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UK GROUNDWATER FORUM

One of the key recommendations of the Groundwater
Strategy Study was that the dialogue and consultation
achieved during the study should be maintained and
extended through a Groundwater Forum.

The objectives of the Forum are to:

. promote discussion of the issues associated with
the sustainable exploitation of groundwater
TESOUTCES;

. encourage co-ordinated action to address the
1ssues;

. ensure widespread dissemination of information

about groundwater;

. improve public understanding of the importance
and significance of groundwater as a sustainable
resource;

. seek a consensus on policy approaches to

groundwater management,
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INTRODUCTION

This set of papers provides the background to the 31 groundwater issues raised in the report
‘Groundwater in the UK: A Strategic Study - Issues and Research Needs’. The Strategic
Study summarizes what is known about the United Kingdom’s groundwater resources and
what is not known but needs to be known in order to manage the water resources in a
responsible and sustainable way. The Strategic Study deliberately focused on the issues
facing groundwater management: an issue was defined as a

. a threat to groundwater quality or quantity, or
. a constraint on groundwater development, or
. any significant uncertainty.

The study also identified a priority agenda for the groundwater research that needs to be
undertaken in order to make progress in tackling the various issues that were identified.

A specific objective of the Study was to seek the views and participation of the main
stakeholders in groundwater in the UK. These included the water utilities, regulators,
industry conservation bodies, various Government Departments and the research community.
The consultations were carried out through four main devices: a mailshot, individual
consultation meetings, a UK Groundwater Forum, and national seminars held in England (for
England and Wales) and Scotland (for Scotland and Northern Ireland). As a result of these
early consultations, a wide-ranging list of issues was prepared which was eventually reduced
to 31 of which 14 were considered to be 'Major’. The priorities for R & D were also
discussed by representatives of the groundwater research community at a Science Seminar
held in Wallingford on 20th January 1995.

It was decided to prepare reviews summarizing the current status of each of the various
issues and to identify the main R & D requirements. These reviews became known as the
‘Issues Papers’. A structured approach was adopted in order to provide some uniformity to
the reviews. Each paper is divided into the following headings:

Problem status: A brief statement of the issue as related to its impact on groundwater

Trends: Is the issue getting better, worse or not changing?

Context Changes: ~ What are the likely changes in legislation etc that may change the
importance of the issue?

Learning Curve: A brief summary of our existing knowledge

Perspectives: The views of various interested parties
Benefits
and Beneficiaries: What are the benefits of reducing the problem and who benefits?
Response: The recent response to the problem
R & D: A bulleted list of the R & D required to advance our understanding of

the problem
References: A brief list of key cited references.
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The majority of these Issues Papers were initially drafted by members of BGS but where
outside experts were willing they were invited to contribute as lead authors or co-authors.
The early drafts were circulated for comment to those who had expressed an interest in
reviewing them. This review process drew a wide response and led to a considerable
improvement in the text. The authors and reviewers are given at the end of each paper. We
have attempted to identify all of those who contributed to this review process but in some
cases responses were recetved anonymously and so it has not been possible to acknowledge
all reviewers. We apologise to any whose names have been inadvertently omitted.
Sometimes reviewers had very different perceptions of how a particular issue should be

addressed or of how it is perceived by others. The authors had the difficult task of trying
to reconcile these differences and have tried to achieve a fair balance.

Although we have tried to anticipate the impact of future changes in the groundwater
environment and in the legislative programme that protects it, we are aware that this is a fast
moving field and one that is currently in the state of considerable flux. The proposed
merging of the regulatory functions of the NRA, HMIP and the WRAs into a single
Environment Agency is one obvious example. Therefore the reviews may have a limited
"shelf life’ especially in their more speculative parts. Nevertheless we hope that they provide

a useful review of the current issues for UK groundwater and of the research that is needed
to underpin the future sustainability of it.

The issues are divided into MAJOR issues and OTHER issues on the basis of the responses
received during the consultation process that formed the early part of the Strategic Study.
Other than that, the issues are arranged in alphabetical order.

D G Kinniburgh
D R C Grey

Wallingford
June 1995
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AMD
AMPs
ARBRE
AWWARF

BGS
BOD
BRE

CAP
CATCHIS

CBI
CCIRG

CERCLA

CFCs
CHEMSAFE
CIRIA

CIS

CPRE

CQA

CRU

DOC

DoE

DOE(NI)

DTI
DWI
EC
ECN

EPC
ESA

ET

ACRONYMS AND ABBREVIATIONS

Acid mine drainage

Asset Management Plans
Forestry Project

American Water Works

Association Research

Foundation

British Geological Survey

Biochemical oxygen demand

Building Research

Establishment

Common Agricultural Policy

A CATCHment Information

System

Confederation of British

Industry

Climate Change Impacts

Review Group

Comprehensive

Environmental Response,

Compensation and Liabitity

Act (USA)

Chlorinated fluoro-carbons

Saftey Campaign

Construction Industry

Research and Information

Association

Countryside Information

System

Council for the Protection of

Rural England

Construction Quality

Assurance

Climatic Research Unit

Dissolved organic carbon

Department of the

Environment

Department of the

Environment (Northern

Ireland)

Department of Trade and

Industry

Drinking Water Inspectorate

European Commission

Environmental Change

Network

Equivalent porous continuum

Environmentally Sensitive

Area

Environmental Technology

ETSU

EU
FLOWPATH
FWR

GCMs
GIS

HLW
HMIP

HMSO
IEHO
IH

ILW
IPC-MS
IPCC
ITE

IWEM

KIWA

L(D)NAPLs
LLW

LOIS
LURFEX

MAFF

MODFLOW/
MODPATH
MRC

MTBE
NAPLs
NATO

NCC
NELUP

NERC

NFFO
NFU

Energy Techn. Support Unit
European Union
Groundwater Model
Foundation for Water
Research

General Circulation Models
Geographical Information
System

High-level waste

Her Majesty’s Inspectorate of
Pollution

Her Majesty’s Stationery
Office

Institution of Environmental
Health Officers

Institute of Hydrology
Intermediate-level waste
Inductively coupled plasma-
mass spectrometer
Intergovernmental Panel on
Climate Change

Institute of Terrestrial
Ecology

Chartered Institution of
Water and Environmental
Management

Netherfand Institute for
Water Research

Light (dense) NAPLs
Low-level waste
Land-Ocean Interaction Study
NERC Land use Foresight
Exercise

Ministry of Agriculture,
Fisheries and Food

Groundwater models
Medical Research Council
Methyl tertiary butyl ether
Non-agueous phase liquids
North Atlantic Treaty
Organisation

Nature Conservancy Council
NERC/ESRC Land Use
Programme

Natural Environment
Research Council
Non-Fossii Fuel Obligation
National Farmers Union



NRA
NRPB

NSA
NVZ
ODA

PFA
PHABSIM
R&D
RCRA

RPB

RWAs
SPRAYSAFE
SRC

SSLRC

SSSis

TBME
THORP

TIGER

UK WIRL

UK
US EPA

UWWT

VOCs
WHO
WMO

WMP
WERA
WRe

National Rivers Authority
National Radiological
Protection Board

Nitrate Sensitive Area
Nitrate Vulnerable Zone
Overseas Development
Association

Pulverised fuel ash

Low Flows Model
Research and Development
Resource Conservation and
Recovery Act (USA)

River Purification Board
Regional Water Authorities
Safety Campaign
Short-rotation coppice

Soil Survey and Land
Research Centre

Sites of Special Scientific
Interest

see MTBE

Thermal Oxide Reprocessing
Plant

NERC Terrestrial Initiative
in Global Environment
Research

United Kingdom Water
Industry Research Ltd
United Kingdom

United States Environmental
Protection Agency

Urban Waste Water
Treatment

Volatile organic compounds
World Health Organization
World Meterological
Organization

Waste Management Paper
Waste Regulation Authority
Water Research Centre

vi



MAJOR ISSUES

ACID MINE DRAINAGE

PROBLEM STATUS

The principal problem created by uncentrolled mine
drainage is that of acid mine drainage (AMD). Acid mine
drainage is known world-wide as a major cause of water
quality degradation. The high metal concentration and
iow pH have serious consequences on the ecological and
resource value of surface waters. In the UK, discharges
from active mines are controlled by systems of
“consents”, which generally demand sufficient treatment
of waters that AMD is not a problem. Opencast mines
(both active and reclaimed) are also subject to stringent
control and consequently cause few fong-lasting AMD
problems.

However, in areas where groundwater rebound has
oceurred after abandonment of deep mines, AMD
pollution is widespread and serious. Geotechnical
problems associated with groundwater rebound include
subsidence (from collapse of shallow bord-and-piliar
wotkings destabilised by inflowing water], slope failures,
temporarily increased methane and carben dioxide
emissions (forced up by rising water), corrosion of
Portiand cement-based structures by sulphate-rich waters
and inundation of landfills.

RELATED ISSUES

Acidification
Rising water levels

TRENDS

[aterest in hydrogeological aspects of AMD in Britain fiest
arose in response Lo the waves of colliery closures in
cutlying coalfields in the 1960°s and 19707s, leading 1o
vestigations in Scotland {Robins, 1990) and the Forest of
Dean (Aldous ef al., 1986). Two recent developments
have rekindled national interest in AMD arising from
groundwater rebound in abandoned deep mines:

(1) The spectacular outburst of ochreous water from
the Wheal Jane tin mine in Corawali in tanuary
1992 (NRA, 1994).

(it} Predictions of widespread AMD in the wake of
recent sbandonment of major coalfields in
northern England (Younger, 1993).

The indications are that groundwater rebound will lead to
AMD poliution of surface waters and of aquifers which
overiie the Coal Measures (eg the Permian Magnesian
Limestone and Basal Sands and the Triassic Sherwood

Sandstones). Timescales for onset of pollution vary
greatly from area to area, generally depending on
variations in rainfall, the extent of interconnected oid
workings and the depth below some suitable surface
discharge point (eg a river valley} to which groundwater
levels were depressed during dewatering.

Thus in the incised landscape of South Wales, the
cessation of pumping at Blaenant in 1991 led to surface
discharge into the Neath Canal in around 18 months; ar
the other extreme, time-scales of 30 to 40 years are
predicted for full rebound in the Durham coalfield, which
is interconnected at depth over distances in excess of

50 km (Sherwood and Younger, 1994). Without
preventative pumpiag, or expensive treatment of future
discharges using active or passive methods (NRA, 1994),
increasingly widespread poliution seems inevitable over
the next few decades, Geotechnical problems, though less
visible and more sporadic in their occurrence, can
similarly be expected to occur more frequently.

CONTEXT CIIANGES

Implementation of statutory water quality objectives (in
response 10 EC legislation) is raising interesting questions
about responsibility for AMD from sbandoned mines.
Pilot projects 1o passively treat AMD using constructed
wetlands are being impiemented at Wheal Jane (with DoE
funding) and in the Afon Pelenna catchment, West
Glamorgan (with EC LIFE funding). However, there is
no general source of funding to deal with major AMD
discharges. Anticipated changes in UK law during the
establishment of the proposed Environmental Agency may
address this problem. The British coal industry is in a
state of flux, ie with the sell off of British Coal and the
creation of the Coai Authority, consequently
responsibilities for AMD from abandoned mines are also
likely to remain unresolved in the immediate future.

Under the Water Resources Act 1991, discharges from
abandoned mines are treated differemtty from all other
classes of discharge in the stawutory protection that they
enjoy. There is a specific defence that renders the NRA
unable to prosecute anyone permitting (as distinct from
causing) a polluting discharge to flow from an abandoned
mine. It is also likely that mine operators will have to
give the Environment Agency (as successor to the NRA)
six months’ notice of any prepesed abandonment in order
o ensure that the full effects on the water environment
can be responsibly assessed.

LEARNING CURVE

The root cause of AMD is oxidation of sulphide minerals,
particularly pyrite, which is facilitated on a large scale by
dewatering and ventilation for mining. The main
manifestations of AMD are high metal concentrations,
especiaily of iron, which forms the thick ochre deposits
typical of AMD, high sulphate, presence of trace metals,
and in many cases high acidity though, paradoxically,
much "AMD" is alkatine at the point of emergence.



Much research has been undertaken into the pyrite
oxidation process, and the modern consensus is that:

(i} oxygen and moisture are essential to initiating
the reaction

(ii) rapid oxidation only occurs with bacterial
catalysis

(iif) fine-grained pyrite (eg framboids) is most
reactive.

Naturai geochemical processes which serve to ameliorate
AMD are less well understood, but clearly include
neutralisation by dissolution of carbonate minerals or
mixing with buffered groundwaters, bacterial sulphate
reduction (which aiso generates aikalinity), and
precipitation of complex hydroxide and sulphate minerais
which serves 1o decrease the dissolved solids content, but
can lead to blanketing of the beds of receiving waters,
destroying important econiches.

Most hydrogeological analyses of groundwater rebound in
abandoned mines have adopted the equivalent porous
continuum (EPC) approach to modelling, whereas non-
Darcian flow is expected in many underground workings
(Sherwood and Younger, 1994). For regional analyses the
EPC approach may give satisfactory results, but is likely
to break down where tocal flow paths are modelled.
Coupled modelling of flow and chemistry for abandoned
deep mines has yet to be explored. Research into
geatechnical problems associated with groundwater
rebound in mined areas has been largely descriptive to
date.

PERSPECTIVES

In the UK, current AMD affects local authorities, the
NRA/RPB’s, some water companies, farmers and the
owners and users of riparian fishing rights. Future AMD
will affect all of the above groups, and could also cause
serious problems for previously unaffected water
companies such as Severn Trent and North East Water.
Geotechnical problems wili impact local authorities,
insurance companies and individual land-owners.
However, there are very limited data, and the timescaic
for change is small given the long history of pumping.

BENEFITS AND BENEFICIARIES

Safeguarding the environment. protecting aquifers and
preventing deterioration of underground structure.

RESPONSE

The UK response 1o AMD is currently in a state of
turmoii. Substantial indemnity is afforded in the Water
Resources Act 1991 and in Section 23 of the Control of
Pollution Act 1974 in Scotland to those who "permit”
pollution from abandoned mines. Lobbying by coalfieid
communities, water companies, the NRA and local
authorities has so far failed to achieve changes in this law,
In a recent consultation paper, Paying for our Past,
Government said that it would reassess the justification for
these unique statutory exemptions and it now appears
likely that the defence for permitting pollution from
abandoned mines will be removed in the new Environment

Bill, but only for mines abandoned after 1999, leaving the
position regarding old mine discharges essentially
unchanged. At present an uneasy truce prevails under the
terms of a "Memorandum of Understanding” between
British Coal and the NRA (see NRA, 1994), which
provides for consultation between the two parties before
substantial changes in minewater management are
implemented. In the meantime, the NRA/RPB’s and local
authorities respond to new outbreaks of AMD on an ad
hoc basis. The future status of British Coal’s traditionai
responsibility for mining subsidence is also uncertain, but
seems likely to remain with the Coal Authority.

R&D

. carry out & broad survey of the scope and scale
of the AMD problem and identifying areas
where adjacent aquifers will be affected and
possible acidification ‘hotspots’ (including an
evaluation of the risks and timescale posed by
the AMD problem)

. improve understanding of the mechanics of flow
in abandoned mines by monitoring and
modelling

b investigate the geochemical processes occurring
during generation and subsurface transport of
AMD

. develop coupled models of flow and chemistry
in abandoned deep-mined strata

. carry out & rigorous analysis of geotechnical
problems arising from groundwater rebound in
abandoned mines

. apply appropriate models to optimise water
management in abandoned deep-mined strata

L design, monitoring and optimisation of
minewater management infrastructure, including
pumping sysiems and constructed wetlands.
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AFFORESTATION

PROBLEM STATUS

Afforestation, and deforestation, can have important
long-term impacts on water resources and water quaiity.
These impacts have been most widely studied for surface
waters in the upiands where most afforestation has taken
place. The interception loss from coniferous plantations is
large and can double the amount of evaporation from a
forested catchment compared with a non-forested
catchment. This will tead to reduced streamflow. Similar
reductions would also be expected for groundwater
recharge but since most of the major UK aguifers are
situated in the lowiands, the problem does not arise in the
same way. In addition to the lower interception losses due
1o the drier and less windy climate in the lowiands,
conifer farests comprise & relatively smalt proportion of
lowland land use.

However, in recent years, the plaating of broadleaf
woodland in the lowlands has increased, often on former
farmiand. In areas overlying aquifers, current best
estimates suggest that planting on arable land will give rise
to slightly less groundwater recharge while that on
grassland could give rise 10 an increase in recharge.
These estimates are based on relatively few studies and
much uncertainly remains regarding the influence of tree,
erop and soil type, woodland structure and regional
climate. Recent interest in the growing of short-rotation
coppice for energy production has aiso raised new
questions about the water use of these plantations and the
extent of nitrate leaching beneath them.

Since pesticide and fertilizer applications are normally
considerably lower on forested land compared with most
farmland. any increase in lowland afforestation is likely 10
icad o improved water quality as a result of reduced

concentrations of pesticides and nitrate infiitrating to the
groundwater.

RELATED ISSUES

Geochemical baseline change
Land-use change
Nitrate

TRENDS

Several centuries of deforestation have resulted in the UK
(24.1 M ha) having one of the lowest proportions of land
under forest in Evrope. This trend was reversed in the
middle part of this century foliowing the setting up of the
Foresty Commission in 1919, Since then there has been
a steady expansion of the forest area (currently 10% of
land), with the pianting of predominanty conifer forests in
upland arcas. However, in recent years there has been a
shift in emphasis towards increased planting of
broadleaves which currently account for about 60% of ail
new plantings. 220,000 ha of new woodland have been



planted in the last ten years with 80% of this being carried
out by the private sector. In 1994, 17,300 ha of new
planting took place of which 92% was by the private
sector and 8% by the Forestry Commission (Forestry
Commission, 1994), 16,500 ha of existing woodland was
also restocked. The current forest policy (Forestry
Commission, 1991) identifies as its two main aims:

(&) "the sustainable management of our existing
woaods and forests”;
(ii} "a steady expansion of tree cover to increase the

many, diverse benefits that forests provide”.

Long-term changes in land use, such as afforestation, are
strongly influenced by the prevailing economic and fiscal
incentives. They are therefore difficult to predict. The
general feeling is that there will continue to be & steady
annual increase in the area under trees, and that new
plantings will be predominantly by privaie individuais as
opposed to the Forestry Commission.

CONTEXT CHANGES

Several factors will affect the type, amount and location of
new forest planted:

L] Fiscal incentives. Tax concessions (now
repealed) played an important part in increasing
the amount of tree planting in the 1980’s,
especially on marginal land.

. Grants. A number of grants are currently
availabie to assist in tree planting. These
include the Woodland Grant Scheme run by the
Forestry Authority and the Farm Woodiand
Premium Scheme run by MAFF and the
respective Agriculture Departments in Scotland
and Northern Ireiand.

b CAP reform. At the time of writing
(December 1994), land which is taken out of
production to plant trees under the Farm
Woodland Premium Scheme cannot count
towards a farmers set-aside obligation. The
Government has been pressing for this to be
changed and the Forestry Commission have now
produced a report and are due to bring a
proposal to amend the rules shortiy.

. Energy forestry. Short-rotation coppice (SRC)
of poplar and willow is a potential form of
renewable energy with a payback of same 20 to
30 times in energy terms. An inceative for
SRC planting is the Non-Fossil Fuel Obligation
{NFFO) which guarantees premium rates for the
electricity produced. The third tranche of the
NFFO was announced on 20 December 1994
and included three wood gasification projects
based on SRC. The largest of these, the £26M
ARBRE project proposed by Yorkshire Water's
waste management and envirgnmental services
offshoot, is expected to need about 2,000 ha of
SRC to supply a 8 MW plant. The cost of
encrgy from SRC is stitl relatively high
compared with other forms of renewable and

non-renewable energy.

. Comununity Forests and National Forests.
Community Foresis are a joint initiative between
the Forestry Authority, the Countryside
Commission and local authorities to increase
tree planting in neglected areas ciose to
conurbations with a long industrial history.
Twelve such forests, each covering 10-15,000
ha cach, have been designated. These ‘forests’
would be made up from a mosaic of smaller
plantations and are planned to cover only about
30% of the designated area. They are likely to
comprise predominantly broadleaved species and
are intended to be multifunctional. A aew
National Forest in the Midlands has also been
approved. This will cover about 500 km?®,

b Glebal issues. An increase in the use of wood
as a fuel would help to satisfy international
undertakings on reducing (or stabilizing} carbon
dioxide, sulphur dioxide and nitrogen oxides
emissions {as promised at the Rio Summit). A
carbon tax would provide an incentive for
waood-for-fuel production. Britain currently
imports 85% of its timber requirements.

LEARNING CURVE

Most studies of the impact of afforestation on UK water
resources have been concerned with the impact on surface
waters since traditionally the majority of planting has
occurred in the upiands where surface drainage
predominates. Water yields from catchments containing
closed canopy conifer forest are usually less than from
mooriand or grassland catchments due to their greater
interception foss. This loss increases with forest height
and canopy development and is greater in the wetter,
upland areas of Britain (Calder, 1990). Though
assessments of the degree of reduction in & given
catchment cannot be exact, research suggests that there
may be some 1.5-2.0% reduction of potential yield for
every 0% of a caichment under mature conifer forest
(Forestry Commission. 1993). Water yieids from young
forests or {elled areas are unlikely to differ significantly
from moorland catchments.

Studies at Plynlimon, Wales (Kirby er af., 1991) where
there are twinned forested and non-forested catchments
have shown that there is about twice as much evaporation
from a forested (coniferous) catchment compared with an
adjacent moorland catchment.

The difference in water yield between mature forest and
grassiand in the lowlands is less than that in the uplands.
This is because of the drier and less windy climate which
reduces the importance of the interception loss. However,
changes in the amount of net rainfall in the lowlands will
have a relatively large effect on groundwater recharge
since the absolute amount of recharge is low.

There have been several detailed studies of evaporation
from conifer and broadleaved forests in southern Britain
by the Institute of Hydrology - especially at Thetford
(Norfolk), Black Wood (Hampshire) and Old Pond Close



Table 1. Pore water nitrate-N concentrations in the Chalk unsaturated zone {2-10 m) beneath beech

at Black Wood, Hampshire (from Harding et al., 1992)

Site

Average pore water NO,-N (mg/])

Beech, centre of forest
Beech, W edge (<50 m)
Beech, E edge (<50 m)

Ash, centre of forest

9.3
i4
12.7
1.2

(Northamptonshire) and these give some indication of the
magnitude of effects likely to be found in found in
lowland Britain. Table | illustrates some recent results
for ash and beech at Black Wood (on chalk) and ash at
Old Pond Close {on clay) based on detailed field
measurements. The low values for evaporation from
wheat may be an underestimate since the model used
assumes very low evaporation in the winter (10% of
Penman ET).

As can be seen from Table I, the trees at these sites
evaporate less water than permanent grassland largely
because of the shorter growing season of the trees.
However, they appear to evaporate more water than the
wheat. Evaporation from the beech was also greater than
from the ash. In wetter parts of Britain, such as in the
south west, interception losses will be greater and
broadleaf trees may use more water than grassiand.

The soil type and geology is also important. Grass
growing on a chalk soif rarely suffers water stress and so
continues to evaporate at close w potential evaparation
rates in dry years whereas on a clay soil, evaporation
from grass is considerably less. The grass tends to
respond by going to seed and dying off above ground - an
option not availabie for trees. This accounts for the lower
evaporation from grass at a site with the soif (clay) and
climate characteristics of Old Pond Close compared with
that from a site like Black Wood which is on chalk.
Therefore while this reduction in evaporatien is a
significant factor for grassiand in most years, this is only
true for forests in very dry years. Hence the small
difference between the estimates for evaporation from ash
at the two sites (Table 1).

Relatively Iittle is known about evaporation from conifers
in the lowlands but caleulations for Thetford forest {sandy
soil over chalk) suggest that evaporation is likely to be up
to 200 mm greater from conifers than from ash and so
there is linde doubt that an extensive plantation of conifers
would lead to a significant reduction in groundwater
recharge (Cooper and Kinniburgh, 1993), Replacing grass
with ash under similar conditions would be likely to lead
1o an increase of between 10 and 100 mm/z in
groundwater recharge. In general, the amount of
groundwater recharge can be ranked in the following
sequence:

winter wheat > ash > grass > conifer

Pore water nitrate profiles from the unsaturated zone at
Black Wood (Table 2) showed that on average the
concentration of aitrate leaching beneath the beech was
9.3 mg/L. NO,-N equivalent to leaching of about 30 kg
N/ha/a. A distinct ‘edge’ effect was found at the exposed
westerly edge with lower-than-average nitrate leaching.
Nitrate concentrations beneath clearings in the beech
where trees had died or suffered windthrow indicated that
nitrate leaching could exceed 50 kg N/ha/a in places,
comparable o that under much arable land. Nitrate
leaching beneath the ash at Black Wood {Tabie 2) was
much lower than under the beech perhaps because the ash,
uniike the beech, had a dense understorey.

Most studies of forest evaporation have taken place well
away from the margins of woods and plantations. It is

Table 2. ANNUAL RAINFALL AND ESTIMATED
EVAPORATION (IN MM/A) AT TWO SITES IN
SOUTHERN BRITAIN (AFTER HARDING ET AL.,
1992).

Site (dates)
Evaporation
Rain Grass Wheat Beech Ash

Black Wood, Hants (1967 - 86)
740 368 378 423 306
Old Pond Close, Northants (1970 - 86)

589 418 319 ~ 394

quite possible that evaporation at forest edges could be
greater than in the interior. This could be significant if
new forests are created as a mosaic of smailer plantings.



PERSPECTIVES

Although a number of incentives in the form of grants are
available 1o encourage tree planting, the evidence so far is
that the amount of new planting is falling well behind the
targets set. This may reflect the reluctance of private
landowners to invest in forestry given the long-term
commitment required.

If afforestation has a significant impact on the amount of
groundwater recharge then this would be of interest to
bath the water regulators and the water undertzkers. The
generally good quality of water recharging beneath forests
is beneficial to the long-term water quality in the
groundwater catchment. Any changes in groundwater
levels brought about by afforestation near coasts could
impact on the extent of saline intrusion.

BENEFITS AND BENEFICIARIES

Any major change in land use, such as an increase in
lowland afforestation or the growth of energy forestry,
will have an impact scross many organizations and
government departments. The water industry nceds to
know the impact of afforestation on the quantity and
quality of groundwater recharge undet forests. In general,
forests can be viewed as a long-term. assured source of
good quality groundwater and therefore something to be
encouraged. For example, this groundwater could be used
for blending with poorer guality water. Afforestation
could also be beneficial in source protection areas close to
water supply boreholes especially where existing
groundwater nitrate concentrations are high.

RESPONSE

The water industry has taken a long-term interest in the
impact of afforestation on water resources and in the past,
the DoE has sponsored muck of the forest hydrology
research carried out in the UK. The Forestry Commission
has also been an important contributor to forest hydrology
and in 1988 produced ‘Forest & Water Guidelines’ 1o help
foresters adopt best practices in the management of
forests. These Guidelines are regularly under review and
the third edition is now available (Forestry Commission,
1993). Formal environmental assessment procedures for
new woodiand were introduced in 1988. These ailow the
Forestry Authority to assess the effect of afforestation on
the environment, including the water environment. Grant
applications, for example to the Woodland Grant Scheme,
are now vetted for their environmental impact.

Relatively little forest hydrology research has been funded
in the lowiands due to the long-held view that lowland
forestry has a relatively benign influence on water
resources. However, the Forestry Commission has
recently sponsored Alice Holt Forest as a terrestrial site in
the Environmental Change Network. There is also some
on-going research into the possibie impact of
short-rotation coppice (SRC) of poplar and willow on
water resources. These fast-growing trees have a
reputation for a high water demand. SRC planuations, if
tocated near to & sewage treatment works, also offer the
possibility of being used for siudge applications. This has
attracted the attention of some water undertakers in both

England and Scotland.

R&D

. improve process models for conifer and

broadleaf forest evaporation based on theoretical
studies with calibration against field studies for
different species and different forest structures.

establish extent of recharge under various
climates, broadleaf species and soil types for
both major and minor aguifers. There is a
particular need for studies on the Sherwood
(Triassic) Sandstone aquifer where some of the
new planting wiil take place.

hd investigate influence of forest size and the
mosaic structure of many new forests on
recharge and water quality including any 'edge’
effects,

. quantify nitrate [eaching under a variety of
conifer and broadleaf species at various stages
of the forest management cycle.

o guantify the extent and consequences of
continued soil acidification on groundwater
{including the application of the ’critical loads’
approach}.

L4 evajuate impact of various forest management
strategies (pesticides and sewage sludge
applications) on groundwater quality.
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CONTAMINATED LAND

PROBLEM STATUS

The Environment Bill defines contaminated land as "any
tand appearing to a local authority to be in such a
condition, by reason of substances ir, on or under the iand
that harm or water pollution is being, or is likely to be
caused”. Other countries and bodies have used different
definitions bt the terminology in UK legislation will by
necessity be distinctive.

The impact of contaminated land on groundwater is of
concern from two reasons: (i) the groundwater contained
within contaminated land may be contaminated and may
migrate away from the site, and (ii) the soils at or near the
surface may provide a source of soluble contaminants
which may leach to the groundwater and then migrate off-
site (Harris and Flavin, 1991; Harris and Gates, 1993},

Contaminated land arises largely as a result of past
industriat processes which have left behind a legacy of
substances including tars and oils, metals, organic
compoeunds and soluble salts (House of Commons, 1989).
These can give rise to a range of liquid, solid and gaseous
contaminants, which can affect the health of peopie on and
close to the land itseif and the structures of buildings.

The more soluble and mobile contaminants can be
transported below and away from the contaminated land
and may cause serious quality problems for surface water
andfor groundwater (National Rivers Authority, 1994). In
the case of groundwater, industrial sites may have
significant plumes of contaminated water under and
moving away from them, even though little in the way of
contaminated land remains at or close to the surface.
Although much contaminated land is situated in urban
industrial areas, other activities, particuiarly mining,
fandfill sites and military installations, have produced
contaminaled sites in more remote rural situations.

The UK government has not sought to provide the type of
comprehensive national assessment of contaminated land
that has been carried out by some of our European
partners, eg the Netherlands, Denmark, Finland, Norway
ete (Visser, 1993). Using studies of more limited scope,
particularly in Wales, taking account of surveys of derelict
land and drawing on the experience of other European
countries, several sources have suggested there could be
some 50,000 potentialty contaminated sites in the UK,
affecting about 50,000 ha of land or some 0.5% of the
total land area. However, only & very small aumber of
these are likely 1o present an immediate threat 1o public
health or the environment, and only a proportion present a
risk of groundwater or surface water pollution. There are
particular risks from the redevelopment of sites where
disturbance may retease and re-mobifise pollutants.



RELATED ISSUES

Landfill

Remediation

Rising water levels

Sewers, soakaways and seplic tanks

TRENDS

Without a national picture of the extent (the scale) of the
problem or of the nature of the problem with respect to
the potential impact of contaminated land on surface water
and groundwater, it is difficult to provide any indications
of trends.  Only & proportion of the contaminated sites
have an impact on water quality, and the NRA has begun
to assess the extent and distrtbution of such sites,
Obtaining a comprehensive picture of the nature of the
problem requires knowledge of the types and amounts of
contaminants to be found at each site. From this, it is
important to be able to identify which sites are causing
breaches of existing water quality standards and which
would cause breaches of future water quality objectives, if
statutory objectives were set. These are likely to be
defined in relation to end use and/or off-site contemination
only. The nature of contamination at each site is also
required to allow an economic assessment of remediation
10 be made, and the most seriously contaminated sites
prioritised for action. Only when this information is
collected and regularly updated can detailed trends be
observed.

CONTEXT CHANGES

Contaminated land has become a high profile
environmental issue within the last five years. The
introduction of the Environmental Protection Act in 1990
envisaged, among other provisions, that local authorities
would compile and maintain under Section 143 of the Act
a national register of ali land put to contaminative use. In
response o strong lobbying from vested interests. and
general concern about the threat of "blight” on registered
land, the government then put forward proposals in 1992
for a more restricted register, and then in March 1993
withdrew all proposals for registration. The powers of
local authorities have been redefined in the new DoE
guidance "Framework for Assessing the Impact of
Contaminated Land on Groundwater and Surface Water"
(Department of the Environment, 1994). Locai authorities
can compile their own registers, will have powers to
investigate contaminated land and will require its
remediation under the new legislation currently within the
Environment Bill. The Environment Agency wiil take
responstbility for the most difficult, "special® sites and
issue guidance to Local Authorities. The new legisiation
is fikely to give an additional impetus to remediation.

LEARNING CURVE

The current state of knowledge of the extent of
contaminated land in the UK is summarised above. The
techniques for cleaning up groundwater affected by
contaminated land depend on the contaminant and the
hydrogeological setting. The many techniques are
summarised in the paper on "Remediation™ in this report.
The US and Dutch experience suggests that clean-up of

groundwater is very expensive and that in most cases
restoring groundwater quality to drinking water standards
is either completely impossible or not achievabie within a
reasonable cost and timescale. An increasing body of
evidence shows that in the correct situations of hydraulics
and geology, natural or intrinsic bioattenuation of many
organics will occur given sufficiently long timescaies.
Experience of remediation of groundwater beneath and
close to contaminated sites in the UK is limited, and little
of the experience gained is shared within the scientific,
industrial and regulatory communities. Remediation may
be particularly difficult in the dual porosity aquifers of the
UK, as pollutants which have diffused into the matrix may
take a long time to diffuse back into the major water-
bearing fissures. However, this is an important research
area if the avaiiabie options are to be evaluated
effectively.

PERSPECTIVES

The government has conducted a review of the
arrangements for dealing with contaminated land, and the
DoE Framework for Contaminated Land together with the
Environment Bill is the outcome. The onus is on
developers o deal with the problem where sites change
ownership or change uses but Local Authorities and the
Environmental Agency wiil have powets to initiate clean-
up in other situations where there are demonstrable risks
to the environmeat or health.

Although the Environment Rill gives better guidance,
liability for pollution of groundwater originating from
contaminated land wili remain unclear until more cases
have passed through the legal system. With its present
funding arrangements, the NRA and River Purification
Boards in Scotland do not have adequate financial
resources for undertaking significant remediation works
and, in any case, have to seek DoE approvai for major
expenditures of this type. In any scenario, funding is
likely w0 be a major constraint. It will be important to
establish priorities and criteria for dealing with
groundwater pollution caused by contaminated land,
particularty from “orphan sites’ where the owner or
polluter cannot be found or has insufficient resources to
carry out remediation.

It would, however, be wrong to dismiss the potential for
clean-up on the basis of costly experience in the US.
Cost-benefit issues will be important. For example, the
treatment of relatively low volumes of poiluted water, at
moderate o high concentrations paid for by the polluter or
developer, compared with the cost of treating large
voiumes al low concentrations paid for by customers.
However, cost-benefit studies can only be undertaken
where information on the costs of clean-up and the
standards to be met is available.

A magjor issue when dealing with contaminated land or
groundwater remediation is to what level should clean-up
take place. Because of groundwater’s primary use as a
source of drinking water, maximum levels demanded by
drinking water Regulations are often used. However,
these are often inappropriate where the aquifer is not a
source of potable water or where natural attenuation
processes are taking place. It is therefore difficult to set



targets both for residual contamination in soiis to fimit
continte leaching and for the groundwater iself.
Methodologies are under development but this is an ares
where R & D can help 1o refine techniques for setting
standards and thereby lead to more realistic and cost-
effective remediation schemes.

BENEFITS AND BENEFICIARIES

The most immediate beneficiaries of remediation of
contamiinated land are the owners and/or occupices of the
re-developed land. In relation to groundwater, the
beneficiaries are groundwater users, either those who
draw groundwater for public or privaie supply from
underlying aquifers, or the users of surface waters,
estuaries or coastal waters to which groundwater flow is
contributing, Research into remediation methods benefits
the water industry, site owners, the NRA and River
Purification Boards and the environment in general in
providing more cost-effective ways of dealing with the
problem of contaminated fand.

RESPONSE

Aspinwall end Company have recently praduced a report
for the Department of the Environment giving a
framework for assessing the impact of contaminated [and
on groundwater and surface water (Depariment of the
Environment, 1994). This deals with the information
needed to assess risks, procedures for categorizing and
assessing risks and an evaluation of remedial methods.
The British Standards Institute (1989) is currently in the
process of drafting a code of practice for the identification
of contaminated land.

The EC does not currently have a policy directly on the
problem of conteminated land, but it appears that steps
may be taken 1o establish such a policy. All EC
legislation in the environmental sphere is governed by the
precautionary principle, preventive action 2nd the
"polluter pays” principle. The existing Directive
80/68/EEC dealing with groundwater protection is
intended to prevent pollution of groundwater by discharges
of substances on Lists I and II of that Directive. This is
io be achieved by preventing discharges of these
substences directly to groundwater and regulating and
controlling operations which might result in them entering
groundwater after percolation through the soii,

More recently, two draft directives are being prepared
which have an important bearing on the issue of
contaminated land. These are the draft Landfil} Directive
(COM[911Final), which aims to harmonise technical and
environmental standards related to landfills to protect the
environment generally and soil and groundwater
particularly. A standardised me