtained.
Research undertaken for MIRO (Minerals Industry Research Organisation, 2003) examined the
balance between the cost of monitoring and the level of accuracy with which critical parameters can be
defined. They found that the estimation of average water levels using data monitored at a reduced
frequency does not result in systematic errors, but is likely to under-estimate the maximum levels and
under-estimate the minimum levels. Whether or not this is significant will depend on the parameter
being measured and the risks involved. Monitoring to understand flooding, for example, would be of
very limited value if measurements were taken monthly rather than hourly, and the consequences of
underestimating the peak flows could be serious. Similarly, the optimum frequency of groundwater
level monitoring should reflect an understanding of the tolerance or sensitivities of the receptors
involved to extreme values.

In many cases it will be advantageous to use continuous automated monitoring when changes are first
introduced (e.g. at the commencement of dewatering), or at periods of heightened potential risk (e.g.
when the excavation is closest to a potential receptor) but then to revert to periodic manual monitoring
at other times once the nature of the ‘worst case’ response has been adequately established.

The use of automatic data recorders can provide timed continuous data at any pre-determined
monitoring frequency (e.g. hourly or daily) and can provide an improved understanding of the trends of
changing water levels and flows. However, as discussed in the unpublished MIRO report (Minerals
Industry Research Organisation, 2003) such data recorders are not without technical problems and
can be costly to install. However, the cost of such monitoring equipment is becoming more affordable
and where more frequent monitoring data is necessary (i.e. near to sensitive receptors) the use of data
recorders can be a cost effective option. The report findings recommended that in new boreholes it
may be beneficial to initially monitor at a higher frequency using automatic data recorders to establish
the characteristic rates of change in the water features being observed, thus allowing more informed
decisions to be made on the optimum frequency of longer-term monitoring.

It is likely that different monitoring frequencies will be appropriate for different parameters, different
monitoring locations and at different periods of the quarry operations, depending on the degree of
variation being detected, the significance of those variations in terms of damaging effects, and the
speed at which the changes occur in response to particular operations. For example, changes in
groundwater levels close to a dewatered excavation or a recharge trench may be rapid, especially
following the commencement or cessation of dewatering operations, and may therefore require a high
frequency of monitoring (e.g. hourly or daily), at least until the zone of dewatering influence has
reached a constant level (‘steady-state’). Further away, such changes will generally be more limited in
magnitude and more gradual, such that a lower frequency of observation (e.g. monthly) will generally
suffice. Lower frequencies of monitoring are likely to suffice once the zone of dewatering influence
has developed or at periods when dewatering isn’t being undertaken, when groundwater levels aren’t
expected to show significant changes. However, continuous logging during periods between
dewatering activities will make it possible to understand how quickly a system responds to cessation,
whether groundwater levels will return to or perhaps rise above the original baseline conditions (which
in turn will improve the accuracy of post-operation predictions).

Monitoring undertaken at Coldharbour Lane Quarry (CEMEX) provides such an example of monitoring
where the frequency has varied depending on the stage of the development. Groundwater level
monitoring has been undertaken in order to assess whether the progressive dewatering of the
proposed quarry has any significant effect on ground levels, and has been undertaken alongside
ground settlement monitoring. The variation in the monitoring frequency was undertaken to reflect that
any changes in ground levels (i.e. settlement) are expected to do so rapidly as water levels fall.
Therefore the frequency of monitoring is greatest when water levels changes are likely to occur quickly
(i.e. at the commencement of dewatering, and at the cessation of dewatering). In the intervening
period, once water levels have reached an equilibrium state and are changing at a lesser rate,
monitoring frequencies are reduced (Table 4.4, below).
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Table 4.4: Frequency of groundwater level monitorin g undertaken at Coldharbour Lane Quarry (CEMEX).

n Frequency of Groundwater Level
Stage of dewatering Monitoring
STAGE 1
From 1 week prior to the commencement of dewatering until the rate of fall in water Weekly
level in all boreholes is less than 0.125m per week
STAGE 2
Fortnightly
From the end of Stage 1 for a period of 9 months
STAGE 3
Monthly
From the end of Stage 2 until the cessation of dewatering
STAGE 4
From the cessation of dewatering until water levels have recovered to background Fortnightly
levels

4.62 Where monitoring for water quality parameters is necessary, a cost effective approach may include
monitoring for a only few parameters more frequently, including in situ monitoring such as pH,
temperature, dissolved oxygen, electrical conductivity and redox potential, or groundwater sampling
and laboratory analysis (including alkalinity, chloride, BOD, COD, suspended solids or hydrocarbons)
that may act as an indicator for changes in the quality and the potential for contamination of both the
groundwater and surface water. This data can then be complemented by a more complete monitoring
suite undertaken on a less frequent basis, or when a potential impact to the water quality is detected.
Such monitoring should be specific for the particular risks at each site, and should consider the
particular geological setting (and hence natural geochemistry of the water), the type of quarry
operations (and hence the potential for contamination from both natural and anthropogenic sources)
and the potential receptors that may impacted by changes in water quality (whether buried
archaeological remains or sensitive ecosystems and habitats).
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THE INTEGRATION OF MONITORING REQUIREMENTS

As demonstrated in the preceding chapters, a variety of different monitoring and reporting
requirements exist for different purposes. Although there are differences in some cases between the
particular parameters that need to be examined, there is clearly scope for at least some of these
requirements to be combined. At the very least there would seem to be scope for some of the same
monitoring points to be used for multiple purposes, and for the water quality sampling and testing
required for different reasons to be combined (even though the testing itself may need to cover
different determinands for different purposes).

The potential benefits to be gained by combining such requirements relate not only to the avoidance of
unnecessary duplication and inefficiencies (thereby reducing costs), but also to the enhanced, holistic
understanding of the water environment which should inevitably result from the integration of different
approaches and the ‘joined-up thinking’ involved. Such benefits can be gained from the initial planning
stage, when monitoring strategies are being developed, through to the preparation of periodic
monitoring reports and (where required) of environmental statements. Further cost benefits can be
achieved through the use of suitable databases for storing the monitoring data in a standardised
format that will allow it to be accessed, traced and processed easily.

Opportunities for Integration

In order to design a more cost-effective, integrated monitoring strategy, consideration first needs to be
given to the factors which differentiate the various requirements, so that the opportunities for finding
acceptable common requirements can be identified.

The differentiating factors essentially comprise:
timing (Pre-Operational (baseline), Operational and Post-Operational / Reclamation monitoring);

parameters & techniques (rainfall, evaporation, soil moisture and the levels, flows and quality
of both groundwater and surface water, with different quality parameters applicable to different
receptors and to different monitoring purposes);

location (relative to the quarry, the zone of influence, and to specific receptors);
frequency (hourly, daily, weekly, monthly, quarterly, irregular, or one-off observations); and

reporting (factual data and interpretation specific to each type of monitoring).

Timing

Almost all types of water environment monitoring need to be carried out at both the pre-operational
stage (to establish baseline characteristics and to provide a basis for assessing potential impacts), and
throughout the operational life of the quarry (to monitor actual impacts and, if necessary, to trigger
specific actions if thresholds are exceeded). Some, but not all of these may need to continue into the
post-operational stage, at least until such time as acceptable new equilibrium conditions have been
established.

Clearly, there is no possibility of combining the different stages of monitoring — they each have quite
different purposes, and they are fundamentally separated in time. There is, however, considerable
potential for integrating at least some of the various requirements within each stage.

At the pre-application stage the most obvious benefits to be gained relate to the development of a
more comprehensive conceptual model of the water environment than would otherwise be possible.
This would be fully in line with the ethos of the Water Framework Directive, which emphasises the
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links between groundwater, surface water and ecosystems; and with the more general holistic thinking
embodied within the concept of the Ecosystems Approach®. By developing a more comprehensive
and integrated conceptual model, and by understanding the relationships between different
components of the water environment, it should be possible to develop more reliable predictions of
potential impacts, and to design more effective mitigation measures, where these are needed.

Developing an integrated conceptual model need not, of course, imply that any numerical models (if
required) have to be complex or ambitious. Whilst considerable progress has been made in recent
years in developing software packages which deal with both groundwater and surface water, there are
always risks of compounding errors when the output from one numerical model is used as input to
another without reference back to the overall conceptual model for ‘reality checking’. A better
approach, where numerical modelling is required at all, is for this to focus on discrete parts of a more
comprehensive conceptual model, and for the integration to be achieved by the specialist
hydrogeologists, hydrologists and ecologists etc. who understand the processes involved (see
Thompson et al. 2008 for further comments on modelling approaches).

In practice, the integration of baseline monitoring requirements requires consideration to be given to
the other controlling factors (parameters, techniques, location, timing and reporting), as discussed
below. Where baseline integration can be achieved, however, it will normally be a relatively simple
matter for that integration to be followed through to the operational and post-operational stages, since
these will normally utilise some, if not all, of the same monitoring points. It follows that the greatest
potential benefits can be derived by integrating monitoring requirements at the pre-application stage
and that the opportunities for doing so therefore need to be considered from the outset.

Parameters & Techniques

The preceding chapters have shown that, at any given stage of quarry development, there is often a
great deal of overlap between the various different policy drivers in terms of the parameters that need
to be monitored. Individual measurements are often suitable for multiple purposes and rarely, if ever,
are the requirements of different drivers mutually incompatible. This is illustrated in Table 5.1, below,
and applies equally to the monitoring techniques involved. In each case, although differences can
arise as a result of historic preferences between different organisations, there is often no reason why
these cannot be standardised.

In seeking to achieve standardisation, however, particular care must be taken to avoid the
downgrading of deliberately precise specifications that may be required for certain purposes, to match
the lesser requirements identified for other aims; but also to avoid unnecessary over-specification. For
example, where precise borehole construction with multiple piezometers and a wide suite of chemical
testing is required for certain monitoring points in a complex, multiple aquifer setting, there is no
necessity to apply the same requirements to other sites within the same project which have much
simpler conditions (and vice-versa). What is needed, in situations such as this, is an integrated
programme of investigation or monitoring which identifies the specific requirements for each individual
monitoring point, making use of the most appropriate techniques. These requirements should be
agreed through liaison between the mineral operator, MPA, the Environment Agency and conservation
organisations and then detailed in a monitoring plan that is specific to each site and includes the
information highlighted in ‘Monitoring Scheme Design’ section in Chapter 2 of this report (para’s 2.20
onwards). A suggested template for such a monitoring plan is provided in Appendix A, incorporating
this information as well as good practice ideas that have been identified from a number of different
sources and case study examples.

If a particular monitoring well (whether simple or complex in design) is required for certain aspects of
groundwater quality (e.g. for water resource management purposes), it will often make sense to use
the same installation for other monitoring requirements at that location, rather than constructing
separate boreholes for each of the different purposes. This will need to be judged on a case-by-case
basis, but in most cases it is likely that the same borehole will be capable of being used to monitor

* The Ecosystems Approach stems from International sustainability and biodiversity conventions (primarily the Convention on Biological
Diversity) and promotes integrated resource management with sustainable development and conservation in mind. Embedding the
Approach within policy- and decision-making means valuing whole ecosystems and the ecosystem services they provide, improving our
ability to establish and live within environmental limits.
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both groundwater levels and water quality (including requirements relating to ecology and/or
archaeological preservation as well as those relating to water resources). Although the precise water
quality requirements for each of these different purposes may sometimes be different, there is usually
no reason why a single sample cannot be analysed for a slightly fuller suite of determinands that
covers both requirements (if necessary) rather than analysing two separate water samples.

Table 5.1: Monitoring parameters required for diffe  rent receptor-specific monitoring drivers

Specific Policy Drivers
Common

Monitoring
Parameter

Monitoring
Requirements

Natural
Environment

(Ecological
Requirements)

Historic
Environment

(Archaeological
Requirements)

Built
Environment

(Land Instability
Requirements)

Water Resource
Management

Landfill
Operations

Rainfall - - -

Groundwater
Levels

(around quarry)

Groundwater
Levels

(at outer edge of
zone of
influence)

Groundwater

Quality*

Surface Water
Levels

() ()

Surface Water
Flow

() ()

Surface Water

Quality* ()

()

Biological - - () ()

()

Physico-chemical - -

Hydromorphologi
cal

= Monitoring that is likely to be required;
() =Monitoring that may be required

* Different groundwater and surface water quality determinands may apply in different situations, but the requirements may be
able to be combined into a common sampling and testing schedule

Location

Perhaps the most obvious opportunities for minimising duplication relate to the location of monitoring
points. It has already been noted that the greatest potential benefits are to be gained by integrating
monitoring requirements at the pre-application stage, and this applies more than anything to the
location of monitoring points. If the distribution of these is worked out sensibly at the pre-application
stage, the same (or in many cases a reduced) distribution can be carried forward to the operational
and post-operational stages without additional installation costs. This obviously applies more to
boreholes, which involve relatively costly installation works, than it does to ecological monitoring, for
example.

In most cases the spatial distribution of monitoring points will primarily be dictated by the need to
develop an acceptable conceptual model of the area, and to assess and subsequently monitor the
zone of influence of a quarry on the water environment. These basic requirements will generally be
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very similar for planning, abstraction licence and discharge consent purposes. It therefore makes
sense for the monitoring strategy to be planned with both of these in mind (where both are needed),
even if the abstraction licence is not likely to be required until several years after the commencement
of quarrying.

As explained in Chapter 3, additional, more specific monitoring requirements may be needed in
relation to individual receptors, such as SSSI or European designated habitats, or archaeological sites
with known or anticipated buried artefacts. In many cases, such monitoring will primarily be needed in
between the quarry and the receptor, rather than within the receptor itself, and will need to provide
early warning of any impending threat. Additional ‘secondary’ monitoring points closer to the receptor
may be needed as part of the baseline characterisation process, but could then be left ‘dormant’ until
such time as they need to be reactivated, e.qg. if trigger levels in the ‘primary’ boreholes are exceeded.
This strategy helps to minimise the ongoing cost of monitoring without increasing the risks, and has
been used, for example, at Lafarge Aggregates’ Thrislington Quarry in County Durham.

It may be possible to rationalise these more specific ‘primary’ boreholes with the more general
monitoring requirements so that they also contribute to the overall conceptual model and, in some
cases at least, replace general monitoring points that would otherwise have been placed in slightly
different locations. This may entail some or all of the monitoring points being used for multiple
purposes, as discussed above. In some cases (e.g. where three or more separate aquifer units need
to be independently monitored) this might require more expensive installations, and careful
consideration will need to be given, in each case, as to whether two separate but simpler installations
might be more, or less, expensive to construct and operate than a single one.

The monitoring network should also reflect the need to distinguish whether the changes to the water
environment are a result of the quarry operations, or whether they are a result of natural climatic
changes or other influences (such as other groundwater abstractions or developments within the
surrounding area). The network therefore needs to incorporate one or more monitoring points in
locations that are unlikely to be impacted by the quarrying (such as a groundwater monitoring borehole
outside of the likely zone of dewatering influence, or an upstream river gauging station) to act as
reference points. In the interests of efficiency and in recognition of the difficulty of siting new borehole
on land that is not within the operator’s control, it may be sensible for existing boreholes controlled by
the Environment Agency (for example) to be used for this purpose, if suitable ones (e.g. screened in
the same aquifer unit) exist.

Quarries are often located within the vicinity of other active quarries or landfill sites, where monitoring
of the water environment may already be ongoing. In such circumstances it may be appropriate (and
cost effective) for quarry operators to share monitoring data, providing an understanding of water
environment over a wider area, but also limiting the duplication of monitoring that may be undertaken
by individual operators.

Frequency

As this report has shown, monitoring frequencies vary from one parameter and one location to
another. The optimum frequency required also varies over time: more frequent observations are
generally needed whilst an initial understanding of the water environment is gained, for example, and
whilst any response is taking place to external changes (such as the start or cessation of dewatering);
whilst less frequent monitoring may be needed at other times, when conditions are relatively stable.
To be cost effective, monitoring schemes should have the flexibility to accommodate these varying
needs, but the minimum frequencies adopted also need to reflect the natural variability of the
individual parameters (e.g. diurnal totals for rainfall, diurnal maxima for river flows and tidal variations,
and monthly or seasonal values for groundwater levels).

The opportunities for integration here relate mainly to the differences between the various statutory
consultees in the frequencies of observation that they would like to see at particular monitoring points.
In some cases, the differences may be quite arbitrary, and there may be considerable scope for
rationalisation. In other cases, where there are clear justifications for the differences, it may be worth
considering whether or not the highest frequency requirements could usefully be applied to all of the
parameters being measured at that location. This will not always be cost effective, but it may be so in
the case of remote monitoring points where the highest costs are those involved in getting to and from
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the site in question. In other cases it will be more sensible to adopt a different strategy, with certain
key parameters being monitored at a high frequency and with more detailed testing covering a wider
range of parameters at the same locations being undertaken at longer intervals. This concept is
equally applicable at all stages of the quarrying cycle, from initial baseline characterisation through to
post-operational reclamation monitoring. Wherever possible, consideration should be given to the use
of automatic data loggers (see end of Chapter 4 for more detailed discussion).

Taking this further, where operational monitoring is required to provide an early warning of a potential
impact, it may be appropriate for this to involve a limited number of ‘primary’ boreholes that are
monitored frequently, but also additional ‘secondary’ boreholes that only begin to be monitored if
trigger levels in the primary boreholes are exceeded.

Reporting

There is considerable scope for the simplification of reporting requirements in order to avoid
unnecessary duplication. Although different statutory consultees will be interested in particular
aspects of the local water environment, and will often request monitoring reports that are specifically
focused on those areas alone, it may be possible and more efficient to serve their various needs by
reference to a single monitoring report. This would be able to provide an integrated assessment of all
water environment impacts, based on a single set of comprehensive monitoring data. As well as
reporting the factual data itself, such a report would need to include interpretation of the data by a
suitably qualified competent person, making appropriate use of graphs and plans that allow the data to
be understood by multiple users. In order to meet the requirements of individual regulators, including
any specific requirements that are prescribed in existing planning conditions or legal agreements, the
report may need to incorporate summary tables relating to each of their specific areas of interest.

In particular, and as noted earlier (paragraph 2.27), the policy recommendations and associated good
practice guidance produced by Thompson et al. (2007, 2008), advise that the monitoring report should
aim to provide a clear professional opinion as to the extent to which impacts are either taking place or
increasing in likelihood as a consequence of the development (i.e. the quarrying operations). This will
be much easier for mineral planning officers to review if summary statements on these matters for all
of the water environment impacts are collated together in a single report.

To be cost effective, comprehensive monitoring reports may only need to be produced at infrequent
intervals (e.g. once per year), with simplified summary reports (focusing on the competent person’s
assessment of the occurrence or likelihood of impacts) being issued more frequently (e.g. quarterly).
Under this arrangement, the annual reports could incorporate the full suite of factual data for the
preceding year, together with detailed interpretation and assessment, including summaries for
individual regulators, analysis of emerging trends, and observations relating to trigger levels. Where
appropriate, such reports could also provide an updated explanation of the conceptual model of the
local water environment, taking account of the most recent monitoring results, and making suggestions
for any changes to the monitoring strategy or trigger levels that might need to be considered at or
before the next scheduled periodic review of planning conditions, and/or the renewal of any
operational licences (e.g. abstraction licence or discharge consent).

Another aspect of integration is the vital link between monitoring, reporting and the instigation of
specific actions if and when previously identified monitoring thresholds or trigger levels are exceeded.
Whilst it will be useful for any such instances to be recorded and explained in the regular monitoring
reports, separate provision should be made for reporting these events to the MPA as soon as they
occur. Again, the policy recommendations document referred to above (Thompson et al., 2007)
advises MPAs that this should be a specified requirement in planning conditions).
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A Draft Protocol for the Integration of Water Envir  onment
Monitoring Requirements

5.26 As this review has shown, the potential benefits to be gained from the integration of water environment
monitoring and reporting requirements need to be considered on a site-by-site basis. There is no
standardised template that can dictate the optimum solution, since every site is different, as are the
mineral planning officers, Environment Agency personnel and others who will be involved in deciding
whether an individual monitoring scheme is acceptable. Equally, the specific monitoring requirements
for each individual monitoring point within a site will vary, and it is essential that the flexibility to
accommodate these differences is built in to any monitoring strategy. There are, however, potential
benefits to be gained by joining up the thought processes involved in designing the strategy for each
site (and in some cases by considering and linking in with other operator or regulator’s monitoring
networks in the local area), so that unnecessary duplication and inefficiencies are avoided, and so that
a more holistic approach to understanding the water environment is developed.

5.27 In recognition of these observations, the following draft protocol (Table 5.2 on next page) has been
devised to assist mineral operators, regulators and other stakeholders in considering where and how
such integration could be beneficial, for each individual site. It is emphasised that this does not
represent any kind of formal policy or mandatory requirement, and that there may be scope for refining
and improving the suggestions. It does, however, attempt to provide a pragmatic approach that ties in
directly with the normal procedures for developing a monitoring strategy in conjunction with a minerals
planning application.

5.28 Where dewatering is involved, and once the current licensing exemptions for this in quarries are lifted,
users may find it helpful to use this protocol in conjunction with the flowcharts contained in the report
by Thompson and Howarth (2007) “Managing the Interface between Planning and Abstraction
Licensing for Quarry Dewatering”.
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Table 5.2: Suggested protocol for optimising the integration of water environment monitoring require ments

STEP 1

At the initial Scoping Stage of the planning application process, the mineral operator should request
guidance (via the MPA) from all relevant statutory consultees” regarding their specific concerns in terms of:

® potentially significant effects on the water environment;

® specific receptors or monitoring locations that need to be covered by the pre-application baseline
monitoring; and either:

® specific parameters that need to be observed, and the minimum duration and frequency of
observations needed for each location, during the pre-application monitoring; or, at least:

® indications as to the level detail and degree of certainty needed in understanding the potential impacts,
in terms of conceptual and/or numerical modelling.

STEP 2

During pre-application discussions, the operator should discuss with the MPA and relevant statutory
consultees whether, in principle, an integrated approach to the monitoring and reporting would be acceptable
(both in relation to the pre-application (baseline) monitoring and the subsequent operational monitoring and
reporting that would lead on from this if the application succeeds).

STEP 3

The operator should also discuss with the Environment Agency what (if any) additional baseline monitoring
might be required in support of an abstraction licence application where this is likely to be required, whether
at the same time as the planning permission or at a later stage.

STEP 4

Guided in part by the findings of this report, the mineral operator should devise a programme of pre-
application monitoring which a) meets the identified requirements; and b) considers and takes advantage of
any opportunities that may exist for integration, including the use of cost-effective, multi-purpose monitoring
techniques and the sharing of monitoring data with neighbouring sites. This monitoring should aim to provide
an holistic understanding of the water environment, including the pattern of natural (e.g. seasonal) variations
against which future impacts for quarry operations can be compared.

STEP 5

The operator should liaise further with the MPA and Environment Agency, as required, to obtain the
necessary approvals and consents, and then implement the pre-application monitoring programme.

STEP 6

Informed by the findings of that monitoring (and by desk studies and mineral exploration investigations), a
conceptual model of the water environment surrounding the proposed excavation should be developed by
suitably qualified competent persons. This should aim to make use of the integrated monitoring to provide an
holistic understanding of the local water environment, including the interactions between groundwater,
surface water, ecosystems, the historic and built environments, and the proposed development.

STEP 7

The conceptual model should then be used as the basis for any Environmental Impact Assessment (or other
environmental studies) that are required in connection with the planning and/or licence application(s), and as
the basis for developing any associated mitigation strategies. In the case of abstraction licence applications,
the development (and if necessary the refinement) of the conceptual model will form an integral part of the
Environment Agency’s Hydrogeological Impact Appraisal (HIA) process.

STEP 8

The conceptual model, along with other practical experience gained from the baseline monitoring work
should also be used to develop a proposed monitoring strategy for the operational and post-operational
stages of the proposed development. In some cases, the monitoring network may be able to be reduced
compared with that used at the pre-application stage, e.g. where the environmental assessment (and/or HIA)
has demonstrated that any significant impacts are likely to be contained within a smaller area. The strategy
should identify thresholds or trigger levels and corresponding actions (such as the deployment of additional
mitigation) that may be required, and should incorporate specific and preferably integrated reporting
requirements that are acceptable to the MPA and other regulators. These should be guided by the
observations in this report and the recommendations set out in Thompson et al. (2007).

STEP 9

During the determination of the planning and/or licence application, the proposed operational and post-
operational monitoring strategy may need to be modified to meet the requirements of the MPA, as advised by
its consultees, and the direct requirements of the Environment Agency (where an abstraction licence is
needed or where restoration to landfill is proposed). Dialogue with both organisations should be maintained
to ensure that their respective requirements are mutually compatible.

STEP 10

Once the development is underway, the operational (and post-operational) monitoring regime should be kept
under review, with modifications being made, as necessary, at the time of each periodic review of planning
conditions and/or at the time of licence renewals. In particular, at the post-operational stage it may, in some
cases, be possible to reduce the monitoring network and/or the frequency of observations, as well as the
range of parameters being observed, especially once the water environment has achieved a new equilibrium
condition. More specific regulatory requirements will apply to sites that are restored to landfill.

® Including the Environment Agency, Natural England, English Heritage, Internal Drainage Boards and local water companies.
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CONCLUSIONS & RECOMMENDATIONS

Monitoring is an essential component of the successful management of environmental impacts. In the
case of the water environment, this study has shown how the reasons for monitoring can usefully be
divided into common requirements (i.e. those which are necessary to provide a basic understanding of
the water environment) and those associated with more specific policy drivers.

The common requirements contribute to the development of a conceptual model of the conditions and
processes in operation within and around the quarry. Such monitoring is likely to be required for the
majority of aggregate quarries, initially as part of the baseline characterisation process to support a
planning (or abstraction licence) application, but then also throughout the operational and post-
operational periods of a quarry lifetime as conditions evolve (both as a result of the quarry operations
and in response to climate change and other external factors).

The additional monitoring needed in relation to specific policy drivers will normally focus on particular
‘receptors’ and will usually be linked to concerns identified by relevant statutory consultees (e.g. the
Environment Agency, Natural England and English Heritage). Whereas the common requirements will
generally include the monitoring of a broad range of parameters over a wide area (particularly during
the pre-operational period), the additional requirements associated with these more specific drivers will
normally require more selective parameters to be recorded at particular locations.

Notwithstanding these differences, and the inherent potential for duplication, there will often be
opportunities for the various requirements to be combined. The potential benefits to be gained from
this relate not only to the avoidance of unnecessary duplication and inefficiencies (thereby reducing
costs), but also to the enhanced, holistic understanding of the water environment which should
inevitably result from the integration of different approaches.

As this study has shown, the potential for integration needs to be considered on a site-by-site basis.
There is no standardised template that can dictate the optimum solution, since every site is different,
and any monitoring strategy needs to retain the flexibility to accommodate both temporal and spatial
variations in specific monitoring requirements. It has, however, been possible to devise a draft
protocol to assist mineral operators, regulators and other stakeholders in considering where and how
the integration of monitoring requirements could be beneficial, for each individual site. Whilst this does
not represent any kind of formal policy or mandatory requirement, it attempts to provide a pragmatic
approach which ties in directly with the normal procedures for developing a monitoring strategy in
conjunction with minerals planning and/or operational licence applications relating to quarrying activity.

It is recommended that the draft protocol is implemented by mineral operators, being adapted or
improved if necessary to meet particular circumstances.

It is also recommended that both the protocol itself and the supporting research presented in this
report are considered by Mineral Planning Authorities, the Environment Agency, Natural England,
English Heritage and other stakeholders who have an interest or involvement in monitoring and
controlling potential impacts of quarrying on the water environment. It is hoped that this will lead to a
greater degree of ‘joined-up thinking’ regarding individual monitoring requirements, so that the
opportunities for integration are increased, where this is beneficial.

Capita Symonds Ltd 42 September 2008



Cost-effective, Multi-purpose Water Environment Monitoring for Aggregate Quarries

REFERENCES

BELL, J.P., (1987) Neutron Probe Practice. Report 19 (3 rd Edition). Institute of Hydrology.

BOAK, R., BELLIS, L., LOW, R., MITCHELL, R., HAYES, P. & MCKELVEY, P., (2007):
Hydrogeological Impact Appraisal for Dewatering Abs tractions . Environment Agency Science
Report — SC040020\SR1

BRASSINGTON, R. (1998): Field Hydrogeology . (2nd Edition). John Wiley & Sons.

CAPLE, C. (2004): Towards a benign reburial context: the chemistry of the burial environment
Conservation and management of archaeological sites 6, pp. 155-165

CORFIELD, M. (2007): Wetland Science. In: Lillie, M.E. and Ellis, S. (Eds.) Wetland Archaeology
and Environments. Regional Issues, Global Perspectives. P 143 — 155. Oxbow; Oxford

DEFRA AND ENVIRONMENT AGENCY (2002) Potential Contaminants for the Assessment of
Land, Report CLRS.

ENVIRONMENT AGENCY (2003a): A Guide to Monitoring Water Levels and Flows at Wet  land
Sites.

ENVIRONMENT AGENCY (2003b): Guidance on Monitoring of Landfill Leachate, Ground water
and Surface Water .

ENVIRONMENT AGENCY (2006a): Groundwater Protection: Policy and Practice, Part 2
Technical Framework .

ENVIRONMENT AGENCY (2006b): Groundwater Protection: Policy and Practice, Part 3  : Tools .

ENVIRONMENT AGENCY (2006c): Groundwater Protection: Policy and Practice, Part 4
Legislation and Policies

ENVIRONMENT AGENCY (2006d): Performance Standards and Test Procedures for Conti  nuous
Water Monitoring Equipment, Part 3: Performance Sta  ndards and Test Procedures for Water
Flowmeters (Version 2).

FETTER, C.W. (2000): Applied Hydrogeology (4th ed.). Prentice-Hall.
FREEZE, R.A. & CHERRY, J.A. (1979). Groundwater . Prentice Hall.

FRENCH, C. (2004): Hydrological Monitoring of an Alluviated landscape in the Lower Great
Ouse Valley at Over, Cambridgeshire: Results of th e Gravel Extraction . Environmental
Archaeology 9, pp. 1-12.

FRENCH, C., DAVIS, M. & HEATHCOTE, J (1999): Hydrological Monitoring of an Alluviated
Landscape in the Lower Great Ouse Valley, Cambridge  shire: Interim Results of the First Three
Years. Environmental Archaeology 4, pp. 41-56.

MINERALS INDUSTRY RESEARCH ORGANISATION. (2003): Limestone and Water Resources: A
Technical Basis for Sustainable Development. Unpublished draft report for the Mineral Industry
Research Organisation by University of Newcastle, University of Bristol, Aggregate Industries, Foster
Yeoman, Hanson, Lafarge Aggregates, Rio Tinto, RMC, Sherburn Stone and Tarmac.

GILL, T., HUXLEY, C.L., & THOMPSON, A. (2006): Mitigating the Impacts of Dewatering in Sand
and Gravel Deposits. Technical Report — Volume 4: Methley Quarry Experiment, Castleford
(2004). Report to the Minerals Industry Research Organisation. Capita Symonds Ltd., East
Grinstead.

Capita Symonds Ltd 43 September 2008



Cost-effective, Multi-purpose Water Environment Monitoring for Aggregate Quarries

GOLDSCHEIDER, N. & DREW, D. (2007): Methods in Karst Hydrogeology . International
Contributions to Hydrogeology 26, pp. 276. Taylor Francis, London.

GOODWIN, A., THOMPSON, A., HUXLEY, C.L., GILL, T.S. & BUCKLEY, C. (2007): Mitigating the
Impacts of Dewatering in Sand and Gravel Deposits. Technical report — Volume 1: Research
Overview and Good Practice Guidance. Report to the Mineral Industry Research Organisation.
Capita Symonds Ltd, East Grinstead.

HOLDEN, J.L., WEST, J., HOWARD, A.J., MAXFIELD, E., PANTER, I, & OXLEY, J. (2006):
Hydrological Controls of In situ Preservation of Wa terlogged Archaeological Deposits . Earth
Science Reviews 78, pp 59-83.

LILLIE, M.C. & SMITH, S. (2007): Understanding Water Table Dynamics and their Influe  nce on
the Buried Archaeological Resources in relation to Aggregates Extraction . Report to English
Heritage. 50pp.

NATURAL ENVIRONMENT RESEARCH COUNCIL (1999): The Flood Estimation Handbook:
Users’ perspectives from North West England . 34th MAFF Conference of River and Coastal
Engineers, Keele, June/July 1999 2.4.1-2.4.14

PANTER, I. (2007): The English Heritage Strategy for the Conservation and Management of
Monuments at Risk in England’s Wetlands . In: Lille, M., Ellis, S. (Eds). Wetland Archaeology and
Environments, Regional Issues, Global Perspectives. P. 39 — 42. Oxbow; Oxford.

SHAW, E.M., (1994): Hydrology in Practice (3 rd Edition). Chapman & Hall.

THOMPSON, A. & HOWARTH, C.L. (2007): Managing the Interface Between Planning and
Abstraction Licensing for Quarry Dewatering . Research report to the Department of Communities
and Local Government, and the Environment Agency. Capita Symonds Limited, East Grinstead. 48pp
plus appendices.

THOMPSON, A., HOWARTH, C.L., GOODWIN, A., BUCKLEY, C. & HARRIS, K. (2007):
Recommendations for Draft Policy for Annex 3 (The Water Environment) to: Minerals Policy
Statement 2 (Controlling and Mitigating the Environmental Effects of Minerals Extraction in England).
Research report to the Department of Communities and Local Government. Capita Symonds Limited,
East Grinstead. 15pp plus appendices.

THOMPSON, A.; HOWARTH, C.L.; GOODWIN, A.; BUCKLEY, C; & HARRIS, K. (2008): Good
Practice Guidance on Controlling the Effects of Sur  face Mineral Working on the Water
Environment . Research report to the Department of Communities and Local Government, and the
Mineral Industry Research Organisation. Capita Symonds Limited, East Grinstead. 207pp plus
appendices.

WARD, I., SMITH, B. & LAWLEY, R. (2007): Mapping the archaeological soil archive of sand and
gravel sites in Britain . Unpublished draft report presented at the Developing International
Geoarchaeology Conference.

WHEELER, B.D., GOWING, D.J.G., SHAW, S.G., MOUNTFORD, |.O. & MONEY, R.P. (2004): Eco-

hydrological Guidelines for Lowland Wetland Plant C ommunities (Eds Brooks, AW., Jose, P.W.
and Whiteman, M.l.). Environment Agency (Anglian Region).

Capita Symonds Ltd 44 September 2008



Cost-effective, Multi-purpose Water Environment Monitoring for Aggregate Quarries

LEGISLATION

European Directives

EC Directive on the Protection of Groundwater against Pollution Caused by Certain Dangerous
Substances (80/68/EEC) (the Groundwater Directive)

EC Directive on the Landfill of Waste (1999/31/EC)

EC Directive on the establishing a framework for Community action in the field of water policy
(2000/60/EC) (the Water Framework Directive)

EC Directive on the protection of groundwater against pollution and deterioration (2006/118/EC)
(Groundwater Daughter Directive to Water Framework Directive)

National Legislation
Pollution (Prevention and Control (England and Wales) Regulations 2000 (the PPC Regulations)
Landfill (England & Wales) Regulations 2002

The Environmental Permitting (England and Wales) Regulations 2007

Capita Symonds Ltd 45 September 2008



Cost-effective, Multi-purpose Water Environment Monitoring for Aggregate Quarries

Appendix A

Monitoring Plan Template
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The following monitoring plan template has been developed to include the information highlighted
in the ‘Monitoring Scheme Design’ section in Chapter 2 of this report (para’s 2.20 onwards) and
incorporates the good practice ideas that have been identified from a number of different sources
and case study examples. This plan deals with the collection and factual reporting of monitoring

data and would typically form an appendix to an interpretative report produced by a competent
person.

For the purposes of illustration (only), Section lof the plan incorporates some data from Lafarge
Aggregates Methley Quarry.
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Water Environment Monitoring and Mitigation Plan

Methley Quarry Extension
Lafarge Aggregates Limited

(illustrative example)




Site Name:

Methley Quarry

Address: National Grid Reference:
Green Lane, Methley, Leeds SE 4150 2650

Contact Tel: ... Fax: ...

Site Manager: Site Foreman:;

Monitoring Plan Created by: Date:

Monitoring Plan Reviewed / Approved by: Date:

Plan Valid From: Valid To:

Site Background and History:

Methley quarry is located approximately 2 km northwest of Castleford, West Yorkshire, near the town of Mickletown.
The site is bounded by the River Calder to the south and the River Aire to the north and east.

The sand and gravel quarry at Methley has been operational since August 1977, when original approval for the
extraction of sand and gravel was granted. 4 approvals for extension were granted in 1987, 1988, 1990 and 1995.

In 2003, the latest planning permission was granted, allowing the extraction of 720,000 tonnes of mineral to be
extracted from three phases and 540,000 tonnes or inert fill to be imported into the sire in order to achieve the
proposed restoration.

Dewatering is to be undertaken during each phase of mineral excavation.

Requirements for Monitoring:

The Mickletown Ings SSSI, located to the north of the extension boundary (Section 1.5) was designated as a Site of
Special Scientific Interest (SSSI) in the late 70’s due to the recognition of the area supporting the most diverse
aquatic flora and invertebrate fauna in West Yorkshire. The Ings are shallow areas of open water surrounded by
marshes, they were formed by subsidence of historic mining works which have become inundated with water.

At its closest, mineral extraction will be undertaken to within 200 m to the nearest pond of the SSSI.

A key component of each of the planning permissions was for monitoring of the hydrogeological and hydrological
regimes, to monitor impact to the water levels within the SSSI.

Objectives for Monitoring:

Monitoring and mitigation in respect of protecting Mickletown Ings SSSI to meet Condition 2 (a)(vi) of the Section
106 Agreement relating to current planning permission referenced APP/N4270/A/03/1108328, 6th Nov 2003.

Continued background monitoring of the water environment.

Support to Transfer License Application
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SECTION 1

MONITORING PLAN DETAILS

(using example data from Methley quarry)




SECTION 1.1 MONITORING OVERVIEW

Site S_pe_cmc No. Locations
Monitoring
Monitoring Parameters Details Required (See Section Forms Required
Yes/No 24
Groundwater Levels Background monitoring has been undertaken in 17 existing monitoring boreholes 17 .
. ) Section 2.1
surrounding the site. Yes . .
(inc. 2 Primary Section.2.2
Includes 2 Primary boreholes to identify potential impacts to Mickletown Ings SSSI. boreholes) ’
Groundwater Quality Background water quality monitoring undertaken to ensure compatibility between
groundwater with surface water (Ings and River Aire). Mitigation strategy includes v 1 Section 2.3
. . ! ) es
pumping abstracted groundwater to Ings in event of impact from quarry operations. Section 2.4
(Determinands and Limits of Detection listed in Section 3.3)
Surface Water Levels Monitoring within two ponds of the Mickletown Ings SSSI to identify any impact that Section 2.1
may be attributable to dewatering operations. Yes 2 )
Section2-2
Surface Water Quality Background water quality monitoring undertaken to ensure compatibility between
groundwater with surface water (Ings and River Aire). Mitigation strategy includes Section 2.3
pumping abstracted groundwater to Ings in event of impact from quarry operations. Yes 3 Section 2.5
(Determinands and Limits of Detection listed in Section 3.3)
Surface Water Flow No potential impact to Rivers Aire and Calder identified No - Section-2.6
Abstrgctlon Rates and Abstraction durations recorded during periods of dewatering. Yes 1 Section 2.7
Duration
Discharge Rates Abstracted water retained and circulated through the silt lagoon network within the site .
. . . No - Section2-8
boundary before discharged to Methley Mires lakes (former extraction areas).
Rainfall / Evaporation Suitable rainfall and evaporation data can be obtained from publicly available sources, N Section-2.9
if ired. 0 - .
if require .
Other Monitoring (Soil None required
Moisture etc) - please No -

specify:




SECTION 1.2: MONITORING LOCATION DETAILS

Location Ref Purpose Monitoring Status Location Objective Method Frequency X coordinate Y coordinate &%2?%?:153; T”%%‘Z%S;'EI Lar O)/\v::er:?p i
BH1 GW Level Secondary Background mqnltorlng of groundwater Manual Monthly 441669 427179 14.51 - Within boundary of quarry
levels surrounding the quarry Measurement
BH2 GW Level Secondary Background mqnltorlng of groundwater Manual Monthly 441228 426997 16.29 - Within boundary of quarry
levels surrounding the quarry Measurement
BH3 GW Level Secondary Background mqnltorlng of groundwater Manual Monthly 441032 426623 16.2 - Within boundary of quarry
levels surrounding the quarry Measurement
Background monitoring of groundwater Manual ) -
BH4 GW Level Secondary levels surrounding the quarry Measurement Monthly 441349 426728 14.27 Within boundary of quarry
Background monitoring of groundwater Manual ) -
BH5 GW Level Secondary levels surrounding the quarry Measurement Monthly 441706 426500 11.49 Within boundary of quarry
Background monitoring of groundwater Manual ) -
BH6 GW Level Secondary levels surrounding the quarry Measurement Monthly 441876 426991 13.22 Within boundary of quarry
L Farm Land owned by
Background monitoring of groundwater levels between Manual )
BH7 GW Level Secondary quarry and Mickletown Ings SSSI Measurement Monthly 441285 427255 14.41 gllgertehézy Estates. Access
Monitoring to identify any impact to SSSI attributa ble Manual Monthly and then Weekly
GW Level Primary to quarry — eventually to be removed by mineral Measurement at commencement of 8.9 F Land db
extraction. dewatering. arm Land owned by
BH8 Back p ; — Jortak 9 440941 427414 12.87 Methley Estates. Access
ackground water quality monitoring undertaken to . agreed.
Surface Water - ensure compatibility between groundwater with surface Manual Sampllng Quarterly -
Quality - . and Lab. Analysis
water (Ings and River Aire).
BHO GW Level Secondar Reference borehole located at distance from mineral Manual Monthi 440658 426363 16.24 - Within boundary of quar
y extraction Measurement Y ' y ot quarry
BH1/99 GW Level Secondary Background monitoring of groundwater levels between | Manual Monthly 440723 427711 11.89 ; II\:AZrtrr?lé_; E‘l&ﬁ?ﬁiﬁﬁess
quarry and Mickletown Ings SSSI Measurement ' agreed ’
N Farm Land owned by
Background monitoring of groundwater levels between Manual )
BH7/99 GW Level Secondary quarry and Mickletown Ings SSSI Measurement Monthly 440788 427586 11.89 gllgertehézy Estates. Access
o . . . . Monthly and then Weekly Farm Land owned by
BH8/99 GW Level Primary Monitoring to identify any impact to SSSl aftributa  ble | Manual at commencement of 440706 427431 11.82 9.8 Methley Estates. Access
to quarry Measurement dewatering agreed
o Farm Land owned by
BH9/99 GW Level Secondary Background monitoring of groundwater levels between | Manual Monthly 440940 427707 11.72 ; Methley Estates. Access
guarry and Mickletown Ings SSSI Measurement ' agreed ’
BH10/99 GW Level Secondar Background monitoring of groundwater levels between | Manual Month 440840 427879 1356 - ethioy Estares. Acgess
y guarry and Mickletown Ings SSSI Measurement Y ' agreedy ’
N Farm Land owned by
Background monitoring of groundwater levels between Manual )
BH11/99 GW Level Secondary quarry and Mickletown Ings SSSI Measurement Monthly 441023 427838 11.69 gllgertehézy Estates. Access
N Farm Land owned by
Background monitoring of groundwater levels between Manual )
BH15/99 GW Level Secondary quarry and Mickletown Ings SSSI Measurement Monthly 440776 427224 15.59 gllgertehézy Estates. Access
BH16/99 GW Level Secondar Background monitoring of groundwater levels between | Manual Month 440990 427195 15.38 - ethioy Estares. Acgess
y guarry and Mickletown Ings SSSI Measurement Y ' agreedy ’
Surface Water o L Manual
Level Secondary Background monitoring of water levels within SSSI Measurement Monthly Gauge boards - Farm Land owned by
Gauge Board 4 Surface Water Background water quality monitoring undertaken to Manual Samolin 440230 427520 refere:gegj tom Methlzy Estates. Access
- ensure compatibility between groundwater with surface ping Quarterly - agreed.

Quality

water (Ings and River Aire).

and Lab. Analysis




SECTION 1.2: MONITORING LOCATION DETAILS

" T 8 _— 8 - Measurement Trigger Level Land Ownership and
Location Ref Purpose Monitoring Status Location Objective Method Frequency X coordinate Y coordinate Level (MAOD) (MAOD) Access
Surface Water Primary Monitoring to identify any impact to SSSI attributa ~ ble | Manual gﬂtocquiﬂg etrr:qeenn:/\éefzekly 10.0
Level to quarry Measurement dewatering. Gauge boards Farm Land owned by
Gauge Board 6 - — 440680 427420 referenced to m Methley Estates. Access
Surface Water Background water quality monitoring underta_ken to Manual Sampling AOD agreed.
. - ensure compatibility between groundwater with surface : Quarterly -
Quality - . and Lab. Analysis
water (Ings and River Aire).
Background water gquality monitoring undertaken to .
River Aire Surface Water - ensure compatibility between groundwater with surface Manual Sampling Quarterly Access via Boat Lane

Quiality

water (Ings and River Aire).

and Lab. Analysis




SECTION 1.3: SITE MAP




SECTION 1.4: REPORTING AND MITIGATION APPROACH

Reporting sent to MPA

Natural England

Regular Reporting Frequency Monthly

Report to include Monitoring results from all locations

Comparison of water levels in primary monitoring locations to trigger

levels
Reporting Exceedance of Trigger MPA and Natural England to be notified within 24 hours (or next available
levels working day).
Mitigation Strategy If the water level in the Ings (Pond 6) falls below trigger levels, weekly
. monitoring of all boreholes and gauge boards will be undertaken for 2
(please also refer to Section 1.6) weeks, or until water levels recovered.

If levels have stayed low or dropped further. Lafarge will assess situation
in accordance with following criteria:

1. If the event that Lafarge consider that they are not responsible for
the fall in the Ings water level they will write to the MPA detailing
the reasons why not and provide all the relevant level data to back
up that assumption.

2. Ifitis unclear what is causing the fall in the Ings water level, a
meeting between Lafarge (and their hydrogeological consultant if
required), MPA, Natural England and Environment Agency will be
arranged to discuss what measures are appropriate.

3. Ifitis clear that the fall in the Ings water level is due to the quarry,
dewatering operations pumping water directly from the workings
to the Ings will be undertaken in accordance with pre-arranged
discharge consent.

SECTION 1.5: REVIEW SCHEDULE

Lafarge will undertake a review of the monitoring and mitigation scheme each year, and in particular the trigger levels
at the primary monitoring point. Having regard for ongoing monitoring the trigger levels may be amended.

Lafarge will invite Leeds City Council, Methley Estate, Natural England and the Environment Agency to meet to
discuss the review.

The findings of the review will be sent to Leeds City Council and Natural England, and any proposed changes will
only be implemented following written approval.

Scheduled Review Dates: 1

(please refer to Section 3.1 for Record | o
of Review)




SECTION 1.6: MITIGATION ACTION FLOW CHART

Levels in the Ings at Gauge Board 6
falls to 10.0 m AOD, and/or
groundwater levels fall below 8.9m or
9.8m in boreholes 8 and 8/99
respectively

v

J

MPA and Natural England notified
within 24 hours or the next working day

v

Weekly monitoring instigated for all
monitoring points

v

Water level goes back
Up above 9.8 m AOD in BH8/99
Up above 8.9 m AOD in BH8

Level stays at or below the trigger
levels

—>

Up above 10.0 m AOD at Gauge Board 6

\4

Return to monthly monitoring for all
monitoring points except Gauge Board 6,
BH8, BH8/99, which should be monitored

when dewatering is taking place

Pumping to the Ings starts on the day
after the second continuous breach of
trigger levels

v

A 4

If it is clear that the reduced levels have
nothing to do with dewatering of the
quarry. Lafarge will write to the MPA
with their conclusions

If it is unclear what is causing the low
levels a meeting will be arranged
between Lafarge, MPA, Natural England
and Environment Agency

If it is clear that the low levels have

been caused by dewatering, Lafarge

will continue to pumping until water
levels in the Ings recover




SECTION 1.7: MONITORING INSTALLATION DETAILS

(include one sheet for each location)

Location Ref:

Total Borehole Depth (m)

Type of Installation

Top of Screen (m)

X Coordinate

Bottom of Screen (m)

Y Coordinate

Internal Diameter (mm)

Ground Level (m AOD)

Elevation of Measurement Point
(m AOD)

Measurement Point Description




SECTION 2

DATA COLLECTION FORMS




SECTION 2.1: GROUNDWATER AND SURFACE WATER LEVEL PR OFORMA

Site Methley Quarry
Date
Measured by:
Company:
Monitoring Equipment:
Stabilised Water Level
Elevation of
FL‘ ;Z?ggge Meals:,%riﬁ?]ent Date Time (zeggl') Elevation Location Reference
(mAOD) (or gauge (m AOD)
board reading)
BH1 14.51
BH2 16.29
BH3 16.2
BH4 14.27
BH5 11.49
BH6 13.22
BH7 14.41
BHS8 12.87
BH9 16.24
BH1/99 11.89
BH7/99 11.89
BH8/99 11.82
BH9/99 11.72
BH10/99 13.56
BH11/99 11.69
BH15/99 15.59
BH16/99 15.38

Gauge Board 4

Gauge Board 6




SECTION 2.2: AUTOMATED DATA LOGGER (GROUNDWATER AND SURFACE WATER) PROFORMA

Site:

Date:

Measured by:

Company:

Monitoring Equipment:

. Pre- Logger Download Post- Logger Download
LGRE (G Elevation of L GERET Logger Depth of
Ref Measurement ng Serial Logger Date Depth to Elevation of Depth to Elevation of Comments
BEENEE Point (MAOD) ype Number (m bgl) S stabilised stabilised Time stabilised stabilised
water level water level water level water level
(m bgl) (m AOD) (m bgl) (m AOD)




SECTION 2.3: GROUNDWATER AND SURFACE WATER QUALITY SAMPLING RECORD

Site

Date

Measured by:

Company:

Monitoring Equipment:

;;Z?ggge Date Sar':(p)).les Determinands to be Analysed RBe%rc?rr(;IOgoernuprlge?g d Lab Reference Comments

BH8 All determinands as detailed in Section 3.3 Yes/No
Ings Pond 4 All determinands as detailed in Section 3.3 N/A
Ings Pond 6 All determinands as detailed in Section 3.3 N/A
River Aire All determinands as detailed in Section 3.3 N/A

Yes/No

Yes/No

Yes/No

Yes/No

Yes/No

Yes/No




SECTION 2.4: GROUNDWATER QUALITY —

BOREHOLE PURGE RECORD AND IN-SITU MONITORING

Site:

Date:

Measured by:

Company:

Type and size of Purging Equipment:

Description of Surge Technique (if used):

Physical Description of Water:

1. Purge Data

Location Ref:

Ground survey level:
Casing survey level:

(Complete as appropriate)

mAOD

mAOD

Depth to base of well: m bgl from Measurement Point

Depth to water level before purging: m bgl from Measurement Point

Time of water level measurement

Length of water column (L): m bgl Depth to base of well minus depth to water level before purging
Pipe internal diameter (d): mm m Divide by 1000 to convert to metres

Pipe internal radius (r): m Pipe internal diameter in metres divided by 2
Volume of water in well (before purging): m? (VbP= L)

Volume of water in well (before purging: litres (VbP in m® x 1000)

Volume of water to remove for purging: litres (VbP in litres x 3)

Start purge time:

End purge time:

Depth of purging:

m

Depth to water level after purging:

m bgl

from Measurement Point

Notes: - Purging should continue until the following conditions are met:

1. Well water is reasonably clear

2. Removal of at least three well volumes or evacuation of all available water

3. If well is completely dewatered, allow for water levels to recover before sampling

- Sampling should take place after purging and when pH and EC measurements have stabilised

2. In-situ field measurements  Note: These measurements should be taken AFTER purging and BEFORE samples are taken

Parameter Equipment ID

1* Reading

after 1 well volume

after 2 well volumes after 3well volumes

2" Reading 3" Reading 4™ Reading

Temperature ()

pH

Electrical Conductivity

Dissolved Oxygen

Redox Potential

No. of Litres removed
during purging

Total amount of water
removed (litres)

COMMENTS:




SECTION 2.5: SURFACE WATER QUALITY — IN-SITU MONITORING

Site:

Date:

Measured by:

Company:

Location Ref.

Parameter

Equipment ID

Date

Time

1* Reading

2nd Reading

Temperature ()

pH

Electrical Conductivity

Dissolved Oxygen

Redox Potential

COMMENTS:

Location Ref.

Parameter

Equipment ID

Date

Time

1* Reading

2nd Reading

Temperature ()

pH

Electrical Conductivity

Dissolved Oxygen

Redox Potential

COMMENTS:

Location Ref.

Parameter

Equipment ID

Date

Time

1* Reading

2nd Reading

Temperature ()

pH

Electrical Conductivity

Dissolved Oxygen

Redox Potential

COMMENTS:

Location Ref.

Parameter

Equipment ID

Date

Time

1* Reading

2nd Reading

Temperature ()

pH

Electrical Conductivity

Dissolved Oxygen

Redox Potential

COMMENTS:




SECTION 2.6: SURFACE WATER FLOW RECORD

Site

Date

Measured by:

Company:

Monitoring Equipment:

Total cross- | Calculated
i Stage sectional area of Average Flow alculate
T Date e flow* velocty pischarge BSOS
(o m? (m/sec) (m®sec)
Weir / Flume Discharge estimate based on
N/A N/A previously-established Stage-

(Stage Discharge
Relationship)

Discharge relationship

Discharge calculated from sum of

Manual Flow area-velocity measurements across
Measurement Y
the channel
ADCP

® As detailed in Shaw, (1994, Hydrology in Practice (3 ™ Edition). Chapman & Hall) or from topographical survey information.




SECTION 2.7: ABSTRACTION RATE RECORD

Site

Date

Measured by:

Company:
. Abstraction Point Grid Ref Duration .
Location Date Method of Readin Units Abstraction ST
Reference ) . Measurement 9 Rate (m 3/day)
X Coordinate Y Coordinate (hours)
Dewatering

Point A




SECTION 2.8: DISCHARGE RATE RECORD

Site

Date

Measured by:

Company:
. Discharge Point Grid Ref Duration .
Location Date Method of Readin Units Discharge ST
Reference ) . Measurement 9 Rate (m 3/day)
X Coordinate Y Coordinate (hours)
Discharge

Point A




SECTION 2.9: RAINFALL RECORD

Site

Date

Measured by:

Company:

Location

Gauge Grid Ref

Reference

X Coordinate Y Coordinate

Equipment ID

Date

Time

Rainfall (mm)

Comments

Initial reading must be zero at the time of
installing the gauge. Subsequent
readings should be at regular intervals —
e.g. exactly 24 hours




SECTION 2.10: EVAPORATION RECORD

Site

Date

Measured by:

Company:

Location

Gauge Grid Ref

Reference

X Coordinate Y Coordinate

Equipment ID

Date

Time

Evaporation (mm)

Comments

Initial reading must be zero at the time of
installing the equipment. Subsequent
readings should be at regular intervals —
e.g. exactly 24 hours




SECTION 3

QUALITY ASSURANCE




SECTION 3.1: MONITORING PLAN REVIEW

Scheduled
Review Date

Actual Review
Date

Reviewed by

Changes to Programme

Comments




SECTION 3.2: EQUIPMENT MAINTENANCE AND CALIBRATION SCHEDULE

Equipment
Description

Serial No.

Work
Specification
(Inspection or

Calibration)

Frequency of
Check

Method or Task for
Maintenance/Calibration

Person Responsible for
Maintenance/Calibration

Scheduled
Maintenance/Calibration
Date




SECTION 3.3: LABORATORY DETAILS AND CERTIFICATION

Laboratory

Address

Accreditations

(Attach copy of accreditation certificates)

Determinand

Limit of Detection

Units
(e.g. mg/l or ug/l)

Analysis Methodology
(e.g. ICPMS, GCMS)

Total alkalinity

Chloride

Total Sulphur

Sodium

Potassium

Nickel

Chromium

Cadmium

Copper

Lead

Zinc

Total Iron

Arsenic

Boron

Mercury

Selenium

Ammonia

Total Oxidised Nitrogen

Sulphide

Chemical Oxygen Demand

Biological Oxygen Demand

Total Organic Carbon

Ammonical Nitrogen

Total Oxidised Nitrogen




