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Introduction

The balance of groundwater resources in the
Community is an estimate of these resources
designed primarily to be of use to water
management and planning authorities and,
more generally, to national and Community
decision-makers. This study has been per-
formed at a scale such as to allow the
homogenization of the results and to ensure
their consistency as well as meaningful
comparisons between Member States. It
provides a picture as complete as possible at
Community scale of the distribution and
availability of groundwater.

One of the first international studies of its
kind, it is original on several accounts:

— From the viewpoint of the results, the
study provides the necessary elements for
national and community groundwater
management, especially by collecting and
analyzing — in many cases for the first
time — data which are usually dispersed;
it also identifies gaps which should be
filled for rational management of this
important resource.

— From the technical viewpoint, the
study, by introducing a regionalization
both scientific and administrative, has
displayed the problems of managing
groundwater, within a framework which
can also be used for political decision
making.

Dr. K.-H. Narjes

Member of the Commission

of the European Communities

responsible for the Environment, Consumer Protection

and Nuclear Safety

— From the methodological viewpoint, the
fact that the study has been carried out
by nine teams, one from each Member
State, under a project leader has made
it possible to compare and harmonize
approaches and methods used in the
Member States.

The results and methodology should be of
widespread interest.







Introduction

The Commission of the European Commu-
nities presents the balance of groundwater
resources in the Community.

For the first time, a picture as comprehensive
as possible at Community scale is given of
the aquifers and their availabilities. The study
deals with four main themes. Each is ilius-
trated by 38 (1:500000) maps together
covering the entire Community (i.e. a total
of 152 maps, about 50 X80 c¢cm on average)
and is explained in detail in 10 reports, one
for each Member State and a general survey.

Greece joined the European Community on
1 January 1981, when the studies for the nine
other Member States had already been
made.

It is for this reason that Greece is notincluded
in this report. Work on Greek underground
waters started in 1982 and the information for
this Member State will be integrated subse-
quently into the complete report.

The themes are:

— Inventory of aquifers: location; geometric,
lithological and stratigraphical character-
istics; type (unconfined or confined);
permeability (interstitial of fissures and
karst);

— Hydrogeology of aquifers: transmissivi-
ties, direction of flow, water exchange
between rivers and groundwater, and
specific problems such as the intrusion
of seawater;

A. Andreopoulos

Director-General

Environment, Consumer Protection and Nuclear Safety

— Groundwater abstraction: abstraction
densities, large pumping stations;

— Potential additional groundwater resour-
ces: factors such as replenishment, use
and water management imperatives are
all taken into account in a geographical
classification of the areas in which there is
a possible surplus, areas in which there is
a balance, areas in which resources are
now known to be over-used under present
abstraction policies and finally areas lack-
ing adequate groundwater resources.

For several Member States this inventory is
the first complete cataloging on their own
national water resources. The study collates
as far as possible all data which would
otherwise be dispersed and, in many cases
processes them for the first time.

This inventory is not only an essential
instrument of Community groundwater
management. It wili also be extremely useful
for the knowledge and management of
groundwater resources, thanks to the orig-
inal evaluation method, which combines
both a hydrogeological and administrative
regionalization on a network adapted to
national administrative units. This makes
it very easy to use for management and
modelling taking into account administra-
tive and political features.

Special symbology has been devised to
ensure uniform mapping of the results
throughout the Community. This makes the
information more accessible to the layman
without sacrificing any of the technical quality
of the information.
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ABSTRACT

The bulk of the report comprises sets of tables listing the groundwater
resources within groundwater units of each aquifer in the United Kingdom.
Data on actual abstraction in 1977 allows a balance of resources to be
derived and potential additional resources to be defined. Methods currently
used for the development of groundwater resources are discussed. Geology
and hydrogeology of the aguifers are summarised on a set of 8 maps covering
the United Kingdom on a scéle of 1:500 000. Three other sets of these
maps show aquifer propérties and groundwater hydrology, groundwater

abstractions and potential additional resources.

The report also provides a brief outline of the organisation of the.
water industry in the United Kingdom, a general description of aquifers,
a discussion of past and present use of groundwater resources and an

appraisal of the data on which the study is based.
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1. INTRODUCTICN AND SUMMARY OF RESOURCES

The natural resources of the European Community are fundamentally important
and the Commission of European Communities has undertaken studies of these,
including a series on the availability of water resources in the Community.
Groundwater is particularly important to most Member States and the
environmental programme of the Commission is aimed at establishing a sound
data base for consideration of groundwater resources. An earlier

report (Bassler and Benedini 1976) summarised both surface water and
groundwater rescurces and touched on a number of management and‘other
relevant topics. The study reported here is an amplified quantitative

assessment of groundwater resources.

Organisation of the study

Ceonsultants have been appointed by the Commission for each of the Member
States and their work is co-ordinated by an EEC Expert Consultant,
Professor J J Fried of the University of Strasbourg. Discussions towards
the end of 1977 led to the signing of a contract on the last day of the
year for the Central Water Planning Unit to conduct a study on the
"Evaluation of groundwater resources in the United Kingdom". Before the
signing of the contract between the Unit and the Commission decisions had
been made to ensure that there were common methods of dealing with

types of data to be used, cartographic symbols, colours on maps, scales of
maps and so on. Many of these problems were already covered by
international convention, but differences of scales, some symbols and
definitions of resources still remained. Meetings of contractors with
Professor Fried, and collectively, have enabled commonly agreed symbols
and methods to be developed. As far as possible these comply with the
lists published by Unescec (1970}, but even these have been scmewhat -
modified after discussion between the contractors, in order to take

account of new information.

Objectives of the study

From the outset it was clear that the time scale for the study would allow
only a synthesis and review of existing information and that additional
field cellection of data would not be possible. The study was aimed,
therefore, to obtain an estimate of the available resources under existing
conditions as well as to estimate the development potential, both with

regard to quantities of groundwater and to areas where such additional



abstraction might be undertaken.

To achieve this it was necessary to undertake an inventory of groundwater
resources, after first determining the geology and hydrogeclogy of each
aquifer, describing its geometry, type, existing abstraction patterns,
overdeveloped or problem areas and, finally, the potential resources for

future development.

England and Wales are divided into 10 Water Authority areas, With
Scotland and Northern Ireland, the United Kingdom is, therefore, divided
into 12 areas. FEach of these areas are further divided into Units. As

far as possible, "matural" groundwater units have been defined in
consultation with the local hydrogeclogist. This is straightforward when
groundwater divides coincide approximately with topographic divides and
most, or all, of the natural discharge is to a spring or a rivex. However,
there are many departures from such idealised conditions and here
boundaries have been determined by reference to detailed studies which
have delineated units with regard to methods of resource estimation or

aquifer management.

It was considered important to present a national balance of available
groundwater resources in a way which would be consistent with other

Member States, so that comparisons could be made if necessary. For similar
reasons it was hoped that information could bematched with that provided

as a result of other environmental studies being carried out by

contractors for the Commission. For this reason talks were held with a
team from the Séuth Yorkshire County Council, which has undertaken a study
of "Ecological Mapping” on behalf of the Commission, in order to determine
whether groundwater information could be presented in such a way as to be
helpful in consideration of selected ecological problems. Because the
boundaries of thé Units defined for the purpose of this study were
difficult to match with a coarse (1 km square) grid network, it did not
prove possible to adopt the grid used in the mapping study. However, all
the data obtained for this survey have been stored in a common format

upon computer file. It is therefore possible for further analysis of these

data to be undertaken if required in the future.

A major objective was to prepare a set of maps, on a scale of 1:500 000,

to summarise the hydrogeology and the groundwater resources of the United



Kingdom. The base for these maps has utilised the World Series 1404 and
the boundaries of these are shown on Figure 4.2, eight sheets being

required for the United Kingdom.

A set of four maps has been prepared and these are discussed in detail
in Chapter 4. They summarise in turn the relevant details of:

1. Agquifer geology and gecometry

2. Groundwater hydrology

3. Groundwater abstractions

4, Potential additional rescurces

Information sources

This study had to be based necessarily on current information and so help
was sought from the water authorities in England and Wales, from the
Scottish Development Department and the Northern Ireland Department of the
Environment. The water authorities have supplied details or summaries

of their estimations of groundwater resources, of actual quantities of
groundwater abstracted and, in some cases, of unexploited reserves, These
calculations form the basis of the resources details provided in

Chapter 5 and of those shown on the accompanying hydrogeclogical maps.

The administration of water resources and supplies differs somewhat
between Ehgland and Wales, Scotland and Northern Ireland but all of the
authorities have been helpful in providing selected information. This
study has utilised only information which has been agreed with these

authorities.

Information for Scotland has been summarised on draft maps by the
Hydrogeclogy Department of the Institute of Geological Sciences, in their
Edinburgh office. Similarly the Geological Office of IGS in Belfast has
prepared the information relevant to Northern Ireland. Co—-operation with
the Irishcontractors, the Geological Survey of Ireland, has continued
earlier work undertaken by these organisations in the preparation of the

relevant sheets of the International Hydrogeclogical Map.

All of this information has been supplemented from published reports
where necessary, and a list of such sources is provided in the selected

bibliography.



Summary of groundwater resources

The details of the survey are contained in the tabulations of resources
and abstractions for each individual Unit in Chapter 5. In some Units,
insufficient data are available to calculate the resources. In these
instances, the replenishment is assumed to be equal to the abstractions,
althcugh in reality there may be a surplus. A summary of groundwater
resources in England and Wales, Scotland and Northern Ireland is given in

Table 1.1(A to C}.

The major agquifer in England and Wales is the Chalk with a mean annual
replenishment in excess of 4 600 x 106 m3 {Table 1.1a). The licensed
abstraction is approximately 2 000 x 106 m3/a, leaving a substantial
surplus. However, in some areas, particularly where the outcrop is fourd
on the southern and eastern coasts, the proportion of the surplus that is
available for abstraction is reduced by the necessity of permitting a
sea-ward outflow to prevent saline intrusion or of preventing the ingress
of mineralised groundwater. In other areas, conétraints may be imposed to

maintain a groundwater contribution to rivers where the flow might other-

wise fall below a desirable minimum.

In some Units where the Chalk agquifer is present, there is a deficiency,
the abstraction exceeding the natural replenishment. This is particularly
the case in the London Basin. In most instances, there is a contribution
of groundwater by lateral flow from adjoining Units, and it is often
necessary to consider Units in conjunction rather than as isolated resource
areas. It should be noted that abstracticn in excess of replenishment,
here and in other aquifers, is an inheritance from the days of uncontrolled
abstraction. Since the introduction of the licensing system, the water
authorities have taken steps by reducing theilr own abstractions and by
reviewing, and where necessary revoking, licences towards restoring the
balance. 1In addition, artificial recharge techniques have been .

introduced in the London Basin, and are being investigated elsewhere.

The second most important agquifer is that of the Permo-Triassic sandstones

3
with a mean annual replenishment approaching 1 450 x 106 m . The overall

3 .
licensed abstraction is nearly 950 x 106 m /a. BAs with the Chalk aquifer,

there are a number of constraints which reduce the amount of the balance
that is available for further development. Over-pumping of the sandstones

has taken place in a number of Units, notably in the north-west of England.



In some Units, where a surplus of replenishment over abstraction may be
present, one part of the Unit may in fact be over-pumped, the deficiency
being made good from the remainder. In consequence, it is not uncommon
for consent to abstract to be refused at a particular location, even in a

Unit where there may be an overall surplus.

Lesser aquifers, such as the Middle Jurassic, the Millstone Grit and the
Coal Measures, do have a large annual replenishment and would appear to
have a large potential resource. However, it is not often possible to
develop sufficient yield at a single site to support a supply of any
magnitude, and the full development of the potential of such aquifers
would entail the construction of a multitude of low-yield wells with the
added expense of interconnecting pipelines. The 0ld Red Sandstone aquifer,
with a mean annual replenishment of 378 x 106 m3, against a licensed
abstraction of 7 x 106 m3, would likewise appear to be of importance.
Nevertheless, the yield of wells from this agquifer is in general so small
that there is less chance of developing large resources than in the

Millstone Grit or the Coal Measures.

Groundwater in Scotland has in the past been considered to have little
importance compared with surface water, and in consequence there has

been little development of groundwater resources.

The Old Red Sandstone appears to have the largest potential (Table 1.1B),
Vyet its characteristics are similar to those of the same formation in
England and Wales. There is little chance of developing high-yield
sources in this aguifer. The Lower Carboniferous has probably the best
potential for future development, although insufficient data are available

at present upon which to base development proposals.

Superficial deposits with thicknesses in excess of 50 m are known in
Scotland. These have notso far been the subject of extensive
hydrogeological investigation, yet in the future they may prove to be

aguifers of importance.

3
In Northern Ireland, although some 40 x 106 m~ were abstracted from
groundwater in 1977, there are still large reserves available for
development. The Permo-Triassic sandstones in particular would seem to

nave considerable potential (Table 1.1C). At present, the Superficial



deposits form a major aquifer, being extensive and relatively easy to
develop. The possibility of pollution of these shallow aquifers is less
acute over most of Northern Ireland than it is in England, and the

Superficial aquifers are therefore more attractive.

Table 1.1C shows a deficiency in some parts of the Chalk aquifer. This is
almost certainly unreal, but much of the replenishment to the Chalk is
through the overlying Tertiary basal*s, and there are few data upon which
to base an assessment of recharge. The Chalk aguifer in Northern Ireland
differs from that in England in that it is thinner, harder, and yields

less groundwater less readily.

The mean annual replenishment of the Carboniferous Limestone exceeds

2 300 x 106 m3, and only a minute part of this is pumped. Unfortunately,
this agquifer is difficult to develop for large supplies. The fissures
through which the groundwater flow takes place are variable in size and
relatively sparsely distributed. In consequence, the yield cf a well
cannot be predicted with any degree of accuracy, being likely to vary at

6 3
random between nothing and 3 x 10 m™ /a.



Table 1.1A. Summary Table of Groundwater Rescurces
England and Wales
BALANCE OF RESOURCES
Mean Licensed Actual
AQUIFER Annual Bhstraction Ahstraction Actual Ahstractlions
: Replenishment (Annual) {1977) Licensed Quantities {1977
Surplus | Deficiency | Surplus | DLeficlency
10% o’ 10° o® 10% o® 10% m? 10° 3 10% m* 108 o*
Superficial
Deposits 212.2 22.8 33.6 192.8 3.4 202.9 1.5
Crag 37.8 2.8 1.7 35.0 36.1
Chalk 4607.6 2080.9 1255.3 2849.6 322.9 3492.9 140.6
Lower
Greensand 281.7 162.7 86.2 152.9 33.9 199.2 3.7
Hastings Beds 239.0 56.6 18.6 182.4 220.4
Spilshy
Sandstone 18.9 10.9 8.3 8.0 10.6
Corallian
(Yorkshire WA only) 201.0 26.7 12.9 174.3 188.1
Middle
Turassic 627.0 71.0 61.6 558.9 2.9 564.5 2.1
Lincolnshire 85.9 74.0 42.7 48.7 36.8 59,2 16.0
Limestone
Permo-Triassic 1442.1 948.0 586.7 743.6 249.5 914.0 58.6
Sandstones
Magnesian 248.4 89.3 41.2 163.8 4.7 208.6 1.4
Limestone
Coal Measures 654.1 40.5 105.6 622.3 8.7 548.5
Millstone Grit 337.0 53.0 14.1 297.4 (13.4 322.9
Carbonlfercus 971.0 101.6 98.1 B870.5 1.0 873.0
Limestone
0ld Red
Sandstone 378.5 6.7 4.6 371.8 373.9
(WHelsh WA only)

Notes 1.

Surpluses and deficiencies occur within different units in the same aquifer. Because a

deficit in one unit can net necessarily be offset by a surplus in another, they are

tahulated separately.

2. A surplus of resources over actual abstractions indicates the quantity of water available

to meet demands.

licences.

Part of this may be committed to existing abstractions by existing

A surplus of rescurces over licensed abstractions indicates additional potential

resources availaple for development without derogation of the rights of existing licencees.




Table 1.1B. Summary Table of Groundwater Resources
Scotland
BATANCE QF RESOURCES
Mean Actual
AQUIFER Annual Abstraction
Replenishment (1977 Actual Abatractions {1977}
Areas of Surplus Areas of Deficiency
106 3 106 3 106 m3 106 m3
Permo-Triassic
Sandstones 125.0 0.0 125.0
Upper Carboniferous 83.9 0.0 B3.9
Lower Carboniferous 402.2 0.0 402.2
0ld Red Sandstone B821.8 0.0 B821.8
Table 1.1C. Summary Table of Groundwater Resources
Northern Ireland
BALANCE OF RESOURCES
Mean Actual
AQUIFER Annual abstraction ;
Replenishment (1977) Actual Abstractions (1977)
Areas of Surplus Areas of Deficiency
10% o® 10° o’ 10° o’ 10° o’
Superficial Deposits 340.6 12.7 327.9
Chalk 16.1 7.5 8.6
Permo-Triassic
271.5 12.4
Sandstones 9.1
Carboni ferous 2390.7 8.2 2382.5
Limestene

Note 1.

Surpluses and deficiencies occur within different units in the same aquifer.

Because a

deficit in one unit can not necessarily be offset by a surplus in another, they are

tabulated separately.




2. THE WATER INDUSTRY IN THE UNITED KINGDOM

The organisation of the water industry is not the same for all parts of
the United Kingdom. Scotland and Northern Ireland each have arrangements

that differ from those for England and Wales.

England and Wales

In England and Wales there are ten autonomous regional water authorities
based on natural hydrometric areas which are responsible for the whole
hydrological cycle; water conservation, resource development, river
management {(including land drainage and fisheries), water supply and
distribution, sewage disposal and control of pollution, and the use of
water for amenity and recreational purposes. The names and boundaries

of these authorities are shown in Figure 2.1.

The members of each authority comprise representatives of the local
government (county and district) authorities within the area of the
water authority and other members, and the chairman, appointed by the
central government. The former comprise the majority and the latter are
required to be persons with experience relevant to the functions of the

authority, including agriculture, land drainage and fisheries.

The internal working structure of water authorities varies to some extent
between one authority and another, but in general they are organised on the
basis of territorial or functional divisions under the direction of a
headquarters corporate management team of chief officers responsible for
particular aspects such as finance, operations, resource planning and
scientific services. Local government district councils however frequently
act as agents of the water autheority in respect of the public sewers in
their area; and in some areas statutory water companies which existed
before the present water authorities came into being in 1974 continue to

provide the public water supply.

At naticnal level, the National Water Council, composed of the chairmen of
the ten regional water authorities and an equal number of other members and
a chairman appointed by the central government, exercises a co-ordinating
role and provides advice to the government on water matters, especially
those relating to the government's overall responsibility for the promeotion

and development of a national water policy for England and Wales. The
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Council also advises and assists regional water authorities on matters of
common interest in the efficient performance of their functions, including
the administration of a staff superannuation scheme and natiomnal
negotiations on conditions of service in the industry. In addition the
Council has a statutory responsibility to operate schemes for training and
education in water services and for the testing and approval of water

fittings in all parts of the United Kingdom.

Much of the water research for the United Kingdom as a whole is undertaken
at the Water Research Centre which is funded largely by the water industry.
It also undertakes external contract work including commissions from

Government and overseas sources.

Scotland

National water policy in Scotland is ultimately the responsibility of the
Secretary of State and is exercised through the Scottish Office. Water
management activities are shared on the mainland of Scotland between
regional councils and river purification boards. 1In the 3 islands areas,

however, these functions are vested in multi-purpose authorities,

Prior to the reorganisation of local government in Scotland which occcurred
in May 1975, public water supply was the responsibility of 13 regional
water boards and one development board (the Central Scotland Water
Develcopment Board), the latter established to develop new major sources

of bulk supply for the water boards in the populous central belt of the
country. These beoards had been formed in 1968 from a large number of local
water authorities. Sewerage and sewage disposal, on the other hand,

remained the responsibility of 234 large and small local authorities.

River pollution prevention was the responsibility of 9 river purification
boards set up under authority of the Rivers (Prevention of Pollution)
{Scotland) Act 1951 to cover the more populated areas of the mainland of
Scotland, and of 12 local authorities in the remainder of the country. The
function of these boards and authorities was to preserve and improve the
quality of inland and certain tidal waters in their areas by the issue and

enforcement of discharge consent conditions.

In 1975 when local government in Scotland was reorganised and the local

authorities were restructured to formregional, islands anddistrict councils,
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public water supply, sewerage and sewage treatment amongst other functions,
became the responsibility of the 9 regional and 3 islands councils, but the
role of the Central Scotland Water Development Board was preserved., The
boundaries of the councils are based on administrative rather than

hydrological criteria.

Although the river purification boards remain cutside this regional
structure, the former 9 boards were reformed into 7 boards which are
responsible for the whole of the mainland of Scotland. In Orkney,
Shetland and the Western Isles, the islands councils themselves became the

river purification authorities.

The law relating to fisheries and land drainage is also different from that
in England and Wales and there is no statutory control over abstraction

from inland waters by riparian owners.

The regional and islands councils and river purification boards are shown

on Figure 2,1.

Northern Ireland

The Government of Northern Ireland, responsible for water conservation and
pollution control under the Water Act (Northern Ireland) 1972, became the
sole authority for water and sewerage services under the Water and Sewerage
Services Order (Northern Ireland) 1973. The Order came into effect in
October 1973. Prior to that date, 72 local authorities and joint water
and sewerage boards had statutory responsibility for water and sewerage
services. The water services are provided by the Department of the
Environment {(Northern Ireland) Water Service Divisions. A headguarters
unit at Stormont, Belfast, isresponsible for policy, co-ordination,
finance, planning and capital programme control. The Water Service
operates under a structure which has four divisions centred in Belfast
(Eastern Division), Ballymena {Northern Division), Craigavon (Southern
Division) and Londonderry (Western Division). Each division is sub-
divided into water supply and sewerage functions. Local Water Service

officers are located in most of the provincial towns.

The Northern Ireland Water Council acts in an advisory capacity to the
Department of the Enviromment (Northern Ireland) in sc far as the

implementation of the terms of the Water Act (Northern Ireland) 1972 and
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the Water and Sewage Ordex (Northern Ireland) 1973 are concerned.
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3. AQUIFERS IN THE UNITED KINGDOM

Table 3.1 lists the strata in the United Kingdom which are normally
considered as aguifers. The table. shows the names used for the different
agquifers in this report and also the aquifer type. The latter may be one
of three categories; fissure, where the groundwater flow is predominantly
through fissures, the specific yield is generally low, and the
transmissivity can be high; arenacecus, where the groundwater flow is
through the intergranular interstices, the specific yield is relatively
high, and the transmissivity is usually low; mixed, where the flow is
enhanced by fissuring, the intergranular storage and hence the specific
yield is relatively high, and the transmissivity may also be high. It
should be noted that, among the more ancient formations, sandstones may
contain much intergranular cement and their specific yield can be
greatly reduced. In these circumstances, the sandstones may behave as

a fissured and not as an arenaceous agquifer.

Superficial Deposits and the Upper and Middle Pleistocene

In the United Kingdom, superficial deposits are broadly divisible into two
groups, alluvial and glacial. Sands and gravels of alluvial origin tend
to occur in small flood plains and in valley terraces. Pumping of
groundwater from flood plain gravels normally induces recharge directly
from contiguous rivers and the aquifer tends to perform as a filtratiom
medium rather than as a groundwater storage. In England and Wales, the
alluvial deposits are normally very restricted in areal extent and in
thickness, and only in the valleys of the larger rivers such as the
Thames and Trent do they manifest thicknesses ¢of more than 3 m over areas
of several sguare kilometres. The composition is generally of gravel,
with greater or lesser admixtures cof sand. Specific yields of 20% or
greater are not uncommon and, in the coarser deposits, transmissivities

can also be high.

Terrace deposits are generally of little interest to the hydrogeclogist.
Elevated above the local stream levels and with high inherent
tranmissivities, the terrace gravels tend to drain very rapidly leaving no

.more than a few centimetres of saturated aquifer during much of the year.

Glacial gravels tend to occur over wide tracts of country. In East Anglia

and in Shropshire the deposits are sufficiently extensive and thick to
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provide a useful local groundwater resource for domestic and
horticultural purposes. However due to the contamination to which such
shallow aquifers are especially wvulnerable, they do not form the basis for
any long term development. In ceomposition, the glacial gravels resemble
their alluvial counterparts, although the sand fraction may be larger

and a considerable proportion of argillaceous material can be present.

t

In England, superficial deposits are little used for development of
groundwater storage, their resources being small compared with the
aquifers of greater age that are usually available in the neighbourhood.
Some investigations have been carried out in the valley of the river
Trent intc the possibility of improving river water guality by inducing
recharge through alluvial gravels. Superficial aquifers have therefore
been omitted from the estimation of resources for England, although they

do provide significant local supplies.

In the Welsh Water Authority area, the major portion of the strata in out-

crop are shales, mudstones, slates and valcanics, all essentiallyimpexrvious.
Superficial deposits in this situation may form the only significant source
of groundwater. During prolonged dry periods, surface streams tend to have
greatly reduced flows, and groundwater becomes the only alternative source,

albeit on a small scale, in the areas remote from existing mains supplies.

In Northern Ireland, aquifers in superficial deposits, mainly alluvial,

support a large proportion of the developed groundwater supply.

In Scotland, there are in some areas, particularly in the Central Lowlands,
thick and extensive deposits of sand and gravel. However, with a
relatively high and persistent rainfall, and hence an abundance of surface
water, together with the relatively low demand compared with more heavily
populated and industrialised regions in England, groundwater has only a
minor role and little serious investigation of the superficial deposits
has been carried out. Consequently, these aguifers have been omitted

from the estimate of groundwater resources for Scotland.

Much of the country north of a line drawn approximately from the Severn
Estuary to the Wash, together with much of East Anglia, is covered by
boulder clay. This is generally impervious and restricts infiltration to

underlying aguifers. In calculating groundwater resources allowances
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have been made for reduced infiltration due to boulder clay cover.

Crag and Coralline Crag

These strata are found only in East Anglia. The deposits are dominantly
sandy, sometimes shaley sands, and may be ferruginous. When the Tertiary
strata are absent, which is the case over much of East Anglia, the Crag
rests directly upon the Chalk with which it is often in hydraulic
continuity. The sands are unconsclidated and in consequence boreholes
must be fitted with sand screens to aveid collapse. Yields of 400 to

900 m3/d from wells in these strata are not uncommen, and large-

diameter wells (of the order of 600 mm diameter) hawve been known to

yield as much as 2 200 ma/d.

Eocene

The strata of interest within the Eocene are the Bagshot Beds, the
Blackheath and Oldhaven Beds, the Woolwich and Reading Beds, and the Thanet
Beds. These strata are confined to the London Basin and the Hampshire

Basin of south-east and southern England.

The Bagshot Beds comprise current-bedded sands with thin clay bands, In
the Hampshire Basin, the formation is divisible into the Bracklesham Beds
above, which contain much clayey matter and so are of little importance,
and the Lower Bagshot Beds below which here contain frequent clay seams.
Yields from wells in the Bagshot Beds are usually small, of the order of

3
80 to 400 m /4.

The Blackheath and Oldham Beds comprise sandy and pebbly deposits,
occasionally cemented to form ferruginous or calcareous sandstones. The

hydrogeoclogical properties are similar to those of the Bagshot Beds.

The Woolwich and Reading Beds contain two different facies. The Woolwich
facies is dominantly sandy, the Reading facies dominantly clayey. Yields
from wells are generally fairly low, although the Woolwich facies can

yield upwards of 850 m3/d.

The Thanet Beds reach a maximum thickness of the order of 30 m in East
Kent near the mouth of the Thames Estuary, and in this area the formation

is dominantly sandy. The thickness diminishes westwards, and the clay



17

content of the strata increases., Westwards from London, the Thanet Beds
thin out and are not found in the Hampshire Basin. Few wells are now.
constructed in the Thanet Beds due to the presence of the underlying Chalk
which nermally provides a better yield. However, Thanet wells can

yield up to 1 300 m3/d but sand screens are necessary since the sands are
unconsolidated. Where the clay content increases, the yield may fall off

sharply.

Chalk and Upper Greensand

The Chalk crops out from Weymouth, on the south coast west of the Isle of
Wight, in a continucus band to Bridlington in North Yorkshire. The deposit
is a soft, fine~grained clastic limestone. The primary, intergranular
permeability of the Chalk is very small, and its value as an aquifer
depends upon secondary permeability due to fissuring. The density of the
fissures decreases with depth, and this leads to an effective saturated
thickness of under 50 m beneath high ground inland and to a maximum of
about 120 m near the coasts. Large diameter wells (up to 900 mm) in

the Middle and Upper Chalk have a 50% probable yield of about 3 200 m3/d
and a 10% probable yield of about 8 000 m3/d. The Lower Chalk contains
more marls and yields are correspondingly lower. In Northern Ireland,
the Chalk is present, but tends to be altered by local metamorphism
connected with Tertiary volcanic activity and borehole yields are very

much less than in England.

Wells in the Chalk generally do not require lining throughout., It is
customary to place 5 to 15 m of lining tubes to support the well near

to ground suxrface, and to leave the remainder unsupported.

The Upper Greensand is an incoherent, glauconitic sand, occasionally
cemented to form a hard, impervious stratum (Malmstone). It is not always
presaﬁt beneath the Chalk, being progressively replaced laterally towards
the west by the Gault Clay and thinning out northwards to be absent in
Bedfordshire. Due to its usual hydraulic continuity with the Chalk, it is
the normal practice to consider both to belong ﬁo'the same aquifer for
regource calculation. In the South West Water Authority, the Chalk outcrop

is very restricted, and the Upper Greensand is the dominant facies.

The Upper Greensand is generally a poor aquifer in outcrop. However, when

overlain by the Chalk, yields up to some 25 1/s can be obtained, the

resources being reinforced by downward leakage from the Lower Chalk.
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Locally, the grain size may be very small, approaching silt size, and

vields in such localities are negligible.

Due to its generally unconsolidated nature, the Upper Greensand will not

stand readily in unlined wells, ‘Consequently, lining tubes and sand
screens are necessary. Poor design of wells and inadequate development

may have contributed to the poor yields frequently obtained in the past.

Lower Greensand

The Lower Greensand crops out around the margins of the Weald, in the Isle
of Wight, and to the north of London in Bedfordshire and Cambridgeshire.
Around the Weald, two aquifersare present, the Folkestone Beds above and
the Hythe Beds below, the two being separated by the relatively impervious
Sandgate Beds. The Folkestone Beds comprise typically fine and medium-
grained quartzose sands, while the Hythe Beds contain layers of sandy
limestone and calcareous sandstone. In the Isle of Wight and Dorset and
in the ocutcrops north of London, the Lower Greensand is not divided into
separate aguifers, being sandy throughout. For resource calculation, no

division is made into separate aquifers.

Where the sandy facies are encountered north of London, up to 2 100 m3/d
may be obtained from a single well. The Hythe Beds may yield up to

300 m3/d and exceptionally over B8 500 m3/d, although large wells with
diameters in excess of 600 mm are required. The sandy facies in the Isle
of Wight and Dorsetshire tend to yield from 850 to 2 000 m3/d. Overall,
the 50% probable yield is 110 m3/d and the 10% 4 700 m3/d.

The sands of the Lower Greensand will rarely stand without support, and
wells require lining tubes and sand screens. Many wells have failed due

to .inadequate provision in this respect.

Hastings Beds

The Hastings Beds again comprise two aquifers, both cropping out around
the Weald. Below is the aquifer of the Ashdown Beds, mainly sands but
becoming clayey approaching the south coast, and above is the Tunbridge
Wells Sand, similar to the Ashdown Beds but with lenticular seams of
variegated clay. The two aguifers are separated by the Wadhurst Clay,
but this is frequently fissured and both yields a small supply of water

and permits a hydraulic continuity between the Ashdown Beds and the
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Tunbridge Wells Sand. For resource calculation, the Hastings Beds are

considered as a single aguifer.

The lower part of the Ashdown Beds are probably Jurassic in age. For

hydrogeological purposes, it is, however, convenient to consider them as

belonging to the Lower Cretaceous.

The Tunbridge Wells Sand yields to single wells at rates of 400 to

900 m3/d, while larger diameter wells have obtained up to 2 100 m3/d.
The sandstone of the Ashdown Beds are somewhat better, with typical
yields of up to 2 100 m3/d and exceptional yields of 4 380 m3/d. Overall
the 50% probable yield from the Hastings Beds is 860 m3/d and the 10%

is 3 000 m3/d.

The sands of the Hastings Beds will rarely stand without support. Lining

tubes and sand screens are therefore required.

Upper Jurassic

Aquifers in the Upper Jurassic are found in the Portland and Purbeck Beds
and in the Corallian. In the south of England the Portland and Purbeck
consists of sands and marls overlain by massive limestones. In south
Lincolnshire, north of the Wash, the Portland is represented by the

Spilsby Sandstone.

The Corallian aquiferin the south of England is comprised mainly of
massive limestones with contiguous marls. In the north, beyond the Humber
Estuary, the Corallian again consists of limestones but hexre more
frequently interbedded with calcareous sandstones. However, between the
Humber and Oxford, the Corallian is répresented by clays (the Ampthill
Clay) .

In the south of England, yields from the Corallian typically range up to
3 .
850 m3/d, but in Yorkshire yields up to 4 300 m /4 have been obtained.

The limestones of the Corallian will normally stand without support. 1In
consequence, lining is usually necessary only in the top of awell to

prevent collapse near to ground surface.

In Wiltshire and Berkshire, much of the Corallian is confined beneath the

Kimmeridge Clay. Within one kilometre of the outcrop, the confined
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groundwater is generally saline. Development of this aquifer is therefore

restricted for the most part to the outcrop.

The Purbeck and Portland limestones of southern England have not been

extensively exploited for groundwater and few data are available. It is
3.

probable that yields of the order of 400 to 900 m™ ,d could readily be

cbhbtained.

The Spilsby Sandstone has a 50% probable yield to wells of 860 m3/d and a
10% of 2 500 m3/d.

Wells in the limestones of the Portland and Purbeck strata will

normally stand unsupported. In the Spilsby Sandstone it is customary to
use sand screens since the strata are frequently too incoherent to with-

stand the turbulence of pumping in a well,

Middle Jurassic

The Middle Jurassic comprises two formations, the Great Oclite above and
the Inferior QOolite below. In the southern Cotswold Hills, the two
formaticons both comprise massive ooclitic limestones with subordinate
calcareous marls, and are separated by the impermeable Fullers Earth Clay.
Further north, this separating layer is absent, and a single aguifer is
present. In Lincolnshire, north of the Wash, the Inferior Oolite limestone
forms an important aquifer known as the Lincolnshire Limestone, separated
from the Great Oolite by the interbedded silts, sands and clays of the

Upper Estuarine Series.

For the purposes of resource calculations, the Lincolnshire Limestone is
treated as a separate aguifer, and, in the areas where this formation
occurs, the Great Oolite is referred to by name. Eleswhere, the Great

and Inferior colites are assessed as a single unit, the Middle Jurassic.

Wells in the Lincolnshire Limestone can yield at high rates. The 50%

probable yield is 2 600 m3/d and the 10% is 10 600 m3/d.

Artesian flows are common, and a well at Rippingdale had a free flow
on completion of 32 000 m3/d, the largest artesian flow known in Britain.
Since yields are dependent upon the intersection of suitable water-bearing

fissures, wells in this aquifer are always to some degree speculative.
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Wells in the limestones of the Middle Jurassic generally stand without
support. However, some wells have intersected very broken rock and lining

is occasionally necessary.

When the limestonesof the Upper and Middle Jurassic are taken together,
the 50% probable yield is 480 m3/d and the 10% is 4 200 ma/d. These

values exclude the yields from the Lincolnshire Limestone.

Lower Jurassic

The uppermost aquifer in the Lower Jurassic is a sandy fermation known
variously as the Cotteswold, Bridport, Yeovil or Midford sand. This sand
-.is in hydraulic continuity with the overlying Inferior Oolite. The
deposit occurs only in the south-west of England. The sands tend to have

a rather wvariable clay content.

Yields from these sands tend to be rather small, from 80 to 400 m3/d
being typical. Spring sources rather than wells tend to be used, and
the flow of such springs is often reinforced by leakage from the overlying

aquifers of the Middle Jurassic.

Wells in the Lower Jurassic sands require support and the use of sand

Screens is necessary.

The other aquifer present in the Lower Jurassic is the Marlstone Rock,
located at the top of the Middle Lias. This is essentially a develcopment
of thin limestones in an otherwise dominantly argillaceous succession. In
the Banbury area and northwards towards Northampton and in Yorkshire, the
Marlstone contains valuable ironstones which are worked commercially. In
these areas, groundwater often contains high concentrations of iron which

may render it non-potable.

3
Yields from the Marlstone Rock are typically small, less than 200 m™/d.
Consequently, although of importance locally for domestic and agricultural
supplies, this aguifer is not considered to be significant as a national

resource.

Wells in the Marlstone Rock generally required lining tubes and sand

screens. The limestone beds stand without support, but the intervening

sandy layers are prone to collapse.
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Permo-Triassic Sandstone

The Triassic sandstones comprises the Keuper Sandstone above and the

Bunter Series below. The latter can be further sub-divided into the Upper
Mottled Sandstone, the Pebble Beds, and the Lower Mottled Sandstone. In
parts of northern England, the Permian strata underlying the Trias are
also sandstones. Since in this situation the Permian and Triassic together
form a single aquifer, resources are calculated for the one unit,

collectively called the Permo-Triassic sandstones.

The strata comprise predominantly fine to medium—grained sandstones, but
include pebble beds (and occasionally conglemerates), coarse sandstones,
siltstones and mudstcnes. In some areas, mudstones may form an

appreciable porticn of the Keuper Sandstone.

Although arenaceous in character, with a specific yield varying from 5 to
25%, flow is commonly through fissures. Of 15 sites investigated by
Lovelock (1972), the ratio of transmissivity calculated from pumping tests
to inter-granular transmissivity, expressed as Tt/Ti, ranged from 1.0 to
8 500, with only two sites registering less than 4.0. The Permo-Triassic
sandstones may therefore be regarded as being of the mixed type with the
specific yield of an arenacecus aquifer and the transmissivity more

representative of a fissure aquifer.

Wells of 600 to 900 mm diameter in the Midlands generally yield 3 000 to
10 000 m3/d. Yields in the Cheshire Basin and the Vale of Clwyd are
generally less, ranging from 300 to 700 m3/d. In the north of England,
in the Vale of Eden and in the Carlisle Plain, the mean yield is of the
order of 1 000 m3/d, but the aquifer in this area is very much under-
exploited and no serxrious attempts have been made to construct high-yield

sources. Taken throughout the country, the 50% probable yield, is
220 m3/d and the 10% is 9 000 m3/d.

Wells in the Permo-Triassic sandstones normally stand without support.

It is customarxy to place 10 to 20 m of lining tubes in order to support
unstable ground near the surface. However, thick superficial deposits
(typically boulder clay) often overlie the aquifer and these require
lining. In a few areas, even the sandstones are unstable, apparently due

to a local lack of cementation.
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Magnesian Limestone

The Magnesian Limestone has a fairly narrow outcrop running from
Sunderland in the north to Nottingham in the Midlands of England. The
rock is a compact, fissured dolomite which in some areas, such as east of
Durham, may be brecciated and cavernous. The strata may be divided into
the Upper, Middle and Lower Magnesian Limestones, separated by marls and
siltstones. The Middle Limestone tends to be rather more porous than the
Upper or the Lower, but for resource calculation the Magnesian Limestone

is treated as a single aquifer.

1
l

Yields from this aquifer are dependent upon wells intersecting fissures,

and this introduces an element of chance into exploitation of the

groundwater. The 50% probable yield is 3 600 m3/d and the 10% is
8 000 m3/d.

Wells normally will stand unsupported in the Magnesian Limestone.

However, the marls separating the three divisions may need support and

some wells have been lined throughout.

Coal Measures

The Coal Measures comprise a succession of mudstones, clay shales, grits,
sandstones and subordinate coals. Coal seams are worked mainly in the
Lower and Middle Ccal Measures. The Upper Coal Measures tend to contain

a greater proportion of sandy strata.

Yields from wells in the Coal Measures are very variable. Generally

200 to 300 m3/d is as much as can be expected, although yields in the
Upper Coal Measures may be larger. Much groundwater is pumped as mine

3
drainage, and rates in excess of 5 000 m™/d are not uncommon.

Groundwater levels in the vicinity of coal mining areas are frequently
depressed due to dewatering during mining operations. Water quality also

tends to be seriously affected in such areas.

Although wells in the grit and sandstone beds usually need no support,
it is usual to use lining tubes and occasionally sand screens are also

fitted.
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Millstone Grit

The Millstone Grit consists of a succession of grits and sandstones
interbedded with mudstones and clay-shales. The grits and sandstones can
be thick and massive. The inter-granular storage can be high, depending
upon the degree of cementation in any partiéular location; but flow is

dominantly through fissures.

Wells in the Millstone Grit commonly yield 1 200 to 1 700 m>/d, and
exceptionally up to 4 300 m3/d. The fissuring tends to decrease with depth
and flows tend to be negligible beneath a cover in excess of 200 m. Flows
also tend to diminish with time since faulting often cuts off confined

strata from the outcrop and thus from recharge.

It is not usual to line wells throughout in the Millstone Grit since the

grits and sandstones generally stand without support.

Carboniferous Limestone

The Carboniferous Limestone Series includes a variety of sedimentary
Yocks, but the rock type generally associated with the series is the
massive limestone, well develcped in the Peak District of Derbyshire,
the Mendip Hills, north and south Wales, and north-west Yorkshire. 1In
the Craven district of Yorkshire, a predominantly shale sequence is
found, but further north, in Northumberland and the Midland Valley of
Scotland, the succession is more arenaceous but includes shales and thin

limestones.

In general, the limestones are compact and have a low porosity. Jointing
is well developed. Flow is entirely along joints and fissures and the

specific yield from the body of the rock is negligible. The fissures are
generally enlarged by solution, and in the areas of north-west Yorkshire,

the Peak District and the Mendip Hills, the limestones are karstic.

Yields in the Carboniferous Limestone are very variable due to the
necessity of intercepting suitable fissures, and the probability of failure
is high. BAmong successful wells, the 50% probability is for a vield of

350 m3/d and the 10% probability is for 3 000 m3/d

Wells in the Carboniferous Limestone rarely require lining because the
limestone stands without support.
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01ld Red Sandstone

The O0ld Red Sandstone crops out over large areas of central Wales and the
Welsh Borderland, and also over large areas of Scotland. The lithology
comprises sandstones and flaggy sandstcones, often micaceous, and,
particularly in Scotland, large conglomerates near the base. 1In the

northern outcrops, the formation contains large thicknesses of volcanic

rocks.

As an aquifer, the 0ld Red Sandstone is poor. The transmissivity rarely

exceeds 1.0 x 10_-3

2 . e o s .
m /s, and yields from individual wells are unlikely
to exceed 100 m3/d. However, it i1s commonly the case that no alternative
source of groundwater is available, and many small-holdings and domestic

requirements are supplied from this aquifer.

Wells in the 0ld Red Sandstone rarely require lining beyond the first
few metres below ground surface.



26

Table 3.1. Llst of aguifers in the United Kingdom
Era System Subsystem aquifer names Aquifer type Importance
Holacene Superficial deposits arenaceous *
Quaternary Upper and Middle Pleilstocene arenaceous *
Plelstocene
Crag arenaceous ok
3
8 Pliocene Coralline Crag arenaceous ok
g
! Oligocene
Q
Bagshot Beds arenaceocus *
Tertiary
Blackheath & Oldhaven Beds arenaceous *
Eocene
Woolwich & Reading Beds arenaceous *
Thanet Beds arenacecus b
Upper Cretacecus Chalk & Upper Greensand fissure k¥
Cretaceous . Lower Greensand arenaceous Fk
Lower Cretaceous
Hastings Beds arenacecus *w
Portland & Purbeck Beds fissure *
ko
Upper Jurassic (Spilsby Sandstone) (arenaceous) (***)
U
'§ Corallian fissure bl
[+] .
ssie . s ; . s
g Jurassi Middle Jurassic Great & Inferior Oolitic Limestone fissure kxk
wk
Lower Jurassic Bridport & Yeovil Sands arenaceous
(Lias) Marlstone Rock fissure *
Keuper | )
Triassic )
Bunter )} Permo~-Triassic Sandstones mixed hREE
)
)
Permian
Magnesian Limestone fissure LA
3
D mixed -
g Upper Coal Measures {multilayered)
k
S .
£ | carbonis u Carponiferous | Middle & Lower Coal Measures mixed *
[ arbanifercus | Upper oni iddle {multilayered)
M
é : : mixed .
=) Millstone Grit {multilayered)
Lower Carboniferous |Carboniferous Limestone fissure w
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4. THE MAPS ACCOMPANYING THE REPORT
Scale, sheet size and numbering
The cartographic representation of the study has been provided by the

preparation of a set of four multi-coloured maps on a scale of 1:500 000

(one centimetre to five kilometres).

In order to cover the nine member states on this scale and, at the same
time avoid having large, unwieldy maps, a sheet size of 95 cm x 65 cm
has been adopted. 1In this way, coverage of the member states is achieved

with 3B sheets, and 8 of these relate to the United Kingdom.

The sheet numbering is illustrated in Figure 4.1.

.| § \139 10/}5-?"\:" éﬂ

4
18 \JJ\_7 19 >20
4

-]
- Y
~l

1

!

21 22 23

o |21 { 28 ( 29
| L~
30 /ﬁ\/ —'—Qs

Figure 4.1 Sheet numbers



Each sheet carries a location name as well as a number and the location

names of the United Kingdom sheets are shown in Figure 4.2,

[
0% 1 KIRKWALL

4 BELFAST 5 GLASGOW

8 DUBLIN js BIRMINGHAM
\ 9/
13 LONDON
12 BRISTOL
o

Figure 4.2 Location names and numbers of UK sheets
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Descriptions

(1) Map 1: Aquifers: Showing the locations of the aguifers and defining

their geometry and geology. Features are as follows:

(a) Aquifers: gecmetry and type

. extent of areas underlain by one or more aquifers

. areas of surface outcrop

. single and multilayered aguifers

. depth and thickness of aquifers

. poor, or complex, local agquifers of restricted extent
. confined aquifers

. unconfined agquifers

(b) Aguifers: geology and lithology

. intergranular flow
. fissure flow

. mixed aquifers

. karst areas

. alluvium

. faults

. lithology and age

. positions of aquifers in the vertical plane
(illustrated by means of typical cross-sections)

() ©Other features

. relief (by contour lines)

. surface water

. groundwaters seepage areas (not shown on UK maps)

. selected urban areas

. water authority boundaries (England and Wales only)

. national grid (by reference points along the edges of the sheets)

(2) Map 2: Groundwater hydrolegy: Showing aguifer boundaries and movement

of groundwatexr. Features are as follows:

{a) Groundwater movement

. piezometric surface

fluctuations of piezometric surface -

. directions of groundwater flow



(b)

(c)
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. transmissivity
. movement of water between aquifers
. transfers between rivers and aquifers

. karst areas

Aquifers

. aguifer boundaries

. alluvium

Other features

. surface water

. Selected urban areas

. areas of significant artificial recharge

. saline intrusion

. groundwater seepage areas (not shown on UK maps)

. limits of mineralized waters (not shown on UK maps)
. Springs

. national grid (by reference points along the edges of the sheets)

Note: This map has been prepared on transparent material so that it can be

(3)

{a)

(o)

(c)

(@)

laid over Maps 1, 3 and 4.

Map 3: Groundwater abstractions: Showing sizes of abstractions;
locations of wells and springs; mine
drainage

Abstraction rates

. groundwater units

. abstraction densities

. sizes of abstractions
Springs or groups cof springs

. average discharges

Mine drainage

Other features

. relief (by contour lines)

. surface water



(4)

(a)

(b)

(¢}
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. selected urban areas

. national grid (by reference points along the edges of the sheets)

Map 4: Potential additional resources: Showing recharge and
availability of resources.

Features are as follows:

Recharge

. areas with significant artificial recharge

Availability of resources

. groundwater units

. probable movement of groundwater between units
. areas with surplus available

. resources fully developed

. resources over-developed

. aquifers without significant resources

Other features

. relief (by contour lines)
. surface water
. selected urban areas

. national grid (by reference points along the edges of the sheets)
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5. GROUNDWATER RESCURCES

This chapter contains 12 sections, dealing individually with the 10 water
authority areas in England and Wales, and with Scotland and Northern
Ireland. The area covered by each section is divided into Units, these
being numbered both in the section and upon the maps accompanying this
report (see Chapter 4). The resources of the individual Units, omitting
those cdntaining no groundwater resocurces, are given in a series of
accompanying tables. These show for each aquifer within each Unit mean
annual rainfall, evaporation and infiltration, details of existing

abstractions and computed water balances.

The infiltration in each Unit is a mean annual value estimated by the
authority concerned. Allowances have been made for drift cover which may
reduce infiltration. Rainfall, evaporation and infiltration are all
expressed in millimetres (mm). The outcrop area of each agquifer within
each Unit is expressed in square kilometres (kmz). The mean annual
replenishment of each Unit is then calculated by multiplying the ocutcrop
area by the mean annual infiltration. Because the groundwater storage
within aguifers is wvery large, the effect of a greater or lesser
replenishment in any year can usually be disregarded and the meaningful

figure is the average annual recharge.

In England and Wales, all significant groundwater abstractions are
controlled by a statutory licensing and charging scheme operated by the
Water Authorities. Licences may specify the maximum permitted abstraction
annually, seasonally or daily. Exemptions from the licensing system are
abstractions for purely domestic use, for agricultural requirements other
than spray irrigation, for mine drainage and for Crown properties. In
addition, certain specified areas containing no significant groundwater
rescurces have been exempted from licensing requirements. In the
tabulations, the annual licensed abstraction and the actual abstraction in
1977, for which totals were provided by the authorities, are shown in
millions ¢f cubic metres per annum (106 m3/a). In Scotland and Northern
Ireland there is no equivalent licensing system and the tabulations show
only the actual abstractions in 1977, although for Scotland the

" abstraction figures are uncertain, albeit very small, and have been

omitted.
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The balance of resources in 1977 is shown as the difference between the
calculated annual replenishment and the actual abstraction in that year.
Where an annual replenishment value has not been estimated, because some
or all of the necessary parameters were not available, then the replenish-
ment is assumed to be equal to the abstraction. In reality, there is

generally some surplus in such cases.

A positive balance of resources over present use indicates that resources
are available to meet growth in demand but this does not mean that the
quantity so estimated is necessarily available for development and use by
other abstractorsp In Scotland and Northern Ireland, where no licensing
system exists, existing abstractors will probably have developed boreholes
and installed plant with a capacity exceeding the actual abstracticn in
1977. These abstractors will assume a common law right to abstract the
full quantity for which plant has been provided. In England and Wales

the licensed abstractions are in effect a commitment of resources. The
Water Authorities are required by the Water Act 1963 not to license new
abstractions which might derogate from the rights of existing licence
holders. Thus in principle they should not license abstractions in excess
of the total available resources. Additional resources are available for
development only if there is a uncommitted surplus of resources over
existing licensed qguantities, and other constraints, such as the effect on
stream flows or the control of groundwater gquality, do not preclude further
development. In the period leading up to full utilisation the licensed

abstractions will always exceed the actual abstractions.

In the tabulations for some Units it will be noted that the licensed
abstractions already exceed the natural recharge even though there may

be a balance of resources over actual abstractions in 1977. This over-
commitment of resources resulted, in most cases, from the autcomatic
granting of licences of right to existing abstractors at the time that the
licensing system was introduced. Rectification of this situation, or l
re-allocation of resources, can only be achieved by the cancellation of
some existing licences and this would entail payment of compensation by
the Water Authority to the existing licensee for his loss or rights. The
Water Authorities are already taking steps to restore the balance in these
areas of over—abstraction by reducing their own abstractions and by

reviewing, and revoking, licences where necessary.
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5.1 Scotland

General Features

Scotland occupies 77 246 km2 of the north of the United Kingdom (Fig 2.1}.
Orographically, it may be divided into three parts. The most northerly

is generally referred to as the Northern Highlands (Fig 5.1.1), an area of
rugged, heather-covered hills among which are the highest peaks in the
British Isles, Ben Nevis (1343 m) and Ben Muich Dhui (1309 m). This area
is floored largely by strata of Pre-Cambrian age with outcrops of 01d Red
Sandstone arcund the Moray Firth, and a few small outcrops of Mesozoic
strata. Intrusive and volcanic rocks of various ages up to the Tertiary

are common, notably in the Inner Hebrides.

The second division is known as the Central Lowlands (or the Midland
Valley) , comprising the area between the Highland Boundary Fault and the
Southern Uplands Fault. This region is floored mainly by strata of
Palaeozoic age, the higher parts reaching altitudes of 600 m and more above

sea-level in the Lennox and Ochill hills.

The third division is known as the Southern Uplands, comprising an
undulating landscape, less rugged than the Northern Highlands. The higher
peaks are Merrick (840 m), Hartfell (808 m) and Broad Law (840 m), This
area is floored for the most part by Lower Palaeozoic rocks. Intrusive
rocks are common, ranging from numercus dykes and sills to large granitic
bodies. Cocnsiderable thicknesses of extrusive strata are developed in

the area close to the English border.

In addition to the mainland, there are numerous islands, almost all being

off the western and northern coasts. .

There are many rivers draining the country, but none are of any great
length. The longest are the rivers Clyde draining to the west, and the
T™weed, Tay and Spey, draining to the east coast. Due to the large areas
of impervious strata and the heavy rainfall, the variation in flow in the

Scottish rivers tends to be very great.

The population in 1974 was of the order of 5.2 million. The principal
towns include Edinburgh (the capital city; population 475 000), Glésgow
(856 000), Aberdeen (212 000), Dundee (194 000), Inverness (35 000) and
Thurso (10 000).



35

Industry is largely confined to the Central Lowlands. Extensive coal
mining once took place in this region, but deep mine operations at the
present day are much reduced. Opencast mining now supplies a large
proportion of Scottish coal. Agriculture is widespread in the Central
Lowlands and the Southern Uplands, but in the Northern Highlands the land
is mainly given over to deer forest and open moorland although many sheep

also graze there.

Aquifers

The 01d Red Sandstone of the Northern Highlands (including the islands of
Orkney and Shetland) outcrops on the east coast, and is over 4 000 m thick.
It comprises for the most part sandstones and flaggy sandstones. In the
Central ILowlands, the maximum thickness is about the same, but the
succession contains volcanic rocks, and the sandstones are less flaggy.
Conglomerates are common, particularly near to the base. In the Southern
Uplands, the total thickness is uncertain, but it is estimated that some
400 m of volcanics are present within a sequence of sandstones, marls and

breccias with conglomerates at the lower horizons.

Transmissivity has been determined at 5 sites in the 01d Red Sandstone.
4 2
m /s. There is no significant wvariation

between Units. The specific yield has a mean value of about 1 x 10_2.

The mean value was 6.6 x 10

The Lower Carboniferous contains a number of different rock types, varying
from limestone to calcifercus sandstone to shale and mudstone with coal.
The maximum thickness is about 1 500 m in the Central Lowlands and about

2 000 m in the country adjacent to the English border. However, the
thickness varies considerably from one locality to another. The
transmissivity has been determined at one site in Unit 8, where a wvalue

of 5.0 x 10_4 m2/s was obtained, and values are probably low throughout

the aquifer. No useful data on the specific vield is available.

The Upper Carboniferous comprises a succession of sandstones, marl, shales
and sandstones with coals. In the Central Lowlands, the maximum thickness
is of the order of 900 m, and in the Southern Uplands it reaches a total

of 1 300 m in the Canonbie area although poorly developed elsewhere.

The Permo-Triassic sandstones comprise aeolian and water-lain deposits.

The maximum thickness of about 1 000 m is attained in fault-bounded troughs
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at Stranraer, Dumfries and Lochmaben together with thinner accumwulations

on the Solway coast, in Ayrshire and on the Isle of Arran. Transmissivities
are in the range 0.1 to 1.0 x 10_2 m2/s, but are locally variable depending
on facies development, fissure frequency and the development of minor

igneous intrusions.

Resources

Although groundwater in Scotland is considered to be of limited importance
due teo the abundance of surface sources supported by relatively persistent,
heavy rainfall, valuable yields may be obtained where a suitable aguifer
coincides with an area of low rainfall or where surface supplies may be
difficult to develop. Superficial deposits are widespread, comprising
mainly boulder clay and peat in upland areas and mixed fluvio-glacial and
raised-beach deposits in low-lying and coastal areas. These are locally
exploited for groundwater but are often neglected due to the availability
of a mains supply. The resources for the aquifers for which data are
available are given in Tables 5,1.1 and 5.1.24. However, there are
several Units in which potential aquifers are present, but for which no
information exists, and those Units are considered for the purpose of

this report to have no aquifers and are omitted from the tables.

There is algo no licensing system such as that in force in England and
Wales. Consequently, there is very little information available on the
yvields of wells and it has not been possible to estimate present

abstraction for the purposes of Tables 5.1.1 to 5.1.24, There is scope

for considerable investigation in this area.
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Table 5.1.1, Groundwater resources for Unit 1 of
Scotland
outero mean mean mean licensed actual balance of
RAquifer area P annual annual annual abstraction abstracticn resources
rainfall evaporation infiltration {annual} (1977) (1977)
2
kn mm mm mm 106 m3 106 m3 106 m:‘l
o;ing::one 1440 790 355 75 0.0 0.0 108.0
Table 5.1.2. BAkstraction of groundwater and balance
of resources for Unit 1 of Seotland (1977)
licensed actual balance of
Aquifer abstraction abstrxaction resources
103 m3/km2 103 1'133/5<.tn2 103 m3/]c.|::.2
0ld Red Sandstone 0.0 ! 0.0 60.4
Table 5.1.3. Groundwater resources for Unit 2 of
Seotland
outcro mean mearn mean licensed actual balance of
Aquifer a.reap annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) {1977) (1977)
km? o mn mm 10° o’ 10% o° 10% o2
Oé:ngggone 2179 800 355 90 0.0 0.0 196.1
Table 5.1.4. Abstraction of groundwater and balance
of resources for Unit 2 of Scotland (1977)
. licensed actual balance of
Rqui fex abstraction abstraction resources
10% n°/kn? 10° o/kn? 10° o/km?
0.0 0.0 14.7

01d Red Sandstone
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Table 5.1.5. Groundwater rescurces for Unit 8 of
Seotland
outero mean mean mean licensed actual balance of
P
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltratien (anhnal} (1977) (1977}
2
km mm mm mm 106 m3 106 m3 106 m3
014 Red
Sandstone 3866 801 380 93 0.0 0.0 356.9
Upper
Carboniferous 64 750 450 100 0.0 0.0 6.4
Lower
Carbonlferous 2661 901 422 120 0.0 0.0 319.3
Total 0.0 0.0 6B2.6
Table 5.1.6. Abstraction of groundwater and bhalance
of resources for Unit 8 of Scotland (1977)
licensed actual balance of
Aqui.fer abstraction abstraction resources
3 3 2
10° o™ /kn 10% n? /1’ 10% n/xa
0ld Red Sandstone 0.0 0.0 40.7
Upper Carboniferous 0.0 0.0 0.7
Lower Carboniferous 0.0 0.0 36.4
Total 0.0 0.0 77.8
Table 5.1.7. Groundwater resources for Unit 11 of
Scotland
outero mean mean mean licensed actual balance of
Aquifer a.reap annual annual annual abstraction  abstraction resources
rainfall evaporaticn infiltration (annual) {1977) {1977)
]1:.tn2 mm mm mm 106 m3 106 m3 106 m3
0ld Red
Sandstone 918 750 380 75 0.0 0.0 68.9
Lower
Carboniferous 261 700 400 120 0.0 0.0 31.3
Total 0.0 0.0 100.2
Table 5.1.B. BAbstraction of groundwater and balance
of resources for Unit 11 of Scotland (1977)
Aquif licensed actual balance of
quiter abstraction abstraction resources
107 w*/km? 10* n’/kn? 10% o /xn?
0ld Red Sandstone 0.0 0.0 15.1
Lower Carboniferous 0.0 0.0 6.9
Total 0.0 0.0 22.0
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Table 5.1.9. VGrou.ndwater resources for Unit 12 of

Scotland
mean mean mean licensed actual balance of
outcrop
Aquifer area annual annual apnual abstraction abstraction resources
rainfall evaporation infiltration (annual) {1977} (1977}
L2
km mm mm m 106 m3 106 m3 106 ln3
Lower
Carbonifercus 516 1200 380 100 0.0 a.o 51.6
Permo-Triassic
sandstones 157 1000 420 150 0.0 0.0 23.5
Total 0.0 0.0 75.1
Table 5.1.10. Abstraction of groundwater and balance
of resources for Unit 12 of Scotland (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
103 m3/km2 lt:|3 m3/km2 103 m:'l/km2
Lower Carbonlferous 0.0 0.0 51.7
Permo-Triassic sandstones 0.0 0.0 23.5
Total 0.0 0.0 75.2
Table 5.1.11. Groundwater resources for Unit 13 of
. Scotland
& mean mean mean li¢ensed actual balance of
Aquifer oua:r:p annual annual annual, abstraction  absatraction resources
€ rainfall evaporation infiltration (annual) (1977) (1977}
k_m2 mm mm mm 10G mj 106 m3 106 m3
Permo-Triassic 121 1175 400 150 0.0 0.0 16.6
sandstones
Table 5.,1,12. Abstraction of groundwater and balance
of resources for Unit 13 of Scotland (1977)
, licensed actual balance of
Aquifer abstractien abstraction resources
2 3 3 2
103 1113/k.tn2 103 m3/km 10" m™ /km

Permo-Trlassic sandstones 0.0 0.0 17.3
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Table 5.1.13. Groundwater resources for Unit 14 of
Sgotland
outcrop mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstraction resources
ralnfall evaporation  infiltration {annual) (1977) (1977}
2
ko mm mn e 106 m3 106 m3 106 m3
Upper
Carboniferous 51 1400 380 120 0.0 0.0 6.1
Permo-Triassic
sandstones 265 1126 431 150 0.0 0.0 36.8
Total 0.0 0.0 42.9
Table 5.1.14, Abstraction of groundwater and balance
of resources for Unit 14 of Scotland (1977)
Aquifer license.d actual balance of
abstraction abstraction resources
3 2
10 m3/k.m2 103 1113/km2 103 m3/km
Upper Carbenifercus 0.0 0.0 4,1
Permo-Triassic sandstones 0.0 0.0 24.9
Total 0.0 0.0 29.0
Table 5.1,15. Groundwater rescurces for Unit 16 of
Seotland
out mean mean mean licensed actual balance of
aguifer uterop annual annual annual abstraction abstraction resources
8Fe34 L ainfall evaporation infiltration (annual) {1977 {1977
}c.m2 mm mm mm 106 m3 1Cl6 1113 10EI m3
permo-Iriassic 93 1050 450 150 6.0 0.0 13.9
sandstones

Table 5.1.16. Bbstraction of groundwater and balance
of resources for Unit 16 of Scotland (1977)

. licensed actual balance of
Aquifer abstraction abstraction resources
2
103 m3/km2 1(}3l ma/km2 103 m3/}cm
Permo-Triassic sandstones 0.0 0.0 6.8
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Table 5.1.17, Groundwater resources for Unit 1B of

Scotland
outcrop mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) (1977) (1977
2
km mm mm mm 106 m3 106 m3 106 m3
0Old Red :
Sandstone 163 1200 420 100 0.0 0.0 16.3
Upper
Carboniferous 395 1200 a70 120 0.0 0.0 1.4
Permo-Triassic 46 1050 450 150 0.0 0.0 6.9
sandstones
Total 0.0 0.0 94.6
Table 5.1.18. BAbstraction of groundwater and balance
of resources for Unit 1B of Scotland (1977)
Aquifer licensed actual balance of
4 abstraction abstraction - resources
103 m":’/k.m2 103 m3/k.m2 ltZ)3 1113/km2
01ld Red Sandstone 0.0 0.0 6.9
Upper Carboniferous 0.0 c.0 30.0
Permo-Triassic¢ sandstones 0.0 0.0 2.9
Total 0.0 0.0 39.8
Table 5.1.19. Groundwater resources for Unit 30 of
Scotland
& mean mean mean licensed actual balance of
Bguifer cuterap annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration (annual) {1977 1977)
kmz mm mm mm 106 m3 10G m3 105 m3
Permo-Triassic 182 1600 450 150 0.0 0.0 27.3
sandstones
Table 5.1.20. Abstraction of groundwater and balance
of resources for Unit 30 of Scotland (1977}
licensed agtual balance of
Aquifex abstraction abstracticn resources
3 3 2
103 1113/kr|12 103 1113/'!~r.m2 107 m" /km

Permo-Triassic sandstenes 0.0 0.0 12.6




Table 5.1.21.
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Groundwater resources for Unit 33 of

Scotland
mean mean mean licensed actual balance of
outecrop
Aquifer area annual annual annual abstraction abatraction resources
rainfall evaporation infiltration (annual) (1977) {1977)
k.m2 mm mn mm 106 m3 106 m3 106 m3
0ld Red
Sandstone 880 1020 355 75 0.0 0.0 65.6
Table .5.1.22. Abstraction of groundwater and balance
of resources for Unit 33 of Scotland (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
10;‘1 1113/k:m2 103 r.n:*/]m:2 103 :113/14'.!11:2
0ld Red Sandstone 0.0 0.0 74.5
Table 5.1.23. Groundwater resources for Unit 34 of
Scotland
outero mean mean mean licensed actual balance of
Aguifer a_reap annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration {annual) (1977) (1977)
km? mn m m 10 n® 10° o? 10° o3
01d Red 135 1100 355 75 0.0 0.0 10.0
Sandstone
Table 5.1.24. Abstraction of groundwater and balance
of resources for Unit 34 of Scotland (1977)
Aquif licensed actual balance of
quiter abstraction abstraction resources
10° n®/kn? 10° n/kn® 10% o’/kn’
0ld Red Sandstone 0.0 0.0 7.8
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Table 5.1.25. Areas of Units in Scotland (kmz)

Unit Area Unit Area
1 1789 18 2377
2 13330 19 814
3 1545 20 720
4 1414 21 808
5 1336 22 1390
6 2117 23 1177
7 2027 24 1327
8 8771 25 1153
9 5081 26 1679

10 976 27 1061
11 4549 28 2196
12 998 : 29 1958
13 960 30 2163
14 1480 31 2508
15 1526 32 2733
16 2046 33 880

17 1078 34 1278
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5.2. HNorthern Ireland

General Features

Northern Ireland comprises a land area of i4 194 kmz. Bounded by the sea
to the north and the east, it is bordered to the west and south by the
Republic of Ireland (Eire).

The country is dominated by the low lying valley of the river Bann and the
large lake of Lough Neagh (Figure 5.2.1.). This area is less than 75 m
above sea-level. To the west, there is higher ground dominated by the
Sperrin Mountains rising to 680 m in the peak of Sawel Mountain, To the
east lies a range of coastal high lands, rising to 550 m in the peak of
Trostan. In the extreme south-east are the highest hills in Northern
Ireland, the Mourne Mountains, the highest peak being Slieve Donard at

852 m above sea-level. The country is drained by numerous rivers, the
longest of which are the rivers Bann and Foyle. The population in 1974
was of the order of 1.5 million. The principal towns are Belfast

(population 363 000) and Londonderry (51 000).

Industrial areas are mainly concentrated around Belfast and Londonderry,

the remainder of the country being almost wholly agricultural.

The geological formations present in Northern Ireland range from the
Pre-Cambrian to the Recent. The geology is, however, dominated by the
Tertiary basalts covering the country from Belfast to the north coast at
Lough Foyle. Most of the Cretaceous (Chalk and Greensand) rocks lie under
this basaltic layer with outcrops restricted to narrow bands at the msrgins.
Permo-Triassic sandstones outcroﬁ near Belfast in the valley of the river
Lagan and in an interrupted belt from Armagh, south-west of Loch Neagh, to
the coast neaxr Limavady. Elsewhere, the strata can be divided into two
areas, the Pre-Cambrian rocks of the Londonderry region as far south as
the Sperrin Mountains, and the Devonian and Carboniferous which lie
between the Sperrin Mountains and the border with the Irish Republic teo
the south.

Aquifers
The Carboniferous Limestone Seriesreaches a maximum thickness of 2 000 mto
the east of Lough Erne. The middle part of the succession contains some

sandsteone and argillaceous limestone, but in the upper and lower parts the
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limestone is generally massive. Groundwater flow is through fissures and
these may be large although distributed relatively sparsely through the

aquifer. ©No data are available concerning aquifer properties.

The aguifer formed of the Permo-Triassic sandstones attains a

maximum thickness of 600 to 700 m, but is generally less than 450 m thick.
The basal rocks are often breccias (known as "brockrams"), but the
remainder of the succession comprises sandstones with frequent clay
partings. The transmissivity has been determined at 8 sites, and a mean
value of 1.5 x 10 -3 m2/s was obtained (Figure 5.2.2.), the values
ranging from 3.5 x 10_4 m2/s toc 6.0 x 10-3 mz/s. The mean coefficient of
storage is 4.3 x 10-4'

&he Chalk differs from that of England by being much harder and less
pervious. The outcrop areas are small, the aguifer being largely overlain
by basaltic rocks of Tertiary age. Most of the recharge is by leakage
from fissures in these basalts, and this has yet to be assessed. The
transmissivity was determined at a single site in Unit 5 where a value of
4.2 x 10_3 m2/s was obtained, but it is uncertain whether this is
representative of the Chalk as a whole. The coefficient of storage was noct

determined.

In Northern Ireland, superficial aeposits form useful aguifers. They
comprise sands and gravels, usually of glacial origin although some are of
fluvial origin. Thicknesses are generally small, the mean being less than

10 m.

The transmissivity has been determined at 10 sites, and a mean value of
1.9 % 10_2 m2/s was obtained, with values ranging from 7.5 x 10_4 m2/s to
5.5 x 10_2 m2/s. The mean value for the specific yield was 5.2 x 10"2.
Thexe are other potential aguifers in Neorthern Ireland, for example, the
01ld Red Sandstone, the Carboniferous sandstones, the Hibernian Greensand
and the Tertiary basalts. However, there are no data at present available
upon which to base a useful assessment of resources and they have, there-

fore, been omitted.

Resources

6
Yields of wells in the Carboniferous Limestone average about 0.4 x 10
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3
m /a,-and the maximum recorded in 1977 was 1.3 x 106 m3. Occasionally,

wells fail to provide a significant yield due to failure to intersect

suitable fissures.

Wells in the Permo-Triassic sandstones aquifer usually yield between 0.4
3
and 0,7 x 106 m /a. The largest abstraction in 1977 was 1.9 x 106 m3.
In the Chalk, the greatest abstraction during 1977 was 1.8 x 106 m3, but
3
the mean was nearer 0.4 X 106 m~-. The larger yields are much less than in
the Chalk of England and this is mainly due to the greater degree of

induration.

Yields in the Superficial Deposits aquifer are very variable. The largest
recorded in 1977 is of the orxrder of 1.6 x 106 m3. However, the safe

yvield is dependent more upon the resources available in a given location
rather than in the ability of the well to be pumped at high rates. In the
meore extensive ocutcrops, yields of 0.6 to 0.8 x 106 m3/a can be obtained,
while the smaller outcrops may conly support an abstraction of 0.1 x 106

3
m /a or less.

Wells in the Superficial Deposits aguifer require sand screens and full
lining, since the deposits are unconsolidated and require support. In the
other agquifers, the strata will stand without support, and lining tubes are
usually necessary only through overlying drift deposits and in the
uppermost few metres of the aquifer. Details of the resources in the
individual Units are shown in Tables 5.2.3. to 5.2.14. There are no
groundwater resources in Unit 7, which has, therefore, been omitted. The
outcrop area of the Chalk is very limited and most of the natural recharge
comes from leakage through the overlying basalts. This has not yet been

accurately assessed, but for the purposes of calculating resources it is

assumed that the resources equal the abstraction so that the balance
chown in the Tables will be zero. In reality, there is probably a surplus

in these instances.
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Mean value 1 5x10-3mZ/s
Maximum value 6-0x10™3m2/s
Minimum value 35x10~4m2ss
Standard deviation 1-9x10~3mZss
Number in system 8
44 oo
B ':3.'
3 2
o +d
19 o
ok Sk
0o 1 2 3 4 5 7 8

10—3m?/s

Fig:5.2.2. Transmissivities of the Permo -Triassic sandstones
aquifer in Northern Ireland (m2/s)
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Table 5.2.1. Transmissivities in the Permo-Triassic
sandstones aguifer in Northern
Ireland (m2/s) '

Mean as
. Number of .. . % of
Unit determinations Mean Minimum Maximuam overall
mean
-3
3 1 1.2 x 10 - - 80
6 7 1.6 x 1070 3.5 x107% 6.0 x 1073 107
. ‘ . -3 -4 -3
All Units 8 ‘ 1.5 x 10 3.5 x 10 6.0 x 10 100
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Table 5.2.2. Transmissivities in the Syperficial
agquifer in Northern Ireland (m2/51

Mean as
Unit Numb?r O? Mean Minimun Maximuam ¥ of
determinations overall
mean
-2
1 1 2.5 x 16 - - 130
-3
2 1 4.1 x 10 - - 22
3 1 7.5 x 107~ - - 4
4 6 2.6 x 1002 2.1 x10°° 5.5x 107 140
-3
o 1 5.6 x 10 - - 29
-2 4

All Units 10 1.9 x 10 7.5 x 10 5.5 x 10-2 100
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Table 5.2.3. Groundwater resources for Unit 1 of
Northern Ireland
autero mean mean mean licensed actual balance of
Aquifer areap annual annual annual abstraction abatraction resources
rainfall  evaporation infiltration (annual) {1977) {1977)
km2 mm mm mi 106 m3 106 m3 106 m3
Superficial 29 1300 388 365 0.0 1.0 9.7
Carbonifercus
Limestone 1514 1300 388 912 0.0 1.8 1379.0
Total 0.0 2.8 13g8.7
Table 5.2.4. BAbstraction of groundwater and balance
of resources for Unit 1 of
Northern Ireland (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
103 m3/km2 103 m3/]-c.|:12 1(]3 m'-"]/km2
Superficial 0.0 0.5 4.9
Carboniferous Limestone Q0.0 0.9 703.3
Total 0.¢ 1.4 708.2
Table 5.2.5. Groundwater resources for Unit 2 of
Northern Ireland
outers mean mean mean licensed actual balance of
Aquifer a.reap annual annual annual abstraction abstraction resources
rainfall  evaporation infiltration {annual) (1977 (1977
k.m2 mm mm mm 106 m3 10(:_l ru3 106 m3
Superficial 460 1145 389 302 0.0 0.0 138.8
Chalk 0 1145 389 0 0.0 0.2 0.0
Carboniferous 283 1145 389 912 0.0 0.0 258, 1
Limestone
Total 0.0 0.2 396.9
Table 5.2.6. Abstraction of groundwater and balance
of resources for Unit 2 of
Northern Ireland (1977)
uifer licensed actual balance of
Aq e abstraction abstraction resources
10° 0¥k 10° o /x? 16 m°/kn?
Superficial 0.0 0.0 67.9
Chalk 0.1 0.0
Carboniferous Limestone 0.0 0.0 126.3
Total 0.0 0.1 194.2
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Table 5.2.7. Groundwater rescurces for Unit 3 of
Northern Ireland

outcrop mean mean mean licensed actual balance of
Agquifer area annual annual annual abstraction  abstraction regources
rainfall  evaporation JInfiltration (annual) {1977) (19rn
2
km mm mm mm 106 m""1 106 m3 105 m3
Superficial 137 1100 435 266 0.0 1.6 34.9
Chalk 0 1100 435 ] 0.0 1.1 0.0
Parmo-Triassic
sandstones 45 1100 435 598 0.0 1.1 25.8
Carboniferous
Limestone 161 1160 433 665 0.0 0.0 107.1
Total 0.0 3.8 167.8
Table 5.2.8. Abstraction of groundwater and balance
of resources for Unit 3 of
Northern freland {(1977)
licensed actual balance of
Aquifer abstraction abstraction resources
103 m3/]cm2 10'.'.l malkmz 103 malkmz
Superficial 0.0 1.7 3¥7.5
Chalk 0.0 1.2 0.0
Permo-Triassic sandstones 0.0 1.2 27.7
carboniferous Limeatone 0.0 0.0 115.1
Total 0.0 4.1 180.3
Table 5.2.9. Groundwater resources for Unit 4 of
Northern Ireland
" mean mean mean licensed actual balance of
Rquifer outerop annual annual annual abstraction  abstraction resources
area rainfall evaporation 1infiltratien (annual) {1977) (1977)
3
]un2 mm mm mm 106 m3 106 m3 106 m
Superficial 484 1170 409 304 .0 8.8 138.2
Chalk ¢} 1170 409 ¥} c.0 0.6 0.0
Permo-Triassic 223 1170 409 685 0.0 0.2 152.6
sandstones
Carboniferous 847 1170 409 761 0.0 6.4 638.3
Limestone

Total 0.0 16.0 929.1




Table 5.2.10.
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Abstraction of groundwater and halance
of rescurcea for Unit 4 of
Northern Ireland (1977)

licensed actual balance of
if
Aquifer abstraction abstraction resources
3 2
103 m” /km 103 1:13/lC|112 103 mallnx'.m2
Superficial 0.0 1.6 25.2
Chalk 0.0 0.1 0.0
Permo-Triassic sandstone 0.0 0.0 27.9
Carboniferous Limestone 0.0 1.2 116.5
Total 0.0 2.9 169.6
Table 5.2.11. Groundwater rescurces for Unit 5 of
Northern Ireland
oUtCro mean mean mean licensed actual balance of
Aquifer o a.reap annual annual annual abstraction ahstraction respurces
rainfall evaporation infiltration {annual) (1977 (1977)
km2 mm mm J.()6 m3 106 m3 106 n
Chalk 21 1249 413 579 0.0 3.6 8.6
Permo-Triassie
3.7
sandstones 5 1240 423 744 0.0 0.0
Total 0.0 3.6 12.3
Table 5.2.12. &Abstraction of groundwater and balance
of resocurces for Unit 5 of
Northern Ireland (1977)
Aquif licensed actual balance of
quilex abstraction abstraction resources
2 3 3, 2
103 m:*/km2 103 m3/km 107 m™ /km'
Chalk 0.0 4.1
Permo-Triassic sandstones 0.0 0.0 -2
Total 0.0 4.1 13.9




Table 5.2.13,

Groundwater resources for Unit & of
Northern Ireland

cutcrap mean mean mean licensed actual balance of
bgulfer area annual annual annwal abstraction abstraction resgurces
rainfall evaporation infiltration (annual) (1977) (1977}
km2 i mm 106 m3 1|I)6 m3 106 m3
Superficial 36 970 446 210 0.0 1.3 6.3
chalk 5 970 446 367 0.0 2.0 0.0
Permo-Triassic 187 970 446 472 0.0 11.1 77.0
sandstones
Total 0.0 14.4 83.3
pable 5.2.14. Abstraction of groundwater and balance
of resources for Unit&of
Noxrthern Ireland (1977}
Aquifer licensed actual palance of
quile abstraction abstraction resources
. 2
103 1113/k.n12 103 m3/km2 103 m3/k:m
Superficial 0.0 0.7 3.4
Chalk 0.0 i.1 0.0
Permo-Triassic sandstones 0.0 6.1 42.0
Total 0.0 7.9 45.4
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Table 5.2.15. BAreas of Units in Northern
Ireland Gﬂm2)

Unit Area

1961
2044

921
5479

883
1835
1o61

=l O U s W N e
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5.3. Northumbrian Water Authority

General Features

The Northumbrian Water Authority covers an area of 9220 km2 in the north-
east of England (Fig 2.1}. On the east, the area is bounded by the sea, and
o the vest ad the north by the high ground of the Pennines and the

Cheviots (Figure 5.3.1). The lower-lying country between the Pennines and
the sea is undulating and occasionally heavily dissected, with.a mean
altitude of approximately 70 m above sea-level. The main rivers, the
Tyne, Wear and Tees, drain eastwards to the sea, and there are numerous

smaller rivers flowing in the same direction.

The total population in 1974 was of the order of 2.7 million. The major
towns are Newcastle (population 217 000}, South Shields (99 000),

Sunderland (215 000), Middlesborough (150 000) and Darlington (86 000).

The region around Newcastle, Sundérland and Teeside is heavily

industrialised and coal is also mined in this area. Much of the remaining

area 1s agricultural.

Excluding superficial deposits, the area is floored by Palaeczoic strata

with scme rocks of Triassic age.

Aguifers
There are two major aguifers, the Permo-Triassic sandstones and the

Magnesian Limestone.

The Permo-Triassic sandstones are of the order of 100 m thick in this area.
The underlying strata comprise marls and saliferous beds as well as
sandstones and are therefore not included within the aquifer. No data are

available concerning the aquifer properties.

The Magnesian Limestone is about 240 m thick. The transmissivity has been
determined at 3 sites within Unit 10, and has a mean value of

5.5 x 10_3 m2/5. The mean specific yield at these sites is 2 x 10_3.

Wells in the Permo-Triassic sandstones have yielded up to 3.0 x 106 m3/a

although the normal expectancy is likely to be about 2.0 x 106 m3/a.

In the Magnesian Limestone, the yield from wells is dependent upon

intersecting suitable fissures, and it is not unknown for wells to be dry.
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Yields of 7.0 x 106 m3/a are recorded, but a maximum of about

3
3.0 x 106 m /a would be the normal expectancy.

The resources of the Units in this area are shown in Tables 5.3.1 to

5.3.6. Units 1 to 6, 9 and 11 have nc estimated resocurces and are omitted
from the tables.



Kilometres
20 _ 49

South Shields

Ngwcastle

Sunderland

Fig: 5.3.1 Location map of the Northumbrian Water Authority
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Table 5.3.1. Groundwater resources for Unit 7 of
the Northumbrian Water Authority

outcro mean mean mean licensed actual balance of
Aquifer areaP annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) (1977} (1977)
2 ;
km mm m mm 106 m3 106 m3 106 m3
Magnenian
Lgu:estone 260 700 360 135 29.6 12,5 22.6
Table 5,3.2. &bstraction of groundwater and balance
of resources for Unit 7 of the
Northumbrian Water Authority (1977)
Aquifer licensed actual balance of
q abstraction abstraction resources
103 m3/km2 10:‘l m3/l~x:m2 103 1113/l|t'.::|12
Magneslan Limestone 67.1 28.3 51.
Table 5.3.3. Groundwater rescurces for tUnit 8 of
the Northumbrian Water Ruthority
& mean mean mean licensed actual balance of
Aquifer °ua:::9 annual, annual annual abstraction abstraction resources
rainfall evaporation infiltraticn {annual) {1977) (1977)
k.mz mm mm mn 1(]6 m3 106 m3 106 m3
M:gﬁ::t:ze 133 660 368 103 18.3 15.0 -1.4
Table 5.3.4. Abstraction of groundwater and khalance
of resocurces for Unit B of the
Northumbrian Water Authority {(1977)
Aquifor licensed actual balance of
q ® abstraction abstraction resources
103 3/km2 103 mal}mz 103 m3/km2
Magnesian Limestone 82.4 67.6 -6.3
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Table 5.3.5. Groundwater resources for Unit 10 of
the Northumbrian Water Authority
euterop mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstracticn resources
rainfall evaporation infiltration (annual) {1977) (1977)
2
km mm mm mim 106 m3 106 m3 1.06 m3
Magnesian
Limestone 240 680 &10 130 19.0 3.6 28.6
Permo~Triassic
sandstone 320 600 383 33 4.9 3.1 7.5
Total 23.9 6,7 6.1
Table 5.3.6. Absotractions of groundwater and balance
of resources for Unit 10 of the
Northumbrian Water Authority (1977)
if licensed actual balance of
Aquifer abstraction abstraction resources
1[)3 m:i/km2 10'3 111'3/k.m2 103 1113/]c1:n2
Magnesian Limestone 20.5 3.9 30.9
Permo-Triassic sandstones 5.3 3.3 8.1
Total 25.8 7.2 39.0
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Table 5.3.7. Areas of Units in the Northumbrian
Water Authority (km?)

Unit Area

855
2013
1121

856

987

773

441

222

859

927

i66

O @ ~ 0 o b W N e

[
= O
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5.4. The North West Water Authority

General Features

The North West Water Authority covers an area of 14 598 km2 in the north-
west of England (Fig 2.1} and is bounded to the east by the high ground of
the Pennines which, from the Cheviot Hills in the north on the Scottish
Border, run southwards to the Peak District. Peaks rising above 600 m are
not uncommon with the highest, Cross Fell, at 893 m. To the west, the
area is bounded by the sea. Much of the coastal area is not more than

60 m above sea-level, but this coastal plain is broken by the lLake District
massif with peaks rising to more than 900 m. The low-lying coastal areas
are thus divided into the Carlisle Plain to the north, with its southerly
extension into the Vale of Eden; the Lancashire Plain lying between
Morecambe Bay and the river Mersey; and, farthest to the south, the

Cheshire Plain.

The Carlisle Plain is drained by the river Eden and its tributaries, the
Lancashire Plain by the Ribble and the Douglas and the Cheshire Plain by

the rivers Mersey and Weaver.

The total population in 1974 was of the order of 7.1 million. The major
towns include Manchester (population 489 000), Liverpool (528000), Preston
{127 00Q) , Blackpool (150 000), Lancaster (124000), Barrow-in-Furness

{72 000) and Carlisle (29 000).

The country around Manchester, Liverpool and Preston is heavily industrial-
ised and there is coal mining in south Lancashire and West Cumbria.
Much of the remaining area is agricultural, with crop farming in the

coastal plains and livestock rearing on the bleaker high lands.

Excluding superficial deposits, the area is floored entirely by rocks of
Palaeozoic and early Mesozolc age. Dominant are the Carboniferous of the
north and central Pennines and the Lower Palaeozoic massif of the Lake

District.

Aguifers

The major aquifer is that of the Permo-Triassic sandstone which crops ocut
in the Carlisle, the Lancashire and the Cheshire plains. Taken through
the area as a whole, these sandstones show a mean transmissivity of about

7 x 10“3 m2/s (Table 5.4.1), although the range of known values is from
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- 2 -
less than 6 x 10 > m /s to more than 6 x 10 2 mz/s. Although a mixed type

of aquifer, the storage coefficient is generally low.

The Permo-Triassic sandstones aquifer comprises cross-bedded sandstones
with subordinate mudstones and slltstones. These strata were deposited

in a series of basins, and thick sequences may be present, for example

925 m in the Carlisle basin, 2 860 m in the West Lancashire or East Irish
Sea basin, and 1 300 m in the Cheshire basin. Folding and faulting have
also led to a considerable variation in the present day thickness through-
out the region. However, the effective saturated thickness of the aquifer
commonly exceeds 200 m and, whilst yields tend to decline with depth, it

is possible to obtain groundwater at great depths.

The Coal Measures also attain great thicknesses, over 1 000 m at the
maximum. However, the effective thickness tends to be less for two
reasons. First, these strata are predominantly shales and mudstones, with
water being obtained from the intersper.2d sandstone and grit horizons.
The deeper of the water-bearing horizons tend to be very much enclosed

with consequently limited replenishment.

Secondly, the movement of groundwater is predominantly through fissures,
and the density of fissuring lessens with depth. The effective saturated
thickness may be anywhere between 50 and 150 m on average. In areas where
coal mining is being carried out, extensive dewatering may take place,
reducing the saturated thickness still further, while such activities also

lead to mineralisation of groundwater so that it may become non-potable.

The Millstone Grit also reaches a maximum thickness in excess of 1 000 m.
However, the same criteria tend to apply as with the Cecal Measures in that
water is found within the sandstone and grit horizons and yields tend to
decrease with depth. The effective saturated thickness is unlikely to be
more than 100 m. The sandstones tend to be rather thicker than in the

Coal Measures.

The thickness of the Carbonifercus Limestone in the south of the area is of
the order of 500 m. Further north, the thickness of the limestones
decreases, being replaced by more shaly beds. Movement of groundwater is
dominated entirely by fissuring, the density of these fissures decreases

rapidly with depth, and an effective saturated thickness of 80 m at best
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may be expected. In the areas of the Peak District and around Ingleton
(to the east of Morecambe Bay), karst features are developed with many

large cavern systems being present.

Resources

Yields of wells in the Permo-Triassic sandstones, taken from large
diameter (over 600 mm) wells are usually between 1 x 106 and 3 x 106 m3
per annum. Exceptionally, yields in excess of 4 x 106 m3 per annum have
been obtained. The available storage is large, and these yields can

usually be sustained.

In the Cdal Measures, yields are generaliy smaller, 2 x 106 m3 per annum
being near the maximum. The diéchérgé from coélmines can be somewhat
larger, but the water is generally non-potable. Similarly, yields from
the Millstone Grit rarely exceed 2 x 106 m3 per annum., However, in both
of these aguifers, natural replenishment is generally restricted and

yields can. fall off in time as the storage becomes exhausted.

Yields from wells in the Carboniferous Limestone in this authority area

3 .
are generally verysmall, under 1 x 106 m per annum. The relative
infregquency of fissuring in the Carboniferous Limestone militates against

well construction due to the uncertainty of the yield obtained.

Details of the resources for each Unit are given in Tables 5.4.2 to 5.4.39.

Units 3, 15 and 18 contain no significant aquifers and are omitted.

When the net resources per annum are unknown, the replenishment is assumed
to be equal to the abstraction, and the balance of resources is shown as

zero. In reality, there is likely to be some surplus in such instances.



4
Barrow-in-Furness Morcambey
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Fig: 6.4.1 Location map of the North West Water Authority
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50‘] Mean value 69x1073 m2/s
- Maximum value 8:6x1072 m2/s
Minimum value 2-5x107% m2/s
Standard deviation 11 x10™2 m?/s
Number in sample = 65

10=3m2/s

Fig: 5.4.2. Transmissivities of the Permo -Triassic sandstones
aquifer in the North—West Water Authority (m2/s)



Table 5.4.1.

Transmissivities in the Permo-Triassic sandstones
of the North West Water Authority

2 Mean as
Unit Number of Transmissivities (m /s) % of
nt determinations. Mean Maximum Minimum overall
mear
-3
1 1 7.0 x 10 - 102
4 4 2.5%x 1072 6.6x 10° 2.8 x 1073 356
-3
5 1 5.9 x 10 - 86
-3 - -5
8 7 3.0 x 10 6.6 x 10 3.5 x 10 43
9 29 5.8 x 10> 4.3x 102 2.3 x 10°° 137
10 11 8.0 x 10° 1.7 x 102 1.3 x 10°° 70
16 + 17 4 4.5 x 1000 1.2x 102 1.1x 1073 65
20 8 5.2 %x 10> 2.2x 102 9.3 x 10°° 75
) -3 -2 -5
all Units 65 6.9 x 10 6.6 x 10 2.3 x 10 100




Groundwater resources for Unit 1 of

Table 5.4.2.
the North West Water Authority

outcro) mean mean mean licensed actual balance of
P
Aguifer area annual annual annual abstraction abstracticn resources
rainfall evaporation infiltration {annual}) {1977) {1977)
2
xm m o o 10° o° 10% o° 108 o?
Permo-Triaseie ;
sandstones 12 200 525 116 1.7 1.4 0.0
Table 5.4.3. BAbstraction of groundwater and balance
of resources for Unit 1 of the
North West Water Authority (1977)
Aquifer licenseid actual balance of
abstraction abstraction resources
103 m3/k.m2 103 111:‘,/k.1:u2 103 1113/k1n2
Permo-Triassic sandstones 2.5 2.1 0.0
Table 5.4.4. Groundwater resources for Unit 2 of
the North West Water Ruthority
outero mean mean mean licensed actual balance of
Aquifer area P annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) (1977} (1977)
3
km2 mm mm mm 106 m3 106 m3 106 ]
Coal Measures 20 875 525 nk 0. 0.0
Millstone Grit 59 875 525 nk 0.2 2 0.0
Permo-Triassic 6 a7s 525 196 3.0 2.2 -1.1
sandstones
Total 4.0 2.9 -1.1
Taple 5.4.5. Abstraction of groundwater and balance
of resources for Unit 2 of the
North West Water Ruthority (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
3 3 2 3 3,2
107 u’/km? 10° " /km 10° 03 /ka
Coal Measures 2.0 1.3 0.0
Millstone Grit 0.5 0.5 0.0
Permo-Triassic sandstones 7.6 5.6 -2.8
10.1 7.4 -2.8

Total
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Table 5.4.6. Groundwater resources for Unit 4 of
the North West Water Authority

outero, mean mean mean licensed actual balance of
Agquifer P annual annual annual abstraction abstractien resources
area rainfall evaporation infiltration (annual) {1977 (1977
3
km2 mm ] mm 106 m3 106 m3 106 m
Permo-Triassic 226 207 513 134 9.6 24.1 6.7
sandstones
Table 5.4.7. A.bsﬁraction of groundwater and balance
of respurces for Unit 4 of the
North West Water Authoxity (1977
Bauif -licensed I actual balance of
quiter abstraction abstraction resources
3 3 2 3 2 3 2
10" m /km 10 m3/km 103 m /km
Permo-Triassic sandstones 159.7 97.2 27.0
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Table 5.4.8. Groundwater resources for Unit 5§ of

the North West Water Authority

outerop mean mean mean licensed actual balance of
hguifer area annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration {annual} (1977) (1977
2
km rom - mm 10% o* 10° o 10° o°
Permo-Triassic :
sandstones 169 812 487 i11 38,2 26.0 -7.2
Table 5.4.9, bbstractlon of groundwater and balance
of resources for Unit 5 of the
North West Water Authority (1977}
Aqui fer licensed actual balance of
1 abstraction abstraction resources
3 3 2
107 m /km 103 1113/111112 103 1113/km2
Permo-Triassic sandstones 191.0 130.0 -36.0
Table 5.4.10. Groundwater resources for Unit 6 of
the North West Water Authority
outero mean mean mean licensed actual balance of
Aqulfer SrOop annual annual annual abstraction  abstraction resources
area rainfall evaporation Infiltration {annual) (1977) {1977y %
6 3 6 13 6 3
km2 mm mm mm 10 m 10 m 10 m
Millstone Grit 440 1200 475 nk 4.6 2.1 0.0
Table 5.4.11., pbstraction of groundwater and balance
of resources for Unit 6 of the
North West Water Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
3 3 2 3 3 2
103 mj/!‘t:m2 $107 m /km 107 m™/km
Millstone Grit 7.0 3.2 0.0
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Table 5.4.12. Groundwater resources for Unit 7 of
the North West Water Authority
outero mean mean mean licensed actual balance of
P
Aguifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) (1977} (1977}
2
km o am m 10% o* 108 o3 10% 3
Millstone Grit 32 1356 447 nk 1.4 0.4 0.0
Coal Measures 423 985 465 nk 7.3 3.0 0.0
Total 8.7 3.4 0.0
Table 5.4.13. Abstraction of groundwater and balance
of resources for Unit 7 of the
North West Water Authority (1977)
Aqui fer licensed actual balance of
q € abstraction abstraction resources
3 3,2 3 3 2 2
107 m /km 10" m /km 103 m3/km
Millstone Grit 3.1 0.9 0.0
Coal Measures 16.0 6.6 0.0
Total 19,1 7.5 c.0
Table 5.4.14. Groundwater resources for Unit B of
the North West Water Authority
mean mean mean licensed actual balance of
Aquifer outerop annual annual annual abstraction  abstraction resources
area rainfall evaporation infiltration {annual) {1977) {1977)
& 3 6 3
k.mz mm wm mm 1[)6 l'n3 10 m 10 m
Permo-Triassic 416 897 470 65 40.9 19.6 7.4
sandstones
Table 5.4.15. Abstraction of groundwater and balance
of resources for Unit 8 of the
North West Watex Authority (1977)
. licensed actual balance of
Aquifer abstraction abstraction resources
' 3 3, 2 3 3, 2
103 m3/k.m2 107 m™ /km 107 m™ /xm
Permo-Trilassic sandstones 4.2 35.6 13.4




Table 5.4.16.
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Groundwater resources for Unlt 9 of
the North West Water Authority

mean mean mean licensed actual balance of
outcrop :
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporaticn infiltration (annual) (1977) (1977)
2
km mm mm 106 m3 106 m3 106 ::|:|3
Permoc-Triassic 341 993 480 136 86.9 59.0 -12.6
sandstones
Table 5.4.17. Abstraction of groundwater and balance
of resources for Unit 9 of the
North West Water Authority {1977)
if licensed actual balance of
Aquifer abstraction abstraction respources
103 ma/km2 103 m3/k.m2 1()3 1113/km2
Permo-Triassic sandstones 182.6 123.9 -26.5

Groundwater resources for Unit 10 of

the North West Water Authority

mean mean mean licensed actual balance of
Aquifer out:::p annual annual annual abstraction  abstraction resources
are rainfall evaporation infiltration (annual) (1977) (1977)
k.l'n2 mm mm mm 106 m3 .‘l('.)6 m3 106 m3
Permo-Triassic 365 840 560 105 48.1 33.3 4.9
sandstones
Table 5.4.19. Abstraction of groundwater and balance
of resocurces for Unit 10 of the
Noxth West Water Authority (1977)
. licensed actual balance of
Aquifer abstraction abstraction rasources
2 3 3 2 3 3 2
10% n’/xn 107 m’/km 16° m’/kn
Permo-Triassic-sandstones 81.4 56.3 8.3
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Table '5.4.20. Groundwater resources for Unit 11 of

mean

the North West Water Authority

outcro mean mean licensed actual balance of
P
Aquifer area annyal annual annual abstraction  abstracticn resources
rainfall evaporation infiltration (annual) {1977) (1977}
2
km mm mm o 105 o° 108 o3 10% o®
Millstone Grit 197 1153 447 nk 10.7 1.9 0.0
Coal Measures 790 1143 508 nk 8.3 5.3 0.0
Total 19.0 7.1 0.0
Table 5.4.21. HAbstracticn of groundwater and balance
of resources for Unit 11 of the
North West Water Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
103 n¥/xn? 10° 03 /xn? 107 m3/km?
Millstcne Grit 10.9 .8 a.
Coal Measures B.4 5.4 0.
Total 19.3 7.2 G.0
Table 5.4.22, Groundwater resources for Unit 12 of
the North West Water Authority
t mean mean mean licensed actual balance of
Agquifer cutcrop annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration (annual) (1977} (1977}
km? mm mn mm 10° o’ 10° o’ 10° o2
Milistone Grit 215 1303 447 nk 1.6 0.6 0.0

Table 5.4.23.

Abstraction of groundwater and balance
of resources for Unit 12 of the
North West Water Ruthority (1977)

. licensed actual balance of
Aquifer abstractien abstraction resources
2 3 2
103 mS/ka 103 m3/km 10 m3/km
Millstone Grit 2.6 1.0

0.0




Table 5.4.24.
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Groundwater resources for Unit 13 of

the North West Water Authority

outczop maan mean mean lLicensed actual balance of
Aquifer area annual annual annual abstraction  abstraction resources
railnfall evaporation infiltration (annual) {1977) (1977)
2
km mm mm m 106 m3 1()6 m3 106 m3
Permo-Triassic
1
sandstonas 324 1067 514 6 76.7 14.4 42.6
Table 5.4.25. BAbstraction of groundwater and balance
of resources for Unit 13 of the
Worth West Water ARuthority (1977)
AQULE licensed actual balance of
quitex abstraction abstraction rasources
3 2 3 3 2 2
10 malkm 107 m™ /km 103 m3/k.m
Permo-Triassic sandstones 135.5 25.4 75.

Groundwater resources for Unit 14 of

the North West Water Authecrity

mearn mean mean licensed actual balance of
Aquifer outcrop annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration (annual) 1977 (1977}
km2 mm mm mm 106 m3 106 m3 106 m3
Millstone Grit 740 1002 498 81 10.8 3.3 56.6
Table 5.4.27. BAbstraction of groundwater and balance
of resources for Unit 14 of the
North West Water Ruthority (1977)
X licensed actual balance of
Aguifer abstraction abstraction resources
103 m3/km2 103 m3/km2 103 m3/km2
Millstone Grit 7.2 2.2 317.9
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Table 5.4.28. Groundwater resources for Unit 16 of
the North West Water Authority

outcrop mearn mean mean X licensed actual balance of
Agquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) (1977) (1977}
2 .
ko mm wm mm 10s m3 106 m3 106 m3
Carboniferous
11 4 . . 13.
Limestone i29 Q0 Q0 114 1.2 1.0 3.7
Permo-Triassic
sandstones 23 1100 400 84 7.1 2.8 -0.7
Total 8.3 3.B 13.0
Table 5.4.29. Abstraction of groundwater and balance
of resources for Unit 16 of the
North West Water Authority {(1977)
licensed actual balance of
Aquifer abstraction abatraction resources
10% m*/kn? 10° 07 /km? 10% n°/kn?
Carponiferous Limestone 6.3 5.3 72.5°
Permo-Triassic sandstones 37.6 14.8 -3.7
Total 43.9 20.1 68,8
Table 5.4.30. Groundwater rescurces fox Unit 17 of
the North West Water Authority
outcra mean mean mean licensed actual balance of
Aquifer ar aP annual annual annual abstraction  abstraction resources
< rainfall evaporation infiltration {annual) (1977} (1877)
}c.m2 mm mm mhm ) 106 m3 106 m3 106 ln3
Permo—-Triassic
420 36 [ 11.
sandstones 3os 933 0 o
Table 5.4.31. Abstraction of groundwater and balance
: of resources for Unit 17 of the
North West Water Authoxity (1977)
if licensed actual balance of
Rquifer abstraction abstraction resources
10% o’/kn? 103 m*/km? 10° n°/xn?

Permo-Triassic sandstones Q0 0 36.1




Table 5.4.32.
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Groundwater resources for Unit 19 of
the North West Water Authority

o mean mean mean licensed actual balance of
utcrop -
Aquifer aren annual annual annual abatraction  abstraction resources
ralnfall evaporation infiltration {annual}) (1977} (1977)
2
km mm i o 106 m3 106 m3 :I.O6 m3
Coal Measgures 261 1150 450 nk 1.4 0.3 0.0
Table 5.4,33. Abstraction of groundﬁ'ater and balance
of resources for Unit 19 of the
North West Water Authority (1977)
licensed actual balance of
Aqui fex abstraction abstraction L resources
10° n/ka® 10> 13 /xn? 10% n®/kn?
Coal Measures 1.6 0.3 0.0
Table 5.4.34. Groundwater resources for Unit 20 of
the North West Water Authority
£ mean mean mean licensed actual balance of
Agquifer ouEcrop annual annual annual abstraction abstraction resources
ATe2  rainfall evaporatien  infiltration {annual) {1977) (1977
kn® m m mm 10° o? 10° o’ 10° o
Permo-Triassic 500 B850 426 108 11.7 4.0 93,3
sandstones
Table 5.4.35. BAbstraction of groundwater and balance of
resources for Unit 20 of the
North West Water Authority (1977}
licensed actual balance of
Aquifer abstraction abstraction resources
2
107 m3/km 10% 0>/’ 10° o /kn
Permo-Triassic sandstones 5.8 2.0 48.5




Table 5.4.36. Groundwater resources for Unit 21 of

the North West Water Authority

mean

outcrop mean mean licensed actual balance of
Bguifer area annual annual annual | abstraction abstraction resources
rainfall evaporation infiltration {annual) (1977) (1977}
2 :
km m m . 10° o 10° ° 10° o’
Carboniferous
Limestone 504 1450 425 nk 4.1 3.6 0.0
Table 5.4.37. Abstraction of groundwater and balance
of resources for Unit 21 of the
North West Water Authority (1977)
licensed actual kalance of
Aquifer abstraction abstraction resources
10° o*/kn? 10 w3 /kn? 10° o’ /K’
Carhoniferous Limestone 5.8 5.1 6.0
Table 5.4.38. Groundwater resources for Unit 22 of
the North West Water Authority
outero mean mean mean licensed actual balance of
Aquifer eaP annual annual annnal abstraction abstraction resgurces
ax rainfall evaparation infiltraticn {annual) (1977) (1977)
kmz mm mm mm 106 m3 1|’.)E m3 106 m3
Carboniferous 533 1200 425 nk 4.3 1.8 0.0
Limestone
Table 5.4.39. Abstraction of groundwater and balance
of resources for Unit 22 of the
North West Water Authority (1977)
Aquif licensed actual balance of
Tuiter abatraction abstraction regources
3 3 3 2
10° o*/kn? 10> u?/kn? 10° n’/kn
Carbeniferous Limestone B,1 7.1 0.0
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Table 5.4.40. Areas of Units in the North West
Water Authority (km2)

Unit Area Unit Area

1 671 12 623
2 394 13 566
3 295 14 1494
4 248 15 1373
5 200 16 189
6 653 17 305
7 455 18 387
8 551 19 897
9 476 20 2006
10 591 21 704
11 987 22 533
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5.5. Severn-Trent Water Authority

General Features

The Severn-Trent Water Authority covers an area of 21 451 km2 in the centre
of England (Fig 2.1), and includes a portion of the central part of Wales.
High lands include the eastern side of Plynlimon in Wales where altitudes
are attained in excess of 700 m above sea-level, and the Peak District at
the southern end of the Pennines (Figure 5.5.1) with altitudes over 600 m.
The remainder of the authority area is undulating with altitudes
occasionally rising to 200 m but most below 80 m above sea-level. Two
major river systems drain the area. The river Severn rises in the Welsh
hills and flows east and south to the sea in the Bristol channel. The
river Trent rises in the low lands to the south-west of the Peak District

and flows north-eastwards into the estuary of the Humber.

The totél population in 1974 was of the order of 8.2 million. The major
towns are Gloucester (population 90 000), Coventry (336 000), Birmingham
(1 006 000),Leicester (281 000), Derby (220 000), Nottingham {294 000},
Stoke on Trent {262 000), Shrewsbury (57 000) and Wolverhampton (269 000} .

The area around Coventry, Birmingham, Leicester, Derby and Nottingham is
heavily industrialised and coal is mined near Birmingham and to the north

of Nottingham, but the remaining areas are largely agricultural.

Geologically, the area is floored for the most part by rocks of the
Carboniferous and the Permo-Trias. Jurassic strata crop out along the
eastern border. Lower Palaezoic rocks floor the headwaters of the river
Severn. Superficial deposits overlie much of the solid geology, varying
from sands and gravels to boulder clay, and reaching thicknesses in excess

of 30 m.

Aquifers

The Carboniferous Limestone is not widespread in this area. The maximum
thickness may be over 1 500 m, but much of the aguifer is covered by the
unconformable Keuper Mafl. Groundwater flow is through fissures, and these
are relatively sparsely distributed through the aquifer. It is not

unusual for a well to be dry due to failure to intersect suitable fissures.

The Millstone Grit also has a limited outcrop, although the maximum
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thickness may again exceed 1 500 m. The formation comprises a succession
of sandstones, mudstones and shales, groundwater being found in the sand-
stone horizons. ' Groundwater flow is partly through fissures and partly

intergranular. This aquifer is not considered important in this area.

The Coal Measures comprise a succession of sandstones, mudstones and
shales with subordinate cocals. The thickness varies, but at a maximum, in
the north of the area, it exceeds 1 000 m. This aguifer is not considered

important in this area.

The Permo—Triassic sandstones form the major aguifer in this area,
comprising sandstones, often massive and dune-bedded, with subordinate
mudstones and siltstones. This formation was deposited in large inter-
montane basins, and the thickness is very variable. Over 2 600 m are
present in the Cheshire Basin (part of which touches upon the Severn-Trent

Water Authority area), and 750 m in the Severn Basin.

The Magnesian Limestone crops out in the eastern part of this area. Two
limestones are present, separated by marls, together making up scme 40 m
of limestone. The rock is not, as its name suggests, a pure dolomite, but
is a mixture of calcium and magnesium carbonates. The groundwater flow

is almost entirely through fissures which tend to be large but somewhat
sparsely distributed, and wells which fail to intersect suitable fissures

are generally dry.

Resources

Sites in the Carboniferous Limestone generally yield approximately 0.5 x
106 m3/a or less. Larger yields are possible if suitable fissures are
encountered, but there is some reluctance to construct wells in this
aquifer since there is a possibility of failing to intersect fissures and

hence having a dry well.

In the Millstone Grit, the average yvield of a successful site is 0.5 to
1.0 x 106 m3/a. 2 satisfactory yield is dependent upon intersecting a
suitable sandstone horizon, and, in areas where the strata are faulted,
natural replenishment may be limited. Consequently, even though wells may

initially give a good yield, this may decrease significantly in time.
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Yields of wells in the Coal Measures are not recorded as having exceeded
1.7 x 106 m3/a. As with the Millstone Grit, successful wells depend upon
the intersection of suitable fissures, and there may be restrictions upon
natural replenishment. In the vicinity of disused coal workings, there is
algo a possibility of finding groundwater sufficiently mineralised so as

to be non-potable.

The maximum yield recorded from a site in the Permo-Triassic sandstones

is 6.2 x 106 m3/a. However, the mean is between 0.5 and 1.5 x 106 m3/a,
depending upon the Unit concerned. Units 4, 5, 9 and 14 have yields
higher than average, whi}e Units 8, 11 and 13 have yields markedly lower
than the average. It is very unusual to construct a well in this aquifer

and not to obtain any yield at all.

The Magnesian Limestone has rather small yields to wells in this area, the
mean abstraction being about 0.4 to 0.6 X 106 m3/a. This is possibly
due to a lack of development because of the presence of more preolific

aquifers in the vicinity.

Wells constructed in the aquifers of this area normally require lining
only near to the ground surface and in the mudstone and shale beds where
a slow movement may in time cause collapse. The water-bearing.strata

usually stand without support.

Details of the resources for each unit are shown in Tables 5.5.1. to
5.5.26. There are no resources in Units 6, 12 and 16, and these are

omitted from the tables.
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Groundwater resources for Unit 1 of
the Severn-Trent Water Authority

Table 5.5.1.

outerop maean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstraction resources
rajnfall evaporation infiltration {annual) {1977 {1977)
2
km m mm mm 1IJ6 m3 106 m3 106 m3
Carboniferous
Limes tone 260 1003 485 578 4.6 3.1 147.1
;
Table 5.5.2. BAbstraction of groundwater and balance
of resources for Unit 1 of the
Severn-Trent Water Authority (1977)
Aquifer licensed actual balance of
4 abstraction abstraction resources
3
10 m:‘]/k‘m2 , 103 11:3/km2 103 m3/km2
Carbonifercus Limestone 7.7 5.2 247.6
Table 5.5.3. Groundwater resources for Unit 2 of
the Severn-Trent Water Authority
mean mean mean licensed actual balance of
Aquifer outerop annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration {annual) (1977} (1977)
3
km2 tm mm mm 106 m3 106 m3 106 m
Permo-Triassic 107 862 483 379 18.9 10.7 29.7
sandstones
Carboniferous 177 986 ags 501 1.0 1.0 87.9
Limestone
19.9 11.7 117.6

Total
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Table 5.5.4. Abstraction of groundwater and balance
of resources for Unit 2 of the
Severn-Trent Water Authority (1977)

licensed actual balance of
Aquifer
quile abstraction abstraction resources
103 m:“/km2 103 m3/k.m2 103 11:3/Ir.m2
Permo-Triassic sandstones 16.5 9.3 25.9
Carboniferous Limestone 0.9 0.9 76.7
Total 17.4 10.2 102.4
Table 5.5.5. Groundwater resources for Unit 3 of
the Severn—Trent Water huthority
outero Imean - mean mean licensed actual balance of
Aquifer area P annual annual annual abstraction  abstraction resources
rainfall evaporation  infiltration (annual) {1977} (1977
kmz mm mm mm 106 m3 106 m3 106 m3
permo-Triassic 271 584 470 114 46.4 28.8 2.1
sandstones
Magnesian 54 584 470 121 0.8 0.6 5.9
Limestone
Total 47.2 29.4 8.0
Table 5.5.6. Bbstracticn of groundwater and balance
of reasources for Unit 3 of the
Severn-Trent Watex Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
2 3 3
].03 m3/km2 103 m3/km 10" m /!-‘:m2
Permo-Triassic sandstones 74.1 46.0 3.3
Magnesian Limestone 1.3 7 1.0 9.5
Total 75.4 47.0 12.8
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Table 5.5.7. Groundwater resources for Unit 4 of
the Severn-Trent Water Authority
mean mean mean licensed actual palance of
outcrop
Aquifer area annual annual annual abgtraction abstracticon resources
rainfall evaporation infiltration (annual) {1977) (1977}
2
km mm mm mm 1(2)6 m3 106 m3 106 m3
Permo-Triassic
sandstones 250 615 470 145 34.1 25.4 10.9
Magnesian
Limestone 126 620 470 150 3.9 2.0 16.9
Total 38.0 27.4 27.8
Table 5.5.8. Abstraction of groundwater and balance
of resources for Unit 4 of the
Severn-Trent Water Authority (1977}
licensed actual balance of
Aquifer abstraction abstraction resources
103 mslk.m2 103 1113/km2 1(}'-"l m3/k.m2
Permo-Trlassic sandstones 48.0 35.7 15.3 '
Magnesian Limestone 5.5 2.8 23.8
Total 53.5 38.5 39.1
Table 5.5.9. @Groundwater resources for Unit 5 of
the Severn-Trent Water Autherity
mean mean mean licensed actual balance of
Aquifer outcrop annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration {annual) (1977) (1977)
)\:rn2 mm mm mm 1(7#6 m3 106 m3 106 m3
Peruo-Triassic 300 679 459 196 105.1 8.7 -20.0
sandstones
Magnesian 90 662 438 165 1.4 0.9 14.0
Limestone
Total 106.5 719.6 -6.0
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Table 5.5,10. BAbstraction of groundwater and balance
of resources for Unit 5 of the

Severn-Trent Water Authority (1977)

licensed actual balance of
ui £
Aquifer abstraction abstraction resources
103 m:‘,/km2 103 m3/km2 .‘lO3 m3/km2
Permo-Triassic sandstones B6.9 65.0 -16.5
Magnesian Limestone 1.2 0.7 11.6
Total 88.1 65.7 -4.,9
Table 5.5.11. Groundwater resources for Unit 7 of
the Severn-Trent Water Authority
outerop mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) {1977} (1977}
]m2 mm mm mm 106 m3 106 m3 106 m3
Permo-Triassic
sandstones 11 724 483 241 0.0 0.0 2.7
Table 5.5.12. BAbstraction of groundwater and balance
of resources for Unit 7 of the .
Severn-Trent Water Authority (1977)
Aquifer licensed actual balance of
T € abstraction abstraction resources
10 m3/kn® 10% 0’ /ikn? 10° o /kn?
Permo-Triassic sandstones 0.0 0.0 2.0
Table 5.5.13. Groundwater resources for Unit 8 of
the Severn-Trent Water Authority
mean mean mean licensed actual balance of
Aguifer outcrop annual annual annual abstraction  abstraction resources
axea rainfall evaporation infiltration {annual) (1977) (1977)
6 3
km> mn m mm 10 o® 10° m 10 o*
Permo-Triassic 148 677 483 195 18.2 10.5 18.3

sandstones




Table 5.5.14.
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Abstraction of groundwater and balance
of resourcea for Unit 8 of the
Severn-Trent Water Authority (1977)

licensed actual balance of
Acui £
quiter abstraction abstraction regources
3 3, 2
10° w/kn 10° m%/km? 10° o /km?
Permo-Triassic sandstones 20.8 12.0 20.9
Table 5.5.15. Groundwater resources for Unit 9 of
the Severn-Trent Water Authority
outcrop mean mean mean licensed actual balance of
hguifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) (1877 {(1977)
2
km mm mm mm 106 m3 106 m3 106 rn3
Permo-Triassic 315 764 482 264 61.9 47.3 35.9
sandstones
Table 5.5.16. Abstraction of groundwater and balance
: of resources for Unit 9 eof the
Severn-Trent Water Authority (1977)
licensed actual balance of
Aquifer abstracticn abstraction resources
3 2
103 m3/km2 103 m3/km2 103 m" /km
Permo-Triassic sandstones 37.3 28.5 21.6
- Table 5.5.17. Groundwater rescurces for Unit 10 of
the Severn-Trent Water Authority
mean mean mean licensed actual balance of
Aguifer outcrop annual annual annual abstraction abstraction resources
ared ainfall evaporation infiltration {annual) {1977 (1277;
3
km2 mm mm mm 1[}6 m3 106 m 10" m
Permo-Triassic 245 724 464 244 51.9 31.0 28.8

sandsteones




Table 5.5.18.
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Abstraction of groundwater and balance
of resources for Unit 10 of the
Severn-Trent Water Ruthority (1977)

Aquifer licensed actual balance of
abstraction abstraction resources
3 3 2 3 3 2
107 m™ /km 107 m™ /km 103 m'-'*/!l\:.tn2
Permo-Triassic sandstones 41.0 24.5 22.7
Table 5.5.19. Groundwater resources for Unit 11 of
the Severn-Trent Water Authority
outcrop meart mean mean licensed actual balance of
Aquifer N area annual annual annual abstraction abstraction resources
rainfall evaporaticn infiltration {annual) - (1972) (1972)
k.m2 rem mm mm 106 m3 166 m3 106 m3
Permo-Triassic
sandstones nk nk nk nk 0._0 0.3 0.0
Table 5.5.20. Abstraction of groundwater and balance
of resources for Unit 1l eof the
Severn-Trent Water Authority (1972)
AquLE licensed actual balance of
quiier abstraction abstraction resources
2 2
.103 1113/km2 103 m3/ku1 1(]3 m3/km
Permo-Triassic sandstones 0.0 0.2 0.0
Table 5.5.21. Groundwater resources for Unit 13 of
the Severn-Trent Water Authority
" mean mean mean licensed actual balance of
Aquifer puterop annual annual annual abstraction  abstraction resources
area rainfall evaporation infiltration {annual) {1972) (1972)
k.m2 o] mm mm 106 m3 10‘5 m3 1()6 m3
Ca:.rboniferous 19 940 495 165 1.4 0.8 2.3
Limestorne
Perma-Triassic 829 720 516 125 22.7 10.8 92.8
sandstones
Total 249.1 11.6 95.1
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Table 5.5.22. Abstraction of groundwater and balance
of resources for Unit 13 of the

Severn-Trent Water Authoxity (1972)

licensed actual balance of
Agquif
quiler abstraction abstraction resources
2
103 m3/km 103 m3/km2 103 1113/]1:1n2
Carboniferous Limestone 0.9 0.5 1.6
Permo-Triassic sandstones 15.3 7.3 62.7
Total 16.2 7.8 64,3
Table 5.5.23. Groundwater resources for Unit 14 of
the Severn-Trent Water Authority
sutcrop mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaparation infiltratiocn {annual) (1972) (1972)
k.rn2 mm mm mm 106 m3 106 m3 106 n:l'3
Permo-Triassic 646 707 500 125 134.7 97.7 -17.0

sandstones

Table 5.2.24. Abstraction of groundwater and balance
of resources for Unit 14 of the
Severn-Trent Water Authority (1972)

Aquif licensed actual balance of

quiler abstraction abstraction resources

103 m3/km2 103 m'—i/k.m2 103 m:'!/k.m2

Permo-Triassic sandstones 39.1 2B.4 =-4.9
Table 5.5.25. Groundwater resources for Unit 15 of
the Severn-Trent Water Authority
€ mean mean mean licensed actual balance of
Aquifer ou ;:r:p annual annual annual abstraction abstraction reseurces
are kainfall  evaporation  infiltration {annual} (1972) (1972}
3
km2 mm mm mm 106 m3 106 m3 106 m
Permo-Triassic a3 688 510 52 5.1 1.7 0.5
sandstones
Table 5.5.26. Abstraction of groundwater and balance
of resources for Unit 15 of the
Severn—-Trent Water Authority (1972)

. licensed actual balance of

Aquifer abstraction abstraction resources

.‘lO3 ru'-i'/km2 103 ::13/km2 103 :J]E'/ltm2

Permo-Triassic sandstones 2,7 0.9 c.3
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Table 5.5.27. Areas of Units in the 2
- Severn-Trent Water Authority (km")

Unit Area
1 594
2 1147
3 626
4 711
5 1210
6 1045
7 1342
B 876
9 1659

10 1266
11 1951
12 1327
13 1480
14 3445
15 1873

899

[
o
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5.6 Yorkshire Water Authority

General Features

The Yorkshire Water Authority covers an area of 13 488 km2 in the
north-east of England (Fig 2.1). The area is bounded to the east by the
sea and to the west by the high ground of the Pennines, reaching 700 m
above sea level at Buckden Pike and 545 m at Margery Hill (Fig 5.6.1).
The Pennines fall eastwards to the low-lying Vale of York which does

not exceed 60 m above sea level. Between the Vale of York and the sea
is the higher land of the North Yorkshire Mcoors and the Yorkshire Wolds,
these being separated by the basin of the Vale of Pickering. Finally,

in the south-east of the area is the coastal plain of Holderness. .

Drainage of the greater part of the Authority area is controlled by the
river'system of the Ouse draining to the Humber Estuary. The rivers
Swale, Ure, Nidd, Wharfe, Aire and Don drain éastwards from the Pennines
to the vale of York where they form the river Ouse. The river Derwent
drains the North Yorkshire Moors and the Vale of Pickering into the river
Ouse. Most of the Wolds drains to the river Hull and part of the North

Yorkshire Moors drains directly to the sea by the river Esk.

The tétal population in 1974 was of the order of 4.5 millicen. The
principal towns include York (population 105 000), Kingston upon Hull

{283 000), Sheffield (513 000), Huddersfield (130 000}, Bradford (294 000)
and Leeds (499 000).

Industrial areas are found from Sheffield northwards to Leeds and around
Kingston upon Hull, which is also an important sea—port. Coal is
extensively minedbut the remainder of the area comprises agricultural land,

generally of high quality on the lower ground.

The Pennines are formed of Carboniferous strata, mainly the Millstone
Grit and Coal Measureé, but with Carboniferous Limestcone in the north-
west of the Authority‘s area. The Carboniferous strata dip eastwards and
afe overlain by the outcrop of the Magnesian Limestone. The Vale of York
is floored by the Permo-Triassic sandstones, generally below a cover of

' superficial drift, with the Keuper Marl overlying the sandstones on the
eastern side. Thé North Yorkshire Moors are formed of rocks of Jurassic

age, including limestones, sandstones and shales. The Vale of Pickering



90

exploit this aquifer.

The average yield from wells in.the Millstone Grit is approximately
0.5 x‘106 m3/a, althqugh yields as high as 1.5 x 106 m3/a have been
recorded. Although generally unsuitable for the development of large
sources, this aquifer is important for local supplies, particularly for

industrial use and for small agricultural demands.

The major abstraction from the Coal Measures is in the form of mine
drainage, and in 1977 a total of 51.5 x 106 m3 wés pumped. Of this,

27.4 x 106 m3 came from Unit B. The mean discharge in mine draipagg
abstraction is between 1;0 and 2.0 x 106 m3/a. The quality of_gréundwater
discharged from mines is usually poor and unsuitable for public supply.
Yields from supply we;ls_are generally 10wer, the mean being ﬁpprqximately

0.5 x 106 m3/a.

The mean jield of wells in the Magnesian Limestone is of the order of
0.6 x 106 m3/a. However, if suitable fissures are intersected, yields

of as much as 1.5 x 106‘m3/a can be obtained.

The mean yield from wells in the Permo-Triassic sandstones is of the

order of 2.0 x 106 m3/a for large diameter public supply boreholes, and

1.0 x 106 m3/a for smaller diameter industrial boreholes. Maximum vields
exceed 3.0 x 106 m3/a. This aquifér is usually reliable, but may

present problems with water quality or running sand in some localities.

The mean yield of sites in the Corallian aquifer is between 0.5 and

’ 3
0.8 x 106 m3/a, but yields in excess of 3.0 x 106 m /a have been obtained.
High yields are obtained adjacent to major springs, where fissure flow

has been highly developed, and also adjacent to faults.

Yields from public supply boreholes in the Chalk. average between 2.0 and
6 m3/a.
6

Industrial sites usually yield less, in some areas less than 0.4 x 10

3.0 x 106 m3/a, and the maximum is of the order of 4.0 x 10

m3/a where there is no choice of borehole location.

Most wells in the aquifers in this area will stand without support.
HBowever, where mudstones and shales are penetrated above the aquifer, it
is advisable to line these out. Gravel packs and well screens may be

‘needed in Permo-Triassic sandstone boreholes when the aquifer is
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poorly cemented. In many parts of the area a considerable thickness of
Superficial Deposits may overlie the aguifers, particularly the Permo-
Triassic sandstones. Typically 30 m of plain lining may be required in

boreholes in the area.

The resources for each Unit are shown in Tables 5.6.2 to 5.6.69. B&Actual
abstractions from the Coal Measures may exceed the licensed amounts
because it is not required that mine drainage be licensed by the Water

Authority.
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51 Mean value 15 x1073 m2ss
Maximum value 37x 1073 m2/s
Minimum value 2:3x 1074 m2/s
Standard deviation 12 x 1073 m2/s
Number in sample 10
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Fig: 56.2. Transmissivities of the Millstone Grit aquifer in
the Yorkshire Water Authority (m2/s)
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Mean value
Maximum value
Minimum value
Standard deviation
Number in sample

9.6%x1073 m2/s

51x1072 m2/s

2.3x1074 m2/s

1-4x1072 m2/s
23

10~3m?2/s

Fig: 5.6.3. Transmissivities of the Magnesian Limestone aquifer in

the Yorkshire Water Authority (m2/s}
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Mean value 2.6x103 m2/s

g Maximum value 41x1072m2/s
100 Minimum value 19x10-4 m2/s

s Standard deviation 4-3x10-8 m2/s

Number in sample 118

T T T qu_—‘—l

20 25 30 35 40 45 50

10~3m2/s

Fig: 5.6.4. Transmissivities of the Permo-Triassic sandstones
aquifer in the Yorkshire Water Authority {mZ2/s)



11+ Mean value
Maximun value
Minimum value

o

Standard deviation
Number in sample

8:0x10™3 m2/s

4:4%x 1072 m2ss

4-6x10-6 m2,s

1-56x1072 m2/s
13

10 15 20 25 30
10~3m2/s

35

Fig: 5.6.5. Transmissivities of the Middle Jurassic aquifer in the

Yorkshire Water Authority (m2/s)
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Table 5.6.1. Transmissivities in the Permo-Triassic
sandstones aquifer of the Yorkshire
Water Authority (m2/s)

2 Mean as
Unit Number of Transmissivities {(m /s} % of
determinations Mean Minimom. Maximum overall
mean
7 2 5.2x 1002 3.5x107% 6.9 x 107% 20
9 19 2.5 x 10° 4.6 x 107 1.4 x 1072 96
18 14 1.8x10° 6.4x10% 6.4x 1073 69
20 2 5.5 x 1007 4.1 x 107 6.9 x 107° 21
22 27 2.0x10° 1.9x10 % 1.2x 102 112
23 14 4.5 x 10°  3.5x 10 4.1 x 1072 173
24 38 2.2x 1070 2.3x107% 1.4 x 1072 85
28 2 1.9 x 107> 1.0 x 107° 2.7 x 107° 73
-3 -4 -2

All Units i18 2.6 x 10 1.9 x 10 4.1 x 10 100
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Table 5.6.2. Groundwater resources for Unit 1 of
the Yorkshire Water Authority
outero mean mean mean licensed actual balance of 7
J=]
Acquifer area annual annual annual #bstraction abstraction resources
rainfall evaporaticn infiltration (annual) {1977) {1977}
2 ]
km mm mm mm 1(36 m3 106 1:|13 106 m:‘1
Coal Measures 61 710 430 147 0.5 1.0 8.0
Magnesian
Limestone 11 710 430 257 0.0 0.0 ‘2_3
Total 0.5 1.0 10.8
Table 5.6.3. bahstraction of groundwater and balance
of resources for Unit 1 of the
Yorkshire Water RButhoxity (1977}
licensed actual balance of
Aquifer abstraction abstraction resources
10% 0% /1’ 10% m3/im? 10% m°/km?
Coal Measures 6.9 13.9 111.1
Magnesian Limestone 0.0 3g.9
Total 6.9 13.9 150.0
Table 5.6.4. Groundwater resources for Unit 2 of
the Yorkshire Water Authority
outero mean mean mean licensed actual balance of
Aguifer P annual annual annual abstraction abstraction resources
AT82  rainfall evaporation infiltration {annual) (1977) {1977
km2 mm mm mm 1()6 m3 106 m3 106 m3
Coal Measures 173 790 380 140 1.4 22,2
Millsteone Grit 18 890 3so 181 2.3 .2 3.1
Total 3.7 2.2 25.3
Table 5.6.5. Abstraction of groundwater and balance
of resources for Unit 2 of the
Yorkshire Water Authority (1977)
AQuif licensed actual balance of
quiter abstraction abstraction resources
10° n°/kn’ 10 n°/kn? 10% 0¥ /kn?
Coal Measures 7.3 10.5 116.2
Millstone Grit 12.0 1.0 16.2
Total 19.3 11.5 132.4
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Table 5.6.6. Groundwater resources for Unit 3 of
the Yorkshire Water Authority

outero mean mean mean licensed actual balance of
P . .
Aquifer area annual annual annual abstraction abstraction resources
. rainfall evaporation Ainfiltration {annual) (1977} (1977)
2
km mm mm mm 106 m3 142)6 m3 1DG m3
Coal Measures 136 710 405 97 0.0 5.1 8.1
Table 5.6.7. Bbstraction of groundwater and balance
of resources for Unit 3 of the
Yorkshire Water Buthority (1977}
licensed actual balance of
Aquifer abstracticn abstraction resources
10% @ /xa? 10% n /km? 10® n’/kn?
Coal Measures 0.0 37.5 59.6
Table 5.6.8. Groundwater resources for Unit 4 of
the Yorkshire Water Authority
outcro mean mean mean licensed actual balance of
Aquifer areaP annual annual annual abstraction  abstraction resQurces
rainfall  evaporation infiltration {annual) (1977} (1977}
kmz mm mm mm 106 m3 106 m3 106 m3
Coal Measures 62 865 380 105 0.3 0.1 6.5
Millstone Grit 13 1015 380 151 0.0 0.0 1.9
Total 0.3 0.1 8.4
Table 5.6.2. BAbstraction of groundwater and balance
of resouxces for Unit 4 of the
Yorkshire Water Authority (1977)
i licensed actual balance of
Aquifer abstraction abstraction respurces
103 1113./}«11'12 103 m3/m2 103 m'-j/ln(m2
Coal Measures 4.0 1.3 86.7
Millstone Grit 0.0 0.0 25.3
Total 1.0 1.3 112.0
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Groundwater reasources for Unit 5 of
the Yorkshire Water Authority

Table 5.6.10.

outero mean, mean mean licensed actual balance of
P
Aguifer area annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration (annual} (1977) (1977)
2
km mm mm mm 106 m3 106 m3 106 m3
Coal Measures 140 1065 430 133 6.6 1.4 17.1
Millstone Grit 143 1220 430 132 0.0 0.0 19.0
Total 6.6 1.4 36.1
Table 5.6.11. Abstraction of groundwater and balance
of rescurces for Unit 5 of the
Yorkshire Water Authority (1977)
licensed actual balance of
Aquif
quirer abstraction abstracticon resources
103 m3/km2 1(.'»3 :|:|3/]cm2 103 11:3/km2
Coal Measures 23.2 4.9 60.4
Millstone Grit c.0 67.1
Total 23.2 4.9 127.5
Tahle 5.6,12. Groundwater resources for Unit 6 of
the Yorkshire Water Autherity
outero, mean mean mean licensed actual balance of
Aquifer wterop annual annual annual ~ abstraction abstraction resources
area rainfall evaporation infiltration {annual} (1977) (1977)
km2 mm . Im mm 106 m3 106 m3 106 m3
Coal Measures a2 735 430 75 0.9 2.0 4.1
Table 5.6.13. Abstraction of groundwater and balance
of resources for Unit 6 of the
Yorkshire Water Authority (1977}
; licensed actual balance of
Aquifer abstraction abstraction resources
10° 0®/xm? 10° o /xm? 10° o’ /xm?
Coal Measures 0.0 24.4 51.2




Table 5.6.14.
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Groundwater resources for Unit 7 of
the Yorkshire Water Authority

mean

o mean mean licensed actual balance of
utcrop
Aqulfer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) {1977) (1977)
2
Jm m mm mm 10E m3 lt)6 m3 106 m3
Coal Measures 89 635 430 81 0.0 4.1 3.1
Magnesian
Limesatone 13 635 430 193 0.0 0.0 2.9
Permo-Triassic
Sandstones 2 610 430 167 0.0 0.0 0.4
Total g.0 4.1 6.4
Table 5.6.15. Abstraction of groundwater and balance
of resources for Unit 7 of the
Yorkshire Water Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
103l m3/km2 103 m3/)un2 103 1113/]m12
Coal Measures 0.0 38.7 29.2
Magnesian Limestone 0.0 0.0 27.4
Permo-Triassic Sandstones 0.0 0.0 3.8
Total 0.0 is.7 60.4
Table 5.6.16. Groundwater resources for Unit 8 of
the Yorkshire Water Authority
& mean mean mean licensed actual balance of
aquifer cuterop annual annual annual abstraction  abstractilon resources
ared  yainfall evaporation infiltration {annual) (1977 (1977
]-cm2 mm mm mm 10E m3 106 m3 106 |:|13
Coal Measures 326 660 430 110 0.0 30.7 5.2
Table 5.6.17. BAbstraction of groundwater and balance
of resources for Unit 8 of the
Yorkshire Water Autherity (1977}
if licensed actual balance of
Aquifer abstraction abstraction resources
103 m3/km2 103 m3/km2 103 m3/km2
Coal Measures 0.0 94.2 6.0




Table 5.6.18.
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Groundwater resources for Unit 9 of
the Yorkshire Water Authority

outcro mean mean mean licensed actual balance of
P
Aguifer area annual annual annual abstraction abstraction resources
rainfall evaperation infiltration {annual} (1977) (1977)
2
km mm mn m 106 m3 106 m3 106 m3
Coal Measures 124 610 430 99 0.0 2.5 9.8
Permo-Triassic
sandstones 213 610 430 150 3.7 2.2 29.8
Magnesian
Limestone 125 610 430 168 2.2 1.2 . 19.7
Total 5.9 5.9 59.3
Tabhle 5.6.19. Abstraction of groundwater and balance
of resources for Unit 9 of the
Yorkshire Water Ruthority (1977)
licensed actual balance of
1
Aquifer abstraction abstraction resources
103 111'3/}cm2 103 m3/}un2 103 m:“/km2
Coal Measures 0.0 5.4 21.2
Permo-Triassic sandstones B.0 4. 64.5
Magnesian Limestone 1.8 42.6
Total 12.8 12.8 128.3
Table 5.6.20. Groundwater rescurces for Unit 10 of
the Yorkshire Water Authority
mean mean mean licensed actual balance of
Aquifer outcrop annual annual annual abstraction  abstraction resources
area rainfall evaporation infiltration (annual) (1977) (1977}
lt:m2 mn mm mm llZ!6 n:3 106 m3 106 m3
Millstone Grit 78 1270 430 130 0.0 0.0 10.2
Coa), Measures 17 1040 430 88 0.0 0.0 1.5
Total 0.0 0.0 11.7
Table 5.6.21. BAbstraction of groundwater and balance
of resources for Unit 10 of the
Yorkshire Water Authority (1977}
licensed actual balance of
Aquifer abstractiaon abstraction resources
. 3 3, 2
103 1113/lm2 103 ma/k;ﬂ'l2 107 m™ /km
Millstone Grit 0.0 106.3
Coal Measures 0.0 0.0 15.6
- 12%.9
Total 0.0 0.0
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Groundwater resources for Unit 11 of
the Yorkshire Water Ruthority

" outcrop mean mean licensed actual balange of
Aquifer area annual annual annual abstraction abstraction rasources
rainfall evaporation infiltration {annual) (1977 (1977)
k.m2 mm mmn mm 106 rn3 106 m3 106 In3
Ceoal Measures 79 915 430 112 0.0 1.0 7.8
Millstone Grit 68 1195 430 135 5.1 .7 8.5
Total 5.1 1.7 16,3
Table 5.6.23. Abstraction of groundwater and balance
of resources for Unit 11 of the
Yorkshire Water Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
1(:03 m3/km2 10:3 1113/km2 103 m3/km2
Coal Measures 0.0 6.8 53.1
Millstone Grit 34,7 4.8 57.8
Total 34.7 11.6 110.9
Table 5.6.24. Groundwater resources for Unit 12 of
the Yorkshire Water Authority
outero mean mean mean licensed actual balance of
hquifer areap annual annual annual abstraction abstraction reagurces
rainfall evaporation  infiltration {annual) (1977 (1877)
km2 mm mm mm 10‘5 m‘3 10G m3 106I 1113
Coal Measures 64 965 430 120 0.3 7.5
Millstone Grit 331 1270 430 126 1.8 41.5%
Total 1.9 0.4 49.0
Table 5.6.25. Abstraction of groundwater and balance
of resources for Unit 12 of the
Yorkshire Water Authority (1977)
Aquif licensed actual balance of
quLiex abstraction abstraction resources
10° 0’/kn? 16° o’ /xe’ 10 o /i’
Coal Measures 0.8 S 19.0
Millstone Grit 4.1 105.1
Total 4.9 1.0

124.1
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Groundwater resources for Unit 13 of
the Yorkshire Water Authority

outero mean mean mean licensed actual balance of
Agquifer area P annpual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) (1977) (1977}
km2 o ] mm 106 m3 106 m3 106 m3
Coal Measures 308 710 455 101 4.2 6.4 24,7
Tahle 5.6,.27. Bbstraction of groundwatar and balance
of resources for Unit 13 of the
Yorkshire Water Authority (1977)
licensed actual balance of
Rquifer abstraction abstraction regources
103 m3/km2 103 m3/]4:m2 103 :u.:"/]cln2
Coal Meapures 13.6 20.8 80.2
Table 5.6.28. Groundwater rescurces for Unit 14 of
the Yorkshire Water Authority
P mean mean mean licensed actual balance of
Aquifer oua:ra P annual annual annual abetraction  abstractlon resources
e rainfall evaporation infiltration {annual) (1977) (1977)
kn® m rm - 10° o 108 n’ 10® o3
Millstone Grit 73 1195 430 B4 0.9 0.0 6.1
Table 5.6.29. BAbstraction of groundwater and balance
of rescurces for Unit 14 of the
Yorkshire Water Authority (1977)
Wif licensed actual balance of
Aq er a._bst.ract_‘l.on abstraction resources
103 m3/km2 103 m3/k|n2 103 m3/km2
Millstone Grit 0.0 0.0 83.6
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Table 5.6,30. Groundwater resources for Unit 15 of
the Yorkshire Water Authority
mean mean mean licensed actual kalance of
outcrop
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) (1977 (1977)
2
o mm m m 10° o 10° o’ 108
Millstone Grit i58 1049 405 66 2.8 0.6 9.8
Carboniferous -
Limestone 220 1195 405 107 0.0 0.0 23.5
Total 2.8 0.6 33.3

Table 5.6.3l. BAbstraction of groundwater and balance

of resources for Unit 15 of the
Yorkshire Water Authority (1977)

licensed actual balance of
£
Aquifer abstraction abstraction resources
10° n3/kn® 10° wd /i’ 107 w3/km?
Millstone Grit 7.4 1.6 25.8
Carboniferous Limestone 0.0 0.0 61.8
Total 7.4 1.6 87.86
Table 5.6.32. Groundwater resources for Unit 16 of
the Yorkshire Water Authority
tor mean mean mean licensed actual balance of
Aquifer eutcrop annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration {annual) (1977) (1977
kmz mm mm mm 1()6 m3 106 m3 106 mJ
Coal Measures 100 940 405 B0 0.0 0.0 B.0
Millstone Grit 112 890 405 107 3.8 1.8 10.2
Total 3.8 1.8 18.2
'i'able 5.6.33. Abstraction of groundwater and balance
of resources for Unit 16 of the
Yorkshire Watex Authority (1977}
£ licensed actual balance of
Aquifer abstraction abstraction resources
3.2
103 m3/km2 103 m3/k.m2 103 m”/km
Coal Measures 0.0 37.6
Millstone Grit 17.8 8.5 47.9

Total 17.8 8.5 85.5
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Table 5.6.34. Groundwater resocurces for Unit 17 of
the Yorkshire Water Authority

outcrop mean mean mean Licensed actual balance of
Aquifer area annual, annual annual abatraction  abstracticn resources
N rainfall evaporation infiltration {annual) (1977} {1977}
2
k. mm mm mm 106 m3 1CI6 m3 106 m3
Coal Measures 241 710 430 a7 0.0 1.7 21,7
Millstone Grit 38 760 430 122 2.7 0.8 3.9
Magnesian .
Limestone 23 635 430 195 0.0 0.0 4.5
Total 2.7 2.5 30.1
Table 5.6.35. Abstraction of groundwater and balance
of resources for Unit 17 of the
Yorkshire Water Authority (1977)
licensed actual balance of
Aqulfer abstraction abstraction regsources
103 m:‘,/km2 10:1 1113/]11:12 103 m3/km2
Coal Measures 0.0 5.6 71.6
Millstone Grit 8.9 2.6 12.9
Maghesia.n Limestone 0.0 0.0 14.9
Total 8.9 8.2 99.4
Table 5.6.36. Groundwater resources for Unit 1B of
the Yorkshire Water Authority
" mean mean mean licensed actual balance of
Aquifer outcrap annual annual annual abstraction absatraction resources
area . .infall evaporation infiltration (annual) (1977) (1977)
k.m2 mm mm mm 106 m3 106 m3 106 m3
Coal Measures 13 635 430 B2 0.0 0.3 0.8
Permo-Triassic 89 635 430 177 24.0 13.2 2.5
sandstones
Magnesian 635 430 201 2.1 0.3 7.5
Limestone ®
Total 26.1 . 13.8 10.8
Table 5.6.37. Abstraction of groundwater and balance
of resources for Unit 18 of the
Yorkshire Water Authority {1977)
£ licensed actual balance of
Aquifer abstraction ‘abstraction resources
3 3 2
103 m3/k'.m2 103 m:"/lnun2 107 m" /km
Coal Measures 0.0 2.1 5.7
Permo-Triassic sandstones 170.2 93.6 17.7
Magnesian Limestone 14.9 2.1 53.2

Total 185.1 97.8 76.6




Table 5.6.38.

106

Groundwater resources for Unit 19 of
the Yorkshire Water Authority

outcro mean mean mean licensed actual balanoce of
P
Agquifer area annual annual annual abstraction abstraction rasources
rainfall evaporatien infiltration {annual) (1977) (1977}
2
¥m mm m m 105 m? 10° o° 10% &3
r
Carboniferous ' :
Limestone 278 1525 360 122 6.8 2.0 32.9
Millstone Grit 234 1145 380 90 0.0 0.0 2.1
Total 6.8 2.0 53.1
\
Table 5.6.39. Abstraction of groundwater and balance
of resources for Unit 19 of the
Yorkshire Water Authority (1977)
licensed actual balance of
ul
Aquifer abstraction abhstraction resources
10% 0°/kn? 10% u%/kn? 10 &°/kn?
Carboniferous Limestone 13.3 3.9 62.4
Millstone Grit 0.0 0.0 4q1.1
Total 13.3 3.9 103.5
Table 5.6.40. Groundwater resources for Unit 20 of
the Yorkshire Water Authority
outero mean mean mean licensed actual balance of
Aquifer area P annual annual annual abstraction  asbtraction resources
rainfall evaporation infiltration (annual) (1977 (1977)
km2 mn mm mra 106 m3 105 m3 106 m3
Carbonlferous
. .0 0.
Limestore 1 1170 405 125 0.0 0 1
Millstone Grit 200 B10 405 72 2.5 0.2 14,1
Permo-Triasaic 81 615 405 75 3.2 2.1 4.0
sandstones
Magnesian 145 660 405 227 8.7 4.0 28.9
Limestone
Coal Measures 69 710 405 69 0.0 0.0 4.8 -
Total 14.4 6.3 51.9
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Table 5.6.41. Abstraction of groundwater and balance
of resources for Unit 20 of the
Yorkshire Water Authority {1977)
Aquifer ticensed actual balance of
abstraction abstraction resources
103 m3/}un2 103 m3/km2 103 1113/lcm2
Carbonifercus Limestcne 0.0 0.2
Millstone Grit 5.0 28.4
Permo-Triassic sandstones 6.5 8.1
Magnesian Limestone 17.5 8.1 58.3
Coal Measures 0.0 0.0 9.7
Total 29.0 12.7 104.5
Table 5.6.42. Groundwater resources for Unit 21 of
the Yorkshire Water Authority
outcrop zean mean mean licensed actual balance of
Aquifer area annual annual annual abstractieon abstraction resources
rainfall  evaporation  infiltration {annual) (1977) (1977)
2
km mm mm mm 106 m3 1(]6 m3 106 m3
Carbonlferous
Limestone 9 819 405 90 0.0 0.0 0.8
Millstone Grit 411 1065 405 L3 0.0 0.0 40.2
Permo-Triassic 61 685 405 145 0.0 0.0 8.8
sandstones
Magnesian '
. . 1.
Limestone 64 710 405 174 1.7 0.0 11.1
Total 1.7 0.0 60.9
Table 5.6.43. Abstraction of groundwater and balance
of reacurces for Unit 21 of the
Yorkshire Water Authority (1977)
ie ligensed actual balance of
Aquifer abhstraction ahstraction resources
2
103 m3/k.m2 103 m,3/km2 103‘ m:.’/km
Carboniferous Limestone 0.0 0.0 1.5
Millstone Grit 0.0 0.0 73.8
Permo-Triassic sandstones 0.0 0.0 16.1 !
Magensian Limestone 31 0.0 20.4
Total 3.1 0.0 111.8
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Table 5.6.44. Groundwater resources for Unit 22 of
the Yorkshire Water Authority

outerep mean mean mean licensed actual balance of
Agquifer area annual annual annual absetraction abstraction resources
rainfall evaporation Ainfiltration {annual) (1977} (1977
2
ko ma mm mm 105 m3 106 m:‘1 106 m3
Millstone Grit an 104 355 111 1.3 0.4 40.8
Permo-Triassic
sandstones a2 €85 355 165 1.7 0.8 19.4
Magnesian .
Limestone 169 760 355 155 0.3 0.1 16.7
Carboniferous
Limestone 405 1475 355 96 0.0 0.0 38.9
Total 3.3 1.3 115.8
Table 5.6.45. Abstraction of groundwater and balance
of resources for Unit 22 of the
Yorkshire Water Authority (1977)
licensed actual balance of
ul £
Aquifer abstraction abstraction resources
10° 0’ /kn? 10% n/km? 10° o’ fkn?
Millstone Grit 1.3 0.4 40.5
Permo—Triassic sandstones 1.7 0.8 9.3
Magneslan Limestone 0.3 0.1 16.6
Carboniferous Limestone 0.0 0.0 : 38.6
Total 3.3 1.3 115.0
Table 5.6.46. Groundwater resources for Unit 23 of
the Yorkshire Water Authority
mean mean mean licensed actual balance of
Aquifer outexop annual annual annual abstraction abstraction resources
ared  rainfall evaporation infiltration {annual) {1977) {1977)
3
k]::l2 mm mm mm 106 m3 J.O6 m3 106 m
Permo-Trilassic 108 685 355 183 2.6 0.7 55.7
sandstones
Magnesian
35 136 1.3 1.0 12.9
Limestone 102 685 5
Carboniferous
127 1,7 0.3 61.8
Limestone 489 1195 335
Millstone Grit 150 1015 355 98 0.0 0.0 14.6
Middle Jurassic 72 790 355 142 0.0 0.0 10.2

Teotal 5.6. 2.0 155.2
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Table 5,6.47. Babstraction of groundwater and balance
of resources for Unit 23 of the
Yorkshire Water Authority (1977)

Aquifer licensed actual balance of
abstracticon abstraction resources
3 3
10% 0% /kn? 10 ©°/kn?® 10° o’ /xn?
Permo~Triassic sandstones 1.8 0.5 38.0
Magnesian Limestone 0.9 0.7 8.8
Carboniferous Limestone 1.1 0.2 42.1
Millstone Grit 0.0 0.0 10.0
Middle Jurassic 0.0 0.0 7.0
Total 3.8 1.4 105.9
Table 5.6.48. Groundwater resources for Unit.24 of
the Yorkshire Water Authority
outcrop mean mean mean licensed actual balance of
Aqulfer area annual annual annual abstraction abstraction- resources
rainfall evaporation infiltration {annual) (1977) {1977
km2 mm mm om 106 m3 106 m3 106 m3
Permo-Triassic 641 660 405 194 11.3 5.9 118.4
sandstones
Magnesian 70 660 405 193 0.0 0.0 13.6
Limestone '
Middle Jurassic 14 710 405 148 0.0 0.0 2.1
Total 11.3 5.9 1341
Table 5.6.49. Abstraction of groundwater and balance
of resources for Unit 24 of the
Yorkshire Water Authority (1977)°
licensed actual balance of
Aquifer abstraction abstraction resources
3 3 2
- 10° o¥/kn? 10° 07 /kn? 10° o3/kn
Permo-Triassic sandstones 11.8 6.2 123.6
Magnesian Limestone 0.0 0.0 14.2
Middle Jurassic 0.0 0.0 2.2

Total 11.8 6.2 140.0




Table 5.6,50.
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Groundwatexr rasources for Unit 25 of
the Yorkshire Water Authority

outarop mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstraction rasources
rainfall evaporation infiltration (annual). (1877) (1977)
2
K - 1o - 10° &3 10° o’ 108 n°
Middle Jurasaic 225 835 380 137 0.0 0.0 J4.9
Corallian 370 B20 380 380 11.2 5.4 135.2
Total 11.2 5.4 170.1
Table 5.6.51. Abstraction ¢f groundwater and balance
of resources for Unit 25 of the
Yorkshire Water Autherity (1977}
licensed actual balanca of
Aquifer abstraction abstraction resources
10% 13 fxn? 10° 03 /kn? 10% o/’
Middle Jurassic 0.0 0.0 41.1
Corallian 13.2 6.4 159.2
Total 13.2 6.4 200.3
Table 5.6.52. Groundwater resources for Unit 26 of
the Yorkshire Water Authority
t mean mean mean licensed actual balance of
Aquifexr outcrop annual annual annual abstraction  abstraction resources
8T82  rainfall evaporation infiltraticn (annual) {1977) {1977)
km2 mn mm mm 106 m3 106 m3 106 m3
Middle Jurassic 142 810 3eo 116 0.0 0.0 16.5
Corallian 41 810 380 360 0.0 0.0 14.8
Total 0.0 0.0 31.3
Table 5.6.53. BAbstractlon of groundwater and balance
of resources for Unit 26 of the
Yorkshire Water Authority (1977)
licensged actual balance of
Aquifer abstraction abstraction resources
10% n¥/xm? 10% 03 /kem? 10° o¥/kn?
Middle Jurassic 0.0 0.0 90.2
Corallian 0.0 0.0 80.9
Total 0.0 0.0 171.1




Table 5.6,54. Groundwater resources for Unit 27 of

the Yorkshire Water Authority

outcro mean mean mearn licensad actual balance of
L P
Aquifer aras annual annual annual abstraction  abstraction resources
rainfall evaporaticn infiltration {annual) {1977} {1977}
2
ka om m om 10° n? 108 3 108 o?
Corallian 152 740 405 300 15.5 7.5 38.1
Middle Juraesic 138 780 405 144 0.5 0.0 19.9
Chalk 82 710 405 252 0.0 0.0 20.7
Total 16.0 7.5 78.7
Table 5.6.55. HAbatracticen of groundwater and balance
of resiources for Unit 27 of the
Yorkshire Water Authority (1977)
licensed actual balance of
A £
quifer abstraction abstraction resources
16% 03 /xn? 16° &°/kn? 10° 3 /km®
Corallian 27.9 13.5 6B.5
Middle Jurassic 0.0 0.0 35.8
Chalk 0.0 0.0 37.2
Total 27.9 13.5 141.5
Table 5.6.56. Groundwater resources for Unit 28 of
the Yorkshire Water Ruthority
ontcro mean mean mean licensed actual balance of
Aquifer a: P annual annual annual abstraction abstraction resources
®2  rainfall evaporation infiltration {annual) {1977) (1977
)cm2 mm mm [ . 106 m3 106 m3 106 m3
Permo-Trlassic 165 660 405 175 0.0 0.0 28.9
sandatones
Middle Jurassic 13 710 405 146 0.0 1.9
Chalk 71 790 405 371 0.0 26.4
Total 0.0 0.0 57.2
Table 5.6.57. Abstraction of groundwater and balance
of resources for Unit 28 of the
Yorkshire Water Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction Iegources
10% n°/km? 10° w’/xn’ 10% o /kn?
Permo~Triassic sandstones 0.0 52.0
Middle Jurassic 0.0 3.4
Chalk 0.0 0.0 47.5
0.0 0.0 102.9

Total
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Table 5.6.58. Groundwater resourcea for Unit 29 of
the Yorkshire Water Authority

outerop mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstraction regources
rainfall evaporation infiltration (annual) 1917 (1977}
2
km wm o m 10% o3 10° o 10% o’
Middle Jurassic 394 890 430 42 0.0 0.0 16.5
Tabkle 5.6.59. BAbstraction of groundwater and balance
. of resources for Unit 29 of the
Yorkshire Water Authority (1977}
Aqui licensed actual balance of
fer abstraction abstracticn regsources
103 11.\.3'/k1n2 103 m3/km2 103 m3/lm2
Middle Jurassic 0.0 0.0 33.2
Table 5.6.60. Groundwater resources for Unit 30 of
the Yorkshire Water Authority
outero mean mean mean licensed actual balance of
Agquifer ua.reap annual annual annual abstraction  abstraction resources
ralnfall evaporation inflltration (annual) (1977) (1977)
k:m2 mm mm mm 106 m3 106 m3 106 m3
Chalk 441 685 430 179 11.3 5.8 73.1
Table 5.6,61. Abstraction of groundwater and halance
of resources for Unit 30 of the
Yorkshire Water Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
103 m:,'jkm2 103 m3/km2 103 m3/k:m2

Chalk 23.1 25.6 165.8
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Table 5.6.62. Groundwater resocurces for Unit 31 of
the Yorkshire Water Authority

outerop mean mean mean - licensed actual balance of
Aguifer area annual annual annual abstraction abstraction resources
rainfall  evaporation  infi)ltration {annual} (1977) (1977}
2
km mm mm mm 106 t|13 106 u:3 106 m3
Chalk 414 735 430 201 3.9 2.4 80.8
Table 5.6.63. Abstraction of groundwater and balance
of resources for Unit 31 of the
Yorkshire Water Authority
P— . licengsed actual balance of
fer abstraction abstraction regources
10° n’/kn? 16% n*/kn? 10% 3 /i?
Chalk 9.4 5.8 195.2
Table 5.6.64. Groundwater resources for Unit 32 of
the Yorkshire Water Authority
& mean mean mean licensed actual balance of
Aquifer ou CI:P annual annual annual abstraction abstraction resources
are rainfall evaporation infiltration {annual) (1977) (1977)
k.mz =m mm mm J.O6 m3 106 m3 1.0G m3
Chalk 626 685 430 121 9.5 7.2 68.8
Middle Jurasaic 1 635 430 125 2.2 2,2 =2.1
Total 11.7 9.4 66.7
Table 5.6.65. Abstraction of groundwater and balance
of reasources for Unit 32 of the
Yorkshire Water Authority (1977)
.licensed actual balance of
Aquifer abstraction abstraction resources
3 2
107 o /km? 10% o’ /km? 10® 0 /km
Chalk 15.1 11.4 109.2
-3.3
Middle Jurassic 3.5 3.5

Total 18.6 14.9 105.9




114

Table 5,6.66. Groundwater resources for Unit 33 of
the Yorkshire Water Authority

outcrop mean mean mean licensed actual balance of
Aguifer aras annual annual annual abetraction abstraction resources
) rainfall evaporation infiltration {annual) (1977 (1977
m mm mn om 10% o3 10% o’ 10° w’
Chalk 329 610 430 52 0.1 0.0 17.0
Table 5.6.67. Abstraction of groundwater and balance
of resources for Unit 33 of the
Yorkshire Water Authority (1977)
licensed actual balanca of
ifer
Aqu abstraction abstraction resources
3 2
10 o’ /km 10% /1’ 10% n°/ka®
Chalk 0.3 0.0 51.7
Table 5.6,68. Groundwater resources for Unit 34 of
the Yorkshire Water Authority
outero mean mean mean licensed actual balance of
Adquifer area 3 annual annual annual abatraction abstraction resources
rainfall evaporation dinfiltration {annual) (1977) {1977)
o - mm mm 10% o° 108 o’ 10%
Permo-Triassic
sandstonss 53 635 430 166 0.2 0.0 B.8
Chalk 71 710 430 277 2.1 0.0 19,7
Middle Jurassic 23 685 430 121 0.2 0.0 2.8
Total 2.5 0.0 3l1.3
Table 5.6.69. Abstracticn of groundwater and balance
of resources for Unit 34 of the
Yorkshire Water Authority (1977)
if licensed actual balance of
Aquifer abstracticn abatraction resources
J.('.\3 1113/l|1:.1'n2 105I mH/k.m2 103 m3/km2
Permc-Trilassic sandstones 0.6 0.0 27.4
Chalk 6.5 0.0 6l.2
Middle Jurassic 0.6 0,0 3.7

Total 7.7 0.0 97.3
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Table 5.6.70. Areas of Units in the Yorkshire
Water Authority (kmzl

Unit Area Unit Area
1 72 18 141
2 191 19 513
3 136 20 496
4 75 21 545
5 283 22 1007
& 82 23 1467
7 106 24 957
8 326 25 849
9 462 26 183

10 95 27 556
11 147 28 498
12 395 29 497
13 308 30 441
14 73 31 414
15 380 32 629
16 212 33 329
17 303 34 320
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5.7. Anglian Water Authority

General Features

Anglian Water Authority covers an area of 27 063 km2 in eastern England.
Inland from The Wash, the country is very low-lying, much of it below sea-
level over the area known as the Fens. To the north of the Wash is a low-
lying coastal plain backed inland by a north-south range of low hills, the
Lincolnshire Wolds, formed in the Chalk outcrop and rising to 150 m above
sea—-level. South of The Wash, the land is generally low-lying,
occasionally rising to an altitude of 60 m or so above sea-level where the
harder rocks crop out. The coast is exposed to storms, and harbours are
relatively few. The major drainage is performed by rivers such as the
Great Ouse, the Welland, the Nene and the Stour. In the Fens, much of the

drainage is artificial and pumping is necessary to drain the lower areas.

The population in 1974 was 4.8 million. The major towns include
Northampton, {(population 148 000}, Ipswich (123 000}, Worwich (120 000) ,

Bedford (108 000), Cambridge (100 000), Peterborough (71 000), Linceln
{74 000), and Chelmsford (58 000).

There was formerly a large fishing industry based on the east coast ports,
particularly at Grimsby, Lowestoft and Yarmouth. Although somewhat
reduced, this industry still thrives. The area is generally agricultural
with industrial developments in the urban areas:

The geology is varied. On the coast, there are extensive outcrops of the
Crag, with Tertiary strata appearing further south. Inland, there is a
broad outcrop of the Chalk. Westwards again, strata of increasing age
crop out, including the Lower Greensand, the Great Oclite limestone and

the Lincolnshire Limestone.

Agquifers
The most important aquifers in the area are the Chalk and the Lincolnshire
Limestone. Less important are the Crag, the Spilsby Sandstone, the

Great Oolite, and the Lower Greensand.

The Crag crops out close to the east coast to the south of The Wash. The
deposits are mainly shelly sands, pebbly gravels and sands. The maximum
thickness is of the order of B5 m. Agquifer properties have been measured

only at a single site at Billesford Hall (TM 437 601) where the

2 3

transmissivity was 1.1 x 10 m2/s and the specific yield was 5 x 10 ",
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The Chalk north of the Wash has a total thickness of about 100 m. To the
south of The Wash, the thickness is barely 50 m, but the formation
thickens steadily to about 280 m maximum further south. Transmissivities
were measured at 103 sites and the mean value is 1.3 x 10—2 m2/s

(Figure 5.7.2). The values vary considerably from one Unit to another
(Table 5.7.1}, but with many Units having few determinations, this
variation may be misleading. Specific yields are usually of the order of
1l x 10-2, but, when the aguifer is confined, these values fall to about
1x 10_4.
The Spilsby Sandstone outcrops only in Unit 1. The maximum thickness is
about 25 m, and the lithology is of soft, greenish-yellow sands with seams
of light grey clay. There are no determinations available for the aquifer

properties.

The Lower Greensand 6utcrop is not continuous but is found from the Wash
southwards to a point south of Leighton Buzzard. The maximum thiékness
(between Cambridge and Leighton Buzzard) is about &5 m, but this thickness
tends to vary since the sediments were deposited upon an eroded and
irregular land surface. ‘The transmissivity reaches some 1.1 x 10'_2 m2/s
where the formation is at its greatest thickness, but to the east of
Cambridge, where the thickness falls to 10 m or less, the transmissivity
is less than 1 x 10_3 mz/s. Most wells in this formation are in the
confined aquifer and the coefficient of storage is generally about

1 x 1074,

The Great Oolite limestone is only some 5 m thick in the north of the area,
increasing to about 10 m in the south. 1In the tables attached to this
section, this formation is referred to as the Middle Jurassic since much
of its water derives from the underlying Estuarine Beds, a succession of
clays and clayey sands with occasional limestone. Although the
Lincoinshire Limestone is stratigraphically of Middle Jurassic age, it is
treated separately since it forms an important aguifer. The Great Oolite
tends to contain saline water within a short distance of passing beneath
confining beds, and consequently is not greatly developed. No

determinations of aguifer properties are available.

The Lincolnshire Limestone is a hard, compact limestone with groundwater

flow dominantly through fissures. The outcrop extends from the Humber
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Estuary southwards to a point near Peterborough. The maximum thickness,
near Grantham, is about 40 m but the formations thin both to the north
and to the south and the mean thickness is of the order of 15 m to 20 m.
The transmissivity has been determined at 9 sites, with a mean value of
3.3 x 10_2 m2/s (Figure 5.7.3). These sites were within two Units only
‘(Table 5.7.2), but Unit 3 has a higher mean value than Unit 1. The
aquifer is most frequently pumped in the confined area, and the
coefficient of storage is usually of the order of 1 x 10_4. However,

it should be noted that where larger fissures are intercepted, wells
support large yields, but the density of fissuring is low and there is

some risk of a well failing to yield useful supplies of groundwater.

Resources

Yields of wells from the Crag are usually small, rarely being sufficient
to supply urban areas. The maximum yields are usually of the order of
0.4 x 106 ﬁB/a. Average yields are usually less than 0.1 x 106 ma/a.
The importance of the Crag as an aguifer to some extent rests in the
fact that groundwater in the underlying Chalk is occasionally saline,

leaving the Crag as the only available source.

Yields of wells in the Chalk are variable. Some wells have given yields
in excess of 9.0 x 106 m3/a, but these are exceptional. It is customary
to assume that there is always a good chance of obtaining 2.0 x 106 m3/a.
However, particularly in East Anglia, there are areas where the
transmissiﬁity is low, and this is reflected in Table 5.7.1. There are
also a number of deep channels scoured in the Chalk surface, often over

50 m in depth, which were subsequently filled with superficial sediments
of low permeability. These channels are not visible on the present ground
surface, but when intersected by a well, or when they are in close

proximity to a well, they adversely affect the yield.

The yield from wells in the Spilsby Sandstone is usually fairly small, of
3 3
the order of 1.0 x 106 m /a. Yields up to 3.7 x 106 m /a have been

recorded.

The Lower Greensand generally yields reliable supplies. Wells of 250 to
6 3 e 3 .
300 mm diameter commonly give from 0.2 x 10 m/a to 0.5 x 10 m /a. With

larger diameters, wells penetrating the thicker parts of the agquifex can

yield about 2.0 x 106 ma/a.
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Wells in the Great Oolite limestone (Middle Jurassic in the accompanying
tables) may yield up to 0.4 x 106 ms/a. However, the aquifer is thin,
and in the confined areas the groundwater is often non-potable. In

consequence, the aquifer is not greatly used,.

The Lincolnshire Limestone can yield at very high rates. 8Single wells are
known to have given yields in excess of 8.0 x 106 m3/a and sites with

4 wells have yielded oﬁer 12.0 x 106 m3/a. Yields are rather less in the
northern half of the aguifer than in the southern. The mean yield in the

northern half is about 1.0 x 106 m3/a and in the southern half about

3.0 x 106 m3/a.

Wells constructed in the Chalk, the Middle Jurassic and the Lincolnshire
Limestone rarely need lining within the aguifer, the rock standing without
support. A few metres only of lining tube is usually sufficignt at the
top of the well unless a thickness of confining strata is present. Wells
in the Spilsby Sandstone, the Lower Greensand and the Crag require

sand screens.

Details of the resources are given in Tables 5.7.3 to 5.7.87. 1In Unit 47
(Table 5.7.85), the details of outcrop area, rainfall, evaporation and
infiltration are not known. The balance is shown as zero, assuming the
replenishment to be equal to the abstraction. In reality, there may be a
surplus. There are no significant resources in Units 4, 5, 6, 7 and 19,

and tables for these are omitted.
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701 Mean value 1-3x1072 m2/s
Maximum value 1-2x 10~ m2/s
Minimum value 1.2x 1075 m2ys
Standard deviation 1.8x 1072 mss
Number in sample 103

1072m2/s

Fig:5.7.2. Transmissivities of the Chalk aquifer in the Anglian Water Authority (m2/s)
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49 Mean value
Maximum value
Minimum vaiue
Standard deviation
Number in sample

3-3x10~2 m2fs

1-2x10~1 m2/s

5-2x10—3 m2/s

3-6x10-2 m2/s
9

5 6 7 8 9 10
10 2mé/s

Fig:5.7.3. Transmissivities of the Lincolnshire Limestone aquifer
in the Anglian Water Authority (m2/s)

13



Unit

12

13

14

21

22

24

25

26

27

28

29

30

31

32

33

34

38

44

45

46

All Units
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Transmissivities in the Chalk aquifer of
the Anglian Water Authority

e e 2
Transmissivities (m /s)

Table 5.7.1.
Number of
determinations Mean

8 4.6 x 1072

12 1.2 x 1072

1 1.2 x 1072

18 1.0 x 1072

3 2.5 x 1072

1 8.1 x 1072

3 3.1 x 1072

2 2.6 x 107>

1 3.5 x 107>

2 4.5 x 1073

4 7.3 x 107°

1 4.9 x 1073

6 3.6 x 107°

1 3.5 x 1077

2 1.2 x 1072

1 7.0 x 107°

3 4.6 x 1073

1 3.0 x 1072

18 7.4 x 1073

6 3.8 x 1077

6 4.5 x 107>

103 1.3 x 1072

Maximum
1.2 x 1071

2.8 x 1072

2.4 x 102

4.6 x 102

6.4 x 1072

2.9 x 1072

4.6 x 1072

2.2 x 1072

2.3 x 1072

6.9 x 107>

2.3 x 107 %

1.2 x 107!

Minimum

9.4 x 10~

1.3 x 10~

3.5 x 10

8.8 x 10

7.0 x 10°

2.4 x 10~

4.4 x 10°

9,5 x 10

1.2

2.3

1.2

X

3

3

3

3

3

3

3

4

Mean as

% of

overall

mean

350

92

92

71

192

623

238

20

27

35

56

38

28

27

92

54

35

23

57

29

35

100
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Table 5.7.2. Transmissivities in the
Lincolnshire Limestone aguifer
of the Anglian Water Authority

2 Mean as
Unit Number of Transmissivities (m" /s) % of
determinations Mean Maximum Minimum overall
mean
1 6 1.8x 102 5.3x10°% 5.2% 105 55
-2 -1 -2
3 3 6.1 % 10 1.2 x 10 3.0 x 10 180
. -2 -1 -3
All Units 9 3.3 x 10 1.2 x 10 5.2 x 10 100
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Table 5.7.3. Groundwater resources for Unit 1 of
the Anglian Water Authority
outcrop mean mean mean licensed actual balance of
Bquifer area annual annual annual abstraction abstraction rasources
rainfall evaporation infiltration {annual} (1977} (1277}
kmz mm mm mm 106 m3 106 m3 106 m:j
Chalk 464 668 419 249 79.6 57.6 58.0
Spilsby 79 659 419 240 10.9 8.3 10.6
Sandstone
Lincolnshire 176 629 437 192 14.2 8.4 25.4
Limestone
Total 104.7 74.3 94.90
Table 5.7.4. A&bstraction of groundwater and balance
of resources for Unit 1 of the
Anglian Water Authority (1977)
Aquifer licenseld actual balance of
abstraction abstraction resources
103 m3/km2 10‘3 1113/km2 1()3 m:‘,/.'k.l:n2
Chalk 22.5 16.3 16.4
Spilsby Sandstone 3.1 2,3 3.0
Lincolnshire Limestone 4.0 2.4 7.2
Total 29.6 21.0 26.6
Table 5.7.5. Groundwater resources for Unit 2 of
the Anglian Water Authority
out zean mean mean licensed actual balance of
Aquifer ua:::P annual annual annual abstraction abstraction rasources
ralnfall evaporation infiltration (annual) {1977} (1877)
}mz mm mm i 106 m3 106 m3 106 m3
Lincelnshire
. . 33.
Limestons 209 610 424 186 9.8 5.1 8
Table 5.7.6. Abstraction of groundwater and balance
of resources for Unit 2 of the
Anglian Water Authority (1977)
LE licensed actual balance of
Aquifer abstraction abstraction resources
103 m3/km2 103 ma'/k.m2 103 Iu'-j/k.m2
Lincelnshire 7.4 3.8 25.5

Limesteone
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Table 5.7.7. Groundwater resources for Unit 3 of
the Anglian Water Authority
mean mean mean licensed actual balance of
outcrop )
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltraticn (annual) (1977) (1977}
2
km mm mrm i 106 m3 106 m3 106 m3
Lin¢olnshire
Limestone 121 609 447 109 50.0 29.2 -16.0
Table 5.7.8. Abstraction of groundwater and balance
of resources for Unit 3 of the
Anglian Water Authority (1977)
licensed actual bdlance of
Aquifer
abstraction abstraction resources
103 m:“/km2 103 m3/km2 103 :113/k.1112
Lir-xcnlnshire 57.0 33,3 —TB.S
Limestone
Table 5.7.9. Groundwater resources for Unit B of
the Anglian Water Authority
toro mean mean mean licensed actual balance of
Aguifer Dua: ap annual annual annual abstracticn  abstraction resources
e rainfall evaporation  infiltration (annual) (1977) (1977)
}cm2 mm mm mm 106 m3 106 m3 10(5 m3
Middle Jurassic 20 670 445 225 1.9 1.9 2.6
Table 5.7.10. Abstraction of groundwater and balance
of rescurces for Unit 8 of the
anglian Water Authority (1977}
. licensed actual balance eof
Aquifer abstraction ahstraction resources
3 2
10° o /kn? 10° o/kn? 103 o /kn
Middle Jurassic 2.3 2.3 3.2
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Table 5,7.,11. Groundwater rescurces for Unit 9 of
the Anglian Water Authority

outcro mean mean mean licensed actual balance of
D
Aguifer area annual annual annual abetraction abstraction resources
rainfall evaporation infiltration (annual) (1977) (1977}
2
km mm mm mm 106 m3 106 m3 106 m3
Middle Jurassic 1 670 445 225 0.0 0.0 0.2
Lower Greensand 53 622 460 116 10.3 7.4 -1.2
Chaik 70 663 434 229 0.1 0.0 16.1
Total 10.4 7.4 15.1
Table 5.7,12. Abstraction of groundwater and balance
of resources for Unit 9 of the
Rnglian Water Authority (1977)
licensed actual balance of
Aquifex abstraction abstraction resources
103 m'—"l/k:m.2 103 ||:3/k|:n2 103 m3/l'cm2
Middle Jurassic 0.0 0.0 0.5
Lower Greensand 27.6 19.8 -3.2
Chalk 0.3 0.0 43.2
Total 27.9 19.8 40.5
Table 5.7.13, Groundwater resources for Unit 10 of
the Anglian Water Authority
outcro mean mean mean licensed actual balance of
Adquifer ar ap annual annual annual ahstraction abstraction resources
e rainfall evaporation dinfiltration (annual) {1977 (1977)
k,mz mm mm mm 1(36 m3 106 m3 106 m3
Lower Greensand 124 577 456 90 6.9 5.0 6.1
Chalk 241 634 428 196 13.5 7.4 39.6
Total 20.4 12.4 45.7
Table 5.7.14. BAbstraction of groundwater and balance
of resources for Unit 10 of the
anglian Water Authority (1977)
£ licensed actual balance of
Aquifer abstraction abstraction resources
103 m3/km2 103 m3/lun2 103 1'113/};!112
Lower Greensand 11.5 8.3 10.2
Chalk 22.5 12.3 66.0

Total 34.0 20.6 76.2




Table 5.7.15.
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Groundwater resources for Unit 11 of
the Anglian Water RAuthority

auterop mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) (1977) (1977)
kmz mm mm mm luG m3 106 m3 106 m3
Middle Jurassic 5 670 445 225 1.9 0.4 0.7
Lower Greensand 14 585 470 74 0.0 0.0 1.0
Total 1.9 0.4 1.7
Table 5.7.16. Abstractlon of groundwater and balance
of resourges for Unit 11 of the
Anglian Water Authority (1977)
licensed actual balance ef
Aquifer abstraction abstraction resources
10° o’ /x? 10° o xkm? 10° m°/kn?
Middle Jurassic 1.3 0.3 0.5
Lower Greensand 0.0 0.0 0.7
Total 1.3 0.3 1.2
Table 5.7.17. Groundwater resources for Unit 12 of
the Anglian Water Authority
outero: mean mean mean licensed -actual halance of
Aquifer area.p annual annual annual abstraction abatraction resources
rainfall evaporation infiltration (annual) (1977) (1977)
km rm tim mm 10% o3 10° o® 10° o*
Lower Greensand 16 567 462 45 4.3 3.2 =2.5
Chalk 782 587 421 131 52.6 30.2 72.3
Total 6.9 33.4 £69.8
Table 5.7.18. BAbatraction of groundwater and balance
of rasources for Unit 12 of the
Anglian Water Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
103 1113/lt::m2 103 m3/km2 103 m3/km2
Lower Greensand 3.9 2.9 -2.3
Chalk 47.7 27.4 65.5
Total 51.6 30.3 63.2
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Table 5.7.19. CGroundwater resources for Unit 13 of

the Anglian Water Authority

] outerop mean mean mean licensed actual balance of
Aquifer arca annual annual annual abatractlon abstraction resources
rainfall evaporation infiltration {annual) (1977) (1977)
. 2
km mm mm mm 106 m3 1(:!6 m3 106 m3
Chalk 460 611 425 104 20.0 14.0 33.8
Table 5.7.20. Abstraction of groundwater and balance
of resources for Unit 13 of the
Anglian Water Authority (1977)
Aquifer licensed actuall ‘balance of
abstraction abstraction resources
10% o3/’ 107 n’/kn? 10° ©°/kn®
Chalk 33.4 23.4 56.4
Table 5.7.21. Groundwatex resources for Unit 14 of
the Anglian Water Authority
t mean mean mean licensed actual balance of
Aquifer oua;::p annual annal annual abstraction abstraction resources
rainfall evaperation infiltration (annual) {1977) (1977}
}l’.l:l]z mm mm mm 1(]6 m3 1()6 m3 106 m3
Chalk 735 626 427 85 12.6 6.5 56.0
Table 5.7.22. Abstraction of groundwater and balance
of resources for Unit 14 of the
Anglian Water Authority (1977)
AQULiE licensed actual balance of
quiter abstraction abstraction resources
1,03 m3/km2 103 t|13'/k.|112 103 m3lkm2
Chalk 14.2 7.3 63.3
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Table 5.7.23. Groundwater resources for Unit 15 of
the Anglian Water Authority

mean mean mean licensed actual balance of
outcrop
Aquifer area annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration (annual) (1977) (1977)
- mm mm mm 10% o’ 10° o° 10% o°
Lower Greensand 2 635 4432 115 0.0 0.0 0.2
Chalk 399 665 436 139 g8.1 6.4 49,0
Total 8.1 6.4 49.2
Table 5.7.24. Rbstraction of groundwater and balance
of resources for Unit 15 of the
Anglian Water Authority {1977}
licensed actual balance of
Aquifer abstraction abstraction reseurces
10% o’ /kn? 10° /2 10% n?/xm?
Lower Greensand .0 0.0 0.4
Chalk 16.4 13.0 99.2
Total 16.4 13.0 99.6
Table 5.7.25. Groundwater resources for Unit 16 of
the Anglian Water Autherity
outcro, mean mean mean licensed actual balance of
Aquifer ap anmual annual annual abstraction abstraction resources
are rainfall evaporation infiltration {annual) (1977) (1977)
km2 M mm mm 106 m3 106 m3 106 m3
Lower Greensard 26 537 439 86 0.3 0.3 2.0
Chalk 73 592 422 129 0.5 0.3 9.1
Total 0.8 .6 11.1
Table 5.7.26. Abstraction of groundwater and balance
of rescurces for Unit 16 of the
Anglian Water Authority (1977}
licensed actual balance of
Aquifer abstraction abstraction resources
10° 2% /kn? 10° n¥/kn® 16° ©°/km?
Lower Greensand 0.7 0.7 4.7
Chalk 1.2 0.7 21.4

Total ' 1.9 1.4 26.1




Table 5.7.27.
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Groundwater resources for Unit 17 of
the Anglian Water Authority

outers mean mean mean licensed actual balance of
ifer ® 1 1 1
Aqu area annua annua. annua abstraction abstraction resources
rainfall evaporation infiltration {annual} (1977 (1977}
2
m' mm mm mm 106 m3 106 m3 106 m3
Lower Greensand 26 672 443 212 1.0 0.4 5.1
Chalk 189 687 440 161 0.8 0.2 30.2
Total 1.8 0.6 35.3
Table 5.7.28. Abstraction of groundwater and balance
of resources for Unit 17 of the
-Anglian Water Ruthority (1977)
A licensed actual balance of
ifer. abstraction abstraction resources
103 m:‘]/]t'.m2 103 m:‘I/Jnc.m2 103 m3/km2
Lower Greensand .3 1,7 22.1
Chalk 0.9 130.7
Total 7.8 2.6 152.8
Table 5.7.29., Groundwater resources for Unit 18 of
the Anglian Water Authority
& mean mean mean licensed actual balance of
Aquifer ou CI:P annual annual annual abstracticn  abstractlion resources
are rainfall evaporation infiltration (annual) (1977) (1977}
km2 mm mm mm 106 m3 1l2)6 m3 10‘5 m3
Lower Greensand 170 616 443 134 0.1 0.0 22.8
Chalk 332 635 429 171 26.0 15.6 41.1
Total 26.1 15.6 63.9
Table 5.7.30. Abstraction of groundwater and balance
of resources for Unit 18 of the
Anglian Water Ruthority (1977)
iE licensed actual balance of
Aquifer abstraction abatraction resources
103 m:‘I /k.mz 103 m3/l¢.m2 103 tn:‘l/kl:'n2
Lower Greensand 0.2 0.0 36.5
Chalk 41.6 25.0 65.8
Total 41.8 25.0 102.3




Table 5.7.31.
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Groundwater resources for Unit 20 of
the Anglian Water Authority

outerop mean mean mean licensed actual balance of
Agquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual} {(1977) (197
k.m2 mm am am 1(’.)6 m3 106 m:'l 106 m3
Chalk 160 641 488 92 0.4 0.9 13.8
Table 5.7.32. BAbstraction of groundwater and balance
of resources for Unit 20 of the
Anglian Water Authority ({1977}
licensed actual balance of
Aquifer abstraction abstraction resources
10° w0 /xm? 103w /kan’ 10° m/kn?
Chalk 1.4 3.2 4B8.5
Table 5.7.33. Groundwater resources for Unit 21 of
the Anglian Water Authority
t mean mean mean licensed actual balance of
Aquifer ouarcrop annual annual annual abstraction abstraction resources
ea rainfall evaperation infiltration {annual) (1977) (1977)
}c.m2 mm mm mm 106 m3 106 m3 106 m3
chalk 142 648 478 100 25.9 1.7 12.6
Table 5.7.34. BAbstraction of groundwater and balance
of resources for Unit 21 of the .
Bnglian Water Autheority (1977)
if licensed actual balance of
Aquiler abstraction abstraction resources
1(.'03 m:'l/km2 103 1113/km2 10'3 m:‘]/!«:m2
Chalk 175.0 11.5 85.1
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Table 5.7.35. Groundwater resources for Unit 22 of
the Anglian Water Authority

oﬁtcrop mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual}) {1977} (1977)
2 .
km' mm mm mm 106 m3 106 m3 106 m3
Chalk 115 670 470 120 0.4 0.1 13.8
Table 5.7.36.‘ Abstraction of groundwater and balance
of resources for Unit 22 of the
Anglian Water Authority (1977}
Aquifer licenseld actual balance of
abstraction abstraction resources
. 3
10 t|13/]t'.|:r|2 103 m3/km2 lC!3 n:3 /l-:m2
Chalk 3.5 0.9 120.0
Table 5.7.37. Groundwater resources for Unit 23 of
the Anglian Water Authority
outero mean mean mean licensed actual balance of
Adquifer h : aP annual annual anngal, °  abstraction  abstracticn resources
are rainfall evaporation infiltration {annual) (1977) {1977}
}cm2 mm mm mm ’ 106 m3 1.06 m3 106 m3
Chalk 77 645 460 100 1.5 1.0 6.7

Table 5.7.38. Abstraction of groundwater and balance
of resources for Unit 23 of the
Anglian Water Authority (1977)

Aquifer licensed actual balance of
quile abstraction abstraction rasources
10% 0*/kn? 107 w’/kn? 10° o’ /kn’

Chalk 11.8 7.9 52.9
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Table 5.7.39. Groundwater resources for Unit 24 of
the Anglian Water Authority

ou1;.cro meéln mean mean licensed actual balance of
aquifer areap annual annual annual abstraction abstraction rasources
rainfall evaporation infiltration {(annual) (1977) (1277
2
km mn ram mm J.O6 m3 1()6 m3 1.06 m3
Chalk 33 690 475 120 3.0 2.2 37.9
Table 5.7.40. Abstraction of groundwater and balance
of resources for Unit 24 of the
Anglian Water Authority (1977)
aquifer licensed actual balance of
m abstraction abstraction resources
103 n:|3/k.|112 103 1113/km2 103 m:‘]/km2
Chalk 8.8 6.5 110.1
Table 5.7.41. Groundwater resources for Unit 25 of
’ the Anglian Water Authority
outcre mean mean mean licensed actual balance of
Aguifer wRCEOp annual annual annual abstraction abstraction resources
area rainfall evaporation 1infiltraticn (annual) (1977) (19771
km2 mm nm mm 106 m3 106 m3 106 m3
Chalk 62 660 475 100 1.0 0.5 5.7
Table 5.7.42. Abstraction of gi:oundwafer and balance
of rescurces for Unit 25 of the
bnglian Water Authority (1977}
Aéuifer licensed actual balance of
quife abstraction abstraction resources
2 2 3 2
103 m3/km 103 m3/km 103 m” /km
Chalk 16.1 B.1 91,9
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Table 5.7.43. Groundwater rescurces for Unit 26 of
the Anglian Water Authority

ontez mean mean mearn licensed actual balance of
s op
Aquifer ares annual annial annual abstraction abstraction rasources
rainfall evaporation infiltration {annual) (1977 (1977)
2 : .
km mm i) mm 106 m3 106 rn3 106 m3
Chalk 49 648 455 140 1.2 0.3 6.6
Crag 74 630 470 50 0.0 0.0 3.7
Total 1.2 0.3 10.3
Table 5.7.44. BAbstraction of groundwater and balance
of resources for Unit 26 of the
Anglian Water Authority (1977)
. licensed actual balance of
Aquifer abstraction abstraction resources
10% 2% /kn? 10 n%/xn? 10% n3/kn?
Chalk 9.8 2.4 53.7
Crag 0.0 0.0 30.1
Total 9.8 2.4 83.8
Table 5.7.45. Groundwater resources for Unit 27 of
the Anglian Water Authority
outero mean mean mean licensed actual balance of
Aquifer a.reap annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration {annual) (1977) (1977
kn:l2 mm wmm mm 106 m3 106 m3 106 m3
Chalk 164 625 463 76 2.7 2.4 10.1
Crag 104 630 470 50 0.0 0.0 5.2
Total 2.7 2.4 15.3
Table 5.7.46. Abstraction of groundwater and balance
of resources for Unit 27 of the
hnglian Water Authority (1977)
if licensed actual balance of
Aquifer abstraction abstraction resources
107 n/kn? 10 w* /xa® 103 13/kn?
Chalk 10.1 9.0 37.7
Crag 0.0 0.0 19.4

Total 10.1 9.0 57.1
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Groundwater resources for Unit 28 of
the Anglian Water Authority

Table 5.7.47.

out mean mean mean licensed actual balance of
if utcrop
Aquifer area annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration {annual) (1977 (1977
2
km mm mm mm ].06 m3 106 m3 106 m3
Chalk 560 &85 465 133 7.2 3.7 10.8
Table 5.7.48. Abstraction of groundwater and balance
of rescurces for Unit 2B of the
Anglian Water Authority (1977)
Aquifer licensed actual balance of
4 abstraction abstraction resources
103 m3/km2 103 mB/km2 103 mlalltzm2
Chalk 12.9 6.6 126.4
Table 5.7.49. Groundwater resources for Unit 29 of
the Anglian Water Authority
" mean mean mean licensed actual balance of
Aquifer outcrop annual annual annual abstraction abstraction resouxces
area rainfall evaporation infiltratien (annual) (1977) (1977}
2 & 3 6 3 6 3
km mm mm mm 10 m 10" m 10" m
Chalk 77 681 481 64 0.5 0.0 4.9
Table 5.7.50. Abstraction of groundwater and balance
of resources for Unit 29 of the
anglian Water Authority (1977}
licensed actual balance of
Aguifer abstraction abstraction resources
3 2
107 m°/km? 102 n’/kn? 10% m3/km
Chalk 6.5 0.0 63.6
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Groundwater resources for Unit 30 of
the Anglian Water Authority

outcro mean mean mean licensed agtual balance of
i P
Agquifer area annual annual annual abstraction abstraction resources
' rainfall evaporation infiltration (annual) {1977 (1977)
2
km nm mm mn 1l.06 m3 10‘5 m3 106 m3
Chalk 280 682 471 24 6.1 2.7 3.6
Table 5.7.52, Abstraction of groundwater and balance
of resources for Unit 30 of the
Anglian Watexr Authority (1977}
. licensed actual balance of
£
Aquifex abstractien abstracticn resources
3 3. 2
10 ™ /km 103 ma/km2 103 1113/km2
Chalk 21,7 9.6 84.1
Table 5.7.53. Groundwater resources for Unit 31 of
the Anglian Water Authority
outero mean mean mean licensed " actual balance of
Aguifer P annual annual annual abstraction abstraction resources
area rainfall evaperation infiltration (annual) (1977) (1977)
2 B 3
ki mm mm mm " 106 m3 106 m3 10" m
Chalk 186 673 468 76 1.3 0.1 14.0
Table 5.7.54. BAbstraction of groundwater and balance
of resources for Unit 31 of the
Anglian Water Authority (1977)
licensed actual balance of
. Aquifer abstraction abstraction resources
103 r|13/kr|12 : 103 r|13/km2 103 |::|3/J~:n:|2
Chalk 7.0 0.5 75.3
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Groundwater zresources for Unit 32 of
the Anglian Water Authority

outero mean mean mean licensed . actual balance of
ifer P 1 : .
Aguife area annua annual annual abstraction abstraction resources
rainfall evaporation infiltration {amnmual) (1977) (1977)
2
km mm mm mm 106 m3 106 m3 106 m3
Chalk 306 641 479 39 8.2 2.7 9,2
Table 5.7.56. BAbstraction of groundwater and balance
of resources for Unit 32 of the
Anglian Water Authority ({(1977)
Bguifer licensed actualk balance of
4 abstraction abstraction resources
103 m3/k.|112 103 m3/km2 103 1113/km2
Chalk 26.3 8.7 29.5
Table 5.7.57. Groundwater rescources for Unit 33 of
: ' the Anglian Water Authority
£ mean mean mean licensed | actual balance of
Aquifer oua:r;p annual annual annual abstraction abstraction resources
€ rainfall evaporation infiltration {annual) - (1977} {1977)
km2 mm mm mm 106 m3 106 1113 10‘6 m3
Chalk 153 678 498 43 4.6 3.5 3.1
Table 5.7.58. bAbstraction of groundwater and balance
of resources for Unit 33 of the
anglian Water Authority {(1977)
; licensed actual balance of
Aquifer abstraction abstraction resources
1{)3 rnsl/k..m2 1C.‘!3 1:13/km2 103 1113/}:1112
Chalk 30.1 22.9 20.3
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Groundwater resources for Unit 34 of
the Anglian Water Authority

outcro mean mean licensed actual balance of
Aquifer area B annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) (1877) (1977)
2
km tm mm mm 106 m3 10|5 m3 106 m3
Chalk 200 648 483 43 1.2 0.9 7.7
Table 5.7.80. BAbstraction of groundwater and balance
of resources for Unit 34 of the
Anglian Water Authority (1977)
Bquifer licensed actual balance of
1 e abstraction abstraction resources
2
103 m3/km 103 m3/m2 103 1113/km2
Chalk 5.4 4.0 34.6
Table 5.7,61. Groundwater resources for Unit 35 of
the Anglian Water Authority
outCro mean mean mean licensed actual balance of
Aquifer ea P annual annual annual abstraction abstraction resources
ar rainfall evaporation infiltration (annual) (1977} (1977}
kn® m mm mn 10% o 10% o’ 10 w3
Chalk 318 648 473 43 4.1 4.6 9.1
Table 5.7.62. Abstraction of groundwater and balance
of rescurces for Unit 35 of the
Anglian Water Authority (1977)
vifer licensed actual balance of
Aqui abstraction abstraction resources
10% 1’ /xm? 10% &3 /kn? 107 o’ /xn?
Chalk 10.4 11.6 23.0
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Table 5.7.63. Groundwater resources for Unit 36 of
the Anglian Water Authority

outerep mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction  abatracticn resources
rainfall evaporation infiltration {annual) (1977) {1977)
km2 mm mm mm 106 m:'l 106 m3 106 m3
Chalk 219 629 476 52 7.0 3.5 7.9
Table 5.7.64. BAbstraction of groundwater and balance
of resources for Unit 36 of the
Anglian Water Authority (1977}
< licensed actual balance of
Aquifex abstraction abstraction resources
10° o /K 10° o’ /kn? 103 3 /kn?
Chalk 2.0 16.0 36.1
Table 5.7.65. Groundwater resources for Unit 37 of
the Anglian Water Authority
outero mean mean mean licensed actual balance of
Aquifer P annual annual annual abstraction  abstraction Cesources
AT€&8  rainfall evaporation infiltration (annual) {1977 (1977)
km2 mm mm mm J.O6 m3 106 m3 106 m3
Crag 103 630 470 50 0.4 0.3 4.9
Table 5.7.66. Abstraction of groundwater and balance
of resources for Unit 37 of the
Anglian Water Authority (1977}
if licensed actual balance of
Aquifer abstraction abstraction resources
107 n/xm® 10° n®/km? 10° o /xm?
Crag 3.9 2.9 47.6




Table 5.7.67,
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Groundwater resources for Unit 3B of
the Anglian Water Authority

outerop mean mean mean licensed agtual balance of
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) (1977) (1977}
o’ mm mm mn 10° n® 10° o° 10% o*
Chalk 211 615 483 53 4.2 2.8 8.5
Table 5.7.68. Abstraction of groundwater and balance
of resources for Unit 38 of the
Anglian Water Authority (1977)
licensed actual balance of
Aquifer abatraction abstraction resources
3
107 o’ /xm® 10 n/ka® 10° n’/kn?
Chalk 18.5 12.3 37.4
Table 5.7.69. Groundwater resources for Unit 39 of
the Anglian Water Authority
outero mean mearn. mean licensed actual balance of
Aquifer ’ ap annual annual annual abstraction  abstraction resources
are rainfall evaporation infiltration {annual) (1977} (1977)
km2 Tm mm mm 106 m3 106 m3 106 m3
Chalk 172 631 479 &0 2.0 1.8 B.5
Table 5.7.70. Abstraction of groundwater and balance
of resources for Unit 39 of the
Anglian Water Authority {1977)
AQUAE licensed actual balance of
quiter abstraction abstraction resources
10% 03 /1m? 10° m°/kn? 10% o¥/ke?
Chalk 1.3 10.2 48.1
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Table 5.7.71. Groundwater resouxces for Unit 4C of
the Anglian Water Authority

outers mean mean mean licensed actual balance of
Aguifer areap annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual} (1977) (1971
K mm m m 10° o 10° n* 10° o
Crag 109 612 482 56 0.5 0.4 5.8
Table 5.7.72. Abstraction of groundwater and balance
of resources for Unit 40 of the
Anglian Water Authority (1977)
Aaquifer licensed actual balance of
< abstraction abstraction resources
103 1113/}s'.:|12 103 1113/k1|12 103 1113/lnun2
Crag 4.6 3.7 53.2
Table 5.7.73. Groundwater resources for Unit 41 of
) the Anglian Water Authority
. outer mean mean mean licensed actual balance of
Aquifer op annual annual annual abstracticon  abstraction resources
area rainfall evaporation infiltration {annual} (1977) (1977}
kmz mm mm mm 106 m3 106 m3 106 1113
Crag 112 610 490 55 0.7 G.4 5.8
Table 5.7.74. BAbstraction of groundwater and halance
of resources for Unit 41 of the
Anglian Water Authority (1977)
Aquifer licensed - actual balance of
quire abstraction abstraction resaurces
10% 0 /1w’ 103 o3 /ka? 10% n/xm?
Crag 6.1 3.5 50.4




142

Table 5.7.75. Groundwater resources for Unit 42 of
the Anglian Water Authority

outero mean mean mean licensed actual balance of
Aquifer areap annual annual annual abstraction  abstraction resources
’ rainfall evaporation infiltration {annual) (1977) (1977)
Km? mm mom mm 10% o 10% o? 10% o?
Crag 145 610 485 78 1.2 0.6 10.7
Takle 5.7.76. BRbstraction of groundwater and balance
of resources for Unit 42 of the
Anglian Water Authority (1977}
Aquifer licensed actual balance of
4 abstraction abstraction resources
2
103 m3/km 10° m3/k.m2 103 m3/m2
Crag 7.3 3.6 64.8
Table 5.7.77. Groundwater resources for Unit 43 of
the Anglian Water Ahuthority
outero mean mean mean licensed actual balance of
Aquifer a:ceap annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) (1977 (1977)
Km? mm mn om 10° o’ 10° o’ 10% n®
Chalk 763 611 469 62 io.8 20.4 26.9
Table 5.7.78. Abstraction of groundwater and balance
of resources for Unit 43 of the
Anglian Water Authority (1977}
ruifer licensed actual balance of
Aq abstractiocn abstraction resources
10% m°/kn? 107 @/kn® 10% 1% /km?
Chalk 36.9 24.5 32.3




143

Table 5.7.72. Groundwater resources for Unit 44 of
the Anglian Water Authority

outcro mean mean mean licensed actual balance of
Agquifer ar:eap annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) (1977) (1977)
-k.m2 mm mm mm 106 m3 106 |:|13 10G m3
Chalk 556 566 450 71 53.4 22.9 16.7
Table 5.7.80. Abstraction of groundwater and balance
of resources for Unit 44 of the
Anglian Water Authority (1977)
ifer licensed actual balance of
Aquife abstraction abstraction resources
3 2
10 m:‘,/kn:l2 103 m3/km 103 mslk.m2
Chalk 54.6 23.4 17.1
Table 5.7.81l. Groundwater resources for Unit 45 of
the Anglian Water Authority
" mean mean mean licensed actual balance of
Agquifer outerop annual annual annual abstraction  abstraction resources
area rainfall evaporation infiltratien (annual) (1977} (1977
kmz mm mm mm 106 m3 106 111:"l 106 11.13
Chalk 38 545 438 47 12.5 3.7 -1.9
Table 5.7.82. BAbstraction of groundwater and balance
of resources for Unit 45 of the
Anglian Water Authority {(1977)
Aquifer 1icensed actual balance of
quite abstraction abstraction resources
2
103 |:|13/11:.tn2 103 m3/km 103 1113/!nr.m2

Chalk ig.1 5.4 =-2.75
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Groundwater resources for Unit 46 of
the hnglian Water RButhority

outero mean mean mean licensed actual balance of
Aquifer - 3 annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration (annual) (1977} (1977)
km mm mm mm 106 m3 10E m3 106 m3
Chalk 64 568 437 121 10.6 6.0 1.8
Table 5.7.84. Abstraction of groundwater. and balance
of resources for Unit 46 of the
Anglian Water Authority (1977}
Aquifer , licensed actual balance of
q abstraction abstraction resources
k 2
10 m3/km2 103 m3/km 103 m3/km2
Chalk B.8 5.0 1.5
Table 5.7.85. Groundwater resources for Unit 47 of
the aAnglian Water Authority
sutcro mean mean mean licensed actual balance of
aquifer ua::eap annual . annual annual abstraction  abstraction resources
rainfall evaporation infiltration {annual) (1977) (1977)
km2 mm mm mm 106 m3 106 m3 106 m3
Chalk nk nk nk nk 1.6 1.5 0.0
Table 5.7.86. BAbstraction of groundwater and balance
of rescurces for Unit 47 of the
Anglian Water Authority (1977)
Aguifer licensed actual balance of
- Aquite abstraction abstraction resources
3 3,2 3 3
107 m™ /km 10 m:s/km2 103 m /km2
Chalk 3.1 2.9 0.0
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Table 5.?;.8?. Groundwater resources for Unit 48 of
. the Anglian Water Authority

outero mean mean mean licensed actual balance of
Aquifexr a.reap annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration (annual) (1977) (1977)
km2 mm mm mm 106 m3 106 rn3 106 m3
Chalk 31 . 559 435 112 13.2 9.2 -5.7
Takle 5.7.88. Abstraction of groundwater and balance
of resources for Unit 48 of the
Anglian Water Authority (1977)
Agul fer licensed actual balance of
a4 abstraction abstraction resources
103 m:‘l/km2 103 11113/1»\:1::2 1.0:‘1 m3/km2

Chalk 63.2 44.1 -27.3
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The Lower Greensand is absent beneath the Chalk of the central London
Basin, but is present to the west where 60 m occurs at depth beneath
Slough. It is difficult to apply the classical divisions of Folkestone
Beds, Sandgate Beds and Hythe Beds, except-in tﬁe south along the border
with the Southern Water Authority. The outcfop on the north side of the
London Basin is discontinuous, and the formation tends to thicken beneath
cover. The transmissivity was determined at one site in Unit 21 where a
value of 2.5 x 10_3 m2/s was obtained, with a coefficient of storage of

4.0'x 10 %

The Upper Greensand aquifer comprises medium~ to fine-grained glauconitic
sands, and immediately underlies the Chalk, with which it is in hydraulic
continuity. The maximum thickness is approximately 30 m at Calne but often
falls to 3 or 4 m in the east. A single transmissivity determination in
Unit 11 gave a value of 2.5 x 10_3 mz/s and a coefficient of storage of

8.0 x 10-4.— However, because of its hydraulic continuity with the Chalk
and its thinness relative to that aquifer, the Upper Greensand is

included with the Chalk and is not credited in the resource tables with a

separate identity.

The Chalk has its maximum thickness on the south side

of the London Bésin where it reaches approximately 245 m. On the north
side of the Baéin, the thickness reaches 200 m, while westwards the
thickness falls to 180 m. However, groundwater flows through the Chalk
through fissures, and the density of these decreases with depth. The
effective saturated thickness is usually between 50 and 75 m, and drilling
to greater depths rarely provides a well with a greater yield. The
transmissivity as determined at 16 sites is shown on Figure 5.8.2. The
mean transmissivity is 6.8 x 10-3 mz/s, ranging from 3.0 x 10_4 to

2.0 % 10_2 mz/s. There is some variation between Units (Table 5.8.1), but
there are too few determinations in some Units to put great rellance on
the values. The mean specific yield in the unconfined aguifer is.

1.4 x 10—2, while the mean coefficient of storage in the confined aquifer

is 4.5 x 10”°%.

There are other, lesser aquifers in the upper Tertiary and in the Middle
Lias (of the Lower Jurassic). However, these have not been extensively

studied, and are not included in this report.



149

Regources

Wells in the Middle Jurassic agulfer can give very large yields, the
maximum recorded in 1977 was 8.5 x 106 m3 in Unit 9. The normal yield is
between 0.4 and 1.0 x 106 m3/a. In the more massive limestones, the
fissures may be sparsely distributed and 1t is possible for a well to fail
to intersect them and therefore to be dry. Beneath cover, the groundwater
quickly becomes saline, and it is speculative to drill wells more than

3 km from the ocutcrop.

Wells in the Lower Greensand can yield over 5.0 x 106 m3/a, but the

' 6
usual yield is of the order of 1.0 x 10 m3/a. The volume of groundwater
in storage can be wvery large, and wells in the Slough area have been

pumped at high rates for many years despite a very limited recharge.

In the Chalk, many hand-dug wells have been constructed comprising shafts
with horizontal adits driven for distances of several kilometres. In more
recent times, it has proved more eccnomic to construct wells by boring
with machinery. Yields from a single site can be large, the greatest
recorded in 1977 being 9.5 x 106 m3. Yields in excess of 1.0 x 106 m3/a
can usually be obtained unless the well is constructed on high ground
remote from valleys. Experience has shown that the best yields are

obtained where wells are constructed on the lower ground where the

fissuring is better developed.

Wells in the Upper Greensand are usually constructed only where the Chalk
is absent or contains no groundwater. Yields are usually small, less than
0.2 x 106 m3/a, and the maximum is unlikely to exceed 0.5 x 106 m3/a.
Wells in the upper Tertiary beds or in the Lias have usually a very small
yield, suitable for isolated domestic supplies or for small agricultural

requirements.

Wells constructed in the Middle Jurassic limestones or in the Chalk rarely
require support other than a few metres of lining tubes near to the ground
surface. Where they are overlain by drift, or by clays and sands, these
require lining tubes. Wells constructed in the Upper Greensand, the Lower
‘Greensand and the Tertiary beds require lining throughout with sand screens

within the aquifer. The Lias also requires lining throughout.
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The resources of the individual Units are shown in Tables 5,8.2 to
5.8.47. In a few Units, parameters such as outcrop area, rainfall,
evaporation and infiltration are inadequately known, and in these cases
the balance is shown as zero, assuming the replenishment tco be equal to
the abstraction. In reality there is surplus, although a small one, The
Chalk in Units in the central part of the London Basin is totally
confined, and the balance is shown in these cases as a deficiency.
Replenishment is afforded by groundwater flow from Units where the Chalk
is present in outcrop, and these movements are indicated on the
accompanying maps ({see Chapter 4). A large'surplus in one of these
latter Units will not, therefore, necessarily be available for
exploitation, but must be considered tbgether with the deficiénces of the

confined aquifer.
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Mean value 6:8x1073 m2/s

Maximum value 2:0x1072m2/s
Minimum value 3-0x1074 m2/s
Standard deviation 6:1x1073m%/s
Number in sample 16

0 4 8 1 1B 20 24
10-3m?fs

Fig: 5.8.2. Transmissivities of the Chalk aquifer
in the Thames Water Authority (m2/s)
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Table 5.8.1. Transmissivities in the Chalk aguifer
of the Thames Water Authority (mz/sl

Mean as
Unit destiifigéf;ns NMean Minimum Maximum o;iSZil
mean
7 6 3.0x 1070 3.0x 107 8.2 x 1073 a4
12 7 7.6 x 107> 1.7 x 107 1.4 x 1072 111
13 2 9.0 x 107> 5.8 x 107% 1.7 x 1072 132
22 1 2.0 x 1072 - - 294
All Units 16 6.8 x 107> 3.0x 10°% 2.0 x 1072 100
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Groundwater resources for Unit 1 of
the Thames Water Authority

outero mean mean mean licensed actual balance of
Aquifer areap annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual} (1977} (1977}
km2 mm mm mm 106 1113 10‘5 m3 106 rn3
Chalk 103 663 457 206 63.2 43.9 -22.7
Table 5.8.3. Abstraction of groundwater and balance
of resources for Unit lof the
Thames Water Authority (1977)
Aeui fer licensed actual balance of
au abstraction abstraction resources
103 m3/k.m2 103 1113/]<1|12 103 m3/1nm1:2
Chalk 330.9 229.8 -118.8
Table 5.8.4. Groundwater resources for Unit 2 of
the Thames Water Authority
autero mean mean mean licensed actual balance of
Aquifer uareap annual annual arnnual abstraction  abstraction resources
rainfall evaporation Ainfiltration (annual) {1977) (1977)
Ka? o o um 108 o* 10° n® 10% o3
Chalk 110 660 457 203 12.0 6.2 16.2
Table 5.8.3. Abstraction of groundwater and balance
of resources for Unit 2 of the
Thames Water Authority (1977)
o licensed actual balance of
quiter abstraction abstraction resources
10% w3 /km® 107 n/km? 10 n3/kn?
Chalk 100.0 51.7 135.0
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Table 5.8.6. Groundwater resources for Unit 3 of
the Thames Water Authority

mean mean mean licensed actual balance of
outcrop :
Aquifer area annual annuwal annual abstraction  abstraction resources
rainfall evaporation infiltraticn {annual) (1977 (1977)
2 .
xm mm - mm 10° n? 10° o’ 10% n?
Chalk 22 658 462 196 16.6 13.7 4.4
Table 5.8.7. Abstraction of Groundwater and balance
of resources for Unit 3 of the
Thames Water Authority {(1977)
licensed actual balance of
Aquifer abstraction abstraction resources
10° n3/xn? 10° 03 /kn? 10% n¥/kn®
Chalk 100.6 83.0 26.7
Table 5.8.8. Groundwater resources for Unit 4§ of
the Thames Water Authority
outcro mean mean mean licensed actual balance of
Aquifer a.reap annual annual annual abstractlon abstraction resources
rainfall evaporation infiltraticn {annual) {1977) (1977}
kmz mm mm mm 106 m3 106 m3 106 m3
Chalk 60 653 455 198 9.0 6.7 5.2
Table 5.8.9. abstraction of groundwater and balance
of resources foxr Unit 4 of the
Thames Water Authority (1977)
Aquifer licensed actual balance of
quite abstraction abstracticn resources
103 ma/k.m2 1(2)3 1:13/krn:2 103 1113/}cm2
Chalk 64.7 48.2 37.4
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Table 5.8.10. Groundwater resocurces for Unit 5 of
the Thames Water Authority
outcro mean maan mean licensed actual balance of
Aquifer area P annual annual annual abstraction abstraction resources
zrainfall evaporation infiltration (annual) (1977) {1977}
k.m2 mm o rm 1{)‘5 1:1:"l 106 m3 106 m3
Chalk 49 645 462 i83 1.7 0.8 3.1
Table 5.8.11. BAbstraction of groundwater and balance
of resources for Unit 5 of the
Thames Water Autherity (1977}
Aquifer licensed actual balance of
q abstraction abstraction resources
103 m3/km2 103 m3/km2 103 t|13/k1:n2
Chalk 19.5 9.2 93.1
Table 5.8.12. Groundwater resources for Unit 6 of
the Thames Water Authority
outcrs mean mean mean licensed actual balance of
Aguifer ua:ea 3 annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration (annual) (1977) (1977)
k.|112 mm mn mm 106 m3 106 m3 106 |1:|3
Chalk 22 643 447 196 14.1 B.9 -4.6
Table 5.8.13. Abstracticon of groundwater and balance
of resources for Unit 6 of the
Thames Water Authority (1977)
Aquif licensed actual balance of
quiler ahstractieon abstraction resources
107 3 /km? 10° n®/xm? 10° o°/kn®
Chalk 52.9 33.3 -17.2




Table 5.8.14.
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Groundwater resources for Unit 7 of
the Thames Water Authority

outerop mean mean mean licensed actual balance of
Agquifer axea annual annual annnal abstraction abstractien resources
rainfall evaporation  infiltration {annual} (1977} (1977)
2
km mm mm mm 106 1113 1(}6 m3 106 m3
Chalk 11 649 444 205 74.5 17.2 -14.9
Table 5.8.15. BAbstraction of groundwater and balance
of resources for Unit 7 of the
Thames Water Authority (1977)
; licensed actual balance of
Aquifer abstzaction abstracticn resources
2
10° m%/kem 10 n’/kn® 10 o*/kn?
Chalk 182.2 42.1 -36.4
Table 5.8.16. Groundwater resources for Unit 8 of
the Thames Water Authority
" mean mean mean licensed actual balance of
Aqul fer Ol_la-:::p annual annual annual abstraction abstraction resources
rainfal) evaporation  infiltration {annual) (1977) (1977)
k.tn2 mm mm - mm 1('.)6 m3 106 m3 106 m3
Chalk o] 0 0 Q 14.3 10.7 -10.7
Table 5.8.17. BAbstraction of groundwater and balance
of resources for Unit 8 of the
Thames Water ARuthority (1977)
Aquifer licensed actual balance of
! & abstraction abstraction regsources
103 ::13/!u|12 103 m:!'/}c.m2 103 |:|:3/k.m2
Chalk 25.3 18.9 ~-18.9




Table 5.8.18.

157

Groundwater resources for Unit 9 of
the Thames Watex Authority

outerop mean mean mean licensed actual balance of
Agquifer area annual annual annual apstraction  abstraction resources
rainfall evaporation infiltration {annual) {1977) (1977)
km2 mm mm mm 10‘5 ru3 106 m3 llJ6 m3
Middle Jurassic 801 805 467 304 17.2 18,7 224.8
Table 5.8.19. pbstraction of groundwater and balance
of resources for Unit 9 of the
Thames Water Authority (1977)
nquifer licensed actual balance of
q ahstraction abstraction resources
103 m3/km2 10:'l 1113/km2 103 m3/k:n2
Middle Jurassic 13.3 14.4 173.2
Table 5.8.20. Groundwater resources for Unit 10 of
co the Thames Water Authority
outero mean mean mean licensed actual balance of
Aquifer P annual annual annual abstraction  abstraction resources
area rainfall evaporaticn infiltration (annual) (1977) {1977
xn? m mm m 108 o’ 10° o? 10% o’
Middle Jurassic 140 734 4758 233 0.7 0.4 32.2
Table 5.8.21. BAbstracticn of groundwater and balance
of resources for Unit 10 of the
Thames Water Authority (1977)
Aquifer licensed actual balance of
Tt abhstraction abstraction resources
2
103 1113/.'.(1[12 103 m?'/k.m2 103l m3/km
Middle Jurassic 0.5 0.3 22.8
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Table 5.8,22. Groundwater resources for Unit 11 of
the Thames Water Authority

outcrop mean mean mean licensed actual balance of
Aquifer area - annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration {annual) (1977) {1977y
k.m2 mm min mm 105 m:'l 106 m3 106 m3
Chalk 282 708 478 207 9.8 6.2 52.2
Table 5,B.23. Abstraction of groundwater and balance
of resources for Unit 11 of the
Thames Watex Authority (1977}
licensed actual balance of
Aquifer abatractlion abstraction resources
10% 3 /kn? 10° m®/km? 10% w3 /km?
Chalx 6.5 4.2 35.2
Table 5.8.24, Groundwater resources for Unit i2 of
the Thames Water Authority
outero mean mean mean licensed actual balance of
hguifer uareap annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration {annual) (1977 (1977)
k' mm mm m 10% n° 1080 1
Chalk 789 779 480 270 38.2 20.2 132.8
Table 5.8.25. BAbstraction of groundwater and balance
of resources for Unit 12 of the
Thames Water Authority (1977}
Aquifer licensed actua) balance of
qu-rte abstraction abstraction resources
103 m3/km2 103l ma/}s:m2 103 ma/km2

Chalk 33.0 17.5 166.8




Table 5.8.26.

Groundwater resources for Unit 13 of
the Thamss Water Authorlity

outerop mean mean mean licensed actual balance of
hquifer ares annual annual annual abhgtraction  abstraction regources
rainfall evaporaticon Infiltration {annual} (1977} (1977}
km? um mm mm 108 n? 10° n* 10% o°
Chalk 135 7719 480 270 20.86 13.8 22,7
Taple 5.8.27. Abstraction of groundwater and balance
of resources for Unit 13 of the
Thames Water Authority (1977}
licensed actual balance of
Aquifer abatraction abstraction resources
10% 3 /km? 10° n*/km? 10 n’/xm?
Chalk 113.8 6.2 125.4
Table 5.8.28. Groundwater resources for Unit 14 of
the Thames Water Authority
outero mean mean mean licensed actual balance of
Aquifer ua::ap annual annual annual abstraction  abstracticn resources
rainfall aevaporation infiltraticn {annual} (1977 (1977)
km2 mm mm mm 106 n:l3 106 m3 106 m3
Chalk 117 737 488 224 8.0 2.6 23,6
Table 5.8.29. BAbstraction of groundwater and balance of
resources for Unit 14 of the
Thames Water Authority (1977)
Aquif licensed actual balance of
quiter abstraction abstraction resources
103 r:|3/k.tn2 103 m3/km2 103 1113'/km2
Chalk 30.0 9.7 88.4




160

Table 5.8.30. Groundwater resources for Unit 15 of
the Thames Water Authority

) mean mean mean licensed actual balance of
outerop - -
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation  infiltration (annual} (1977} (1977)
k.mz mm mm mm 106 m3 10G m3 106 m3
Chalk 335 737 488 224 38.9 19.8 55.2
Table 5.9.31. Abstraction of groundwater and balance
of resources for Unit 15 of the
Thames Water Buthority (1977}
Aqui fer licensed actual balance of
4 abstraction abstraction resources
10% n?/kn? 10° 0 /km? 10 o®/xn?
Chalk 104.3 53.1 148.0
Table 5.8.32. Groundwater resources for Unit 16 of
the Thames Water Authority
outoro mean meart mean licensed actual balance of
Aquifer aP annual annual annual abstraction  abstraction resources
are rainfall evaporation infiltration (annual} (1977) {1977)
km2 mm mm mm 106 1113 105 ma 106 m3
Chalk 133 737 488 224 27.8 14.9 14.9
Table 5.8.33. Abstraction of groundwater and balance
of resources for Unit 16 of the
Thames Water Authority {1977)
Bquifer licensed actual balance of
& abstraction abstraction resources
10% n°/xkm? 10% /i’ 107 m?/xn?

Chalk 209.0 112.0 112.0
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Table 5.8.34. Groundwater resources for Unit 17 of

the Thames Water Authority

out mean mean mean licensed actual balance of
crop : .
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltraticn {annual) {1977) (1977)
2
km buiur] mm mn 1('.)6 m3 106 m3 106 m3
Chalk 692 729 467 236 207.7 141.1 22.2
Table 5.8.35. Abstraction of grpundwater and balance
of resources for Unit 17 of the
Thames Water ARuthority {1977)
Licensed actual balance of
Agulf
quiier abstraction abstraction resources
103 lII.3/kII]2 103 m:‘llkm2 1Cl3 1:13/1m2
Chalk 198.8 135.0 21.2
Table 5.8.36. Groundwater resources for Unit 18 of
the Thames Water Authority
outero: mean mean mean licensed actual balance of
Aquifer b P annual annual annual abstraction  abstraction resources
area rainfall evaporation infiltration {annual) (1977} {1977}
km2 mm mm mm 106 mEl 106 m3 106 1113
Lower Greensand nk nk nk nk 2.3 1.7 0.0
Chalk 145 B18 480 304 26.2 20.1 24.0
Total 28.5 21.8 24.0

Bbstraction of groundwater and balance
of resources for Unit 18 of the
Thames Water Authority (1977)

if licensed actual balance of
Rquifer abstraction abstraction resources
2
103 m:“/krn2 103l 11:3/}011:Z 103 m3/km
Lower Greensand 3.5 2.6 0.0
Chalk 40.1 30.8B 36.8
Total 43.6 33.4 36.8
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Table 5.8,38. Groundwater resources for Unit 19 of
the Thames Water Authority

; outcrop mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstracticn resources
rainfall evaporation infiltration (annual) (1977) {1977)
2
km mm mm mm 106 m3 106 m3 106 m3
Chalk B5 737 488 224 4.1 59.2 -40.2
Table 5.8.39, pAbstraction of groundwater and balance
of resources for Unit 19 of the
Thames Water Authority {1977)
. licensed actual balance of
Aquifer abstraction abstraction resources
3 3 2
107 m™ /km 103l m3/k.tn2 103 1113/k|11:2
Chalk 20.5 296.0 -201.0
Table 5.8.40. Greoundwater resources for Unit 20 of
the Thames Water Authority
outero mean mean mean licensed actual balance of
Aquifer uarceap annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration (annual) (1977) {1977)
Kkm® m mm um 10% o® 10° o’ 10° »°
Lower Greensand nk nk nk nk 5.1 4.6 0.0
Chalk 8 756 . 474 254 18.2 35.5 -33.5
Total 23.3 40.1 -33.5
Table 5.8.41. BAbstraction of groundwater and balance
of resources for Unit 20 of the
Thames Water Authority (1977)
if licensed actual balance of
Aquifer abstraction abstraction resources
103 m3/km2 103 1113./krn2 103 m3/km2
Lower Greensand 7.0 6.3 0.0
Chalk 25.1 48.9 -46,1

Total 32.1 55.2 -46.1
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Table 5.8.42. Groundwater resources for Unit 21 of

the Thames Water Authority

mean mean mean

outcrop licensed actual balance of
Aquifer arca annual annual annual abstraction abstraction resources
rainfall evaporation Infiltration (annual) (1977} {1977)
2
km mm mm mm 106 m3 106 m3 1lJ6 m3
Lower Greensand 361 826 483 309 31.5 17.7 93.8
Chalk 228 8le 480 304 16.8 13.0 56.3
Total 48.3 3a.7 150.1
Table 5.8.43. Abstraction cof groundwater and balance
of resources for Unit 21 of the
Thames Water Authority (1977)
Aquifer licensed actua]: balance of
abstraction abstraction resources
k
10 i113/lun2 103 1113lkm2 103 m3/km2
Lower Greensand 29.2 16.4 86.9
Chalk 15.6 12.0 52.1
Total 44.8 2B.4 139.0
Table 5.8.44. Groundwater resources for Unit 22 of
the Thames Water Authority
" mean mean mean licensed actual balance of
Aquifer outerop annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration (annual) (1977) (1977}
3
km mm mm mm 106 l-n3 106 m3 106 m
Lower Greensand 44 18 483 ac2 -9.0 5.7 ‘ 7.6
Chalk 277 799 456 308 95.3 61.3 24.0
Total 104.3 67.0 il.6

Table 5.8.45, Abstraction of groundwater and balance of
resources for Unit 22 of the
Thames Water Authority (1977)

. licensed actual balance of
Aquifer abstraction abstraction resources
].OJ m3/}m12 103 m3/k.rr12 103 m3/]-1u12
Lower Greensand 8.5 5.4 7.2
Chalk 90.1 57.9 22.7

Total 98.6 63.3 29.9




Table 5.8.46.

led

Groundwater resources for Unit 23 of

the Thames Water Ruthority

atero mean mean mean licensed actual balance of
Aquifer e areap anhual annual annual abstraction abstraction resources
rainfall evaporxation infiltration (annual) (1977) {1977)
km? ttm mm m 108 3 10% n® 10% n3
Lower Greensand 55 801 472 329 20.8 14.7 3.5
Chalk 268 694 450 244 92.8 63.9 1,
Total 113.6 78.6 5.0
Table 5.8.47. Abstraction of groundwater and balance
of resourxces for Unit 23 of the
Thames Water Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction resouxces
10% 03 /im? 10° n3/kn? 10% 3 /xn?
Lower Greensand 51.4 36.3 8.
Chalk 229.1 157.8
Total 280.5 194.1 12.3
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Tahle 5.8.48. Areas of Units in the Thames
Water Authority (km2)

Unit Area Unit Area
1 191 13 181
2 120 14 267
3 165 15 373
4 139 16 133
5 87 17 1045
6 267 18 653
7 409 19 200
B 565 20 726
9 1208 21 1080

10 1415 22 1058
11 1482 23 405

12 i156
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5.9 Southern Water Authority

General Features

The Southern Water Authority covers an area of 10 588 km2 along the
southern coast of England, from the border with the Wessex Water Authority
in the west to the headland of the North Foreland in the east (Fig 2.1). To
the east and to the south, this area is bounded by the sea. High ground
is restricted to the North Downs, the South Downs, to a lesser extent the
centre of the Weald (Figure 5.9.1), and to the Hampshire Downs in the west.
However, altitudes of 240 m are rarely exceeded, Low-lying areas comprise
Romney Marsh in the east, the Vale of Kent, the Vale of Sussex, and the

coastal plain around Portsmouth.

Numerous short rivers drain the area, many of these being typical
"Chalk streams”, with a large base flow (groundwater component) and

consequently small variations in seasonal flow.

The total population in 1974 was of the order of 3.8 million, although
there is a large influx of tourists during the summer months. The
principal towns include Southampton (population 214 000}, Portsmouth (207 000),
Winchester (32 000), Worthing (89 000), Brighton (164 000), Eastbourne
(70 000), Tunbridge Wells (45 000) and Canterbury (36 000).

Industrial areas, mostly in cement manufacture, are located near Chatham,
and other industrial areas are found in Brighton, Portsmouth and
Southampton. Some coal is mined in the country south of Canterbury but
most of the remaining area is agricultural. There is a major seaport

at Southampton, major cross-Channel ports at Dover and Folkestone and

large naval dockyards at Portsmouth and Chatham.

The geology is dominated by an upfold of Lower Cretaceous strata in the
Weald. Surrounding this is an extensive outcrop of the Chalk which forms
the most important aquifer in the authority area. Around Southampton and

Portsmouth, a downfeold structure contains Tertiary strata.

Aquifers
The maximum thickness of the Hastings Beds is of the order of 425 m. The

full succession comprises:

Tunbridge Wells Sand 55 to 120 m thick
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Wadhurst Clay({aguiclude) 70 m thick
Ashdown Sand 50 to 150 m thick

The Ashdown Sand consists of fine-grained, silty sandstones and
siltstones with subordinate amounts of mudstone and shale. The Lower
Tunbridge Wells Sand comprises interbedded silts and fine, silty sand-
stones, while the Upper Tunbridge Wells Sand consists of a series of
lenticular and interbedded mﬁdstones, silts, sandstones and occasionally
clay ironstones. The intervening argillaceous beds, the Grinstead and
Wadhurst clays, comprise shales and mudstones, often fairly well fissured,
and form only a moderate barrier to the passage of groundwater between
the sandy horizons. Aquifer properties have been determined at only one
site, in Unit 4, where a transmissivity of 4.6 x 10?4 m2/s and a

coefficient of storage of 1 x 10-4 were obtained,

At its maximum, the Lower Greensand attains a thickness of approximately
200 m, but the thickness is variable, and in many areas, particularly to
the south, it falls below 50 m. The Lowexr Greensand is divided whexe

possible into four lithological divisions:

Folkestone Beds O to 60 m thick
Sandgate Beds 15 to 40 m thick
Hythe Beds 10to 110 m thick
Atherfield Clay 5 to 15 m thick

The Atherfield Clay consists of clay and soft mudstone and does not form
an aquifer. The Hythe Beds have a variable lithology, but comprise
generally a succession of calcarecus and argillaceous sandstones. In the

east, thin sandy limestones are found.

The Sandgate Beds consist of interbedded argillaceous sands and silty
mudstones, and form a poor agquifer. The Folkestone Beds consist
predominantly of poorly consclidated sands with seams of clay and
occasional iron-cemented "doggers". The transmissivity in the Lower
Greensand has been determined at three sites (in Units 24, 26 and 36),

3m2/s have been

_4 2 —
where values ranging from 1.3 x 10 m /s to"3.1 x 10
obtained. In the Hythe Beds in particular, fissuring may increase

_2 2
transmissivity walues to the order of 1.4 x 10 m /s. In outcrop,

specific yields as high as 1 x 10 ' can be found. In the confined
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-4
aquifer, the coefficient of storage is usually of the order of 1 x 10 .

At the eastern end of the area, the maximum thickness of the Chalk ig of
the order of 280 m. Westwards, the formation thins to about 250 m but
then thickens into the Hampshire Basin (in the Southampton area) to
approximately 330 m. In the Isle of Wight, the thickness is nearly 500 m,
but the strata are steeply dipping in parts, and the full thickness is
greater than the area of outcrop suggests. The density of fissuring
decreases with depth, and the effective saturated thickness is usually
some 60 m, and rarely more than 100 m. The transmissivity has been
determined at 11 sites with a mean value of 4.3 x 10 2 m2/s, ranging from
1.9 x 10_3 to 1.6 x 10_1 m2/s (Figure 5.9.2). Transmissivity appears to
vary considerably from one Unit to the next (Table 5.9.1), but this may
not be a true picture since relatively few determinations have been made.
The specific yield as determined at the same sites is very low, with a
mean of 2.0 x 10_4. Fluctuations in groundwater levels over long periods
suggest that this value is too low by two orders of magnitude and that the
true va;ue is approximately 2.0 x 10_2. The low values cbtained during

pumping tests may be due to a short-term reluctance of the aquifer to

yield from storage.

Sandy strata in the Tertiary succession, particularly in Units 35 and 36,
do contain useable groundwater. The Bracklesham and Bagshot beds in
particular are used to satisfy small demands. However, too little is
known about these strata for a useful assessment of their resources to be

made.

Resources
At several sites in this area, individual wells intersect, and take water

from, more than one aguifer. For the purposes of this report, it is
assumed that in such a case each aquifer contributes equally to the yield

of the well. The maximum yield recorded from the Hasting Beds aguifer in

1977 was 2.5 x 106 m3. The more usual value is between 0.3 and 0.6 x 106

m3/a. A gonsiderable number of small abstractions for small agricultural

and domestic requirements are made.

. 6 3
In the Lower Greensand, a mean yield of between 0.5 and 0.8 x 10 m /a can

6 3
be obtained. 7In 1977, the maximum yield was 2.6 x 10 m".

The Chalk is the major aguifer in the area, and the maximum yield from a



Allioyiny J31BAA ULBYINOS 8yl jo dew UOL1RDOT 1'6°g 614

nowislJo,
auwunoglseq Hi d
8 BuIy oM .ww
. _ a
i N _.._Ou_.r_m_.-m A
e e m 2 2
o e W Ty B
..uo
X958 ng ou, o
8y P
HSHYW
A3SNWWOH
; mmm» " :
2au03saY |04 SI19M #
1270 o4

abpuqunj e

[ [
09 ov 074 0
SaJ18Wo| 1y






169

single site in 1977 was 12.8 x 1O6 m3. A mean yield of approximately

1.5 x 1O6 m3/a seems to be taken, but in many locations 3.0 x 1O6 m3/a can
be obtained. The actual yield at a given site is dependent more upon the
overall management policy for the agquifer rather than the ability of the

wells at that site to support a high pumping rate,

Wells in the Tertiary beds rarely yield more than 0.2 x 106 m3/a, and

most abstractions are much less than this.

Wells constructed in the Chalk aguifer will normally stand without support
other than a few metres of lining tubes near to the ground suxface. In
the other aquifers, sand screens and full lining of the well is essential
as the sands will rarely stand without support. It is the normal practice
to drill the well over-size so as to allow for the introduction of an
artificial filter pack and yet to retain a sufficient internal diameter to
accommodate the pumping plant. Development of the well is necessary to,
and preferably beyond, the expected rate of pumping to be used when the
well is in service since failure to do this encourages clogging with

subsegquent failure of the well.

Details of the resources from the individual Units are given in Tables
5.9.2 to 5.9.65. Units 6, 9 and 20 support limited groundwater
abstraction only, and are therefore omitted. The resources in Unit 35
are wholly within the Tertiary and the Table is also omitted. In several
Units, the parameters of outcrop area, rainfall, evaporation and
infiltration are inadeguately known. In these cases, the balance is
shown as zero, assuming the replenishment to be egual to the abstraction.

In reality, there may be a surplus in these instances.
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77 Mean value 4-3x10"2m2/s

Maximum value 1-6x10"Tm2/s

P Minimum value 1-9x103m2/s

e Standard deviation 5-2 x102m2/s
e Number in sample 11

Fig:5.9.2. Transmissivities of the Chalk aquifer in the
Southern Water Authority (m2/s)



Unit

12

22

24

31

32

33

34

All Units
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Table 5.9.,1. Transmissivities in the Chalk aquifer
of the Southern Water Authority (m2/s)

Number of

determinations Mean Minimum Maximum

1 1.2 x 1972 - -

3 2.7 x 1072 1.9 x 1073 7.5 x 1072
1 2.6 x 107> - -

1 9.5 x 1072 - -

3 9.1 x 107% 3.7 x 1072 1.6 x 1071
1 2.8 x 10°° - -

1 4.9 x 1073 - -
11 4.3x 102 1.9 x 107 1.6 x 1071

Mean as
% of
overall
mean
28
63

6
220

210

11

160
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Table 5.9.2. Groundwater resources for Unit 1 of
the Southern Water Ruthority
mean mean mean licensed actual balance of
. outerop :
Bguifer area annual annual annual abstraction abstraction resources
rainfall  evaporation iInfiltration (annual} (1977 (1977)
2
km mm mm mm 106 m3 106 m3 106 m3
Chalk 175 635 460 166 bk 1 1.8 17,3
Lower Greensand 185 635 460 79 33.4 8.7 5.9
Total 77.5 20.5 23.2
Table 5.9.3. Abstraction of groundwater and balance
of resources for Unit 1 of the
Southern Water Authority (1977)
: licensed actual balance of
A £
quitex abstraction abstraction resources
103 |:;13/km2 lO3 m3/km2 10:‘l m?'/k.m2
Chalk 109.7 29.4 43.0
Lower Greensand 83.1 21.6 k.7
Total 192.8 51.0 57.7
Table 5.9.4. Groundwater resources for Unit 2 of
the Southern Water Authority
tero mean mean mean licensed actual balance of
Aquifer outcrop annual annual annual abstraction abstraction resources
area rainfall evaporaticon  infiltration (annual} (1977) {1977)
Zk.ru2 mm mm mm 106 m3 106 rn3 106 m3
Chalk 28 728 489 94 0.8 0.4 2.2
Lower Greensand 100 728 489 108 9.2 6.7 4.1
Hastings Beds 210 728 489 94 9.1 7.8 11.9
Total 16.1 la.9 18.2
Table 5.9.5. nabstraction of groundwater and balance
of resources for Unit 2 of the
Southern Water Authority (1977}
L licensed actual balance of
Aquifer abstraction abstraction resources
10% m?/kn? 10% 23 /xn? 107w/
Chalk 2.2 1.1 6.1
Lower Greensand 25.6 18.7 .4
Hastings Beds 25.3 21.7 33.0
Total 53.1 k1.5 50.6




Table 5.9.
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6. Groundwater resources for Unit 3 of
the Southern Water Authority

outero mean mean mean licensed actual balance of
P -
Aquifer area annual annual annual abstraction  abstraction resources
ralnfall evaporation infiltration {annual) {1977} (1977)
2
km mm mm mm 10‘5 rn3 106 m3 l.Cl6 m3
Chalk 120 808 545 250 1.0 2.5 27.5
Hastings Beds g7 808 545 118 5.4 nk 1.4
Total 6.4 2.5 38.9
Table 5.9.7. Abstraction of groundwater and balance
of resources for Unit 3 of the
Southern Water Authoxity (1277)
licensed actual balance of
F.t
quifer abstraction abstracticn resources
3 3 2
107 m™ /km 103l m'."/krn2 103 m:‘]/km2
Chalk k.5 1.2 122.8
Hastings Beds 241 nk 50.9
Total 28.6 11.2 173.7
Table 5.9.8. Groundwater resources for Unit 4 of
the Southern Water Authority
tero mean mean mean licensed actual balance eof
Aquifer oua:rap annual annual annual abstraction  abstraction resources
& rainfall evaporation infiltration (annual) (1977) (1977)
2 6 3 6 3 6 3
km mm mm mm 10" m 10" m 10" m
Hastings Beds 218 891 545 156 4.2 1.8 32.2
Table 5.9.9. Abstraction of groundwater and balance
of resources for Unit 4 of the
Southern Water Authority (i977)
if licensed actual balance of
Aquifer abstraction abstraction resources
2 3 3 2
.‘lO3 m3/km2 103 m3/km 107 m™/km
Hastings Beds 16.3 7.0 125.3




Table 5,9.10.
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Groundwater resources for Unit 5 of
the Southexrn Water Authority

outerop mean mean mean licensed actual balance of
bgui fer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) {1977) (1977)
2
km mm mm mm 106 m3 106 m3 106 m3
Hastings Beds 1h2 790 S35 115 5.1 2.5 13.8
Table 5.9.11. Abstraction of groundwater and balance
of resources for Unit 5 of the
Southern Water Authoxity (1977)
Aquifer licensed actual balance of
1 abstraction apstraction resources
103 m3/km2 103 m3/km2 103 r|13/km2
Hastings Beds 23.0 11.3 62.2
Table 5.9.12. Groundwater resources for Unit 7 of
the Southern Water Authority
" mean mean mean licensed actual balance of
Aquifer outerop annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration (annual) (1977} (1977}
]\-.m2 mm mm mm 106 m3 106 m3 106 m3
Chalk 67 636 459 168 19.2 9.1 2.2
Table 5.9.13. bAabstraction of groundwater and balance
of resources for Unit 7 of the
Southern Water ARuthority (1277)
i licensed actual balance of
Aquifer abstraction abstraction resourees
2 3 3 2
1.03 m3/km2 103 m3/m 107 w™ /kw
Chalk 124.7 59.1 .3
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Table 5.9.14. Groundwater resources for Unit 8 of
the Southern Water Authority

outero mean mean mean licensed actual balance of
Aquifer areap annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) {1977 (1977}
km2 mm mm mm 106 m3 106 m3 106 m3
Chalk 155 677 468 199 37.1 20.0 10.8

Table 5.9.15. BAbstraction of groundwater and balance
of resourxces for Unit 8 of the
Southern Water Authority (1977)

Aquifer licensed actual balance of
quire abstraction abstraction resources
103 r|13/51:rn2 103 m3/km2 103 m:‘]/km2

Chalk 101.4 5h.6 29.5




Table 5.9.16.
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Groundwater resources for Unit 10 of
the Southern Water Authority

outero mean mean mean licensed actual balance of
Aquifer areap annual annual annual abstraction abstraction resources
rainfall evapeoration infiltration {annual) (1977) (1977}
2
km mm mm mm 106 m3 106 m3 106 m3
Chalk 140 740 478 249 23.5 14.5 20.4
Table 5.9.17. BAbstraction of groundwater and balance
of resources for Unit 10 of the
Southern Water Authority (1977)
Aauifer licensed actual balance of
4 abstraction abstractilon resources
10° 7 /km? 10% o /kn? 10° n3/xm?
Chalk 136.6 84,3 118.6
Table 5.2.18. Groundwater resources for Unit 11 of
the Southern Water Authority
mean mean mean licensed actual balance of
Aquifer outcrop annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration {annual) (1977) {1977)
km2 mm mm mim 106 m3 106 m3 102)6 m:‘l
Chalk 56 767 507 247 0.3 1.2 12.6
Lower Greensand 90 767 507 117 3.3 1.6 8.9
Total 3.6 2.8 21.5
Table 5.9.19. abstraction of groundwater and balance
of resources for Unit 11 of the
Southern Water Authority (1977)
i f licensed actual balance of
Aquifer abkstraction abstraction resources
2 3 3 2 3. 3 2
103l m3/km 107 m™/km 107 m™ /xm
Chalk 1.3 5.2 4.8
Lower Greensand 4.3 7.0 38.7
Total 15.6 2.2 93,5
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Table 5.9.20. Groundwater resources for Unit 12 of
the Southern Water Authority

mean mean mean licensed actual balance of
; outcrop - -
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration [annual) {1977) (1977)
2 6 3
km mm mim mm 10" m 106 m3 106 m3
Chalk 251 752 484 255 29.1 11.5 52.5
Table 5.9.21. Abstraction of groundwater and balance
of resources for Unit 12 of the
Southern Water Authority (18977}
Aquifer licensed actual balance of
4 abstraction abstraction resources
10 n*/kn? 10% n°/ke? 10% 0 /kn®
Chalk 102.5 bo.5 184.9
Table 5.9.272. Groundwater resources for Unit 13 of
the Scuthern Water Auvthority
outcro mean mean mean licensed actual balance of
Aquifer areap annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual} {1977) (1977}
k.l:l'l2 mm mm mm 1Cl6 m3 106 m3 106 |:|13
Chalk 68 596 444 144 7.4 4.6 5.2
Table 5.9.23. Abstraction of groundwater and balance
of resources foxr Unit 13 of the
Southern Water Authority (1977)
i licensed actual balance of
Aquifer abstracticn abstraction resources
2
10% w/km® 107 n°/kn? 10° o /i

Chalk g7.b 50.5 68.4




Table 5.9.24.
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Groundwater resources for Unit 14 of
the Southern Water Authority

out mean mean mean licensed actual balance of
; crop
Aquifer area annual annual annual abstragtion  abstraction resources
rainfall evaporation infiltration {annual} (1977) (1977)
2
ke am mm m 10° & 10° n® 10% o?
Chalk 124 813 491 306 29.6 11.6 26.3
Table 5.9.25. Abstraction of groundwater and balance
of rescurces for Unit 14 of the
Southern Water Authority {1977)
; licensed actual balance of
hquifer abstraction abstraction resources
10% n®/kn? 10° o’ /kn’ 10° o /kn”
Chalk 217.6 85.3 193.4
Table 5.9.26. Groundwater resources for Unit 15 of
the Southern Water Ruthority
outaro mean mean mean licensed actual balance of
hquifex areap annual annual annual abstraction  abstraction ressurces
rainfall evaporation infiltration {annual) (1977) (1977
2
km mm mm mm 106 m3 10‘:_l m3 106 m3
Hastings Beds * 172 692 501 86 10.0 1.4 13.4
Chalk 5 692 501 181 2.8 1.7 -0.8
Total 2.8 3.1 12.6

*including gravels of Denge Beach area

Table 5.9.27.

abstraction of groundwater and balance
of resources for Unit 15 of the
Southern Water Authority (1977}

iF licensed actual balance of
Aquifer abstractien abstraction resources
103 m?'lkm2 1[}3 rr|3/km2 103 m3/k.m2
Hastings Beds 46.1 6.5 61.8
Chalk 12.9 7.8 3.7
Total 59.0 4.3 58.1




Table 5.9.28.
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Groundwater resources for Unit 16 of
the Southern Water Authority

outero mean mean mean licensed actual balance of
Aquifer P annual annual annual abstraction abstracti
area action resources
ralnfall evaperation dnfiltration (annual) (1977) (1977
2
km mm e mm 106 m3 106 m3 106 m3
Hastings Beds* 495 772 539 105 6.4 0.7 kg,.2

*includes gravels of Denge Beach area

Table 5.9.29. Abstraction of groundwater and balance
of resources for Unit 16 of the
Southern Water Authority (1977)
licensed actual balance of
ifer
Aquife abstraction abstraction resources
3 3 2 3
167 n°/km 10° m°/km? 10° n/xm®
Hastings Beds 11.4 1.3 87.9
Table 5.9.3 . Groundwater resources for Unit 17 of
the Southern Water Authority
outero mean mean mean licensed actual balance of
Aguifer areap annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration (annual) (1977) {1977
k.rnz mm mm mm 106 1:13 IC)6 m3 106 mjl
Hastings Beds 117 865 521 155 3.1 1.8 16.3%
Table 5.9.31. &bstraction of groundwater and balance
of resources for Unit 17 of the
Southern Water Authority (1977)
L licensed actual balance of
Aquifer abstraction abstraction resources
3 3 2
103 m3/km2 103 1113/km2 107 m™ /km
Hastings Beds 15.8 9.2 83.2
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Table 5.9.32. Groundwater resources for Unit 18 of
the Scuthern Water Authority

outere mean mean mean licensed actual balance of
; P .
Aquifer area annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration (annual) (1977) {1977)
2

km mm mm mm 106 m3 106 m3 106 m3
Cchalk 5 759 431 302 3.0 1.8 0.3
Hastings Beds 199 749 31 b3 10.0 1.4 27.1
Total 13.0 3.2 26.8

Table 5.9.33. Abstraction of groundwater and balance
of resources for Unit 18 of the
Southern Water Authority

(1977}
- licensed actual balance of
;1 £
quiter abstractien abstraction resources
3 3 2
102 m/km 10° m3/km? 107 n/xm?
Chalk 1.9 6.5 ~1.1
Hastings Beds 25.2 5.0 98.2
Total 4.1 11.5 97.1
Table 5.9.3%. Groundwater resources for Unit 19 of
the Southern Water Authority
outero mean mean mean licensed actual balance of
Aquifer area P annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) (1977) {1977}
k.rll2 mm mm mm .‘lO6 r|13 106 1113 106 mil
Chalk 115 815 483 315 16.3 10.32 25.9

Table 5.9.3%. Abstraction of groundwater and balance

of resources for Unit 19 of the
Southern Water Autbority {1977}

AQUif licensed actual balance of
quiier abstraction abstraction resources
3 2
103 m:‘,/k.l'n2 103 m3/km2 103 m /km
Chalk 129.4 81.7

205.6
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Table 5.9.35. Groundwater resources for Unit 21 of
the Scuthern Water Authority

oute mean mean mean licensed actual balance of
rop
Aquifer atea annual annual annual abstraction abstraction resources
rainfall evaporation  infiltration (annual) (1977) (1977)
2
km m mm mm 10° n? 10° n° 10° o®
Chalk 19 775 382 3hp 1.0 0.3 5.9
Hastings Beds 234 775 382 153 2.2 1.0 3L.8
Tatal 3.2 1.3 40.7
Table 5.9.37. BRbstraction of groundwater and balance
of resources for Unit 21 of the
Southern Water Buthority {1977)
Aquifer licensed actuaJ: balance of
abstraction abstraction resources
103 m3/km2 103 m':’/k.l'cl2 103 m:"/k.m2
chalk ’ 2.5 0.8 15.0
Hastings Beds 5.6 2.5 88.s
Total 8.1 3.3 103.5
Table 5.9.38. Groundwater resources for Unit 22 of
the Southern Water AButhority
c mean mean mean licensed actual balance of
Aquifer outcrop annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration (annuall (1277) (1977)
kmz mm mm mm 1C|6 m3 106 m3 1.06 m3
chalk 193 865 484 262 35.0 26.3 b3.6
Table 5.9.39. Abstraction of groundwater and balance
of resources for Unit 22 of the
southern Water Authority (1977)
if licensed actual balance of
Aquifer abstraction abstraction resources
2
103 |::|3/km2 103 mafkm 103 m3/km2

Chalk 175.0 131.5 218.0
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Table 5.9.40. Groundwater resources for Unit 23 of
the Southern Water Authority

outerop mean mean mean licensed actual balance of

Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) (1277) {1977)

2

km - m mm 10° =° 10° o 10% o3
Chalk 19 w5 il 317 1.2 1.0 5.0
Hastings Beds* 20 775 441 150 1.1 0.2 10.3
Total 2.3 1.2 15.3

*includes -some Lower Greensand

Table 5.9.41. Abstraction of groundwater and balance
of resources for Unit 23 of the
Southern Water Authority (1977)

Aquifer llcenseld actuall balance of
abstraction abstraction resources
103 m:‘s/k:m2 103 1113/!n<.r|12 103l 1113'/km2
Chalk 3.7 3.1 15.5
Hastings Beds 3.4 0.6 32.0
Total 741 3.7 b7.5
Table 5.9.42. Groundwater rescurces for Unit 24 of
the Southern Water Authority
outera mean mean mean licensed actual balance of
Aquifer P annual annual annual abstraction  abstraction resources
axea rainfall evaporation  infiltration {annual) (1977) (1977
k.m2 mm mm mm 106 m3 106 1113 106 m3
Chalk 143 813 484 313 0.4 17.8 27.0

Table 5.9.43% Abstraction of groundwater and balance
of resources for Unit 24 of the
Southern Water Authority (1977)

i f licensed actual balance of
Agquifer abstraction -abstraction resources
2

10° m*/km® 10° m3/km2 10° m3/km

Chalk 174.7 102.3 155.2
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Groundwater resources for Unit 25 of
the Southern Water Authority

Table 5.9.44.

. outecrop mean mean mear licensed actual balance of
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) (1977 (1977
¥m? mm mn mm 10° w’ 10°% n’ 108 o?
Lower Greensand* 86 762 438 144 16.3 3.1 9.5
*ineludes some Hastings Beds
Table 5.9.45. BAbstraction of groundwater and balance
of resources for Unit 25 of the
Southern Water Authority (1977)
Aquifer licensed actual balance of
4 abstraction abstraction CesSpuUrces
10° 03 /kn? 10° 03 /km? i0® n*/xn?
Lower Greensand 29.0 5.5 16.9
Table 5.9.4§. Groundwater resources for Unit 26 of
the Southern Water Buthority
c mean mean mean licensed actual balance of
Aquifer cuterop annual annual annual abstraction  abstraction resources
area rainfall evaporation infiltration {annual) {1977) (1977)
kmz mm mm m 106 m3 106 1113 lt)EI 111:-i
Chalk 66 922 505 396 L.o 0.5 25.6
Lower Greensand 156 922 505 156 b1 4.1 20.2
Total 8.1 4.6 45.8
Table 5.9.47. Abstraction of groundwater and balance
of resources for Unit 26 of the
Southern Water Authority (1977)
LE licensed actual balance of
Aquifer abstraction abstraction resources
2
103 1113/km2 103 rl:n:)'/k.m2 103 malkm
Chalk 11.8 1.5 75.7
Lower Greensand 12.7 12.1 59.8
Total 23.9 13.6 35.5
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Table 5.9.48. Groundwater resources for Unit 27 of
the Southern Water Authority

mean mean mean licensed actual balance of
R outcrop ;
Aquifexr area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) (19797 (1977)
2
km mm m nm 108 o3 10° o? 108 n?
Chalk 331 839 484 337 51.9 3.4 80.1
Table 5.9.49. Abstraction of groundwater and balance
of resources for Unit 27 of the
Southern Water Authority (1977)
. licensed actual balance of
Aquifer abstraction abstraction resources
3 3 2
16° n/km 10% 0 /kn? 10% 3 /xn?
Chalk 107.5 65.0 165.8
Table 5.9.50. Groundwater resources for Unit 28 of
the Southern Water Autheority
autcro mean mean mean licensed actual balance of
Aquifer uarceap annual annual annual abstraction abstraction resources
5 rainfall evaporation infiltration (annual) (1977 (1977)
km mm mm mm 106 m3 LOE ru3 106 m3
Chalk 182 827 473 336 62.1 33.4 27.8
Table 5.9.51. Abstraction of groundwater and balance
of resources for Unit 28 of the
Southern Water Authority (1977)
Aquif licensed actual balance of
quiter abstraction abstraction resources
103 1113/km2 103 m3/km2 103 m3/k.m2
Chalk 205.0 110.2 91.7




Table 5.9.52.
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Groundwater resources for Unit 29 of
the Southern Water Authority

o mean mean mean licensed actual balance of
utcrop
Aquifer area annual annual annual abstracticn abstraction resources
rainfall evaporation infiltration {annual) (1977} (1977}
2
m m mm mn 10% o’ 10% m? 10% o’
Chalk 96 899 482 395 15.9 4.8 3351
Table 5.9.53 Abstraction of groundwater and balance
of resources for Unit 29 of the
Southern Water Authority {1977)
Aquifer licensed actual balance of
q abstraction abstraction resources
103 rn3/k.m2 103 m3/k1'n2 103 r|13/kl::l2
Chalk 120.5 364 250.8
Table 5.9.54%. Groundwater resources for Unit 30 of
the Southern Water Authority
. mean mean mean licensed actual balance of
Aquifer onterop annual annual annual abstraction abstraction resources
area rainfall evapeoration infiltration {annual) (1977 (1977
ka mm mm mm 106 m3 106 111:‘l 106 m3
Chalk 34 837 481 338 11.5 6.4 5.1
Table 5.9.55. Abstraction of groundwater and balance
of rescurces for Unit 30 of the
Southern Water Authority (1977}
licensed actual balance of
Aquifer abstraction abstraction resources
3 2
103 mjl/}c.m2 103 m3/!r.m2 103 m~ /km
Chalk 81.0 L5, 1 35.9
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Table 5.9.56. Groundwater resources for Unit 31 of
the Southern Water Authoxity

, outcrop mean mean mean licensed actual ‘balance of
Aquifer area annual annual annual abstraction  abstraction resources
ralnfall evaporation  infiltration {annual) (1977} (1977)
2
km mm mm mm 1()6 m3 106 m3 llJ6 m3
Chalk ' 259 836 466 352 49.7 24.7 66,5
Table 5.9.57. BRbstraction of groundwater and balance
of rescuxces for Unit 31 of the
Southern Water Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
3
10 rn'—j/!rc.m2 103 m3/km2 103 m3/km2
Chalk 133.6 66.4 178.8
Table 5.9.58. Groundwater resources for Unit 32 of
the Southern Water Authority
outcro mean mean mean licensed actual balance of
Aquifer ar ap annhual annual annual abstraction  abstraction resources
& rainfall evaporation infiltration (annual} (1977 (1977
k_m2 mm @m mm 106 m3 106 m3 106 m3
Chalk 292 914 466 426 ko3 6.3 118.1
Table 5.9.59. BAbstraction of groundwater and balance
of resources for Unit 32 of the
Southexn Water Avhtority (1977}
£ licensed actual balance of
Rquifer abstraction abstracticn resources
103 1113/]c1'n2 103 m:‘]/kl'.\:2 103 malkm2

Chalk 138.0 21.6 40k 7
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Table 5.9.60. Groundwater resources for Unit 33 of

the Scuthern Water Ruthority

outers mean mean mean 1licensed actual balance of
Agquifer a.:eap annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual} (1977) (1977)
fk.l:ll2 ot mm mm 106 m3 106 m3 106 m3
Chalk 305 822 485 320 8.5 4.1 93.5
Table 5.9.61. BRbstraction of groundwater and balance
of resources for Unit 33 of the
Southern Water Authority (1977)
AQuif licensed actual balance of
quiter abstraction abstraction resources
103 m:‘]/km2 103 1113/k:n2 10'3 m3/km2
Chalk 13.7 6.6 150.8
Table 5.9.62. Groundwater resources for Unit 34 of
the Southern Water Authority
& mean mean mean licensed actual balance of
Aquifer euterep annual annual annual abstraction abstraction resources
area rainfall evaporation infiltration (annual) (1977) (1977)
Kn? am oo mm 10° o 10° n? 108 3
Chalk 625 B23 456 349 70.9 5.5 212.6
Table 5.9.65. BAbstraction of groundwater and balance
of resources for Unit 34 of the
Southern Water Authority {(1977)
. licensed actual balance of
Aquifer abstraction abstraction resources
3 3, 2 3 3 2 3 3 2
107 m™ /km 10 /km 107 m™ /km
Chalk M3k 8.8 340.2
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Table 5.9.64. Groundwater resources for Unit 16 of
the Southern Water Authority
outers mean mean mean licensed actual balance of
Aquifer uareap annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration (annual) (1977) (1977)
km2 mm mm mm 1(2)6I m3 106 m3 106 m'?l
Chalk 63 850 L3g 32 12.0 8.7 12.9
Lower Greensand &0 850 489 163 4.8 1.3 8.5
Total 16.8 10.1 21.h

Table 5.9.65.

Abstraction of groundwater and balance
of resources for Unit 36 of the
Southern Water Autkority (1977)

licensed

£ actual balance of
Aquifer abstraction abstraction resources
T2
].03 m3/k.m2 103 1113/km2 103 m3/k.m
Chalk 31.5 22.8 33.9
Lower Greensand 12.6 3.4 22.3
Total Lk, 1 26.2

56.2
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Table 5.9.68. Areas of Units in the 2
Scuthern Water Authority (km')

Unit Area Unit Area
1 402 19 126
2 359 20 i35
3 224 21 393
4 257 22 200
5 222 23 322
6 280 - 24 174
7 154 25 562
8 366 26 338
9 173 27 483

10 172 28 303
11 230 29 132
12 284 30 142
13 76 31 372
14 136 32 292
15 217 33 620
16 560 34 625
17 196 35 404
18 276 36 381
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5.10. Wessex Water Authority

General Features

The Wessex Water Authority covers an area of 9 918 km2 in the south-west

of England (Fig 2.1). Thehigh lands are represented by the Quantocks (up

to 380 m above sea-level), the Mendip Hills (up to 325 m), and the Dorset
Downs {(up to 270 m). The remaining areas fall generally into two
categories (Figure 5.10.1). The first comprises the gently undulating country
of Salisbury Plain and Cranborne Chase, at about 200 m above sea-level;

the second consists of the extensive Sedgemoor area of low-lying ground

near to sea-level, and south of the Mendip Hills.

Natural drainage flows into four river systems, the Hampshire Avon, the

Stour, the Parrett and the Bristol Avon.

The total population in 1974 was about 2.2 million. The principal towns
include Bristel (population 421000), Bath (85 000) Weston-super-Mare

(51 000), Bridgewater (27 000), Taunton (38 000}, Yeovil (26 000},
Salisbury (36 000), Bournemouth (149 000) and Weymouth (41 000).

Almost the whole of the authority area is agricultural and major

industries are confined to Bristol, which is also a major sea port.

The areas of Salisbury Plain and Cranborne Chase are floored by the Chalk
and Sedgemoor by Keuper Marl and Liassic strata, the latter formations
being of little use as agquifers. Jurassic strata occur in a band crossing
the authority area from north to south and Carboniferous strata cccur in

the Mendips and Bristol areas.

Aquifers

The Carboniferous Limestone reaches a maximum thickness of approximately

1 500 m to the south of Bristol, and approximately 1 400 m in the Mendip
Hills. In the classic section of the Avon Gorge, immediately to the west
of Bristol, the thickness is only about 670 m, indicating a thinning
westwards and northwards, the thicknesses across the river Severn falling
to 100 m and less. The limestones tend to be massive, and groundwater flow
is entirely through fissures. The latter are often large, and karst
features are developed in the Mendip Hills. The throughput of groundwatexr

tends to be extremely rapid in the karst areas, and the natural
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replenishment is very quickly discharged. No data are available concerning

the aguifer properties,.

The outcrop of the Permo-Triassic sandstones is restricted to Unit 6. The
maximum thickness is of the order of 100 m. However, the major part of
the aquifer is overlain by the Keuper Marl which attain a thickness in
excess of 450 m, and it is not uncommon for the groundwater in the sand-
stones beneath the Keuper Marl to be saline. No data are available

concerning aguifer properties.

The Middle Jurassic aquifer, comprising the limestones and marls of the
Inferior and Great Oolite series, does not exceéd a thickness of 80 m, and
thins westwards against the Mendip Hills. The limestones are usually

well bedded, occasionally massive, sometimes fissile. The tranémissivity
has been determined at 19 sites, giving a mean value of 1.8 x 10_2 m2/s
and a range of 1.8 x 10_3 mz/s to 6.2 x 10-3 mz/s (Figure 5.10.2). The mean
transmissvity in each of the two Units in which determinations were
carried out varies little from the overall mean (Table 5.10.1). The

mean value for the coefficient of storage was 3.4 x 10_4, determined at

12 sites.

The maximum thickness of the Chalk is of the order of 290 m, but the
formation thins to the west and south to less than half this thickness.

The Chalk is underlain by approximately 10 m of micaceous sand and
sandstone of the Upper Greensand, which is congidered to form a single
aquifer with the Chalk, the two being in hydraulic continuity. However,
the Upper Greensand frequently has a very small mean grain size and a

large silt fraction may be present, thus seriously reducing the ability of
the sands to yield groundwater to wells. The transmissivity was determined
at 15 sites in the Chalk with a mean value of 2.4 x 10--2 m2/s, and a range
of 8.0 x 10_6 mz/s to 9.5 x 10-2 m2/s {(Figure 5.10.3). There is a
considerable variation in the mean value for the different Units (Table
5.10.2), but this should be treated with caution due to the small number of
determinations. The mean value for the specific yield was 2.2 x 10-2, the
highest value being 5.6 x 10_2. Under confined conditions, the mean

-4
coefficient of storage is of the order of 2.0 x 10 .
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Resources

Yields from wells in the Carbonifercus Limestone can be large if suitable
fissures are intersected, and one site in Unit 6 is recorded as having
yielded 5.4 x 10° n® in 1977. The average yield is nearer to

0.8 x'106 m3/a. However, with the generally sparse distribution of
fissures, there is a possibility of constructing a dry well. Due to the
rapid discharge after reélenishment, wells sited at the higher
topographic levels may reqguire to be drilled to considerable depths to

pump from levels beneath that of the natural discharges.

The Permo-Triassic sandstones aquifer is not Well-developed in this area,
. - ‘ ‘ : .06 3
and in 1977 the total abstraction was only 1.1 x 10 m~. The largest
. : . o N : 6
single abstraction in the same period was 0.2 x. 10 m3. It seems, however,

that larger yields could be obtained but this is a matter of speculation.

Wells in the Middle Jurassic yield on average of the order of

0.8 x 106-m3/a. The maximum yield recorded for a single site is

5.7 x 106.m3/a. In the more fisgile limestones, failures are rare, but in
the more massive limestones, particularly in the Great Oolite Limestone,
it is possible for a well to fail to intersect suitable fissures and thus

have elther a poor yield or no yield at all.

The mean yield‘of wells in the Chalk is approximately 0.7 x 106 m3/a, and
a maximum was recorded for a single site in 1977 of 6.5 x 106 m3. The
Chalk is normally a reliable aguifer for the smaller yields, but iarger
yields may not always be obtained, particularly in the Lower Chalk which

contains a larger proportion of argillaceous matter.

Wells constructed in the aquifers discussed above do not require
sandscreens, and rarely require the support of lining tubes except near

to the ground surface.

Details for the resources of the different Units are shown in Tables

5.10.3 to 5.10.16.
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81 Mean value 1-8x10™2 m2/s
Maximum value 6:2x10~2.m2s
Minimum value 1-8x10~3 m2/s

Standard deviation 1-4x10~2 m2/s
Number in sample 19

Fig: 5.10.2. Transmissivities of the Middle Jurassic aquifer
in the Wessex Water Authority (m</s)
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9 Mean value
Maximum value
Minimum value

815! 7 .-.:.?- . .
544 - Standard deviation
B . -
S Number in sample

2-4x10-2m2/s

9-5x10~2m?2/s

8-0x10-4m2/s

2:3x102m2/s
15

10-2m2/s

Fig: 5103 Transmissivities of the Chalk aquifer in
~ the Wessex Water Authority {m2/s)



Unit

All Units

Table 5.10.1.

Number . of
determinations

16

19

195

Transmissivities in the Middle
Jurassic aquifer of the Wessex
Water Authority (m2/51

Mean as
Mean Minimum Maximum % of
overall
mean
1.7 x 1002 9.3x 10°° 2.5 x 1072 94
1.8 x 1072 1.8 x 10> 6.2 x 10°2 100
1.8 x 102 1.8x10° 6.2x 1072 100
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Table 5.10.2. Transmissiyities in the Chalk
aquifer of the Wessex Water Authority

@*/s)

. Mean as

Unit Numb?r OF Mean Minimum Maximum % of
determinations . overall

mean

-2

1 1 1.2 x 10 - - 50

2 5 3.3 x 107° 8.0x 107% 9.5 x 10°2 140

3 1 6.0 x 10°° - - 25

4 2 3.4 % 102 3.1 x10°% 3.7 x 1072 140

5 6 1.7 x 1072 3.4x 103 2.8 x 1072 71

- -2 -4 -2
All Units i5 2.4 x 190 8.0 x 10 9.5 x 10 100



Table 5.10.3.
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Groundwater resources for Unit 1 of
the Wessex Water Authority

outcrop mean mean medn licensed actual palance of
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) (1977) {1977}
2
km mm mm mm 106 m3 106 m3 1(.)6 m3
Chalk 320 719 450 269 14.2 9.7 % 4
Table 5.10.4. &bstraction of groundwater and balance
of resources for Unit 1 of the
Wessex Water Authority (1977)
Aguifer licensed actual balance of
ahstraction abstraction resources
103 m3/km2 1‘33 m:'llkm2 103 1113/lr.m2
Chalk 25.1 17.2 135.2
Table 5.10.5. Groundwater rescurces for Unit 2 of
the Wessex Water Authority
t mean mean mearn licensed actual balance of
Aquifer ow cr:p annual annual annual abstraction abstraction resources
are rainfall evaporation dnfiltration {annual) (1977 (1977)
k.m2 mm mm mm 106 m3 106 m3 1(.!6 m3
Chalk 402 784 450 334 28,1 19.3 115, 0
Table 5.10.6. Abstraction of groundwater and balance
of resources for Unit 2 of the
Wessex Water Authority (1977)
£ licensed actual balance of
Aquifer abstraction abstraction resources
103 m3/k.m2 103 |:|13/!|1:|1:.2 103 m:‘llkm2
chalk 63.7 43.8 260.8
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Table 5.10.7. Groundwater resources for Unit 3 of
the Wessex Water Authority
outcr mean mean mean licensed actual balance of
Aquifer “Eop 1
qu ares annua annual annual abstraction abstraction resources
ralnfall evaporation infiltration {annual) (1977 (1977)
2 .
km mm mm mm 106 m3 106 m3 106 m3
[
Chalk 471 B60 450 410 39.8 27.3 165.8
Table 5,10.8. Abstraction of groundwater and balance
of resources for Unit 3 of the
Wessex Water Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction resgurces
10° o3/kn? 10° 03 /kn? 10° w7k’
Chalk 55.4 38.0 230.9
Tahle 5.10.9. Groundwater resources for Unit 4 of
the Wessex Water Authority ’
J— mean mean mean licensed actual balance of
hgquifer area.p annual annual annual abstraction abstraction resources
rainfall evaporaticn dinfiltration (annual) (1977 (1977)
km2 mm mm mm 106 m3 10E m3 106 m3
Chalk 508 888 450 438 57.3 39.3 183.2
Table 5.10.10. Abstraction of groundwater and balance
of resources for Unit 4 of the
Wessex Water huthority (1977}
ifer licensed actual balance of
Aquife abstraction abstraction resources
103 1113/km2 103 r|:13/kn:|2 103 :03/}::112
Chalk 41.7 28.56 133.4




199

Table '5.10.11. Groundwater resources for Unit 5 of
the Wessex Water Authority

outerep mean mean mean licensed actual balance of
Aquifer area annual annual annual abatraction abstraction resources
rainfall = evaporation infiltration {annual} {1977) (1877)
2
km mm mm mm 106 m3 1.06 m3 1()G m3
Chalk 500 963 450 513 64.6 44.3 ‘ 212.2
Middle Jurassic 167 865 450 415 5.5 ’ 4.4 64.9
Total 70.1 48.7 277.1
Table 5.10,12. Abstraction of groundwater and balance
of resources for Unit 5 of the
Wessex Water Authority (1977) .
Llicensed actual balance of
hquifer abstraction abstraction regources
103 m3/km2 103 m3/km2 103 m3/km2
Chalk 54.7 37.5 179.5
Middle Jurassic 4.7 3.7 54.9
TOt.al 59.4 41.2 234.4
Table 5.10.13. Groundwater resources for Unit 6 of
the Wessex Water Authority
outcro mean mean mean licensed actual balance of
Acguifer u-: ap annual annual annual abetraction abstraction resources
are rainfall evaporation infiltration (annual} {1977} (1977}
km2 mm mm mm 106 m3 106 m3 106 m3
Middle Jurassie 265 812 450 362 7.3 6.6 89.3
Carboniferous g 896 450 446 44.5 31.0 44.8
Limestecne
Permo-Triassic 96 852 450 402 1.8 1.1 37.5
sandstenes
Chalk 38 870 450 420 4.0 3.1 13.0
56.7 41.8 184.6

Total




Table 5.10.14.
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Abstraction of groundwater and balance

of resources for Unit & of the
Weszsex Water Authority {1977}

Aerud licensed actual balance of
fer abstraction abstraction resources
10% u3 /i’ 10° n°/kn’ 103 3 /km?
Middle Jurassic 2.3 2.1 28.8
Carboniferous Limestone 14.4 10.0 14.5
Permo-Triassic Sandstone 0.6 0.4 12.1
Chalk 1.3 1.0 4.2
Total 18.6 13.5 59.6
Table 5.10.15, Groundwater resources for Unit 7 of
the Wessex Water Authority
outero mean mean mean licensed actual balance of
Aquifer P annual annual annual abstraction  abstraction resources
area rainfall evaporation infiltration (annual) {1977) (1977}
kmz mm mm mm 106 m3 1.06 m3 106 1:|13
Middle Jurassic 199 827 450 377 33.6 30.0 45.0
Carbaniferous
Limestone 98 941 450 491 10.9 5.8 42.3
Chalk 124 762 450 312 7.7 2.9 35,8
Total 52.2 387 123.1
Table 5.10.16. BAbstraction of groundwater and halance
of resources for Unit 7 of the
Wesgex Water Authority (1977)
£ licensed actual balance of
hquifer abstraction abstraction resources
103 :JJ:*!/II\:m2 103 1113/1tm2 103 |113/k1112
Middle Jurassic 13.2 11.8 17.7
Carboniferous Limestone 4.3 2.3 16.7
Chalk 3.0 1.1 14.1
Total 20,5 15.2 48.5
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Table 5.10.17. Areas of Units in the
’ Wessex Water Authority (km )

Unit Area

565
441

718
1373

1182
3099
2540

~S 0y e W N e
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5.11. South West Water Authority

General Features

The South West Water Authority covers an area of 10 847 km2 in the south-
west of England (Fig 2.1). The landscape is undulating, rising to heights
in excess of 500 m above sea-level on Exmoor and Dartmoor, but elsewhere
commonly lying below 120 m (Figure 5.11.1). The coastline is generally
rugged and stormswept with a few good harbours., Drainage is performed by

numerous small rivers flowing directly to the sea.

The total population in 1974 was of the order of 1.3 million. The major
towns include Exeter (population 96 0C0) and Plymouth (252 000Q}. There is a
large influx of tourists during the summer season, particularly along the

southern coast.

The area is largely agricultural, with industry largely confined to the

Exeter and Plymouth areas.

Geologically, the South West Water Authority area 1s dominated by an eastwest
downfold structure. On the flanks are strata of Devonian age, these being
of 0ld Red Sandstone facies on the north coast, but containing marine
horizons to the south. Neither are important as aguifers although small
vields of less than 10 m3/d are commonly obtained from boreholes to meet

domestic and small agricultural demands.

The centre of the trough is dominated by Carboniferous strata, these
comprising a series of mudstones, grits and turbidities known collectively
as Culm Measures. As with Old Red Sandstone, small yilelds are obtained

from boreholes, but sources suitable for public supply cannot be developed.

Both the Devonian and the Carboniferous strata are intruded by granitic
bodies and the country rock has been extensively metamorphosed and
mineralised. Groundwater present in the weathered zonecan, in some areas,

be seriously contaminated, notably by arsenic and copper.

Aquifers
At the eastern end of the downfold are located the main agquifers of the

authority area, the Permo-Triassic sandstones and the Chalk and Upper
Greensand. With the latter aquifer, the Upper Greensand facies is

dominant in this area, and the Chalk occurs as isolated outliers.
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The Permo-Triassic sandstones tend to be finer-grained and rather better
cemented than their chronclogical equivalents in the Midlands and North of
England. The basal beds are mainly coarse to fine clayey breccias, and
the succeeding strata red and grey sandstones, often current-bedded. A
thick sequence of marls, over 200 m, interrupts the sandstone succession.
There are also developments of pebble beds as at Budleigh Sélterton. On
the South Devonshire coast, the total thickness of the Permo-Triassic may
exceed 2 000 m, but this thickness diminishes rapidly inland and near
Crediton is probably less than 450 m. Since these rocks were deposited in
hollows in a pre-existing land surface, thicknesses may vary rapidly, and

the outcrop areas are not extensive.

Aguifer properties have been calculated at 5 well sites, all in the
Permo-Triassic sandstones, and all in Unit 1., Transmissivity ranges from
6.9 x 10_4 to 4.1 x 10_3 mz/s with a mean of 2,1 x 10_3 m3/s and a standard

- 2
deviation of 1.4 x 10 3 m /s.

The coefficient of storage varies from 2.2 10_3 to 3.0 10_4, with a mean

of 1.5 10 3,

Resources
Only in Unit 1 are significant groundwater resources present. These are
shown in Table 5.11.1. The total area of the Unit is 3907 km2 and the

6

total resources are 408.8 10 m3/a, giving a resource figure of 0.10 1O6

3
m"/a, per square kilometre.

The Chalk and Upper Greensand have been dissected by erosion into
numerous small separated catchments, and in conseguence large sources

cannot be readily developed.

Licensed abstraction from the Permo-Triassic sandstone is at present 21,3
106 m3/a. This represents only 10% of the resources of this aquifer.
Actual abstraction in 1976, the latest year for which data are available,

was 16.4 106 m3, representing 8% of the total theoretical resources.

Licensed abstraction from the Chalk and Upper Greensand amounts to 9.3

106 m3/a, 5% of the total resources. Actual abstraction in 1976 was 4.0

106 m3, 2% of the total resources.

The licensed abstraction, the actual abstraction and the balance of

resources for 1976 have been calculated and are shown in Table 5.11.2
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3
expressed as 103 m per square kilometre of total catchment area.

The well sites in the Pexmo-Triassic sandstone yield from 0.1 to 3.0 106

3
m fa, with a mean of about 1.0 106 m3/a. In the Chalk and Upper
Greensand, yields are less, ranging from less than 0.1 to 073 106 m3/a,

with a mean of 0.2 106 m3/a.
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Table 5.11.1. Groundwater resources for Unit 1 of
the South West Water Authority

outers mean mean mean licensed actual balance of
Aquifer a:ceaP annual _ annual annual abstraction  abstraction resources
rainfall evaporatiocn infiltration (annual) {1976) {1976)
k.m2 mm mm mm 106 m3 1(!6 rn3 106 m3
Permo-Triassic
sandstones 528 925 540 388 21.3 16.4 188.9
Chalk and ypper 371 1065 520 " 545 9.3 4.0 198.2
Greensand
Total 30.6 20.4 387.1
Table 5.11.2. BAbstraction of groundwater and balance
of resources for uUnit 1 of the
South West Water Authority (1976)
. licensed actual balance of
Aquifer abstraction abstraction resources
3 3 3. 2
103 m3/k.m2 10 m3/k.m2 107 m™ /km
Permo-Triassic sandstones 5.5 4,2 48.4
Chalk and Upper Greensand 2.4 1.0 50.8

Total 7.9 5.2 99_2
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Table 5.11.3. Areas of Units in the South West
Water Authority (km?)

Unit Area

3907
1765
1570
1202
2193

210

g N kW N
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5.12. Welsh Water Authority

General Features

The Welsh Water Authority covers an area of 20 704 kmz, mainly within the
Principality of Wales (Fig 2.1). To the north, the west and the south, the
authority area is bounded by the sea. The area is mountainous in the
north where it is dominated by the Snowdon range, rising in Snowdon itself
to 1085 m above sea level. In the south, there are a number of more or less
discrete high lands, comprising the Plynlimon area (up to 750 m above sea
level)}), MynyddEppynt (475 m), Mynydd Du (802 m), the Brecon Beacons (885 m)
and the Black Mountains (810 m). The locatioris of these high lands are

shown on Figure 5.12.1.

There are many rivers draining the area, the longest being the Wye and

the Usk in South Wales, and the Dee in North Wales.

The total population in 1974 was of the order of 3.0 millicn. The
principal towns include Cardiff (population 275 000), Newport (111 OOO},

Swansea (171 °000), Bberystwth (11 000}, Chester {61 000) and Fereford (47 00C).

The coastal area in the scuth is heavily industrialised. Coal is
extensively mined, and there are several major steel works. The
remaining area is largely agricultural, with a large number of hill farms

dependent mainly upon sheep. There is a large seasonal influx of tourists.

Permo-Triassic rocks outcrop in the Vale of Clwyd in North Wales, together
with some Carboniferous Limestone. Along the southern edge of the
authority area, there is a synclinal structure containing Carboniferous
Limestone, Millstone Grit and Coal Measures. The remainder of the area is
floored almost exclusively by strata of Cambrian, Ordovician and Silurian
age, mainly mudstones, shales and slates with extensive volcanic rocks,

and by the Cld Red Sandstone.

Aquifers

The Oid Red Sandstone crops out over a large area of South Wales. The
maximum thickness is in excess of 2 000 m. The strata comprise marls and
sandstones with occasional mudstones. Transmissivity was determined at 3
sites, and a mean value of 1 x 10_3 m2/s was obtained. The 3 sites are all

in Unit 2, but this value may generally hold throughout the aguifer. No
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data are available concerning the specific yield, but this is probably of
2

the order of 1 x 10 .
The Carbonifercus Limestone has its major outcrops in the south of the
area, with smaller outcrops near the north coast and in Anglesey. The
maximum thickness is in excess of 900 m in the north and over 1 200 m in
the south. Groundwater flow through this aquifer is through fissures,
‘and these tend to be large but relatively sparsely distributed through the
rock. It is not unusual for wells to be dry due to failure to intersect

suitable fissures. WNo data are available concerning aquifer properties,

The Millstone Grit comprises a series of sandstones, grits and shales,
the sandstones being rather more dominant in the south. The maximum
thickness is of the order of 300 m. Although this agquifer does not yield
large supplies to wells, it is considered particularly important in South
Wales since groundwater percolates downwards into the underlying Carbon-

iferous Limestone. No data are available concerning aquifer properties.

The Coal Measures in South Wales have a maximum thickness of some 2 500 m.
The lowest division, varying from 430 to 900 m thick, is predominantly
shaly with subordinate sandstones and coals. These rocks are extensively
mined for coal, and large discharges of groundwater take place from the
mines, The middle division of the Coal Measures is predominantly
arenaceous, containing massive sandstones (Pennant Sandstone), and these
beds are succeeded by an upper division of shales with coals. WNo data are

available concerning aguifer properties.

The Permo-Triassic sandstones are found in North Wales only, the main
outcrop being in the Vale of Clwyd where it comprises 400 m thickness of
fine to medium-grained sandstones. The transmissivity has been determined
at 8 sites in this region, and a mean value of 4.7 x 10_3 m2/s was
obtained. Values varied from 2.3 x 10_4 to 1.4 x 10_2 m2/5f and this has
been interpreted as relating to the degree of fissuring present at each
site. The coefficient of storage is of the order of 4 x 10_4, indicating

that the aguifer is largely confined, in this area by boulder clay.

Large areas of Wales are floored by impervious shales and slates, and
superficial deposits are therefore important as agquifers even though the
resources are not large. These deposits comprise boulder clay and river

silts, which are relatively impervious, and sands and gravels, which form
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aquifers. Transmissivities have been determined for 5 sites in Unit 1,
where a mean value of 1.6 x 10--2 m2/s was obtained. The mean specific

-1 .
vield was 2.1 x 10 °. The aguifer properties have not been determined in

other Units, but similar values might be expected.

Resources

Yields from the wells in the0ld Red Sandstone are small, almost always less
than 0.5 x 106 m3/a. Although the extent of the outcrop is large, and the
total storage therefore also large, the aquifer is not suitable for
developing large resources, It is, however, very suitable for small
supplies, and has provided numerous sources for small farms and for

domestic requirements.

Yields from wells in the Carboniferous Limestone are usually of the order
6 3
of 1.0 x 10° m™ /a or less. However, much larger yields are possible if
suitable fissures are intersected, and an abstraction is recorded for 1977
3
of 8.9 x 106 m /a for a single site.
Wells in the Millstone Grit obtain water from the sandstone horizons.

Yields are usually small, and unsuitable for large requirements.

The Coal Measures have some potential for large supplies. Yields of

4.0 x 106m 3/a are possible from wells, although 2.0 x 106m 3/a is closer
to the normal expected discharge. The waste water pumped from coal mines
in South Wales is often of reasonably good guality, and the mean rate of

3
those discharges lies between 2.0 and 3.0 x 106m /a.

Wells in the Permo-Triassic sandstones have an average yield of
3
approximately 1.0 x 106m 3/a, although yields in excess of 2.6 x 106m /a

have been obtained.

It is not easy to indicate the reliable yield that can be obtained from

superficial deposits since the amount pumped at a given site depends more
upon the available rescurces than upon the actual rate at which a well can
be pumped. Yields are generally less than 0.5 x 106m 3/a, and often less

than 0.2 x 106m 3/a.

Wells constructed in the superficial deposits require supporting throuchout,
and the emplacement of sand screens is necessary. In all the other

aquifers, the well will usually stand without support and a few metres of
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casing is normally used to prevent collapse in the weathered zone near to

the ground surface.

The details of the resources for each Unit are shown in tables 5.12.1. to
5.12.30. BEstimates of the balance available in the Carboniferous Lime-
stone in Units 1 to 7 may be less than the real value due to the unknown
contributions from the Millstone Grit. Investigations are being carried
out in an attempt to quantify this. 1In some units, the actual abstraction
from the Coal Measures is considerably greater than that licensed. This
is due to the inclusion of mine~drainage to which the normal licensing
conditions do not apply and this is not included in the licensed amount.

Also included in this category is drainage from the railway tunnel under

the river Severn.



Newport

Cardiff
Kilometres

210 4IO 60 80

—

Fig 5.12 1 Location map of the Welsh Water Authority






Table 6.12.1.
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Groundwater resources for Unit 1 of

the Welsh Water Authority

outorop mean mean mean ticensed actual balance of
Rquifer area annuval annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) (1977) (1977)
2
km mm m mn 10° o? 10% o° 108 o*
0l1d Red
Sandatons 1942 80O 450 100 5.5 4.0 190.2
Carboniferous
Limestone 80 850 450 400 0.0 16.1 15.9
Coal Measures 32 700 450 200 .0 . 6.4
Superficial 358 799 450 138 .9 2. 46.6
Total 13.4 6.8 259.1
Table 5.12.2. Abstraction of groundwater and balance
of resources for Unit 1 of the
Welsh Water Authority {1977}
AQUif licensed actual balance of
quiier abstraction ahstraction resources
1Cl3 m3/km2 103 m3/km2 103 m'-"]/km2
0l1d Red Sandstone 1. 0.9 44.5
Carboniferous Limestone 3.8 3.7
Coal Measures Q.0 1,5
Superficial 1. 0.7 10.9
Total 3. 5.4 60.6
Table 5.12.3. Groundwater resources for Unit 2 of
the Welsh Water Authority
mean mean mean licensed actual balance of
Aquifer outcrop annual annual annual abstraction abstraction resources
area rainfall evaporation  ipnfiltration {annual} {1977) (1977)
k_mz mm mm mm 106 t|13 106 m3 106 m3
0ld Red
100 0.1 0.0 106.7
Sandstone 1067 1400 450
Carboniferous 65 1300 450 850 2.4 1.0 54.3
Limestene
Millstone Grit kY] 1500 450 50 0. 0.0 1.6
Coal Measures 225 1500 450 200 17.8 27.2
Superficial 267 1099 450 383 0. 0.3 102.0
Total 10.3 19.1 241.B




Table 5.12.4. BAbstraction of groundwater and balance
of resources for Unit 2 of the
Welsh Water Authority (1977}

licensed actual balance of
Aquifer abstraction abstraction resources
E R
10 o /kn 10° 0 /km? 10° 3 /xn?
0ld Red Sandstone 0.1 .o 58.6
Carbonifercus Limestone 1.3 0.5 29.8
Millstone Grit 0.0 0.0 0.9
Coal Measuxes 3.8 9.8 14.9
Superficial 0.4 0.2 56.0
Total 5.6 10.5 160.2
Table 5.12.5. Groundwater resources for Unit 3 of
the Welsh Water Authority
outcrop mean mean mean licensed actual balance of
Aguifer area annual annual annual ahstraction abstraction resources
rainfall evaporation infiltration (annual} (1977} {1977)
k.mz mm mm mm 1('.)6 11:|3 106 m3 106 m3
0ld Red
Sandstone 156 2100 450 100 0.1 0.0 15.6
Carbonl ferous 51 1300 450 850 1.6 1.0 42.4
Limestone
Millstone Grit 55 1600 450 50 0.0 0.0 2.8
Coal Measures 472 2000 450 200 0.3 13.1 114,1
Superficial 12 1100 450 494 6,0 3.1 2.8
Total 8.0 17.2 177.7

Taple 5.12.6. Abstracticon of groundwater and balance
of resources for Unit 3 of the
Welsh Water Authority (1977)

Aquifer licensed actual balance of

abstraction abstraction rasources

103 m:‘]/km2 ) 103 |::3/km2 103 ma/kmz
0ld Red Sandstone 0.1 0.0 16.5
Carbonliferous Limestone 1.7 i.1 _44 .9
Millstone Grit 0.0 0.0 3.0
Coal Measures 0.3 13.9 120.7
Superficial 6.3 3.3 3.0

Total B.4 18.3 188.1




Table 5.12.7. Groundwater resources for Unit 4 of
the Welsh Water Authority

out: mean mean mean licensed actual balance of
crop
Aquifer area annual annual annual abstraction  abstraction resources
rainfall evaporation infiltration (annuwal) (1977} (1977)
2
km mm mm mm 10% o 108 o3 10° o’
0ld Red
Sandstone 40 2200 450 100 0.0 0.0 4.0
Carbonifercus
Limestone 88 1200 450 750 10.5 16.0 56.0
Millstone Grit 58 1800 450 50 0.0 0.0 2.9
Coal Measures 472 2000 450 200 0.0 2.2 92.2
Superficial 7 1100 450 204 4,7 2.9 -1.5
Total 15.2 15.1 153.6
Table 5.12.8. Abstraction of groundwater and balance
of resources for Unit 4 of the
Welsh Water Authority (1977}
licensed actual balance of
haul fex abstraction abstraction resources
103 m3/k.m2 103 m:']/km2 103 m3/m2
014 Red Sandstone ' 0.0 0.0 4.0
Carboniferous Limestone 10.5 10.0 55.9
Millsteone Grit 0.0 0.0 2,9
Coal Measures 0.0 2.2 92.0
Superficial 4.7 2.9 -1.5
Total 15.2 15.1 153.3
Table 5.12.9. Groundwater resources for Unit 5 of
the Welsh Water Authority
mean mean mean licensed actual balance of
Aquifer outcrop annual annual annual abstraction abstraction resources
4rea L ainfall evaporation infiltration {annual} {1977) (1977}
k.mz mm mm mm J.O6 m3 106 :n3 lO‘5 m3
0ld Red 55 1900 450 100 1.0 0.6 4.9
Sandstone
Carboni fezous 84 1200 450 750 1.0 0.6 62.4
Limestone
Millstone Grit 111 1800 450 50 c.8 0.6 5.0
Coal Measures 528 1500 450 200 1.1 4.0 191.6
Superficial B84 1288 450 133 g.0 0.0 } 11.2

Total 3.9 5.8 185.1




Table 5.12.10.

Ahstraction of groundwater and balance
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of resources for Unlt 5 of the
Welsh Water Authority {1977)

Aquifer licensed actual balance of
abstraction ahstraction resources
3
10 :113/1\:1112 103 m'?’/k.m2 103 1113/kn:12
Cld Red Sandstone 1.1 0.7 5.5
Ccarboniferous Limestone 1.1 0.7 70.4
Millsteone Grit 0.9 0.7 5.6
Coal Measures 1.2 4,5 114.8
Superficial 0.0 ¢.0 12.6
Total 4.3 6.6 208.7
Table 5.12.11, Groundwater resources for Unit 6 of
the Welsh Water Authority
outcro mean mean mean licensed actual balance of
Aquifer areap annual anpual annual abstraction abstractien resources
rainfall evaporation infiltratien (annual) (1977) {1977)
}t:.m2 mm mm mn 106 m3 106 m3 106 m3
0ld Red 300 — 1500 450 100 0.0 0.0 30.0
Sandstone
Caxbond fexous 20 1700 450 1250 0.0 0.0 25.0
Limestone
Millstone Grit 34 1500 450 50 0.3 .2 1.5
Coal Measures 55 1300 450 200 0.0 .0 11.0
Superficial 123 1206 450 96 1.8 1.4 10.4
Total 2,1 1.6 77.9

Table 5.12.12.

tbstraction of groundwater and balance

of resources for Unit 6 of the
Welsh Water Authority (1977)

if licensed actual balance of
Rqulfex abstraction abstractiocn resources
10% o’ /kn® 10° m>/kn’ 10> o?/xn?
0ld Red Sandstone 0.0 0.0 14.1
Carboniferous Limestene 0.0 D.0 11.8
Millstone Grit 0.1 0.1 0.7
Coal Measures Q.0 .0 5.2
Superficial 0.8 0.7 4.9
Total 0.9 0.8 36,7




Table 5.12.13.
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Groundwater resources for Unit 7 of
the Welsh Water Authoxity

outecrop mean mean mean licensed actual balance of
Aquifer area annual annual annual abatraction  abstraction resources
rainfall evaporation infiltration {annual) (1977) {1977)
2
km mm mm mm 106 mEl 106 m3 106 m3
0ld Red
Sandstone 225 1100 450 100 0.0 0.0 22.5
Carbonifercus
Limestone a8 1100 450 650 .0 0.0 §7.2
Millstone Grit B4 1200 450 50 0.0 4,2
Coal Measures 134 1200 450 200 .0 0.0 26.8
Total C.0 0.0 110.7
Table 5.12.14. BAbstraction of groundwater and balance
of resources for Unit 7 of the
Welsh Water Authority (1977)
Agquifer licensed actual balance of
9 abstraction abstraction resources
103 rnallm2 103 m3/km2 103 m:‘l/km2
014 Red Sandstone 6.0 0.0 15.1
Carboniferous Limestone 0.0 36.4
Millstone Grit 0.0 0.0 2.8
Coal Measures 0.0 0. 18.0
Total 0.0 0.0 74.3
Table 5.12.15. Groundwater respurces for Unit B of
the Welsh Water Authority
outero mean mearn mean licensed actual balance of
Aquifexr P annual annual annual abstraction  abstraction resources
area ralnfall evaporation infiltration {annuval) (1977} {1977}
km2 mm mm mm 106 m3 1()6 m3 1Cl6 m3
Superficial 32 1200 450 50 0.3 g.1 1.5
Table 5.12.16. Abstraction of groundwater and balance
of resources for Unit 8 of the
Welsh Water Authority (1977)
Aquifer licensed actual balance of
a abstraction abstraction resources
103 :n:‘]/!t:m2 103 tu:‘l/km2 103 :113/1-;m2
Superficial 0.3 0.1 1.8




Table 5.12.17.
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Groundwater rescurces for Unit ¢ of
the Welsh Water Authority

outerop mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation  infiltration (annual) (1977) (1977
2
km mm mm mm 106 m3 10E m:‘1 106 m3
Superficial a 1200 450 50 0.3 0.2 0.2
Table 5.12,18, 2Abstraction of groundwater and balance
of resources for Unit 9 of the
Welsh Water Authoxity (1977}
Aquifer licensed actual balance of
abstraction abstraction resources
103 |:13/km2 103 m3/km2 103 mslkmz
Superficial 0.4 0.3 0.3
Table 5.12.19. Groundwater resources for Unit 10 of
the Welsh Water Authority
outer mean mean mean licensed actual balance of
aquifer ar :P annual annual annual abstraction  abstraction resources
& rainfall evaporatien infiltratien (annual}) (1977} (1977)
km2 mm mm mm 106 m3 106 m3 106 1113
Superficial 4 1200 450 50 0.0 0.0 0.2
Table 5.12,20. Abstraction of groundwater and balance
of resources for Unit 10 of the
Welsh Water Authority (1977)
licensed actual balance of
Aquifer abstraction abstraction resources
10° &’ /kn? 10° 5’ /kn? 10° 3 /Kkn?
Superficial 0.0 0.0 0.1
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Table 5.12.21. Groundwater resources for Unit 11 of
the Welsh Water Authority

outers mean mean mean licensed actual balance of
Aquifer area B annual anpual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) {1977} (1977)
kn® o o m 10° o 105 o 10° o*
Superficial 2 1300 430 50 0.0 0.0 0.1
Table 5.12.22. Abstraction of groundwater and balance
of resources for Unit 11 of the
Welsh Water Authority (1977)
Aqui fer licensed actual balance of
! abstraction abstraction resources
3 2
10 m3/km J.O3 m'-"]/}c.m2 103 m3/km2
Superficial 0.0 0.0 0.1
Table 5.12.23. Groundwater resources for Unit 12 of
" the Welsh Water Authority
outcro, mean mean mean licensed actual balance of
Aquifer ua:ea P annual annual annual abstraction  abstraction resources
rainfall evaporation  infiltration {annual) (1977 (1977)
km2 mm mm mm 106 m3 106 m3 106 m:3
Carboni ferous 1 800 450 350 0.0 0.0 0.4
Limestone
Superficial 1 1100 450 50 0.0 0.0 0.1
Total 0.0 0.0 0.5
Table 5.12.24. Abstraction of groundwater and balance
. of resources for Unit 12 of the
Welsh Water Authority (1977)
if licensed actual balance of
Aquifer abstraction abstraction resources
- 2
103l t|:|3\/1k'.|112 103 m3/km2 103 m3/km.
Carboniferous Limestone 0.0 0.0 6.0
Superficial 0.0 .0 1.5

Total 0.0 ! 0.0 7.5
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Groundwater resources for Unit 13 of

the Welsh Water Authority

outcrep mean mean mean licensed actual balance of
Aquifer area annual annual annual abstraction abstraction resources
rainfall evaporation infiltration {annual) (1977) (1977
K om mm mm 10° o’ 108 n? 10% >
Carbonlferous
Limestone 41 800 450 350 0.7 0.0 14.4
Millstone Grit 10 700 450 50 .0 0.0 0.5
Coal Measures 1 700 450 200 0.0 0.0 .2
Permo-Triassic
Sandstones ? 750 450 300 5.1 1.4 0.7
Superficial 46 700 450 76 0.0 0.0 3.5
Total 5.8 1.4 19.3
Table 5.12.26. Abstraction of groundwater and balance
of resources for Unit 13 of the
Welsh Water Authoxity (1977}
licensed actual balance of
Aquifer abstraction abstraction resources
3
10 m3/km2 103 m3/k.m2 103 m3/km2
Carbonifercus Limestone 0.9 0.0 17.6
Millstone Grit 0.0 0.0 0.6
Coal Measures 0.0 0.0 0.2
Pexmo-Triassic sandstones 6.2 1.7 0.9
Superficial 0.0 0.0 4.3
Total 7.1 1.7 23,6
Table 5.12.27. Groundwater resources for Unit 14 of
the Welsh Water Authority
. mean mean mean licensed actual balance of
Aquifer outerap annual annual annual abstraction  abstraction resources
axea rainfall evaporation infiltration (annual} (1977} (1977)
k.m2 mm mm 1.06 m3 106 m3 106 m3
Carboniferous 51 9200 450 450 a.9 17.0 6.0
Limestone
Millstone Grit 55 900 450 50 0.0 2.
Coal Measures 40 B0o 450 200 .1 0.0 8.
pexmo-Triassic 100 700 450 250 15.3 10.1 14.9
sandstones
Superficial 100 760 450 230 1.0 0.0 23.0
Total 21.8 27.1 54.7
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Table 5.12.28. hAbstraction of groundwater and balance

of resources for Unit 14 of the
Welsh Water Authority (1977)

licensed

Aquifer actual balance of
abstraction abstraction resources
3 3 2
107 m" /km 103 m3/k.m2 103 m3/km2
Carbeoniferous Limestone 2,2 7.8 2.7
Millstone Grit . ¢.0 1.3
Coal Measures 0.0 0.0 3.7
Permo~Triassic sandstones 7. 4.6 6.8
Superficial 0.5 0.0 10.5
Total 9.9 12.4 25.0
Table 5.12.29. Groundwater resources for Unit 15 of
the Welsh Water Authority
outero mean mean nean licensed actual balance of
Rquifer area P annual annual annual abstraction abstraction resources
rainfall evaporation infiltration (annual) {1977} (L1977}
k.mz mm mm mm 10‘5 m3 106 |:|:|3 106 m3
Carboniferous 80 1000 450 550 0.0 0.0 44.0
Limestone
Superficial 25 900 450 50 0.0 0.0 1.3
Total 0.0 0.0 45.3
Table 5.12.30. Abstracticon of groundwater and balance
of resources for Unit 15 of the
Welsh Water Authority ({(1977)
if licensed actual balance of
Aquifer abstraction abstraction resources
103 m3/km2 105l m3/km2 103 m3/m2
carboniferous Limestone 0.0 0.0 61.0
Superficial .0.0 0.0 1.8
Total 0.0 0.0 62.8
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Table 5.12.31. Areas of Units in the Welsh
Water Authority (km?)

Unit Area
1 4270
2 1821
3 945
4 icoz
5 887
6 2124
7 1489
8 930
9 786
i0 1352
11 1310
12 67
13 817
14 2183

15 721
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6. TRENDS IN GROUNDWATER ABSTRACTION

Under Section 6 of the Water Act 1945 returns of groundwater abstractions
had to be made by public water supply authorities and private users during
the period 1948 to 1963. This requirement applied to England and Wales
only, and no returns were made for Scotland and Northern Ireland. Returns
were required if (1) the capacity to abstract equalled or exceeded 230
m3/d, or (2} abstraction exceeding 230 m3/d took place on 7 days or more in
the one year. Approximately 7 000 groundwater sources were covered in the
returns, which were very detailed and inciuded data on location, aquifer,
hydrometric area and annual abstraction by use in one of twenty categories

of an industrial classification system.

The Water Act 1945 was partially superseded by the Water Resources Act
1963. This new Act created 29 river authorities (the Thames Conservancy
and the Lee Conservancy Catchment Board are included since they were the
equivalents of a river authority) based on long-established Hydrometric
Areas in England and Wales. In Section 114, the river authorities were
empowered to obtain information from both groundwater and surface water
abstractors. The new arrangements were not brousht into operation until
1968 and the format of the returns was changed. Returns were required
from all users licensed to abstract more than 60 000 m3/a from groundwater
sources, the classification of water use was reduced to 6 main categories
and the returns made by the River Authorities to Central Government were
generally only summaries of the individual returns by hydrometric areas.
Subsequent analysis revealed that the data prior to 1973 were incomplete

and unreliable.

This chapter considers the trends in groundwater abstraction demonstrated
by the Section 6 returns from 1948 to 1963 and the Section 114 returns

from 1973 to 1977. Table 6.1 shows the total abstractions of groundwater
over these periods. Therdifference in the minimum guantity for which
returns were required is not considered to be significant. Analysis of the
distribution of groundwater abstractions for 1963 illustrated quite clearly
that small abstractors contributed very little to the total demand. Thus
for both Section 6 and Section 114 returns the contribution by small users
who did not make returns is assumed to be similar and negligible in

national terms. However, the discontinuity in the record and the change
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of classification of use makes comparison and analysis of the two sets of

data less useful.

The data was analvsed bv a simple linear regression and a good correlation
was obtained between abstraction rate and time in vears with a

coefficient of 0.8976. The results are plotted on Fiqure 6.1. It was
thought that the minor aberrations during the period 1948 to 1963 might be
related to rainfall since the groundwater abstraction tends to increase in
drv vears to make up the shortfall in surface supplies. However, a miltiple
regression analysis bringing in either annual rainfall or summer rainfall
as an additicnal parameter brought no improvement to the correlation

coefficient.

The average annual growth indicated by the trend line in Figure 6.1 is
approximately 33 x 1O6m3/a. But from analysis of all the data it is clear
-that, although groundwater abstraction has risen consistently throughout
the period of the record, the increase has been entirely due to groundwater
development for public water supply which now accounts for over 75% of the
total. Groundwater abstraction by industry has remained relatively
constant since 1954, Within thisoverall picture most industries have
exhibited declines or lack of growth whilst the building, chemical and food

industries have shown the onlv significant growth rate.

The lack of growth in industrial abstraction is in contrast to the steady
growth of 2% a vear, until verv recently, in the growth of public water

supplies to industrial metered consumers. This may indicate a trend for
industrial consumers to seek their supplies from the public water supplvy

system rather than by developing their own resources.

It is also of interest that the ratic of groundwater abstracted for public
water supplies to the total public water supply abstraction appears to have
remained nearly constant over the last 16 vears indicating that groundwater
has been developed at a similar rate to surface water for public supply

purposes since 1961.

Fiqure 6.1 indicates marked falls in abstractions in 1975 and 1976 which
persisted to a lesser extent in 1977 all of which are attributable to the
severe drought of 1975/76 which affected practically the whole of England

and Wales. The period May 1975 to August 1976 was the driest 16 month
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period over England and Wales as a whole since records began in 1727. &
relatively dry summer in 1975 was followed by a dry winter resulting in
very low ground water levels at the end of the year. Supplies were
restricted in some areas and prudent use of the depleted groundwater
resources by the public supply undertakings, the:major abstractors,
resulted in a reduction in total abstractions of 5% of the 1974 fiqure.

The summer of 1976 was exceptionally drv until the drought broke at the end
of August. Restrictions were widespread and every effort was made to
conserve supplies by reducing consumption. This was accomplished by
restricting non-essential uses, by reducing wastage generally and in
industry by re-cycling or the elimination of wasteful water using processes.
The overall result was a further reduction of 7% of the 1974 total
abstraction. The effects of the measures adopted during the drought appear
to have continued to affect abstractions in 1977 and it is possible that

part at least of the reduction may be permanent.

It would be inadvisable to project the trend shown in Figure 6.1 into the
future. In the first place the trend is determined largely by the data
for the period 1948 to 1963 which was one of sustained growth in total
watexr supply consumption and present forecasts suggest that growth of
demand over the next two decades will be slower than in the past.

In addition, the growth in groundwater abstraction occurred over a period
when resources were considered to be abundant and, prior to 1963,
development was uncontrolled. The combination of a slower growth in
demand, appreciation of the limit of available groundwater resources and
effective control of development would suggest a much slower growth in

groundwater abstraction than in the period of record.
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Table 6.1. Groundwater abstraction in England and Wales
during the years 1948 to 1963 and 1973 to 1975

Year Total. Total Public Total Total Qther
Abstraction Supply Industrial Uses
(10 ) (10° n (108 m?) (10° o)
1948 1475 986 431 58
1949 i522 995 461 66
1950 1554 1002 484 68
1951 1570 1006 487 77
1852 1592 1046 484 62
1953 1636 1063 503 70 -
1954 1702 1099 531 72
1955 1749 1136 538 75
1956 1782 1173 534 75
1957 1801 1191 533 77
1958 1753 1182 503 68
1959 1852 1252 526 74
1960 1902 i288 539 75
1961 1976 1361 539 76
1962 2002 1404 523 75
1963 2058 1459 526 73
1973 2462 1874 530 58
1974 2509 1953 501 55
1975 2391 1830 501 60
1976 2325 1770 514 a1
1977 2280 1739 497 44

Note "Other uses" include such abstractions as those for

agriculture, horticulture, and so forth.

\.
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7. GROUNDWATER DEVELOPMENT METHODS

In recent years techniques for developing aquifers in the United Kingdom
have included abstractions of relatively constant supplies from boreholes
(the water being pumped directly into supply), the combined use of suxface
and groundwater resources and the regulation of river flow from ground

water storage.

In the early stages of development groundwater is abstracted from direct
supply boreholes near to the demand centre which is commonly close to a
river. The pumping rate is increased over the years until groundwater
levels fall sufficiently to intercept base flow to the river and hence
cause a diminution in river flow. Ultimately, induced recharge of river
water into the aquifer may occur, further reducing river flow, and also
leading to a possible deterioration in groundwater quality. 1In an attempt
to alleviate this situation, new wells may be sited at greater distances
from the river. However, it is inewvitable that, if abstraction rates
continue to rise, base flow to the river will eventually be intercepted ard

induced recharge from the river will take place.

An obvious alternative is to satisfy the demand from a river intake (oxr
other surface éource) whenever the river flow is sufficient, and to make
up any shortfall during periods of inadequate flow by pumping ground
water into supply. However, almost without exception, river water requires
treatment to potable standards before being put into supply, while
groundwater in general does not. The natural river flow varies
seasonally and the permissible abstraction, and hence the volume of water
passing through the treatment works, varies in proportion. Major problems
in schemes which combine the use of surface and groundwater in an
integrated water supply system are the difficulties of efficient control
of water treatment works with a widely varying output, the cost of

duplication of source works, the possibility of pipe erosion, gquality
deterioration from disturbance of accumulated pipe deposits and industrial and
private consumers' intolerance to the markedly different qualities of water

from the surface and groundwater resources.

Nevertheless major combined use schemes have been implemented and others are
being planned. A notable example is the combined use of an impounding

reservoir, groundwater  supplies and abstractions from the river Lune in

North Lancashire. Known as the Lancashire Conjunctive Use Scheme it is
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described below.

As demand on the combined use scheme increases, the pumping of groundwater
during periods of reduced river flow may intercept base flow, or even
induce recharge from the river, reducing the flow of the latter still
further. This may in turn lead to a requirement for compensation water to
be pumped into the river to maintain a prescribed minimum flow, thus

reducing further the volume available for supply.

The final solution is to abstract the full requirement from the river, but
to regulate the flow of the latter by pumping groundwater into the river.
The installed abstraction capacity from the aguifer must be sufficient to
maintain river flow at the required level during those periods when the
natural flow is inadequate, and may be determined from a study of the flow

frequency graph of the river concerned.

The location of abstraction wells is an economic compromise between the
aims of maximising net gain to river flow by siting boreholes some distance
from the river, to limit the possibility of intercepting a significant
porticn of the base flow, and of keeping the pipe lines connecting the
boreholes to the river as short as possible to minimise costs. The river
itself performs the function of a main aqueduct to convey the water to an
intake downstream. The treatment works operates at a more or less constant
rate (depending upon the seasonal variations in demand) and the water
quality problems are reduced to treatment of a water whose guality varies
relatively slowly and seasonally with increasing proporticns of groundwater
in the regulated flow. Ecological problems arising from changes in river
regime and gquality are a separate issue and may necessitate extensive

investigations.

In Figure 7.1, the location of three such regulation schemes are shown,
involving the rivers Tern and Perry in north Shropshire, tributaries of the
river Severn; the river Thet in Norfolk, a tributary of the river Great

Ouse; and the river Lambourn in Berkshire, a tributary of the river Thames.

The Lancashire Conjunctive Use Scheme

The Lancashire Conjunctive Use Scheme is the gradual development, over a
number of years of the concept that a number of resources, with different

hydrological characteristics, operated together can yield more water than
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the sum of their independent yields. The concept was implemented in the
late 1950s by the then Fylde Water Board in North Lancashire who combined
the use of surface water supplies from a direct supply reservoir with

abstractions from the Triassic sandstones.

More recently the scheme has been extended to include abstractions from the
river Lune near Lancaster, in quantities up to 280 000 m3/d, pumped through
a pipeline and tunnel aqueduct to augment the flow of the river Wyre. Water
is abstracted from the river Wyre and delivered to a nearby treatment plant
which has separate facilities for treating river and borehole water.
Groundwater is provided from 41 borehcles with a maximum authorised

abstraction of 195 ©0O m3/d.

Supplies from the river, groundwater and existing direct supply reservoirs
are linked by a system of interconnecting trunk mains to provide 130 Q00

m3/d of additional supplies.

The Shropshire regulation =scheme

The river Severn is already regulated from an upstream impounding
reservoir. Further requlation is proposed from groundwater storage. The
aquifer involved is the Permo-Triassic sandstones, the pilot area

investigated being within the catchments of the tributary rivers Tern and Perry.

The annual natural recharge of the whole of the aguifer is estimated at
approximately 200 x 106m3/a. Approximately 40% of the natural recharge is
at present taken directly into supply and it is estimated that by the year
2001 a further 20% will be soc used, The remaining 40%, equivalent to

approximately 80 000 m3/d is available for river regulation.

Work has been carried out to the point of testing two pilot areas, one in
each tributary catchment. Each of the two pilot areas comprises
approximately 80 km2 and contains 7 abstraction wells and a number of
observation wells., The mean yield of each abstraction well is of the order
of 4 000 m3/d, and the net gain to the rivers Perry and Tern appears to be
between 65% and 70% of the water pumped.

In the first stage development it is intended to drill up to 60

abstraction boreholes to further regulate the river Severn via the rivers
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Tem and Perry to support additional continuous abstractions of 225 00O

m3/d from the river Severn. It is expected that the groundwater will be
pumped in one year in three and for continuous periods ranging between 20
and 115 days. The long term demand on agquifer storage is estimated at
approximately 7 000 m3/d. A further 73 00O m3/d remainsavailable either

for direct supply or for further regulation.

At the present time the pilot studies have been completed and application
has been made for the development of the first stage of the operational

scheme.

The Thames groundwater scheme

The major demands in the river Thames basin arise in the London
conurbation which is supplied largely from pumped storage reservoirs neayr
to the tidal limit supplemented by direct groundwater abstractions. The
objective of the groundwater scheme is the augmentation of river flow from
groundwater storage as an alternative to further surface storage

developments.

Four areas have been identified within the basin whexe groundwater
resources are available and are relatively undeveloped. Three are in the
chalk, mainly unconfined and one in the Jurassic limestone mainly confined.
It is envisaged that development could be undertaken in four stages
corresponding to these four areas. Over these areas as a whole average
annual recharge is estimated at approximately 610 x 106m3 of which about

6 3
130 x 10 m must be allocated for existing abstractions.

A pilot scheme was carried out in the Lambourn catchment, an area of 234
km2 within the Stage 1 development area and comprised 9 abstraction wells
and a number of observation wells. The mean yield of each well is 3 300
m3/d. The aguifer is in hydraulic continuity with the river, and wells
close to the river bank drew only slightly upon aquifer storage; net

gain to the river fell rapidly to a small fraction of the pumped output.
Wells sited at a distance from the river bank made a substantial draft on
the aquifer storage. With distances of approximately 1.5 km between river
and well, a net gain of between 30% and 45% of the pumped ouvtput was

obtailned.

Based upon the experience gained from the pilot scheme the first stage
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operational development was designed and promoted and construction is now
substantially completed. It comprises 34 abstraction boreholes, plus a
comprehensive network of observation wells, and it is estimated that it
will provide for additional demands on the Thames system of 75 000 m3/d.
The scheme was brought into cperation in the unusually dry yvear of 1976.
Pumping was continued from August to November and contributed 74 500

m3/d to the flow of the Thames.

Further stages of the scheme are being investigated and it is now estimated
that the full development should increase the net resources of the Thames

system by 300 000 m3/d.

The Great Ouse regulation scheme

It is proposed to develop the resources of the Chalk aquifer of the
catchments of the rivers Great Ouse and Nar in order to regulate the flow
of these rivers. The surface areas of the catchments is of the order of
3 80O km2, of which approximately 2 500 km2 is occupied by the Chalk

outerop.

The mean annual replenishment of the Chalk agquifer in these catchments is
approximately 280 x 106 m3. Assuming a maximum regional drawdown of 4 m,
the scheme at full development could maintain the river flow to a level of

3
226 x 106 m /a. This figure includes an allowance for current licenced

abstraction which in 1977 amounted to approximately 100 x 106 m3.

A pilot area was selected in the catchment of the river Thet, a tributary
of the Great Ouse, comprising 71 km2. Eighteen abstraction wells were
constructed, together with a number of observation wells. The mean yield
of each abstraction well was proved to be 0.95 x 106 m3/a. The pumped
groundwater was discharged directly to the river Thet, and, after 240 days

of continuous pumping, the net gain to river flow was of the order of 70%.

For the full development of the Great Ouse regulation scheme, approximately
315 new abstraction wells will be required. In 1977, the Anglian Water
Authority received powers to undertake the first stage of this

development. This stage comprises the construction.of 52 new abstraction
wells, which, together with 17 of the wells constructed for the pilot
scheme, will develop approximately 24% of the estimated aguifer resources

in these catchments.
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232

8. ARTIFICIAL RECHARGE

Artificial recharge is the process of replenishing groundwater storage
within an agquifer, through wells or surface lagoons, with water other than

that normally recharged by natural processes.

In the United Kingdom, experiments with artificial recharge through wells
have been carried out into the Chalk of the London Basin, into the
Permo-Triassic sandstones of Nottinghamshire, and into the Lower
Greensand near to the south coast. The feasibility of artificially
recharging these major aguifers has been shown to be possible and a first
stage of development is in operation, utilising storage in the Chalk of
part of the Lee Valley. Further proposals to construct and operate large
schemes are being considered. Three such schemes are considered in this
report, namely Hardham in the Southern Water Authority (Lower Greensand) ,
the Lee Valley in the Thames Water Authority (Chalk), and the Stour
Valley in the Severn-Trent Water Authority (Permo-Triassic sandstones).
There are many local areas where technigques of artificial recharge could
be used to increase total groundwater storage but their development will
have to wait until such additional resources can be developed economically

in preference to more traditional sources.

Hardham

In Unit 25 of the Southern Water Authority, in the vicinity of the village of
Hardham, the Lower Greensand cutcrop is partially overlain by clays of

the Gault and by river alluvium in the valley of the river Rothex. The
structure over the area of investigation is a shallow syncline, elongated
on an east-west axis. The Folkstone Beds of the Lower Greensand are here

of the order of 55 m in thickness.

The synclinal structure forms a small basin measuring approximately 7 km
in length and 4 km across. Its attraction from the viewpoint of
artificial recharge is that the injected water is unlikely to overflow or

discharge from the system.

The intention is to pump groundwater from the Lower Greensand during
periods of high demand, generally thxough the summer months, and teo
recharge water during the winter when the river intakes have an adequate

surplus. Tests have been carried out injecting water through lagoons and



through a especially constructed well designed both for recharge and for

abstraction.

When the scheme was considered in terms of the resource management of the
area, it was found that the source, comprising the river intake and the
Lower Greensand aquifer, would need to provide peak demands of 174 000
m3/d when the scheme was fully operational between the years 1990 and 2000.
Computer simulations showed that artificial recharge would become
necessary only whenthe requirements reached a figure of 140 COO m3/d,

probably in or about the year 1985,

Preliminary experiments indicate that the capacity of the recharge well
that has been constructed is approximately 2 500 m3/d. Further experiments
are now being carried out, and the design of further recharge wells and

selection of suitable sites will be deferred for several years,

Lee Valley

The Lee Valley lies in Units 7 and 8 of the Thames Water Buthority. The
Chalk aquifer, which crops out on the north flank of the London Basin, is
here confined by the Woolwich and Reading Beds and by the London Clay, both
of Tertiary age. Abstraction of groundwater since 1800, in steadily
increasing amounts, has resulted in the dewatering of a substantial volume
of Chalk as well as the overlying Tertiary sands. The intention of the
artificial recharge was to make use of the storage thus created by

injecting suxplus water when available through recharge wells.

As early as 1952, the Metropolitan Water Board (now the Metropolitan
Division of the Thames Water Authority) had carried out experiments
involving the recharge through wells of 2.5 x 1O6 m3 of water., Further
recharge took place in 1954 and 1955 and water was injected at two sites
at a rate of 29 00O ma/d. Pumping following the recharge period recovered
the equivalent of approximately 29% of the recharged water. As a result of
these experiments, a rise in groundwater levels was observed in some areas,

and the general regional fall in levels was halted.

Experiments carried out by the Metropolitan Water Board and the Water
Resources Board between 1970 and 1974 led to plans to inaugerate a large
recharge scheme. Seven new boreholes were constructed and six existing

wells were incorporated into the scheme. The maximum potential recharge
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rate is estimated tc be of the order of 75 0CO m3/d, with a conseguent
gross yield from the complete scheme of 81 00O m3/d. At the stage reached
in 1979, the peak recharge rate was of the order of 20 000 m3/d.

Stour Valley

The area of the Stour Valley lies in Unit 14 of the Severn-Trent Waterxr
authority. In this area, there is concern that the demand for groundwater
is exceeding the natural recharge and the nitrate content of the ground-
water is rising. The intention of artificial recharge is to replenish the
diminished volume in the groundwater storage and to dilute the nitrate

concentration.

Across the area runs an agqueduct from which water for recharge can be
taken. Two abstraction wells already exist, and will be modified and
tested as recharge wells. In addition, an especially designed well for
recharge will be constructed. The recharge rate is expected to be of the

order of 4 000 to 6 000 m3/d at this stage.

At the present time, negotiations for land have been completed, and
borehcle construction and the engineering work are expected to commence
shortly. It is unlikely that the results from the pilot scheme will

become available until 1985 at the earliest.
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9. ACCURACY OF METHODS OF DATA COLLECTION

In estimating the groundwater resources available in a given catchment,

and the hydrogeological properties of the aquifer concerned, a number of
parameters must be evaluated, and the accuracy of the calculated results
will depend upon the accuracy with which the basic data can be measured.
This chapter considers the accuracy with which measurement of the following

variables is made in the United Kingdom:

Rainfall

Evaporation

Infiltration

Groundwater level fluctuation

Pumped discharge

Rainfall

There are two aspects to consider; the accuracy of point measurement of
rainfall and the accuracy of assessment of total rainfall over an area.
The former is a function of the accuracy of the raingauge installation;
the latter, which is more important for the assessment of groundwater
resources, is a function of the accuracy of the gauge and the density of

the raingauge network.

In the United Kingdom there are over 6 300 manually read gauges whose
general distribution is shown in Table 9.1. The vast majority of these
gauges are of a standard type approved by the UK Meteorological Office

and have collecting funnels with an aperture of 127 mm diameter set with
their rims 305 mm above ground'level. Rainfall is measured daily using a
graduated glass cylinder except for isolated sites where, due to

difficulty of access, readings are made weekly or monthly. There are in
addition about 1 000 recording gauges, of the tipping bucket or syphon type,

which produce continuous records on paper charts or magnetic tape.

The true rainfall is not measured by any of these gauges due to wind
effects and to splashing as the raindrops strike either the gauge or the
ground aldhgside, indeed no method of measuring the true rainfall has yet
been‘deviéed. However upon level ground it is considered that a properly
installed and maintained standard gauge is likely to provide a measure of

rainfall within 3% of the true rainfall. On hillsides exposed to strong
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winds, errors as much as 20%, or 1in extreme cases 30%, may be incurred.

Quality control of rainfall data is carried out by the Meteorological
Office in collaboration with the water authorities and similar bodies.
Control is achieved by a mix of manual and computer methods based on
comparigson with 'near neighbour' data. Initial quality control, especially
the elimination of obvious errors in individual records, is, to an
increasing extent, carried out by water authorities and similar bodies.

Final quality contreol provides a best estimate data set.

Precipitation in the form of snow and ice is evén more difficult to measure
accurately. The normal procedure is to measure light falls using the
raingauge funnel as a coring tool and heavy falls with graduated

poles or boards and to convert this to a water equivalent. Unfortunately,
due to its propensity for drifting before the wind, the mean of a -large
number of measuring points is necessary to produce useful figures which
must also take into account the degree of compaction of the snow. More
sophisticated technigues for snow measurement are becoming available such
as snow pillows and various forms of remote sensing but these are not
generally applied in the UK and little is known of the degree of accuracy

of the conventional measurement of snow cover.

An evaluation of the accuracy of areal assessments of rainfall was made as
part of an 8 year research programme which had as one of its main
objectives investigation of the accuracy with which areal precipitation can
be measured by radar in a hilly {(mountainous) area. In the catchment
selected for the research a dense network (80 gauge to 1 000 km2) was
established to provide a basis for comparison with the radar measurements .
In addition to minimising the gauge error by careful siting and maintenance
the concept of an 'optimum field' of rainfall was adopted to determine the
éreal rainfall. This assumed the point readings of the raingauges to be
accurate and used the rainfall pattern displayed by the radar to establish
the isohyets joining the point readings. This not only provided the best
assessment of areal rainfall (subject to the errors of the gauges
thémselves) but also provided information on the accuracy with which
networks 6f various densities could measure areal rainfall in‘different

types of rain.
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Based on the results of that research and further advice from the
Meteorclogical Office Table 2.1 shows the probable errors of areal
estimates of rainfall derived from the current network of manually read

gauges assuming uniform distribution.

Table 9.1. Daily, Weekly and Monthly Read Raingauges

% error
23122 Area km2 Gigggskﬁgr in areal
gaug estimates
England 4077 130 447 31.25 8-12
Scotland 1387 78 775 17.60 9-15
Wales 616 20 766 29.66 8-12
N Ireland 278 14 120 19.69 8-15
6358 244 108 26.05

This of course does not take into account the 1 000 recording raingauges
which are also available, nor the relatively lower density of gauges in
inaccessible mountainous areas and the corresponding higher density
elsewhere. Allowing for these factors it would be reasonable to assume a
probable density of 40-50 gauges per 1 Q00 km2 over areas of aquifer
ocutcrop which should provide an areal assessment with an error of 5-10%

in addition to the error in the gauge itself. These errors in areal
assessment apply to assessments over relatiwvely short periods of time; the

errors will tend to decrease with .longer pericds.

Evaporation

Evaporation can take place from a water surface, from a wet soil surface,
from snow and ice surfaces, and from vegetation wetted by rain. In
addition, solil water is conveyed by vegetation to the atmosphere by
transpiration. Since the readiness with which the soil will yield water
to plants depends upon the degree to which it is saturated, the
transpiration will vary. Thus there is a potential evaporation rate and

an actual evaporation rate.

Direct measurement of evaporation has only limited possibilities.
Evaporation from open water surfaces may be measured from suitable pans
and tanks. Lysimeters are theoretically useful in determining both

potential and actual evaporation but, unless they are of large size, the
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true evaporation figures tend to be masked by the drainage of water down
the inside of the containing walls. Weighing lysimeters are very costly.
The most serious problem with direct measurement of evaporation is the

degree of reliability with which the wvarious devices accurately simuliate

natural conditions.

The alternative approach is to use indirect methods, The first of these

is the energy budget apprcach. An equation is solved for the heat balance
between the income and expenditure of energy which includes the energy
used in evaporation. The difficulty with this method is that some energy
is used simply in heating the air adjacent to the ground surface and this
is extremely difficult to measure, and assumptions have to be made for this

parameter.

Other approaches include aerodynamic methods and eddy flux measurement,
Similar difficulties arise in that certain parameters are almost impossible

to evaluate.

The approach generally in use at present is the Penman method (Penman,
1948) sometimes with slight modifications. This is essentially a two-stage
approach, calculating first the evaporation from a hypothetical watexr
surface and converting this to the potential evaporation from turf, forest,
various crops, and so forth. With modificaticns to the original method,
the Penman approach, applied over a reascnable area and over a period of
months, and assuming that the rainfall has been accurately measured,

appears to be accurate to within 5%.

To convert potential to actual evaporation, the usual method is to apply
a root constant which varies according to the vegetation type. This
method is naturally dependent upon the accuracy of the root constant
chosen for a particular situation. The most favoured appreoach is to
employ a number of root constants and select that which produces the

results comparing best with observed conditicns.

Recently the Meteorological Cffice enhanced its method of calculating
actual evaporation by using a system described as the Meteorological Office
Rainfall and Evaporation Calculation System (MORECS). This attempts a more
realistic treatment of rainfall interception, evaporation and soil water

extraction. The soil moisture in soil under vegetation is considered to
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occupy two distinct layers which correspond to a relatively dense system
of shallow roots and a sparse system of deep roots. It is assumed that
vegetation is able to extract soll moisture freely from the upper layer
but that water is removed from the lower layer with increasing difficulty.
The MORECS system is used currently, with rainfall data, to estimate
potential and actual evaporation and soil moisture deficiencies for each
40 x 40 km square in the United Kingdom excluding Northern Ireland. This

information is forwarded weekly to the water authorities and other users.

Infiltration

By definition, this is that part of the precipitation that actually
reaches the water table. Direct measurement is theoretically possible by
the use of lysimeters, but it is difficult to establish how reliably these
reflect natural conditions. In particular, it is important that the
contents of the lysimeter represent the undisturbed natural state of the

aquifer and the overlying soil, and this is not easy to achieve.

The classical approach is an indirect derivation from a catchment water
balance estimation. The parameters of rainfall, actual evaporation,
surface run-off and base flow are measured or calculated. Infiltration

can then be assessed as:
Infiltration = Rainfall - Evaporation - Surface Run-off

The accuracy of such an estimate is difficult to establish. Hopefully,
the results should be within 10% assuming that the necessary parameters

have been properly determined.

Another method, which has proved useful, is the use of neutron probes to
measure soll moisture at successive horizons. This permits the observer
to follow the downward path of the percélate and so allows an estimate of

the velocity.

Groundwater level fluctuation

The piezometric surface as represented by the water level in wells is
measured in a large number cof observation wells in England and Wales.
These wells form a groundwater observation well network which was
instigated by the Water Resources Beoard in the period 1966 to 1974, 1In
the latter year, 1392 cbservation wells were in use, and more wells have

since been added to the network. Levels are measured by the Water
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Authorities and their agents.

The majority of observation wells are measured manually either weekly, or,
in some cases, monthly. The usual instrument is an electronic probe
suspended on a graduated cable or tape, contact being made by the water

to complete a circuit which gives either an audial or a visual signal at

the surface. Measurements are normally made to the nearest centimetre.

20% to 25% of the cbservation wells are equipped with continuous water
level recorders. These are of various types, driven by clockwork or by
electric battery power, and recording either on paper charts or punched
paper tapes. Levels are recorded to the nearest centimetre, although some

instruments are capable of measuring to the nearest millimetre.

Groundwater levels are also measured upon a continuous basis in most of
the large wells pumped for public supply. The usual instrument is a

pneumatic gauge, which is capable of measuring to within two centimetres
when in good working order. Care must be taken to avoid any leakage in

the air-line.

Pressure transducers have also been considered for level measurement. The
problem is that either a transducer is available that will measure to
within one centimetre over a small range of fluctuation (up to 2 or 3 m},
or will measure much less accurately over a wide range of fluctuation.

This limits their use at the present time.

Even after making allowance for the inevitable faults in mechanical and
electrical equipment and possible cbserver errors, groundwater level
fluctuations are without doubt the most accurately measured of all the

parameters and errors are, in general, sco small that they can be ignored.

Pumped digcharge

Measurements of pumped discharge are made during pumping tests, to determine
borehole yields and aquifer properties, and routinely from production
boreholes to provide the assessments of total abstractions from an aguifer

given in Chapter 5.

In pumping tests it is custcocmary to measure the discharge from the well by
passing the flow through a baffled weir tank containing either a 9_00

V-notch, for small discharges, or a rectangular notch for large discharges.
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In both cases, the accuracy is at worst within 2% of the true value
providing that the rules for calculating flows over weirs with such
contractions are followed. Similar accuracy is obtainable with orifice

plates which are sometimes used.

When considering the accuracy of measurement of total abstractions we are
concerned with the possible error of measurement in many thousands of

individual abstractions.

In Chapter 6 it was shown that in England and Wales 75% of groundwater
abstractions were made by the public water supply authorities. Equivalent
data is not readily available for Scotland and Northern Ireland but it is
thought that the proportions will be roughly the same. In public water
supply installations abstractions are in general measured continuously

by well maintained meters of appropriate rating. It may be assumed
therefore that this major part of the total abstraction will have been
measured within the range of accuracy of the meter itself. Most
manufacturers claim an accuracy of 2% over the rated flow range. A&Allowing
for possible deterioration with age before renewal or recalibration an

error of 5% seems likely.

The remaining 25% cf industrial, agricvltural and other uses comprise of
the order of 2 000 individual abstractions. Of these about half of the
total quantity is accounted for by a much smaller number of individual
abstractions each exceeding 2 000 m3/day. It would be reasonable to assume
that these significant abstractions would be metered with something
approaching the same degree of accuracy as the public water supply abstrac-
tions. For the remaining the record provided by the abstractor is Iikelyto
be no more than a best estimate of the guantity of water abstracted based
upon the number of hours a pump has been running and its nominal rated
capacity. Possible errors here are unknown but could be very large.

They could be significant for individual groundwater units but their

effect on the total abstraction will be small.

Overall it is considered that the error in measurement of the total

abstraction is likely to be of the order of 10%,
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10. SELECTED GLOSSARY

Abstraction well:-

well constructed for the purpose of pumping groundwater from an
aquifer

Aquifer:-
a rock formation containing groundwater that can be abstracted
economically in usable quantities

Artesian well:-
a well, within which, when the aquifer is penetrated, water rises
within the well tc a level above the top of the aquifer ie above the

base of the confining layer. Hence artesian conditions, artesian
aguifer (see Confined aguifer)

Artificial recharge:-

the replenishment of groundwater storage in an aquifer other than by
natural means

Basalt:-
dark-coloured rock formed from volcanic flows onto the surface of
the earth; contains a relatively low proportion of silica

Base flow:-

the groundwater contribution to stream flow; the sustained dry-
period run-off

Bed rock:-
solid rock underlying unconsolidated material

Boulder clay:-
unassorted mixture of glacial drift; usually comprises material of
gravel size embedded in a fine silt or clay matrix

Breccia:-
rock composed of angular material of gravel size embedded in a matrix
of finer grain size

Calcareous:-
formed of, or containing a large proportion of, calcium carbonate

Casing:-
see "Lining tubes"

Clay:-
soft, plastic, impervious rock composed largely of clay minerals
(mainly hydrous aluminium or magnesium silicates with a layer type
crystal structure)

Coefficient of storage:-
a dimensionless measure of the volume of groundwater held in storage
in a confined aguifer. Defined as the volume of water released from

a unit area of aquifer for a unit decrease in piezometric had in
response to a pumping well.



243

Confined aguifer:-
an aquifer containing water under pressure. If the confining
formation is penetrated by a well, the groundwater will rise to a
level above the top of the aguifer

Conglomerate:-
rock composed of rounded material of gravel size embedded in a matrix
of finer grain size ’

Development:—
1) of a well: using chemicals, explosives or physical means to induce
a well to provide its optimum yield

2) of an aquifer: the controlled exploitation of the groundwater
resource

Dolomite:—
rock formed largely or wholly of magnesian carbonate; the balance is
generally of calcium carbonate

Drawdown :—
difference between the elevation of the initial piezometric suxface
and its position after or during pumping

Effective saturated thickness:-
the thickness of the saturated aquifer within which groundwater
movement may take place in response to pumping in wells

Fault:-
a fracture in the strata along which rocks on the one side have moved
relative to the other

Filter pack:-
a sand or gravel material filling the annular space in a well between
the sand screen and the aguifer

Fissile:-
a lithological term indicating a tendency to split into thin sheets

Fissure:-
open joint or crack in rocks

Fluvial deposits:-—
deposits laid down by streams (alluvial) or in lakes (lacustrine)

Formation:-
a distinct geological stratum or series of strata

Gravel:-
arenaceous material with grain size greater than 2.00 mm

Greensand: -
sand containing the green silicate mineral glauconite
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Groundwater :-
that part of underground water that is contained in the zone of
saturation; its lower limits are the zone of rock flowage or the
lower confining bed; the upper limits are the water table or the
upper confining bed

Groundwater divide:-—
a line drawn upon a map dividing one groundwater unit from another;
groundwater does not flow across a groundwater divide

Hydraulic conductivity:-
a measure of the ability of an aquifer to transmit groundwater.
Defined as the volume per second flowing through an aquifer face one
unit square under a gradient of 1:1 (m3/m2 s= m/s)

Hydraulic continuity:-
when water can pass freely between two aquifers, the latter are
said to be in hydraulic continuity one with the other. A river may
also be in hydraulic continuity with an underlying aguifer

Hydrogeology: -
the study of groundwater in its geological context

Impervious:-—
not permitting the passage of water

Infiltration:-
the flow of water through the soil surface downwards to the water
table. Usually expressed as millimetre per year (mm/a)

Intermontane basin:-
basin lying between two mountain ranges

Karst:-
limestone terrace marked by very large solution openings

Limestone:-
rock formed dominantly of calcium carbonate

Lining tube:-
solid-walled tubes inserted in a well (a} to provide support, (b) to
prevent ingress of unwanted water

Marl:-
calcareous clay

Massive: -
a lithological term meaning of large, solidly cemented and homogeneous
appearance

Mudstone: -
indurated clay

Observation well:-
well constructed or utilised for the purpose of measuring groundwater
levels, pressure heads, or groundwater guality
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Colitic limestone:-
limestone comprising a deposit of ovoid or spherical grains

Percolation:-
the movement of groundwater through saturated pore space

Potable water:-
water of adequate quality for drinking purpcses

Pumping test:-
well-test to determine aquifer transmissivity and specific yield, and
to measure well efficiency

Recharge lagoon:-—
lagoon or pond with a pervicus floor constructed for the purpose of
inducing infiltration to an underlying aquifer

Recharge well:-
well constructed for the purpose of injecting water into an aguifer

Run-off:-
discharge of water through surface streams of a drainage basin: sum
of surface run-off and groundwater flow reaching the streams

Sand:-
arenaceous material with grain size between 0.06 mm and 2.00 nm

Sand screen:-
lining tube with slots or perforations; set opposite water-bearing
horizon or horizons in a well to permit entry of water but excluding
sand

Sandstone:-
indurated sand; sand with intergranular cement

Shale:-
partially indurated clay with preferred direction of fissuring

Silt:-
arenaceous material with a grain.size less than 0.06 mm

Specific capacity:-
the ratio of pumping rate to drawdown; usually expressed as cubic
metres per day per metre drawdown (mz/d)

Specific yield:-
a dimensionless measure of the volume of groundwater held in storage
in an uwnconfined aquifer. Defined as the fraction of a unit volume
of aquifer that consists of water that is readily released, for

example, to a pumping well, resulting in the dewatering of the agquifer.

Submersible pump:-
pump capable of operating under water. Usually refers to an
electrically powered submersible pump commonly used in water wells
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Surface water:-
water found on the ground surface; includes rivers, lakes, ponds, etc

Topographic divide:-
crest line dividing one drainage basin from another

Transmissivity:-
a measure of the ability of an aquifer to permit lateral groundwater
flow. It is measured as the volume in cubic metres that can pass
through an aguifer face one metre in width and the full thickness of
the aquifer in depth in one second under a gradient of 1:1 (mz/s)

Unconfined aquifer:-
an aquifer in which there is an unsaturated zone underlying the water
table

Volcanics:-
rocks formed of igneous materials ejected onto the surface of the
earth, for example, from volcanoes

Water table:- .
the junction of the saturated and unsaturated zones in an aquifer.
It is taken to intersect a well at the free water surface in that
well. A water table can exist only in an unconfined aquifer
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