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ADDRESS

The theme of the conference—progress in the field of managing the environment—is particularly interesting to the
people of Lyon. Courly may justifiably lay claim to the privilege of being an economic metropolis within a remarkable
environment.

Two subjects exemplify (especially the supply of drinking water) the Lyonese sensitivity to environmental problems.

1

SUPPLY OF DRINKING WATER

The initial security is assured through a perennial resource, both quantitatively and qualitatively. Quantitatively, the
drinking water supply of the urban community of Lyons is for the most part guaranteed by the great alluvial water
table of the Rhone; production may further mobilise resupply reservoirs. Although equipped since 1976 with statutory
protection perimeters (400 hectares of which are in the immediate area), this catchment zone remains a tributary of
the river. The situation requires very special viligance over the entire upper waters of the Rhéne to ensure that the
risk of accidental pollution (industry and roads) does not jeopardise the functioning of this resource.

Then, the new risks linked to economic and industrial development must be overcome. How do these affect Lyon?
First, there is the permanent requirement for an ever greater security. The increasing complexity of our city makes it
all the more vulnerable. We know the risks involved for a large conurbation of a long-term break in the water supply.

Searching for an answer to this problem gave rise to a universal re-think concerning the security of the supply, to an
original initiative and finally to an emergency water treatment plant. This plant is solely intended to operate in the
event of accidental pollution of the Rhéne, constituting complete alerting mechanism (comprising a list of risks, of
equipment for the real time detection of pollution, etc.).

Today, this concern to improve security is taking priority over policies designed to increase the capacity of the
installations: 90% of our investment is investment in security and redundancy.

On the other hand, solving technical problems relating to the environment has always been accompanied by the will
to develop technologies taken on in a close partnership with companies which are working with Courly.

Similarly, in the area of sanitation, which, contrary to that of drinking water, has not progressed in the course of

recent decades, Courly has developed new technologies and new operating equipment. This includes:

* the construction of two fixed culture purification plants: one at Meyzieu with a capacity of 35 000 Eg/inhab. and
one at Fontaines-Sur-Saone with a capacity of 40 000 Eg/inhab. approximately. Apart from their advanced
technology and their fundamental water treatment role, these two plants have been designed with two essential
objectives: protecting the environment (odours, noise, appearance) and major facilities made available to the
operator enabling him to control and regulate the functioning of the plant and its purification performances.

e the development of an expert system to assist decision-making at the Meyzieu purification plant (ORAGE). This
equipment offers the plant operator guidance when making his major decisions (flow-rate to be treated, number
of works in operation, preventive maintenance, sludge treatment), no longer according to currently available
resources and common practice, but on the basis of rational data and real measurements edited and stored by
the system.

e setting up the GESICA system (Management, Simulation and design of Sanitation). This system, based on the
computerised urban cartography on which the sanitation network is located, enables the design office and the
network operator to obtain assistance in the planning of investment (network calibration, hydraulic load) and
rehabilitations (condition of structures), to rationalise the sewage purification campaigns and to act rapidly in the
event of accidental pollution.

e installing equipment for the remote management of networks and purification and detection plants (TERESTA).
This equipment centralises, in real time, the data from 60 plants (purification and detection), thereby making it
possible to take very rapid action with respect to operating faults, to carry out preventive maintenance on the
installations, to manage operating costs and to bring operating personnel a great deal of comfort and flexibility in
their work.

These innovations are put into practice in a permanent spirit of partnership between the municipality of Courly, private
enterprise, the university and the ‘grandes écoles’, who are pooling their know-how, their experience and their respective
resources.

These efforts clearly contribute to the accomplishment of the tasks of the Sanitation Services, which are the collection,
transportation and treatment of waste water. In addition, the Sanitation Service is increasingly sensitive to the necessity

of dealing with rainwater and the pollution that it entrains.

C Mansat
Sanitation Service
Lyon. June 1990
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FOREWORD

The quality of the environment, and particularly of water, is becoming an increasingly important issue
around the world and especially so in Europe, where the quality of each nation’s water is increasingly
judged against standards established in EC Directives, and where the water sector is undergoing change
due to factors such as privatisation.

This volume contains a discussion of developments in policy, current practice and emerging technologies
in the water sector and related industries and the environment. The papers in this collection are grouped
into sections covering: evolution of policy, groundwater quality, plant design and construction, plant
development, control and measurement techniques, and water treatment technologies and applications.
The interaction of water with the wider environment is discussed in sections devoted to rivers and river
management and to the management of estuaries and beaches.

Participants in the discussion on policy matters include a spokesman for the National Rivers Authority
addressing the role of this new regulatory agency for the UK’s water, and a spokeswoman from Compagnie
Générale des Eaux on the challenges of implementing the EC’s drinking water directive.

Papers devoted to design and construction of plant and plant development discuss how the water sector
is being increasingly drawn towards the process industries both in terms of approach and of technology.
Specific case studies of installations at Lyon are presented by local representatives from the Compagnie
Générale des Eaux and the Greater Lyon Council.

Reports on new work on specific water treatment technologies include the use of zeolites as a possible
alternative to granular activated carbon for removing chlorinated organics from drinking water (performed
in the School of Chemical Engineering at the University of Bath, UK), a computer model used to improve
ion exchange denitrification of drinking water at high sulphate levels (at the Cranfield Institute of
Technology, UK) and modelling of the efficiency of hydrocyclones in treating oily water (Centre d’Etudes
et de Recherche at Grenoble, France).

With regard to the interaction of water with the wider environment, keynote speaker (and prizewinning
environmental author) Jeremy Pursglove stresses the positive contribution engineers can make when
given a wider ‘greener’ brief. Pursglove explains that the straightening out of rivers and stripping of trees
from their banks resulted from engineers being given too narrow a brief which did not include the
potential for making environmental improvements. Environmental considerations can even pay their
way, says Pursglove, citing the example of ‘science parks’ which are well landscaped and command a
higher price. Pursglove denies that he was fighting an uphill battle when trying to introduce ‘green’
concepts into engineering schemes—though it is still a battle’'—but he stresses that such ideas must be
brought in at the initial stage to avoid costly changes later.

A summary of trends affecting the water sector is given by Francgois Fiessinger (formerly of Lyonnaise
des Eaux and now Vice President of Zenon Environmental Inc.in Canada) in a keynote speech. Fiessinger
identifies the following as the strongest trends influencing the water sector: the drive for higher quality
water, particularly in the USA with the Safe Drinking Water Act; progress in technologies such as
electronics, biotechnology, polymer science and membrane separation with the consequent demand for
‘high-tech’ to be applied to water; and the development of privatisation, particularly in Europe, resulting
in increasing competition between water organisations. This will encourage former public services to
look for new markets and to develop a policy of diversification, with the most common area being water
treatment. This in turn will result in ‘large’ organisations.

According to Fiessinger, the conjunction of several of these forces could create ‘windows of opportunity’
for specific technologies in the 1990s. He sees the biggest potential in the use of fast-improving membrane
technologies for treating drinking water and the application of biological methods (such as anaerobic
treatment and biofilters) to the treatment of wastewater effluents. Fiessinger is an enthusiastic proponent
of membrane technologies and foresees the combination of membrane separation with biotreatment
into fully integrated membrane bioreactors bringing ‘...compactness, higher yields, reliability, ease of
operation, low sludge production and altogether a much better quality water’.
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The views and information given here will help all readers to be better placed to realise the oppor-
tunities which new organisations and technologies might bring and to contribute to improving the quality
of Europe’s water and associated environment.

John O’Hara
Environment & Industry Digest
December 1990
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Chapter 1

ENVIRONMENTAL STEWARDSHIP:
THE ROLE OF THE NRA

P A Chave (National Rivers Authority, London, UK)

INTRODUCTION

The National Rivers Authority came into existence on the 1st September
1989. It was set up under the Water Act, as an independent watch dog,
separated from its former Water Authority parentage, as a result of pressure
from a variety of sources to recognise the increasing need to separate the
regulator from the regulated, and from the perceived need for a body to
care for the environment—in the NRA’s case the aquatic environment. The
title of this lecture reflects the view that the environment does not look
after itself—it has to be watched over by a caring and committed organisation.
Within the United Kingdom over the past few decades a variety of public
bodies have been entrusted with the care of the natural freshwater network
of rivers. Under the Rivers Prevention of Pollution Act 1951, Rivers Boards
were set up in England and Wales, to be followed by River Authorities on
enactment of the 1963 Water Resources Act, and latterly Water Authorities,
operating through a multi-functional water-cycle approach, have had this
responsibility following the enactment of the Water Act 1973. In Scotland,
different legislation led to the establishment of River Purification Boards,
and in Northern Ireland, the Department of the Environment (NI) assumes
responsibility for such matters.

The NRA has been given a wide range of responsibilities: constantly in the
public eye are those related to the prevention of pollution and the
maintenance of water quality in controlled waters, but its other duties are
equally important. The management and provision of water resources is a
matter of considerable concern and public interest at the present time,

©1991 Elsevier Science Publishers Ltd, England
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4 WATER TREATMENT

with apparent changes in climatic conditions giving rise to the potential for
regular shortages of water in certain parts of the country. The controlled
allocation of abstraction of water from rivers and aquifers is an important
matter for the NRA which has duties to ensure the availability of both water
for public supply, and water for those other abstractors requiring it. The
maintenance of a balance of abstraction versus the minimum required flow
in our rivers has an important bearing upon the environmental quality of
those waters. Whereas at the present time we have concerns over the
availability of adequate water for our needs, the NRA also has responsibility
at the other end of the scale relating to water quantity, that is flood
prevention. In recent months, we have experienced excessively wet conditions
in the UK, which has thrown an emphasis onto our work in this arena—
particularly in relation to our role in maintaining and operating flood defence
systems, for the control of inland flooding from some of our major water
courses and those relating to sea defences. Moving on again to further
responsibilities put upon the NRA by the Water Act, it has duties to promote
conservation and recreation on waters and associated lands to which it has
rights. It has a duty to develop salmon, trout, freshwater and eel fisheries
and in some areas of the country the NRA is a navigation authority.

This brief introduction has defined the breadth of the NRA’s responsibilities,
all connected with the maintenance of the natural aquatic environment.

GEOGRAPHICAL AREA OF RESPONSIBILITY

In view of the subject matter of this conference, I propose to concentrate on
the role of the NRA in controlling pollution and enhancing the quality of our
natural waters. This cannot be separated entirely from the business of
controlling water resources and the reduction of excessive abstraction.

The 1989 Water Act conferred specific responsibilities on the NRA for water
quality in all controlled waters, and for the achievement of water quality
objectives which are to be determined by the Secretary of State for the
Environment and for which the NRA will be required to develop the related
water quality standards.

Definitions of the extent to which its duties and powers apply, in geographical
terms, are laid down in the Water Act and such other legislation as was
carried through to this Act—for example its flood prevention activities on
inland water relates to a definition of “main river”; pollution control and
environmental monitoring activities are restricted to“controlled waters”. An
important aspect of the developing legislation is the ever increasing range
of waters which have been brought under control, from freshwater rivers in
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the 1951 Act, to the definition of controlled waters now set out in the Water
Act 1989.

Controlled waters are defined in Section 103 of the Act and effectively cover
all surface waters including rivers and, by a subsequent Regulation issued
by the Secretary of State, public supply reservoirs; estuaries; and the sea,
to a distance of 3 miles from the shore; and virtually all underground waters.
It follows from this that treated water supplies are not within the NRA’s
responsibility. The quality of treated water supplied to consumers is the
responsibility of the Water companies, and its quality is controlled by
separate Regulations—the Water Supply (Water Quality) Regulations
1989which incorporate the requirements of the EC Drinking Water Directive
together with sampling regimes which are strictly defined.

So, for all practical purposes, any naturally occurring water within England
and Wales will come within the jurisdiction and stewardship of the NRA.

CLASSIFICATION SCHEMES

In the past the assessment of water quality and public reports upon this
have been restricted to a detailed examination of river quality in England
and Wales using a classification scheme devised by the former National
Water Council in 1978. This was extended in 1980 to include estuaries, but
the classification used in this case was of an elementary nature. The
classification scheme defined stretches of rivers as falling into different
categories and these were based on some specific parameters, but also took
into account the current potential uses of the waters. This system had no
statutory base and did not relate directly to EC Directives. The definition of
controlled waters extends to a much wider range of waters the need to
devise and use a classification and assessment scheme. Under the Water
Act any such scheme will have a statutory status through Section 105 of
the Act. At the present time the NRA and the Department of the
Environment (DoE) are working on the preparation of new classification
schemes with the objective of providing an absolute comparison of water
quality which is appropriate to the nature of the water between different
water courses, different regions, and different years, covering all types of
waters.

WATER QUALITY OBJECTIVES

Section 104 of the Water Act also allows the Secretary of State to set water
quality objectives for controlled waters, and to issue a date by which waters
must satisfy these objectives. The use of water quality objectives has, for
many years, been the central basis through which the UK system of water
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pollution control has operated. Nevertheless, until now any water quality
objectives which have been used have been non-statutory in character.
Once the Secretary of State has set such water quality objectives it will be
the NRA’s duty to ensure that as far as is practicable the water quality
objectives are achieved. The NRA is considering the criteria which will be
necessary in order to establish water quality objectives and is currently
creating categories for the various uses to which water may be put, in order
to be able to derive specific water quality standards appropriate to each
userelated objective.

WATER QUALITY SURVEYS

River water quality has been reviewed on a quinquennial basis since 1958
under a scheme operated by the Department of the Environment. The next
such review is due in 1990. The NRA has now embarked on a two-part
review—the first part a survey designed to replicate as closely as possible
those previous surveys. It has been recognised however, that earlier surveys
suffered from the differences in approach adopted by the former River
Authorities and Regional Water Authorities, and, furthermore, that little
attention was given to biological criteria. For these reasons the NRA is
conducting an overlapping survey based on a standard set of procedures
and incorporating a biological survey making use of a river invertebrate
predicting and classification model (RIVPACS), which has been developed
by the Institute of Freshwater Ecology, through funding from the DoE and
the Natural Environment Research Council. The use of such a system will
enable a biological override to be attached to the results of chemical analysis
to give a more reliable assessment of water quality which relates to the
topographical and other features of the assessment point.

The results of the 1985 survey of river quality which were published by the
DoE showed that 90% of rivers included in the classification were generally
of satisfactory quality—in classes 1 and 2 of the old classification system—
but the report identified marked regional variations. The largest
concentrations of polluted rivers were located in the densely populated and
industrialised areas of England and Wales. Major problems relating to the
discharge of untreated sewage were identified in the Mersey and Humber
rivers. River quality problems in England and Wales were mainly connected
with the quality of effluents from sewage treatment works, and pollution
from intensive agriculture and forestry. A significant conclusion from the
last survey was that the reductions in the lengths of seriously polluted
rivers and canals which had been achieved in the 1970s had not been
maintained in the early 1980s. Whilst in some regions improvements were
continuing, there had been a small net deterioration in overall quality
between 1980 and 1985. The results of the 1990 survey, which will be
carried out on comparable data and by similar assessment techniques, will
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be extremely interesting. This report is due to be published towards the
end of 1991.

DISCHARGE CONSENTS

Arising from the duties of the NRA to maintain and improve water quality is
a requirement to control and remedy pollution. The Water Act in Sections
107 and 108 sets out some of the major powers available to the NRA to
achieve this objective.

The main thrust of the NRA’s ability to act arises from the fact that, except
for consented discharges, it is an offence to cause or permit poisonous,
noxious or pollution matter or solid waste matter to enter controlled waters,
and the NRA is able to prosecute those who commit such offences. It is
clear that the NRA intends to use these powers to the utmost, an example
being the vigorous prosecution of Shell U.K. following an oil pipeline fracture
under the River Mersey which led to the imposition of a £1M fine.

Effluents from industrial firms and sewage treatment works in liquid form
are disposed of to water courses, and under Section 108 of the Act, such
discharges are permitted provided a consent has been obtained from the
NRA. The consenting system has operated for many years under previous
legislation but it became apparent, soon after the NRA was formed, that it
had inherited a wide variety of such consents. Very large numbers of consents
had been issued by the former organisations, River Boards, River Authorities
and Water Authorities and many been changed according to various criteria
over the years. For example, in the late 1970s and early 1980s many existing
consent conditions were “rationalised” in order to reflect the current
performance of sewage works. Furthermore, previous legislation had not
covered such a wide variety of waters as are now designated“controlled
waters” with the result that upon the enactment of the 1989 Water Act,
many discharges which were previously outside of statutory control, were
rapidly brought into such control and had to be given “deemed” status
pending the determination of conditions. In other words, such discharges
were declared legal but with no conditions attached. These discharges
included many coastal outfalls, which were exempted from control until
1987 and a large number of previously illegal discharges, including storm
sewage overflows, which required consents upon the enactment of the Water
Act.

The proliferation of such a variety of consents is clearly undesirable and
taking into the fact that some £20 bn of expenditure has been committed to
the improvement of existing discharges over the next few years by the water
industry, some consistency of approach is highly desirable. Consequently
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the Secretary of State asked the NRA to set up a policy group to examine
these issues and this will be reporting in the spring of this year. The group
is considering such matters as how the regulator and discharger should
assess whether a particular discharge meets the terms of its consent; the
extent to which consent requirements for different types of discharge should
be put on a common basis and how to justify any differences; how best to
ensure that discharges are properly classified as compliant or non-compliant;
sampling frequencies; and the role of consent conditions in relation to
polluting load. Information relating to consents is held on a public register
as are the results of monitoring both discharges and the aquatic environment
in general.

POLLUTION INCIDENTS

Whilst the NRA’s main thrust of pollution control is likely to be through the
use of the discharge consent system, polluting events will always occur. In
order to reduce the effects of these upon the aquatic environment, and the
disruption to legitimate users of water that this entails, the NRA is also
empowered to take action to both mitigate the consequences and take such
preventative action as is available to it.

WATER POLLUTION INCIDENTS
ENGLAND AND WALES
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WATER POLLUTION INCIDENTS

REPORTED IN ENGLAND AND WALES FOR 1987
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The total number of water pollution incidents in England and Wales has
demonstrated a rising trend since 1980 (Figure 1); the number of such
incidents in 1987 was 80% higher than the equivalent figure in 1980.
37% of these incidents were attributable to industry, 19% to farm
pollution and 20% to sewage and sewerage problems (Figure 2). Of the
industrial incidents, oil pollution accounted for 61% of the total number.
Increased public interest, and increased monitoring can confidently be
expected to bring about a further increase in these figures in the current
year and beyond. In order to bring about a reduction in such pollution
events, certain actions are available now under the Water Act to enable
the NRA to take preventative action. The Secretary of State may designate
water protection zones for sensitive areas under Section 111 of the Act
with a consequent prohibition of certain activities within those areas. The
NRA is also entitled, under Section 115, to undertake works to deal with
an incident as it occurs and indeed to undertake works to prevent a
perceived problem occurring, and to charge the actual or potential
polluter.
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An interesting example of the use of water protection zones are so-called
nitrate sensitive areas. There is currently considerable concern over nitrate
levels in drinking water, and a general perception that such levels are rising
in groundwater and surface water. In order to offer a general remedy to
reduce nitrate levels, the Water Act permits the designation of nitrate
sensitive areas in which agricultural practices can be modified. A pilot
scheme has been set up by the Ministry of Agriculture, Fisheries and Food
in conjunction with the NRA to run for 5 years. Ten sites have been identified,
and we will look for major changes in agricultural practice in these areas to
assess whether such changes do represent a suitable means of reducing
nitrate levels.

This may be of relevance in due course to the problem which is currently
being experienced throughout the UK and elsewhere in the world concerning
development of blue-green algae. Within weeks of being set up, the NRA
was confronted with a so-called blue-green algal bloom phenomenon. The
species concerned included microcystis aeruginosa which is known to be
capable of releasing substances which are highly toxic to mammals. Toxicity
testing had not previously been carried out by regional water authorities
when such blooms occurred in the past; indeed little was known of them in
the United Kingdom except through work carried out at the University of
Dundee. The NRA subsequently set up a group to investigate the causes of
the 1989 bloom, to review the world-wide problem and to come up with
possible means of controlling the growth of these algae.

This subject raised two interesting points about our role. The first is that
we may be facing a problem which may be extremely difficult to solve without
fundamental changes to the way reservoirs are managed, or involving
significant changes to sewage and industrial treatment processes, and
possibly farming practices. Also it raised the point that unlike the former
Water Authorities, the NRA has no legal basis on which to offer advice
relating to health matters. The NRA is an environmental agency and is
solely concerned with environmental factors.

This conference is about treatment processes and environmental
management rather than farm waste problems, but it is worth mentioning
two aspects of our current problems from the agricultural industry in the
UK. It is estimated that there are some 200 million tons of animal wastes
and the effluent from 36 million tons of silage to be dealt with each year.
There are over 200 different chemicals in use or stored on farms and all too
often, these wastes and chemicals find their way into water courses. Recent
catchment surveys in several regions, have shown that pollution incidents
arising from agricultural is far more widespread than indicated by the
reported incidents—which rose dramatically from 1979 to 1988 and which
relate largely to the more visible organic contamination of natural waters.
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In some surveys in intensive dairy catchments, up to 25% of farms were
found to be polluting at the time of inspection and a further 25% were at
risk of doing so. Such substances cannot always be dealt with on a daily
basis and often the entire slurry production must be contained for all of the
winter period requiring stores of 2000M3 or more. The potential
environmental impact of such stores failing is thus very large and the DoE
intends to reduce Regulations this year under Section 110 of the Water Act
to control the storage of such material in the farming situation. This is a
welcome move and the DoE are considering preparing similar Regulations
for industrial sites.

The other aspect of farming which should be mentioned relates to the general
use of pesticides. Although adequate controls exist under the Water Act to
control the discharge of point source emissions of pesticides, it is much
more difficult to control diffuse entries. The variety of pesticides used, the
necessity to develop methods applicable at a very low concentrations and
the cost of analysis limits the number of water samples analyzed. An attempt
is now being made to address this problem in two ways. The proposal to
incorporate biological methods of assessing water quality using RIVPACS
will identify those reaches of river of apparently good quality but which
have a reduced biological quality and this may help to locate problems
arising from the discharge of chemicals, including pesticides. We are
increasingly using analyses of pesticide levels in sediment and biological
material such as fish tissue to obtain a long-term indication of water quality.
Work to assess the industrial production and discharge of pesticides under
the surveys of Red List substances currently under way should provide
further evidence.

A possible approach to the control of diffuse sources of pollution of this
kind may be to limit the use of difficult substances in catchments by the
use of water protection zones.

EC DIRECTIVES

So far this paper has been concerned the position relating to internal
legislation in England and Wales. As members of the European Community,
the UK is also subject to a large number of regulations concerning the
aquatic environment set out in EC Directives. The NRA has generally been
given the task of operating such Directives. Directives encompass the
complete range of waters for which the NRA has environmental stewardship,
from the Bathing Water Directive currently applying only to coastal sites in
the UK, the Freshwater Fish Directive, applicable to rivers and certain large
lakes, to the Groundwater Directive, which covers underground controlled
waters.
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In general Directives of this nature have been brought into use within the
UK through the Departmental Circular. The European Commission has
recently indicated that, in their view, such a route for implementation is
unacceptable, in that all Directives are binding upon member states, and
must be incorporated within their national legislation. In view of this, the
Department of the Environment is currently issuing Regulations through
the medium of the Water Act to enact Directives.

This action in itself is highlighting problems relating to the implementation,
in a formal way of such Directives. For example the NRA is currently in
discussion with the Department over implementation of the Directive
concerning the abstraction of surface water for the production of drinking
water. The majority of surface water supplies in the UK, arise from reservoirs.
The classification scheme laid down by the Directive relates the degree of
treatment to the quality of water abstracted. In a typical lake where
stratification occurs as a natural process, the water at the surface will be
different to that in the bottom layers. It would not be possible to guarantee
that all parts of a particular lake, at all times, met the classification criteria
and indeed in the design of reservoir systems provision is normally made to
abstract water from the most suitable level or site. The problem for the NRA
is how to define the point of application in such a way as to achieve a
practical means of monitoring and operating the Directive. It would be
difficult to be required to guarantee that all water in a particular lake was
of precisely the same quality all of the time.

Whereas some of the Directives are straight forward and merely give rise to
a workload for the NRA to accomplish, other Directives are less easy to deal
with. The Dangerous Substances Directive, for example is a Directive with
constantly changing analytical requirements. The transfer of substances
which are toxic, persistent, and non-biodegradable into what is known as
List 1 has been accelerated in recent years, and the need to identify sources
of such substances and provide the analytical capability to detect them at
very low concentrations in natural waters is a challenge to the NRA’s new
laboratory network.

COASTAL WATERS

So far the paper has concerned itself with inland problems, but the NRA
has responsibilities for coastal waters also. Two EC Directives are of topical
interest in this context—the Bathing Water Directive, and the proposed
Directive relating to the Treatment of Municipal Waste Water. Both apply to
coastal and inland waters, but within the United Kingdom, no freshwater
bathing sites have yet been designated. Much of the interest in the application
of the Bathing Water Directive to coastal waters centres on the levels of
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bacteria and viruses and the implications that these have for emersion
sports. Most inland waters receive inputs of sewage effluent which, although
designed to reduce the quantities of organic material discharged, and thereby
affording reductions in bacteria and viruses, nevertheless in no way produce
a sterile effluent. Receiving waters therefore contain considerably higher
levels of both bacteria and viruses compared with coastal waters, and these
can be substantially reduced only by introducing disinfection techniques.
The NRA is currently examining the merits and problems of such techniques
as applied to marine outfalls and will use this information to explore their
possible application to freshwaters should this prove necessary, and, as
guardian of the water environment, will ensure that any end products are
environmentally acceptable.

The second Directive, which will be of particular interest to this conference,
is the Municipal Waste Water Directive which will be expected to move from
the proposed stage to a become a confirmed Directive later this year. In this
Directive it will be necessary to apply treatment to those sea outfalls which
are currently discharging untreated sewage to sea. The NRA’s role in dealing
with this Directive will be to issue consents to discharge which specify the
quality of the effluent in such a way as to ensure that treatment works are
installed. One of the difficulties associated with the Directive is the
requirement to ascertain whether primary, secondary or tertiary treatment
is required, and this will depend on the classification of the water as being
sensitive or less sensitive. This is clearly a role for the NRA to perform in
due course. Whilst in general the NRA welcomes this Directive it has
expressed the view that properly designed long sea outfalls are an acceptable
option for discharges into the sea. Furthermore the imposition of fixed
standards for effluent quality through the Directive is possibly counter to
the use of water quality objectives as an approach.

In addition to work relating to EC Directives, the NRA has a number of
international obligations through its association with the North Sea
Programme, and various international conventions.

RESOURCES AND RESEARCH

It will be clear from the variety of work which has so far been described,
and this is only skimming the surface of the overall picture to indicate the
general areas of responsibility and some current issues, that two needs can
be identified for the NRA. The first need is that of resources, the second is
that of research.

On the first point the NRA has approximately 6,500 staff spread throughout
England and Wales. It is currently setting up a network of 11 laboratories
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all of which will be fully operational by June 1991 and most of which will be
in operation from early this year. Those laboratories currently employ over
200 staff but is expected that 100 new posts will be created when the network
is complete. Currently we process about 383,000 samples per year and
anticipate that this could rise by 40% by next year. More importantly the
number of measurements made on these samples will rise from 3,000,000
to very nearly 6,000,000 as a result of the introduction of automatic
laboratory instrumentation capable of high sample throughput. The budget
for capital equipment in laboratories will rise from £2M to approximately
£4M by 1991.

In addition to laboratory work, scientific staff are involved in pollution control
activities, in investigating incidents and advising on remedial action, setting
standards on discharge for water quality and the maintenance of Water Act
registers. This will require the development of very substantial computerised
data systems and these are also being planned at the present time. It is
clear from the foregoing that the problems with which the NRA is confronted
are enormous. The public, increasingly concerned about environmental
matters, expect solutions to be found to insoluble problems.

In the second case the Water Act imposes on us to make arrangements for
carrying out research. The NRA’s current Research and Development
Programme consists primarily of inherited projects previously carried out
by the Water Authorities or by the Water Research Centre, together with a
number of projects funded by the Water Directorate of the DoE. The spend
arising from these programmes in 1989/90 is £6.4M, comprising 70% on
applied research, with the remainder on experimental development. We
have carried out a major review of all existing programmes together with
substantial consultation with external organisations. More than 400
proposals have been considered in identifying 120 high priority new projects
and it is planned that the R&D programme will increase over the next few
years to an expenditure level of about £13M by 1992/93. Part of this
programme is related to the development of automatic sampling and analysis
techniques so that we are no longer in the position of relying on a limited
number of samples taken at moments which do not necessarily coincide
with pollution events. The use of computer modelling of pollution pathways
and dispersion processes and broad environmental quality assessment
techniques such as ecotoxicology and the use of biological indicators are
also high on the list of priorities.

INTEGRATED POLLULTION CONTROL

The complications inherent in dealing with current environmental problems
may be exacerbated to some extent by a proposed change in legislation
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through the Government’s Environmental Protection Bill which is currently
on passage through Parliament. In this the concept of integrated pollution
control is set out for processes producing particularly dangerous substances,
which will be known as “prescribed processes”. The basis for IPC is the
objective of controlling the discharges of such substances to land, water
and air, and such processes will be authorised under a single system of
control. The Bill removes from the NBA the responsibility for a large number
of industrial processes and for probably 80% of all industrial discharges.
The NRA whilst fully supporting the concept regrets that the system is
being introduced in such a way as to take away these responsibilities so
recently given it by the Water Act. The NRA is thus having vigorous exchanges
with the Department of the Environment to ensure that the return of
responsibilities to Her Majesty’s Inspectorate of Pollution (HMIP) will not
reduce the effectiveness of pollution control in the water environment. The
problems of dealing with mixed sites where prescribed and non-prescribed
processes co-exist must be resolved and at present the NRA is in the process
of drawing up a Memorandum of Understanding between itself and HMIP
in order to resolve this difficulty.

CONCLUSION

The NRA has been set up with a very wide range of duties and responsibility
as set out in the Water Act 1989. Duties cover all aspects of aquatic
environmental management but this paper has concerned itself solely with
quality matters.

The NRA as presently constituted is the largest environmental protection
agency in Europe, and will remain so despite the introduction of
integrated pollution control. The NRA is an independent agency outside of
Government and absolutely determined to carry out the duties that it has
been given, and in this respect has already demonstrated its ability and
determination to carry out this role thereby gaining widespread public
support. We intend to be firm but fair with polluters and discharges and
to achieve the objectives of improving and maintaining water quality and
to this end regard ourselves as the guardians of the water environment.






Chapter 2

EUROPEAN DRINKING WATER
STANDARDS AND THEIR
IMPLICATIONS

M-M Bourbigots (Compagnie Générale des Eaux, Maisons-Laffitte,
France)

The EEC directive has given rise to a set of national regulations published in the countries.

It represents a profound change in philosophy: the former rules, based on potability criteria
have been replaced by rules based on quality objectives. As we shall see later on, when
difficulties occur over respecting the standards, particularly with regard to pesticides,
discussions are often focused on the toxic nature of these products, whereas the real debate
concerns the technical and economic problems created by the application of these quality
criteria, and the time required before strict conformity can be reached: the debate is a political
one.

The distinction is not understood by public opinion and a great effort is required to popularize
the debat. In difficult circumstances, for instance, in the event of accidental pollution or
drought and so on, temporary waivers may be decided by the authorities with regards to
some of the qualities fixed by the regulations. Public opinion often wrongly jumps to the
conclusion that the water is not drinkable. Neither do some people understand why water
that is not considered to be potable in one country may be judged drinkable in another (see
Table 1).

In France, the water supplier is answerable to his customers for the constant respect of these
objectives. He is free to adapt the control routine of his laboratory as he thinks fit. Moreover,
he is also controlled by a state laboratory appointed by the relevant department of the Ministry
of Health at intervals and according to a programme laid down in the regulations. The water
supplies has to bear the financial burden of this control.

Inquiries were conducted by the Ministry of Health, the Basin Authorities and the private and
public water suppliers. For most of the parameters except Nitrates and pesticides, the pollution
are very localized and their excess can be dealt with additional treatment and structural
renovations. A far more worrying aspect is agricultural pollution caused by nitrates and
pesticides.

NITRATES
1— ORIGIN

The importance of the nitrogen input to cultivated soil shows that agriculture, in the broadest
sense of the term (including animal husbandry) is one of the main potential causes of water
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us Europe
Parameters National Primary Directive 80-778
Drinking Water Regulations July 15, 1980
Maximum contaminant level (MCL)
current proposed
Chromium 0.05 mg/1 May 89 0.10 mg/1 0.05 mg/t
Mercury 0.02 mg/t May 89 0.002 mg/l 0.001 mg/
Selenium 0.01 mg/t May 89 0.05 mg/l 0.01 mg/l
Nitrate (as N) 10 mg/l May 89 10 mg/l 50 mg/l (as NO3)
11 mg/l (as N)
Nitrite (as N) May 89 1 mg/l 0.1 mg/ (as NOp)
0.03 mg/l (as N)
Atrazine July 89 0.003 mg/l 0.0001 mg/
PCBs May 89 0.0005 mg/1 0.0005 mg/!

Table 1: Comparison of regulations in US and in Europe.
Some examples of differencies in MCL

quality determination by nitrates, seen as nationwide problem. On a local scale, however,
things may work out differently. Some sources, such as these generated by household effluents
can reach quite large proportions compared with farming activities. However, remedial solutions
can be found to alleviate this kind of pollution.

The situation when it comes to agricultural pollution is quite another matter. Its main
characteristic is its wide diffusion making the struggle to protect the quality of water highly
complex.

A dozen or so sounding were carried out on the entire depth of the ground between the top
soil and the phreatic layer in different regions by the Geological and Mining Research Bureau
in France (BRGM) (1). Their results bring interesting elements:

On all cultivated land a stock of nitrates has been detected migrating towards the aquifers,
and this without any noticeable attenuation of its concentration at increasing depths. These
results show that the possibilities of natural denitrification are limited. Just few cases of
denitrification have been identified normaly in the chalk aquifer in northern France.

The nitrate concentrations in intersticial waters are rarely under 45 mg/1 and the project
carried out in Brittany under market gardening sites shows that the water contained in the
non-saturated zone can reach a nitrate content in the region of 170 mg/ 1 with an average of
130 mg/1.

In intensely cultivated areas, the total quantities of nitrogen involved per annum are in the
region of 200 to 250 kg per hectare (Nitrogen of the soil plus extra input from fertilizers). It
can be assumed that the annual range of residual nitrates likely to be leached into the subsoil
is between 30 and 45 kg of nitrogen per hectare (15 % of the stock in soil). This leakage
produce concentrations in the aquifers of dose on 50 to 60 mg/1 of NO;-.

This indicates that in order to maintain the quality of the groundwater, the farming practice
should be able to reduce the leakage of nitrogen under 15 % of the total stock of nitrogen
contained in the soil. This is a difficult challenge.

The origin of the increase in nitrate concentration doses not appear to be solely due to an
increase in the doses of nitrous fertilizers, but just as much to the changes in crop rotation
and above all a great increase in cropped areas. The draft Directive of the Council of the
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European Communities dated 12/01/1989 is intended to define a number of processes
designed to protect the water against nitrate pollution. Member state would have to define all
the areas in which water is exposed to the risk of pollution by nitrogen compounds. They
would have to take all the measures required in order to respect a number of rules concerning
the spreading of nitrogen compounds on soil, soil managment practices, as well as the treatment
of municipal waste water.

The Ministers of Agriculture and Environment in France have set up a nationwide systems
for the coordination of actions with the mission of developing a practical program called
CORPEN (Orientation Committee for the reduction of nitrate-induced water pollution). It groups
representatives of the agricultural world, fertilizer manufactures, professional institutions,
users, research organisations, basin authorities, general government departments and qualified
people.

2—REGULATION

At the end of 1985, it was found that in several French Departments, despite the efforts made
since 1981, the european standard of 50 mg/1 could not be observed within the deadline
fixed by the EEC (August 1985). The Minister of Health decided to introduce waiver proceedings,
provided the following conditions were respected:

— the measure must be exceptional,

— only determined supply systems must be concerned,

— a proper program of improvements to the situation must be drawn up on the one
hand and health officers and consumers must be kept informed on the other.

There can be no waiver in favour of:

— water from new catchments,
— packaged waters.

The waiver is granted in the name of the State by the Prefect of the department under a bylaw
issued by the French equivalent of the county council and published in an official gazette of
the department concerned. Copies must be posted in Town Halls and sent to the Minister of
Health.

3—SOLUTIONS

Numeérous remedial actions were of course implemented since 1981, including the following
changes:

— changes in pumping levels,

— the abandon of certain wells,

— the research on new ressources,

— interconnections with other supply networks,

— investments in denitrification process.

The four first solutions are the most sought.

Over 90 % of the water distribution units showing concentration of more than 50 mg/1 are
situated in rural districts. Over 95 % of the distribution units affected supply under 5,000
inhabitants, and over 70 % supply less than 1,000 (2).

One can understand that for many of these small units, the investments to improve the water
quality are difficult to apply owing to the very meagre financial resources.

Specific nitrate removal treatment must be required when alternative solutions are not feasible.

The technical solutions are numerous. For example we can mention (3, 4, 5, 6):

— process using membranes: reverse osmosis, electrodyalisis,

— ion exchange processes: permutation of nitrate ions by chloride and/or bicarbonate
ions,

— biological processes: heterotrophic with addition of inorganic carbon or by using
hydrogen as a reducing reagent.

Research started in 1978 led to the construction in 1983 of the first heterotrophic biological
facility in the world applied on an industrial scale at Eragny-sur-Oise (France).
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Biological denirrificati
Dennemont (Yvelines) 400 m3fh orv
Eragny (Val d'Oise) 80 m3th [o70Y
Champfleur (Sarthe) 70 m3/h Degremont
Chiteau Landon 50 m3/h Degremont

-exch in

Binic (Cétes d'Armor) 160 m3h orv
Craon (Mayenne) 15 m3m orv
Heiltz 'Evéque (Marnc)_— 13 m3/h otV
Semalens (Tarn) 36 m3h orv
Nicolas de la Grave 65 m3/h orv

(Tarn et Garonne)

St Adresse (Seine Maritime) 150 m3/h oTv
Crépy en Valois (Oise) 25 m3/h SAUR
Ormes sur Voulzie (Seine et Marne) 30 m3/h Degremont
Plouenan (Finistére) 500 m3/h Degremont
Plounevez-Lochrist (Finistére) 50 m3/h SAUR

Table 2: List of plant using the biological denitrification
or the ion-exchange resins processes in France (non exhaustive list)

Since 1983, several plants were built using the ion exchange or biological processes (see
Table 2).

The biological method still remains the only one that entirely solves the problem by transforming
the nitrates into elementary nitrogen restored to the atmosphere. However, the search for the
best cost ratio for this type of installation has led to propose the ion exchange method as an
economically attractive alternative for small production rates, despite the ecological problem
created by the discharge of salty effluents inherent in the process.

PESTICIDES

1—REGULATION

The word pesticides is a very loose one and gathers under one hat all the chemicals used for
the destruction of organims. These products may be organic or inorganic.

As far as organic molecules are concerned, they are of different structures, polarity, size,
ionic form, volatility, etc. It therefore seems quite impossible to determine a pesticide index.
Analysing the pesticides one by one, appears physically very difficult. In France, for instance,
over three hundred active substances are used in agriculture in formulations numbered in
thousands.

The EEC Directive 80/778 tells us that “by pesticide and related product is meant:

— insecticides,
— herbicides,
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— fungicides,

— PCB and PCT.
It must be remembered that drafting of the directive 80/778 began in 1974/75 at a time
when the only compounds investigated were organo-chlorinated and organo-phosporous
pesticides, and often for the latter only these that respond to electron capture, which meant
that it was possible to quantify all the compounds present with a single analysis.

The maximum admissible concentration level of 0.1ug/1 corresponds to the detection limit in
the years 70 to 75 and it must be stated that, in the law makers, pesticides correspond only
to organo-chlorine and/or phosporous compounds, therefore these thresholds represent the
toxicity of these compounds.

The difficulties met to observe the maximum concentration level for the herbicides, specially
for the triazines and the lengthy debate on the subject illustrates the part played by political
factors in determining standards. It is obvious that the standard adopted for the triazines
and the other pesticides cannot be the result of a strictly scientific approach. We are going to
find ourselves increasingly confronted with decisions made by politicians on matters for which
we hold no scientific evidence.

It is not surprising therefore that difficulties in applying such standards stir up the true
debate, the political one: who can and should take action ? who should pay ? what is the
priority action to be taken ?

With a view to protecting the quality of drinking water, regulations have ben drawn up for the
protection of groundwater and surface water catchment sites. They include the installation of
different protective perimeters round the intake areas. However, these measures are not
always easy to implement. The regulation must above all be backed up by a campaign of
information and widespread advisory and consultancy services to users of these plant protective
products.

There is a question to be answered, however: have we reached contradictory constraints, the
protection of water and agriculture, by imposing such a low level ? We hope that the answer
is no and that we can find the solution.

2—TREATMENT

Water is largely contaminated by atrazine and simazine. Other pesticides appear at the trace
level, but it is also important to study these that are likely to predominate on the market in
the coming years.

Treatments have been tested on atrazine and simazine. Adsorption on granular or powdered
activated carbon and ozonation seems to be the more efficient treatments. The use of ozonation
often explains the high removal rates observed on treatment train. The efficiency achieved at
the outlet of the ozonation step varies between 25 and 50 % depending on the dose rates and
the contact time.

Concentration of atrazine in raw water 0.5 1.5
Treatment with PAC 0.35 FF/m3 | 0.60 FF/m?
Treatment with GAC 0.15 FF/m3| 0.20 FF/m3
(including regeneration)
exira cost when GAC (including regeneration) 0.15 FE/m3| 0.15 FF/m3
Ozonation is already
applied in the Hydrogen peroxide 0.02 FF/m3| 0.03 FF/m3
treatment train

Table 3: Extra operating costs required to respect the standard of 0.1ug/1
of atrazine in the water
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The efficiency of activates carbon is highly dependent on its degree of saturation, contact time
and granulome try. In the case where Picabiol type carbon is used, with 10 minutes contact
time, for treating an atrazine concentration of about 0.5 pg/1, the Directive will be satisfied
for a year.

In conclusion, the efficiency of a complete conventional treatment train with an ultimate
refining step, using a combination of 03 and GAC, varies between 60 and 100 % removal
depending on the degree of which the carbon is saturated.

Ozonation combined with hydrogen peroxide or UV seems to be more effective that ozone
alone.

In a case where the TOC concentration is 2 mg/1, alcalinity 20.8 °F and the ozonation rate
2.5 mg/1, an H202/03 ratio of 0.4 g/g provides 90 to 95 % abatement of atrazine (7, 8, 9,
10). This oxidation is now applied in France on the industrial scale on groundwater and on
two surface waters. Concerning the surface waters, a temporary authorization has been given
by the Health Minister. During the first year of application, specific control will be done by a
state laboratory appointed by the relevant department of the Ministry of Health.

The extra operating cost required in order to respect the standard of 0.1ug/1 of atrazine in
the water is dependent on the treatment train and the concentration of atrazine in raw water
(table 3).

The necessary level of investments is so dependent on the size of the plant that it is impossible
to generalize.

CONCLUSION

These new rules in water treatment show the difficulty created by a change in the regulation.

The wording of the standard should be explained more clearly together with analytical methods
and how the results must be interpreted.

The water supplier is answerable to his customers for the constant respect of the potability
and a great effort must be required to popularize the debate and the difficulties occur over
respecting the new standards.
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Chapter 3

COST ESTIMATION OF DIFFERENT
AMBIENT WATER QUALITY

PROTECTION POLICIES

A Filip and D Obradovic (Energoprojekt Holding Corporation,
Belgrade, Yugoslavia)

ABSTRACT

A mathematical model describing the ambient water quality in a part of the West
Morava watershed is used for evaluating different water quality protection policies.
For anticipated degrees of ambient water quality protection, the necessary decrease
of pollution emission for 1990 is evaluated and costs are estimated.

INTRODUCTION

Beneficial uses of ambient waters in a part of the West Morava river basin are
defined by Federal Regulations in the following order: public water supply, fishery,
irrigation and recreation. All ambient waters are classified and strict water quality
criteria are set. But, due to rapidly increasing population migration towards river
valleys, pollution loads have been also considerably increased in recent years and
water quality standards are in some places violated, wholly or partially (too high
carbonaceous or/and nitrogenous BOD, low content of dissolved oxygen, too many
coliforms in water, etc.).

This report presents an approach for solving the problem of serious ambient water
quality deterioration in a part of the West Morava river basin with a drainage area
of 1250 sq. kilometers and the total river length of 94 kilometers.

The mathematical model of water quality in the West Morava, based upon the
program STEKAR (Gherini and Summers, 1978), was made and calibrated. Different
alternatives for waste water treatment (point sources only) were proposed—each
one consisting of a set of prescribed degrees of waste water treatment for each point
source (Filip and Obradovic, 1984). The effects of alternative solutions were then
analysed on the mathematical model for the low flow conditions.

FEATURES OF THE STUDY AREA

Basin Description

The area of the studied part of the basin is about 1250 sq. kilometers. The ele-
vation of the highest point is 330 metres, that of the lowest point being at 190
metres above sea level. The precipitation ranges from 700 to 1100 mm per year.
The wettest period of the year is late spring-early summer; the driest period is
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Table 1. Classification of Ambient Waters

River Class Limiting Criterja Water Use
Class Parameter Value
Dissolved Oxygen 8 . Drinking Water
IRODq 2 Supply (disinfec-
I N tion only)
TDS 350 . Fishery
Coliforms 200 . Recreation
Dissolved Oxygen 6 . Drinking Water
BOD5 4 Supply (conventi-
IT A onal treatment)
TDS 1000 . Fishery
Coliforms 6000 . Recreation
Dissolved Oxygen 5 . Substantially the
BOD 6 same as for II A
i1 s ’I‘DS5 1000
Coliforms 6000
Dissolved Oxygen 4 . Industrial Water
BOD 7 Supply
111 DS ° 1500
Coliforms 10000
Dissolved Oxygen 0.5 . Out of use
Iv BODS unlimited
Coliforms unlimited

* All values in mg/ 1. Coliforms in MPN/100 ml

winter. The total length of the river course covered in this part of the study is
approximately 94 kilometers (see Fig.l).

River Classification and Ambient Water Quality Standards

Ambient water quality classification is given in Table 1. Classes I, II-a and II-b
respectively correspond to categories A, A, and A, as defined by the Council of
European Communities (Luxemburg, June 1965).

Pollution Sources

Two major towns—Zaftak and Gornji Milanovac are situated in this area. Both are
important industrial centres. The pollution loads from these towns, municipal and
industrial, expected in 1990 are listed in Table 2. These data are based partly on
extensive field measurements of waste water discharges in a twelwe-month period
in 1978-1979 and partly upon regional development plans and enquiries in industry.
Non-point sources of pollution were neglected as low flow condition are simulated.

MODEL CALIBRATION

Description of the Program STEKAR

The river system is divided in to) segments with homogeneous characteristics and
represented as nodes in the mathematical model. For each node, the following data
are collected: length, average depth, surface area, volume. The nodes are linked by
channels, each one being characterized by: cross-section area, depth, velocity of
flow, bottom slope. The data on ambient water quality, weather conditions and
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Tabele 2: Point Sources Pollution Loads in 1990.
NDischarge Ultimate Ultimate Suspended Dry Re-
Source lps C-BOD N-BOD Solids sidue
mg /1 mg/1 mg/1 mg/1

GORNJI MILANOVAC

. municipal 97 468 47 210 350
. industrial 16 S 2 67 1200
TACAK

. municipal 346 348 43 250 S50
. industrial 443 8 2,5 420 550
TRBUSANI

. industrial 97 8 2,5 5195 330

waste water inputs were also necessary. The node network and locations of waste
water inputs are shown in Fig. 2.

Calibration of the Model
Extensive field measurements of ambient water quality were conducted
simultaneously with the measurement of point source emissions. The same

Table 3: Waste Water Treatment Levels

Removal, percentage

Treatment  —-——-—————- -
BOD Susp. solids Ammonia
Primary {P) 30 60 0
Secondary (S) 85 85 60
Tertiary (T) 26 96 96

Fig. 1. West Morava river basin with location of the studied area
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Fig. 2. Layout of the mathematical mode for simulation of water
quality in the part of the West Morava river basin

situations are then simulated by using adequate boundary and initial conditions.
Reaeration constants, decay rates and other constants were determined by this
analysis. The constants for low-flow conditions were evaluated on the basis of similar
hydrological and weather situations.

Table 4. Extent of Ambient Water Quality Standards Violation

Length of the River Reach Where WQ is Violated

River Total -
Length km
KIN  momo e m om o o e e o e e e e ———
EOD5 Dissolved Oxygen
1978 1990 1978/79 1990
West Morava 61 61 61 o} ¢]
* *
Despotovica 15 0 0 10 10
Dic¢ina 12 9 9 9 9
Temernica 6 & 6 [ 6

*There is no limitation of BOD concentration in Despotovica river—
from the waste water inflows down to the Dicina river, due to its
classification in Class IV.

Waste Water Treatment Levels

Standardized waste water treatment plants for towns have been supposed and unit
costs calculated. These plants can be upgraded and enlarged if such a necessity
arises later. The accepted treatment efficiency for sucha plant can be found in
Table 3. For industrial wastes that are not compatible with the municipal ones,
separate physico-chemical PHC treatments or pretreatments are foreseen.
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Table 5. Ambient Water Quality Improvement Goals

Prevention of MPC Violation Improvement
Degree of -—= of Stream
Protection Toxic Dissolved Suspended Category
Materials Oxygen Solids BDDS
and
Coliforms
First +
Second +
Third + + + +
Fourth + + + +

VIOLATIONS OF AMBIENT WATER QUALITY STANDARDS IN THE STUDY AREA

Violation of ambient water quality standards for pollution loads as measured in
1978/79 and predicted pollution loads in 1990 are presented in Table 4.

The calibrated model was used for simulation of ambient water quality in low-flow
conditions for cases:

— no waste water treatment,
— effects of different degrees of waste water treatment.

DEFINITION OF AMBIENT WATER QUALITY PROTECTION POLICIES

The step-wise ambient water quality improvement is accepted as a policy, so the
costs will be more easily met.

Ambient water quality goals are listed in Table 5, given as maximum permissible
concentration (MPC). Complete removal of floating debris, grease and oil as well as
substantial removal of coliforms are anticipated. Implementation of the third degree
of protection ensures the class of stream prescribed by the Regulations. Water
quality of this stream is wholly protected. If the fourth degree of protection is
introduced, some of the river reaches may attain a higher class.

BENEFITS OF IMPLEMENTATION OF CERTAIN DEGREES OF PROTECTION

The benefits to be gained from this step-wise protection of deteriorated ambient
water quality are as follows:

First Degree of Protection

Benefits of the applied first degree of protection are:

— water may be used for watering of cattle and irrigation;

— WQ in downstream reaches will be improved, with a corresponding benefit to
local users;

— aquatic population is protected;

— aesthetic appearance of the stream and environment will be improved,;

— Dbetter situation in the water supply system located further downstream, either
in the case of direct intake, or in the case of infiltration basins/ground water
aquifer use.

Second Degree of Protection

Benefits of the applied second degree of protection are:

— all positive effects of the first degree are included plus the following benefits:
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e further improvement of water quality for all uses;

e prevention of septic conditions in some river reaches;
* better self-purification characteristics of the stream;
o full protection of aquatic life;

¢ possibility of using the river for recreation.

Third Degree of Protection
Benefits of the applied third degree of protection are:

— all positive effects of both previous degrees of protection are included plus the
following benefits:
¢ return of the stream in its class as prescribed by the Regulations;
e guaranteed possibility of using river for water supply of towns and industry
with usual treatment only;
e better organoleptic characteristics of water;
¢ reduction of water quality deterioration in the distribution network.

Fourth Degree of Protection
Benefits of the applied fourth degree of protection are:

Table 6. Necessary Degree of Treatment and Costs of Protection for the 1990

Treatment Costs

6 *
(10~ din.)

Degree of Pollution Treatment -
Protection Source Level Investment Annual
Costs Costs
First Degree Ca&ak IT P 45.70 9.88
of Protection Industry PHC 8.80 2.13
Paper Mill PHC 8.36 2.37
TrbuSani PHC 11.19 2.13
G. Milanovac P 40,15 9.27
Total: 114.20 25.78
Second Degree Cadak II s 80.15 18.20
of Protection Industry PHC 8.80 2.13
Paper Mill PHC 8.36 2.37
TrbuSani PHC 11.19 2.13
G. Milanovac S 59.85 15.72
Total: 168.35 40,55
Third Degree Ta&ak IT T 104.20 23.66
of Protection Industry PHC 8.80 2.13
Paper Mill PHC 8.36 2,37
TrbuSani PHC 11.19 2.13
G. Milanovac S 59.85 15.72
Total: 192,40 46.01
Fourth Degree (adak II T 104.20 23.66
of Protection Industry PHC 8.80 2,13
Paper Mill PHC 8.36 2.37
TrbuSani T 14.54 2.78
G. Milanovac by 77.80 20.43
Total: 213.70 51.37

*1 DIN=0.08 US$
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— all positive effects of all three previous degrees of protection are included plus
the following benefits:

* improvement of water quality in the Despotovica river, from Gornji Milanovac
to DiSina, enough to raise it to a higher class. Water quality in the DiSina,
the Femernica and the West Morava will be then improved to such a degree
that reclassification of these rivers could be achieved.

NECESSARY DEGREE OF WASTE LOADS REDUCTION AND COST ESTIMATION

The desired degree of protection can be achieved only by applying the definite level
of waste water treatment. Standardized waste water treatment plants for towns
have been supposed and unit costs calculated. These plants can be upgraded and
enlarged if such a necessity arises later. For industrial wastes that are not compatible
with the municipal ones, separate physico-chemical treatments or pretreatments
are foreseen. Several alternatives with a different degree of waste water treatment
have been simulated on a computer (Filip, Obradovic, 1984), and feasible solutions
for ambient water quality protection in the region were elaborated.

Investment costs were based on the 1990 prices level. Annual costs consist of
annuities for civil works based on 13.6 percent of investment, annuities for
equipment based on 16.2 percent of equipment costs as well as operational and
maintenance costs.

The necessary degree of waste loads treatment as well as investment and annual
costs for the 1990 pollution are presented in Table 6. Cost estimation for protection
measures for the 1990 pollution are based on the assumption that no actions nave
been taken before 1990.

SUMMARY AND CONCLUSIONS

The mathematical model describing the ambient water quality in West Morava
watershed are used for evaluating different water quality protection policies. For
anticipated degrees of ambient water quality protection the necessary decrease of
pollution emission for 1990 is evaluated and costs are estimated.
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Chapter 4

WATER SUPPLY QUALITY AND ITS
REGULATION IN THE PRIVATISED UK
WATER SERVICES plcs

S B Tuckwell (Wessex Water Business Services Ltd, UK)

1 ABSTRACT

Water supplies in England and Wales have to comply with revised statutory quality and
monitoring requirements, incorporating the EC Drinking Water Directive values and national
standards. Despite up to 99.7% of samples meeting the standards, extensive programmes
are required to improve supplies to try to achieve 100% compliance, particularly for water
treatment works to remove aluminium, iron and pesticide and for distribution systems for
iron and related problems due to corrosion of mains. A more stringent standard for lead than
in the EC Directive will require extensive investigation of possible non-compliance due to
domestic plumbing materials and may necessitate water treatment remedies. The £10 billion
improvement programme should remedy most of the problems by 1999 or sooner.

2 STRUCTURE OF THE NEW INDUSTRY

The Water Act 1989 (HMSO 1989a) prepared the way for the privatisation of the ten regional
water authorities in England and Wales which, since 1974, had been responsible for water
supply and sewerage services, resource planning, river water quality, pollution control,
fisheries, land drainage, flood protection and alleviation, water recreation and conservation.

Fig. 1: England and Wales showing the ten Water Services companies.

©1991 Elsevier Science Publishers Ltd, England
Water Treatment—Proceedings of the 1st International Conference, pp. 31-42
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The Act enabled ten Water Holding Companies to be formed, each of which holds a Water
Services Company and other subsidiary companies. These Water Service Companies (Fig. 1)
have been granted twentyfive year licences to provide water supply (except in areas served by
the already existing statutory water companies) and sewerage services in geographically defined
areas of the former water authorities. The assets associated with water supply, sewerage and
sewage treatment were transferred to the Water Service Companies. The majority of the
remaining duties of the former water authorities became the responsibility of a new public
body, the National Rivers Authority.

Each Water Service Company is under a duty to develop and maintain an efficient and
economical water supply system in its water region. It has similar duties for sewage collection
and disposal in the Sewerage Region.

3 REGULATORY PROVISIONS

The activities of the Water Service Companies are regulated by a series of new and existing
controls and legislation. The principal provisions are set out in the Water Act, in regulations
made under the Act and in conditions contained in the operating licences. Activities which
are not related to the “core” business of water and sewage treatment are generally not controlled
by these regulations. The principal regulators are the Director General of the Office of Water
Services, the National Rivers Authority and the Secretary of State for the Environment.

3.1 Duties Of The Director General

The primary duties of the Director General are to ensure that the functions of the water and
sewage undertakers are properly carried out—with special respect to protecting customers,
facilitating competition and promoting economy and efficiency. To compensate for the lack of
direct competition for services in any company area, the Director General will use regulation
and inter-company comparison of performance. The most important way in which regulation
is to be used is in the control of the charges which companies are allowed to make for water
services. The Director General has set limits on charges to ensure value for money, efficiency
and adequate investment for meeting current and future needs of customers for water services.
He ensures there is no unfair discrimination between different groups of customers, for example
between the charges for metered and unmetered domestic water supply users. He has set up
Customer Service Committees for each main region, which have the duty to ensure that
companies deal properly with customers’ queries, complaints and other interests. Each
company has to publish a Code of Practice for customers, setting out its services, procedures
for complaints and emergencies and its charges and methods of payment. There must be
other codes on matters such as disconnections of supplies and leakage of water from metered
and unmetered properties. Another novel requirement is the Guaranteed Standards Scheme,
whereby customers are entitled to monetary compensation if the company breaches certain
standards of service for interruption of supplies, response to billing or payment enquiries,
written complaints about water supply or sewerage services and failures to keep appointments.

3.2 Duties Of The National Rivers Authority (NRA).

In relation to water supplies, the NRA has the following duties:
to control water pollution
to maintain and improve the quality of waters used for water supply
to operate the water resource abstraction licensing system

to ensure the proper management of water resources and to assess the adequacy of
water resources against future needs

to assess the quality of surface waters intended for abstraction of drinking water, under
the terms of the EC Directive (75/440/EEC).

There are other duties relating to the promotion of nature conservation and recreational use
of waters.

3.3 Duties Of The Secretary of State.
The Water Act gives many powers to the Secretary of State. Of particular relevance is the
power to make regulations to govern the quality of drinking water.
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4 WATER SUPPLY QUALITY REGULATIONS

The Water Supply (Water Quality) Regulations (HMSO 1989b,c), approved by Parliament in
July 1989, came into force in September 1989, (except for the monitoring provisions, in force
from 1st January 1990). They cover water treatment, standards of water supply quality,
monitoring frequencies, action if water supplies fail to meet the standards, the reporting of
results and the provision of information.

4.1 Water Treatment Requirements.

Except for certain groundwaters exempted by the Secretary of State, all water provided for
drinking, cooking and washing must be disinfected. A certain minimum standard of treatment
is specified for surface-derived waters to satisfy the requirements of the EC surface water
directive (75/440/EEC) (EC 1975). The Secretary of State may require that only approved
treatment processes be used or approved substances be added to water to treat or improve
its quality and these approvals may have conditions attached which must be observed.

4.2 Wholesomeness Of Water Supplies.

Historically drinking water in the UK was required to be “wholesome” but there were no legal
quality standards to define this. The EC directive (80/778/EEC) relating to the quality of
water intended for human consumption (the Drinking Water Directive) (EC 1980) was
considered by the UK Government to underline and reinforce existing UK policy and procedures
and therefore it was implemented in the UK by government circular in 1982 (DoE 1982), with
a deadline of July 1985 for compliance with its standards. It was the Government’s view that
compliance with the Directive was a necessary condition of wholesomeness, but not a complete
definition of it. Following a challenge by the European Commission of the U.K. interpretation
of the EC Directive, the Government used the Water Act to incorporate the Directive’s
requirements into national law by means of regulations made by the Secretary of State. The
Water Act (Section 52) places a duty to supply water to domestic premises which is wholesome
and makes it a criminal offence to supply water which is unfit for human consumption.

4.3 Water Quality Standards.

The Water Supply Regulations define wholesomeness as meeting all the prescribed standards
in the Regulations and not containing anything which could be harmful to health, either on
its own or in combination with other substances in the water. The Regulations provide legally
defined quality standards for drinking water for the first time in England and Wales
(Appendix).(They have also been extended to Scotland and are under consideration for Northern
Ireland.) They incorporate the same maximum admissible concentrations (MACs) defined in
the Drinking Water Directive for fortytwo parameters and the qualifying comments for two
other parameters (total organic carbon and total bacterial counts.) In addition, a minimum
value of 5.5 has been adopted for pH. The standard for lead (0.05 mg/1) is more stringent
because no flushing of the tap is permitted before sampling and a litre sample volume must
be taken. The Minimum Required Concentrations for total hardness and alkalinity, applicable
to water which is artificially softened during water treatment, are also specified.

Standards have also been defined for other parameters, including those in the EC Directive
which have a Guide Value only (Table I). The limits for benzo 3,4 pyrene and the chlorinated
solvents are based on World Health Organisation Guideline Values ((W.H.O. 1984).

Parameter Units Maximum concentration
or value

Conductivity uS/cm 1500 at 20 ° C
Chloride mg C} /1 400
Calcium mg Ca /1 250
Substances extractable in mg/1 dry 1
chloroform residue

Boron ug B /1 2000
Barium ug Ba /1 1000
Benzo 3,4 pyrene ng/l 10
Tetrachloromethane ug/1 3
Trichloroethene ug/1 30
Tetrachloroethene ug/1 10
Trihalomethanes ug/l 100

Table I: Additional standards for water for domestic purposes.
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Some of the descriptive standards in the EC directive have been excluded from the Water
Quality Regulations. Dissolved oxygen is not considered meaningful for routine measurement
and free carbon dioxide is not meaningful for water at the tap (Miller, 1990). The standard for
hydrogen sulphide (“undetectable organoleptically” ) is considered to be included in the taste
and odour parameters. These standards apply to water samples taken from taps in the
distribution system, but the same microbiological standards are prescribed for water leaving
treatment works and in service reservoirs.

4.4 Monitoring frequencies.

Water leaving treatment works must be monitored for total and faecal coliforms and disinfectant
residual at frequencies depending upon the average annual output of water from the works,
ranging from weekly to daily samples. Service reservoirs are monitored weekly for the same
microbiological parameters.

The majority of standards apply to water from the distribution system and the sampling of
water is based on zones. A single source, or a blend of several sources, feeding a discrete area
must be designated as a single zone (subject to a maximum zone population of 50,000.) Areas
with water, quality variations within a zone should be subdivided. The sampling points must be
representative of the whole zone and, for most parameters, these may be either fixed points or
randomly selected customers’ taps. At least 50% of the microbiological samples and all the
samples examined for copper, lead and zinc must be from randomly selected customers’ taps.

The minimum frequencies of analysis for tap samples are generally slightly greater than
those of the EC Drinking Water Directive (where it specifies frequencies.) Frequencies are not
specified in the Regulations for faecal streptococci, sulphite-reducing Clostridia, substances
extractable in chloroform, Kjeldahl nitrogen, dissolved hydrocarbons or phenols, although
the Regulations specify standards for them. This is in line with the discretion allowed the
‘competent national authority’ in the EC Directive. However, the Regulations require water
suppliers to analyse for any parameter which they believe may exceed the standard. If any of
the non-microbiological parameters exceeds the standards, increased monitoring frequencies
are specified for the zone for up to two years. If water quality in any zone is consistently within
the standards, the frequency of monitoring can be reduced. In addition to this compliance
monitoring, water suppliers are expected to carry out sampling for operational monitoring.

An example of standard monitoring frequencies is given (Table II) for selected groups of
parameters for the smallest and the largest permitted zones:

Frequencies for zones of given population
(number of samples per year)

Population Population
Parameter groups <500 50,000
Conductivity, qualitative taste & 4 60
odour
Turbidity, nitrate, nitrite, iron, 4 10
aluminium, colour
Lead, copper, zinc, trihalomethanes, 4 4
pesticide, P A Hydrocarbon
Chloride, sulphate, calcium, 1 1
fluoride, toxic metals.
Microbiological 12 60

Table II: Standard monitoring frequencies for the smallest and largest permitted sampling
zones.

5 COMPLIANCE AND ENFORCEMENT

5.1 Interpretation of compliance requirements.

The 1982 U.K. Government interpretation of the EC Directive (DoE 1982) considered that for
most parameters the average of samples taken over a period (usually one year) should be
compared with the MACs to assess compliance. This was challenged by the European commission
and now, for all the standards which derive from MACs, the Regulations require every distribution
tap sample to comply with the standard (100% compliance). As in the Directive, the exceptions
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to this are for total coliforms and sodium. For total coliforms the water complies if 95 % of the
samples in any period meet the standard. The period will normally be one year, but if less than
fifty samples have been taken from a zone in one year the results of the previous fifty samples
are taken regardless of the period. For sodium, 80% of samples taken in the past three years
must not exceed the standard for the water to comply.

For the parameters in Table I compliance is based on the average of results of analyses over
twelve months are compared with the standards. (For trihalo methanes a rolling three month
period is used.) For samples of water leaving treatment works and in service reservoirs, every
sample must comply with the bacteriological parameters for the water to be wholesome.

5.2 Relaxations of the Standards.

Subject to there being no risk to public health, the Secretary of State may relax the standards
for geographically defined areas where supplies fail to comply for specified reasons, as permitted
by the EC Directive (Article 9). Where supplies are affected due to emergencies or exceptional
weather, temporary relaxations can be granted; temporary or permanent relaxations can be
approved due to the nature or structure of the ground. Conditions may be imposed to require
improvements to water quality or monitoring.

5.3 Section 20 Undertakings Given to the Secretary of State.

The Secretary of State has a duty under the Water Act to enforce the standards of wholesome
water. However, Section 20 of the Act allows him discretion in enforcement where a) the
contraventions are trivial or b) he is satisfied that the water supplier has given, and is complying
with, an undertaking to take all necessary steps to achieve compliance (a “Section 20
Undertaking”). These are the type of action programmes referred to in Article 20 of the EC
Drinking Water Directive. The Secretary of State can still enforce compliance against a company
despite an Undertaking, if there are grounds for doing so.

6 REVIEW OF CURRENT QUALITY

6.1 Level of compliance.

In November 1989 each water holding company summarised its water quality in detailed
prospectuses (Schroder, 1989) which were independently vetted by auditors as part of the
water privatisation share offer. A general view of the current water quality and the difficulties
faced can be drawn from this source. The companies have tried to assess retrospectively the
compliance of their supplies in 1988/9 with the quality standards in the Regulations. In
some cases the location and manner of sampling was dissimilar from the Regulations’
requirements, but the extent of sampling was considerable. Thames Water, for example
reported 471,000 tests for 53 of the 57 parameters in the Regulations with only 627 failures
(0.13%) overall. Wessex Water estimated 99,000 tests on 9,700 samples from distribution
systems and only 289 failures, (a compliance rate of 99.7%).

Reported compliance for tap samples ranged from 88-94% for aluminium, iron, manganese
and trihalomethane in Yorkshire, 95.5% for iron in North West and overall, for a wide range
of parameters, from 98.2 to 99.8% for other companies. The Regulations require 100 %
compliance for most parameters and notwithstanding these high compliance figures, it was
acknowledged by the Government that this could not be achieved instantaneously. Hence it
permitted Relaxations and Section 20 Undertakings, relating them to water sampling zones,
although the remedial action could refer to specific water treatment works or service reservoirs
as appropriate. Water supply quality deficiencies which affected only part of the zone still
required the whole zone to be nominated.

7 RELAXATIONS

Relaxations covering an estimated 3% of the population of England and Wales were granted
in November 1989 for sodium, dissolved hydrocarbons, sulphate, magnesium, potassium,
colour, aluminium and manganese. These are subject to review at the end of 1994 or earlier,
when they might be renewed. Temporary relaxations have been granted, subject to agreed
improvement programmes designed to achieve compliance by given dates up to 1995, for
colour, turbidity, pH, odour, taste, oxidisability, nitrite, ammonium, aluminium, iron and
manganese. The parameters covered by relaxations affecting the Water Services companies
are given in Table III.
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Table III: Parameters for which Relaxations have been granted to Water Services companies
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Table IV: Parameters for which Undertakings have been accepted from Water Service

Companies [ ? = insufficient data]

Iron relaxations have been granted widely, for example affecting supplies in over 30% of
zones in areas of East Anglia and Yorkshire. Iron can occur in groundwaters derived from
iron—rich strata such as Greensand and in waters from upland catchments, giving rise to
turbid water and causing deposits in mains and customer complaints of discoloured water if
adequate removal is not achieved in water treatment. Manganese is often associated with
iron in these waters and relaxations for it are also widespread. Waters containing naturally-
occurring aluminium, usually in low alkalinity, soft upland waters, sometimes combined
with high colour, in many cases have complied with the earlier interpretation of the EC directive.
Although some relaxations have been granted, many works are to be improved to achieve the
more stringent interpretation in the Regulations by 1995 or earlier.
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8 SECTION 20 UNDERTAKINGS

The Government’s Medical Advisers, having considered the concentrations of the parameters
subject to Section 20 Undertakings, have concluded that the Undertakings accepted in autumn
1989 pose no threat to public health. All the Water Services companies have Section 20
Undertakings for some parameters (Table IV). The significant ones are discussed below.

8.1 Distribution Systems.

All the companies have given undertakings to investigate or carry out work on distribution
systems to overcome problems with some or all of the following parameters: iron, manganese,
aluminium, colour, pH, turbidity or PAH. The Regulations have had a major impact in this
area. In the past the “averaging” of sample results could enable the standards to be met, but
this is no longer permitted.

Iron.

Iron can arise from corrosion of the main itself, but inadequate treatment of water at the
works can also give rise to colour, iron, aluminium and manganese in distribution, leading to
deposits and discoloured water. The undertakings have identified relining or replacement of
mains in many areas. All the Water Services companies have programmes for renovation of
their distribution systems by relining or replacement. Severn Trent Water estimate that over
a 20 year period they may need to rehabilitate 70% of their distribution mains whilst for
Anglian Water the figure is 38%. Other companies’ estimates are between 4 and 13%. The
costs of this work over the next 10 years are estimated by the Companies at £6 billion. There
was serious doubt about the capacity of the pipeline renovation companies to undertake this
amount of work and like several water suppliers, Wessex Water has set up its own commercial
subsidiary company to develop these services.

Polynuclear aromatic hydrocarbons (PAH).

These compounds occur naturally in some untreated surface waters but can arise in excess
of the limit of 0.2 ug/1 in treated water from coal—tar bitumen linings of water mains. A
Department of the Environment survey in early 1989 showed there was no widespread problem
but further more—localised studies suggested a problem with particles of bitumen
accumulating near deadends of distribution systems. Six of the plcs have given undertakings
for PAH and may need to carry out replacement of pipe linings.

Lead.

The Water Quality Regulations require that where there is a significant risk of water failing to
meet the lead standard due to lead from communication or service pipes, the water supplier
must investigated how widespread the failures are in any zone. The test of a significant risk is
whether more than 2% of samples taken at random from customers’ taps fail to meet the
standard in any zone (DoE 1989), adopting the sampling procedure for lead described above.
These requirements were more stringent than the previous interpretation and water suppliers
have not generally sampled in the manner now required. As a result, all the companies have
given undertakings for lead. These affect all zones in North West, Southern, Welsh and
Yorkshire Water (although this does not indicate that supplies throughout these areas are
failing to meet the standard.) Anglian Water has undertaken to investigate the extent of non-
compliance in 14% of its zones and to monitor the effect of existing treatment with
orthophosphoric acid in another 66% of them. Where significant non-compliance is found
water suppliers must investigate the effectiveness of water treatment in reducing
plumbosolvency and install it if practicable, no later than 1995. The householders and public
health authorities must be informed if water treatment is ineffective and lead pipe replacement
is necessary.

8.2 Deficiencies at Service Reservoirs.

Undertakings for total coliform bacteria have been given for service reservoirs which fail to
achieve 100% compliance with the zero standard. The actions to be taken include manual
chlorination of water, installation of continuous chlorination equipment to maintain satisfactory
residual concentrations and the prevention of ingress of rainwater through ducts, hatch covers
or cracked walls or roofs. In some cases poor circulation of water in the reservoir is to be
improved. In each case timescales are specified for completing these remedies, generally by
1992.
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8.3 Deficiencies at Water Treatment Works.

Iron, manganese, aluminium and trihalomethanes.

Undertakings have been given for water supply zones which could be affected by parameters
which are not adequately controlled in treatment. Aluminium, iron and manganese
undertakings are common, affecting eight of the ten companies. One company has over 40%
of its zones affected for iron and aluminium with problems at 24 out of 59 of its works.
Remedial measures include continuous monitoring linked to autoshutdown in the event of
concentrations over the limit, improvements to the design, operation and control of water
treatment plant and the use of alternatives to aluminium coagulants. Failure to comply with
the standard for trihalomethane, formed in water by the reaction of chlorine with organic
matter, affects seven of the ten companies. Modifications to disinfection practices, alternative
disinfectants and removal of precursors may be required. For frequent breaches of these
standards the undertakings generally require compliance by the end of 1992; for occasional
breaches the time—limit is the end of 1994.

Nitrate.

Excess nitrate in water supplies was considered by the U.K. Government to be “man-made”
rather than due to the nature of the ground and hence it has been the subject of undertakings
rather than relaxations. The companies affected are Anglian, where 28% of the sampling
zones were covered, Severn Trent (5%), Yorkshire (1%) and Thames Water, where 11% of the
treatment works required undertakings. Remedial measures include blending with low—
nitrate water, treatment to remove nitrate and prevention of nitrate entering supplies by
catchment protection measures. Most improvements are to be by 1992, with the remainder
between 1993 and 1995.

Nitrite.

Nitrite in distributed water usually arises from microbiological action on ammonia which may
be added to form chloramine—a more stable form of disinfectant. Levels of nitrite above the
standard have been experience in distribution systems and undertakings exist for Anglian
(53% of zones), Thames (21%), Welsh (42%), Yorkshire (2%) and North West. Improvements
are to be completed by 1995.

Pesticide.

Pesticides (including herbicides and fungicides) have been found in very low concentrations
in water over a wide area. Before July 1989 the U.K. Government’s advice to water suppliers
was to monitor for those compounds which were likely to be used in the catchment in addition
to some environmentally persistent products banned from use some years ago. The EC standard
of 0.1 ug/ 1 for any single compound was not related to the varying toxicities of the wide range
of products in use. The Government advice therefore was that provided concentrations did
not exceed guideline values based on the toxicity, there was no risk to health. The health
advice has not altered, but with the Regulations came the requirement to comply with the EC
standard. Undertakings have therefore been given for pesticide by six of the ten companies,
affecting from 1% to 60% of the sampling zones. Two companies have insufficient data to
judge the extent of compliance. The terms of the undertaking are

to immediately inform the National Rivers Authority to enable it to investigate the
possibility of controlling the leaching of pesticides into water;

for the company to immediately investigate suitable water treatment methods to remove
the pesticides;

in the light of these investigations to install water treatment plant as soon as practicable,
but generally by 1999.

The lack of information on suitable pesticide treatment processes and the absence of a
relationship between the EC standard and toxicity of the compounds has led several EC
member states to conclude that the limit is not currently achievable. The U.K. Government
has requested the European Commission to review the standard.

9 COST OF IMPROVEMENTS

The cost of known requirements for improvements was estimated by companies in conjunction
with Government—appointed auditors (Table V). Where there were known problems but their
extent or solutions were unknown in autumn 1989, the Government agreed that these costs
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could not be included but might be passed on to customers via regulated charges at a later
date. The £10 billion programme does not include the cost of remedial measures for much of
the PAH, pesticide or lead problems.

Water Supply Function £million

Water resources 985
Water treatment 3,060
Distribution systems 5,985

Total 10,030

Table V: Summary of water supply investment 1990—2000.
(November 1989 prices).

10 CONCLUSIONS

The quality and monitoring of water supplies in England and Wales is now specified by water
quality regulations, which incorporate the standards of the EC Drinking Water directive and
some additional standards, and specify the frequency of sampling and analysis. Supplies are
required to meet the majority of these standards for every sample examined. Compared with
an earlier interpretation of the Directive, the stricter standards have resulted in some supplies
failing to comply. The Water Services companies established by the privatisation of the ten
regional water authorities have been granted relaxations of some parameters for defined
areas and for others the Secretary of State has accepted undertakings from them to carry out
improvements to an agreed timetable. The most widespread non-compliance is for iron and
related parameters from distribution systems and aluminium, iron and pesticide at treatment
works. Investigation of potential non-compliance with the more stringent lead standard is
required due to lead from domestic plumbing materials. Programmes of improvement should
be completed for most water treatment problems by 1995 but the scale of the programme of
water mains rehabilitation will require at least ten years for its completion. The estimated
cost for problems with known solutions is £10billion for England and Wales.

11 REFERENCES

DoE 1982: Department of the Environment/Welsh Office. Circular 20/82: EC Directive relating to the
Quality of Water intended for Human Consumption (80/778/EEC). Her Majesty’s Stationery Office,
London.

DoE 1989: Guidance on Safeguarding the Quality of Public Water Supplies. Her Majesty’s Stationery
Office, London.

EC 1975: Council Directive 75/440/EEC. Quality required of surface water intended for the abstraction
of drinking water. Official Journal No. 1194, 25.7.1975, p34.

EC 1980: Council Directive 80/778/EEC. Relating to the quality of water intended for human consumption.
Official Journal No.

HMSO 1989a: Water Act 1989. Chapter 15. Her Majesty’s Stationery Office, London.

HMSO 1989b: The Water Supply (Water Quality) Regulations 1989, Statutory Instrument 1989 No.1147.
Her Majesty’s Stationery Office, London.

HMSO 1989¢: The Water Supply (Water Quality) (Amendment) Regulations 1989 Statutory Instrument
No. 1384. Her Majesty’s stationery Office, London.

Miller 1990: Paper from Bureau 1 meeting, Paris, January 1990. Adaptation of Drinking Water Directive.
Comments on Individual Parameters. D.G.Miller, Water Reserch Centre.

Schroder 1989: The Water Share Offer, Pathfinder Prospectus. J. Henry Schroder Wagg & Co. London.
W.H.O. 1984: Guidelines for Drinking—water Quality, Vol.1 Recommendations. World Health
Organisation, Geneva.

ACKNOWLEDGEMENT

The author acknowledges the contribution made to this paper by many unnamed employees
of the former water authorities and their advisers in drafting the Prospectus for the Water
Share offer. The presentation of this paper has been approved by Gareth Jones, Director of
Science and Quality, Wessex Water Business Services Ltd., but the views expressed are the
author’s and do not necessarily represent those of the Company.



40 WATER TREATMENT

APPENDIX
SCHEDULE OF WATER SUPPLY QUALITY STANDARDS FOR ENGLAND AND WALES

Average trihalomethanes (the sum of trichlorome thane, dichlorobromomethane,
dibromochloromethane and tribromomethane) not to exceed 100 pg/1; if less than four samples
per year each sample not to exceed the limit.

PRESCRIBED CONCENTRATIONS OR VALUES

TABLE A
Item  Parameters Units of Measurement Concentration or Value
( maximum unless otherwise stated)
1. Colour me/l PYCo scale 20
2. Turbidity Formazin turbidity 4
(including suspended solids) units R
3. Odour Dilution number 3at25°C
(including hydrogen sulphide}
4. Taste Dilution number 3 at 25°C
s. Temperature °C 25
6. Hydrogen ion pH value 9.5
5.5 (minimum)
7 Sulphate mg 50,/1 250
S Maznesium mg Mg/l 50
9 Sodium mg Na/l 150(1)
1. Potassium mg K/ 12
il Dry residues mg/l 1500 (after drying at 180°C)
12 Nitrate mg NOy/l 50
13. Nitrite mg NO,/1 0.1
14. Ammonium (ammonia and mg NH,/I 0.5
ammonium ions)
15. Kjeldah! nitrogen mg N/I 1
16.  Oxidizability mg O,/1 5
(permanganate value)
7. Total organic carbon mg C/lI No significant increase
over that normally observed
18. Dissolved or emulsified ng/! 10
hydrocarbons (after
extraction with
petroleum ether);
mineral oils
19. Phenols ug C,HsOH/ 0.5
20. Surfactants ug/l 200
(as lauryt sulphate)
21. Aluminium ug Al 200
22, Iron ng Fe/l 200
23. Manganese pg Mn/t 50
24 Copper ug Cu/l 3000
25, Zinc ug Zn/! 5000
26. Phosphorus ug P/l 2200
27. Fluoride pg Fil 1500
28. Silver ug Ag/l 10411)

Note (i) See regulation 3(5).
(ii) If silver is used in a water treatment process, 80 may be substituted for 10.
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TABLE B
Item Parameiers Units of Measurement Maximum Concentration
1. Arsenic pg As/l 50
2. Cadmium ug Cdfl 5
kN Cyanide nug CNJ1 50
4. Chromium ug Cr/l 50
s. Mercury ng Hg/l 1
6. Nickel ug Nift 50
7. Lead ng Pbil 50
8. Antimony ug Sbyt 10
9. Selenium pg Se/l 10
10. Pesticides and related
products:
(a) individual substances pg:t 0.1
{b) total substances{i} ng! 0.5
L. Polycyclic aromatic peglt 0.2

hydrocarbons(ii)

Notes (i) The sum of the detected concentrations of individual substances.
(ii) The sum of the detected concentrations of fluoranthene, benzo 3.4 fluoranthene,
benzo 11.12 fluoranthene, benzo 3.4 pyrene, benzo 1.12 perylene and indeno
(1,2.3-cd) pyrene.

TABLE C
Item Parameters Units of Measurement Maximum Concentration or Value
1 Conductivity pSjecm 1500 at 20°C
2. Chloride mg Ci/1 400
3. Calcium mg Ca/l 250
4. Substances extractable mg/l dry residue i
in chloroform
5. Boron pg Byl 2000
6. Barium ug Ba/l 1000
7. Benzo 3.4 pyrene ng/ 10
8. Tetrachloromethane ug/!l 3
9. Trichloroethene ug/l 30
10. Tetrachloroethene ug/! 10

Notes (i) See regulation 3(6).
(ii) Analysis by multiple tube method.

TABLE D(i)

Item Parameters Units of Measurement Maximum Concentration or Value

1 Conductivity pSjecm 1500 at 20°C

2. Chloride mg Ci/1 400

3. Calcium mg Ca/l 250

4. Substances extractable mg/l dry residue i

in chloroform

5. Boron pg B/l 2000

6. Barium ug Ba/l 1000

7. Benzo 3.4 pyrene ng/ 10

8. Tetrachloromethane ug/!l 3

9. Trichloroethene ug/l 30

10. Tetrachloroethene ug/! 10

Note: (i) See regulation 3(3)(d).

TABLE E
Item Parameters Units of Measurement Minimum Concentration(i)
B Total hardness mg Ca/l 60
2. Alkalinity mg HCO,/l 30

Note: (i) See regulation 3(2).






Chapter 5

CONTROL OF DANGEROUS
SUBSTANCES IN UK SURFACE
WATERS

T F Zabel (Water Research Centre, UK)

ABSTRACT

The Environmental Quality Objective (EQO) approach is being widely applied
in the UK for the control of discharges to surface waters. The basis of the
EQO approach is the definition of beneficial uses of fresh and saline waters
and the setting of Environmental Quality Standards (EQSs) to protect the
uses with consent conditions for discharges being set so as to meet the
relevant EQSs in the receiving waters. However, in response to the Ministerial
Conference on the Protection of the North Sea in 1987, the UK has adopted
the dual approach (applying uniform emission standards (UESs) and EQSs
whichever are the more stringent) for the control of particularly dangerous
“Red List” substances. The paper describes the approach adopted in the UK
for the control of dangerous substances, with special emphasis on the control
of the “Red List” substances, and the procedure used in the UK for deriving
EQS values and for setting limit values for effluent discharges to meet the
EQSs in the receiving waters.

1. INTRODUCTION

Although legislation to control pollution of surface water dates back to the
Public Health Act of 1875, which made it an offence to pollute certain waters,
the EC Directive on the Control of Dangerous Substances (76/464/EEC)
has been the most far-reaching measure to achieve a reduction or elimination
of pollution of surface waters by dangerous substances (CEC 1976). This
paper summarises the legislation adopted in the UK to control pollution
and discusses the approaches used in the UK to control the discharge of
dangerous substances to the aquatic environment.

2. UK POLLUTION CONTROL LEGISLATION

In the UK, Parliament adopts the enabling legislation to control pollution
including discharges to sewers. The legislation provides the general
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framework for controls and gives the Secretary of State for the Environment
the power to issue orders giving instructions for the implementation of the
legislation. The orders are issued as commencement orders or ‘statutory
instruments’. The procedure for changing laws in the UK is to repeal certain
sections of existing legislation and to issue new legislation in Acts of
Parliament. Thus some sections of the Public Health Act 1875 which
controlled discharges to surface waters are still in force whereas most
sections have been superseded by new Acts, the most important of which
are the Control of Pollution Act 1974 and the Water Act 1989. Similarly,
although the control of discharges to sewers refers back to the Public Health
Act of 1936, most of the provisions in the Act have been superseded by the
Control of Pollution Act 1974 and the Water Act 1989.

The Control of Pollution Act 1974 strengthened the provisions for the control
of pollution, in particular the control of discharges to estuarine and coastal
waters. The consent conditions for discharges to surface waters and the
monitoring data were made available for public scrutiny. The data can be
used by the public to initiate prosecutions. Applications for new consents
need to be advertised allowing objections to be raised to the consent
conditions proposed.

The Water Act 1989 set up the National Rivers Authority in England and
Wales which now has the responsibility for the monitoring of discharges to
surface waters, both those from the newly privatised water companies and
industry (previously the treatment of wastewaters and the monitoring
functions were carried out in England and Wales by the same organisation,
the Water Authorities). The Water Act 1989 also requires the National Rivers
Authority to define statutory quality objectives for all surface waters. In
Scotland the treatment and monitoring functions have been separate since
1951 with the Regional Councils being responsible for treatment and the
River Purification Boards for the monitoring.

The use-related EC directives, eg for the abstraction for drinking water (75/
440/EEC) (CEC 1975), were implemented in the UK by administrative action
which involved the Department of the Environment (and/or the Welsh Office
and the Scottish Development Department) writing to the responsible bodies
(at the time Water Authorities in England and Wales and River Purification
Boards in Scotland) advising them on the contents of the directives and the
actions necessary to comply with them. In Northern Ireland, the Department
of Environment for Northern Ireland is itself the responsible body.

As the Dangerous Substances Directive (CEC 1976) is essentially an enabling
directive, no immediate requirements to comply were needed. However,
following the publication of several ‘daughter’ directives for individual
substances and the setting of environmental quality standards (EQSs) in
the UK for several List II substances, the Department of the Environment
and the Welsh Office published in 1985 a circular (DoE 1985) which advised
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the responsible authorities at the time (the Water Authorities in England
and Wales) of the content of the Dangerous Substances Directive and the
‘daughter’ directives then published. The circular also implemented the
standards laid down in the directives and those agreed nationally for the
List II substances (arsenic, chromium, copper, inorganic lead, nickel and
zinc). A similar circular was issued by the Scottish Development Department
to the River Purification Boards in Scotland (SDD 1985). This DoE circular
has recently been superseded by the updated Circular 7/89 (DoE 1989)
implementing all directives adopted so far for List I substances and EQSs
for an additional six List II substances or groups of substances (vanadium,
boron, organotins, mothproofing agents, pH and iron).

3. THE ENVIRONMENTAL QUALITY OBJECTIVE (EQO) APPROACH

The EC Dangerous Substances Directive (CEC 1976) provides two alternative
approaches for control, the uniform emission standard (UES) or limit value
approach and the environmental quality standard (EQO) approach.

The EQO approach has been generally applied in the UK for the management
of discharges to surface waters. The EQO approach is based on the premise
that a minimum acceptable concentration of a pollutant can be defined
which does not interfere with the use of the water. This premise does not
hold for certain particularly dangerous compounds, which require different
control strategies. For instance, DDT control demands prohibition of use or
total ban on discharges (complete recycling or destruction).

A distinction has to be made between EQOs and EQSs. The EQO defines the
use for which the water is intended (eg abstraction for drinking water) whereas
the EQS specifies the concentration of the substance which should not be
exceeded to protect the particular use of the water. For example, in the
Abstraction for Drinking Water Directive the EQS for nitrate is 50 mg/1.

In the EC Dangerous Substances Directive environmental quality standards
(EQSs) are described as environmental quality objectives (EQOs). This has
led to confusion as quality objectives are viewed by those countries which
opted for the limit value approach as long-term goals demanding very low
standards and not as in the UK for setting consents for discharges.

To apply the UK EQO approach, the different uses of water need to be
defined and standards, in terms of the maximum acceptable concentration
of the particular contaminant, must be derived. These concentrations must
be low enough to protect the water’s uses by taking into account the
vulnerable targets requiring protection: man, his food sources or other living
organisms. The standards can then be used to derive consents for individual
discharges, taking into account the dilution in the receiving water, but also
the concentration of the substance already present in the receiving water
from other sources. The EQO approach can deal with diffuse inputs and
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can be used to control multiple point sources. It also makes proper use of
the receiving water capacity. The common uses of both fresh and saline
waters have been defined (Mance 1984), taking into account the use-related
directives adopted by the EC (eg the Abstraction to Drinking Water Directive
(CEC 1975) and the Freshwater Fish Directive (CEC 1978), Table 1.

Table 1. Designated uses of surface waters for the derivation of EQS values

Use Freshwater Saline
vater

For direct abstraction to potable supply

For abstraction into impoundment prior to potable supply

As a source of food for human consumption

Protection of fish and shellfish

Protection of other aquatic life and dependent non-aquatic
organisms

Irrigation of crops

Watering of livestock

Industrial abstraction

Bathing and water-contact sports

Aesthetic considerations

NN NN
N

NN N N N N
NN NN

- Not applicable

In practice, however, the setting of a reliable EQS for all water uses is
frequently not possible as the information on harmful effects is often limited.

4. DERIVATION OF ENVIRONMENTAL QUALITY STANDARDS (EQSs)
Figure 1 illustrates the approach adopted for the derivation of EQSs in the UK.

Available data on the toxic effects, both from laboratory studies and field
observations, are critically assessed. Particular attention is paid to the
experimental test method used.

The lowest credible adverse effect concentration is derived from the available
toxicity data. Particular emphasis is placed on chronic effects noted after
long-term exposure, or exposure effects at specific sensitive life stages of
the target species. A safety factor is then applied to obtain a tentative EQS,
which depends on the quality and extent of the available toxicity data. If
only acute (short term) LCs, values are available, an arbitrary safety factor
of 100 is usually applied. This factor tends to be reduced to 10 if chronic
LCs, data are available for sensitive species. For some substances, ‘no effects
concentrations’ (NOEC) are reported for long-term chronic studies. These
values may be used as tentative standards without applying a safety factor,
provided the test design is acceptable, and that they refer to relevant species
and are supported by the other data available.

The tentative EQS derived from the laboratory toxicity data is verified by
comparison with the available field toxicity data, taking care to distinguish
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Collate published

information on
’ toxic effects

Under laboratory conditions Based on field observations
Assess scientitic competence Assess scientitic competence

identify lowest credible
adverse effect
concentration(s)

Apply safety factor

\ J
Tentative EQS ——————————— Compare with published

T field data
Yes +

R < Any anomalies
information

No

Valid criticism -———————————— Circulate tentative EQS for
comment to relevant
authorities

No valid criticism

Probationary EQS

Figure 1. Schematic flow chart for the derivation of environmental quality standards.

between the effects of the particular compound and those of other potentially
toxic compounds present. It is important to compare the tentative EQS
with the highest observed concentration which has no effect on the
ecosystem, rather than with the lowest concentration which does have an
effect. Any discrepancies between the field data and the tentative EQS require
the reassessment of the available field and laboratory data and, if necessary,
the application of a different safety factor.

The setting of EQS values relies heavily on knowledge of bioaccumulation
and toxicity effects. This information is often incomplete and depends on
interpretation. The field data are often inadequate, especially for the less
frequently occurring organic compounds, to verify the tentative EQS derived
from the laboratory data. The application of safety factors must therefore
take account of the different toxicities and actions of the chemicals on the
target organisms and the quality of the toxicity data available.

When deriving EQS values for substances which are designed for a specific
purpose, such as pesticides, it is particularly important that toxicity tests
are available for the target species as the sensitivities of different taxonomic
groups to these compounds vary widely.
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Figure 2 shows the wide range of concentrations of tributyltin (TBT) which
have caused adverse effects in different species (Zabel et al 1988).

Solea solea
Atburnus albumus
Fish ———— -
Agonus cataphractus
—_—
(Crassostrea gigas
Ostrea edulis
Molluscs ==
| Nucelig lapitius
Mytilus edulis
| Venenpis de_cugsala | venerupis semilecussata
{ Gammarus oceanicu$
| Acartia torisa
Balanus balanoi
Crustacea “ idos
Elminius modestus
Orangon crangon
|Nitrocra spinipes | Rhithropanopeus
Enteromorph intestinalis harrisii
Paviova lutheri
Algae Dunaliehia tertiolecta
keletonema costatum
| Thalassiosira pseuddnana
1 10 100 1000 10 000

Figure 2. Concentrations of TBT in ng/1 reported to have caused adverse effects.

TBT is designed as an anti-fouling treatment and is therefore targeted at
molluscs and algae, which are much more sensitive to TBT than the non-
target fish species. However, there is also a wide range of sensitivities for
different species of the same taxonomic group, and it is therefore important
to collect data for more than one species.

Bioaccumulation is another important parameter for assessing ‘safe
concentrations’in the environment since some compounds can be selectively
retained in the living tissue of animals and plants. These compounds can
cause direct effects on the target organism, or they may be transferred via
the food chain to other organisms. They can also lead to discoloration or
tainting of the tissues, making them unacceptable for human consumption
or causing their rejection as food by higher organisms.

Bioaccumulation was utilised in the derivation of the marine environment
EQS for TBT. The correlation between the incidence of imposex (caused by
growth blocking the pallial oviduct of females, preventing the release of
eggs and causing premature death) in the dog whelk, Nucella lapillus, and
the corresponding TBT tissue concentrations was determined. The
bioaccumulation factor was used to determine the water concentration which
would produce an insignificant increase in the occurrence of imposex. This
water concentration was similar to the tentative EQS derived by applying
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an arbitrary safety factor of 10 to laboratory toxicity test results. It was
thus possible, using bioaccumulation, to verify the tentative EQS.

When setting EQSs, it is important to establish whether the standard should
be set as total or dissolved concentration or, as in the case of ammonia, the
un-ionised species. This approach requires a knowledge of the speciation
of the compound in the environment, and is of particular importance for
inorganic compounds. For organic compounds, the EQS tends to be
expressed as total concentration.

A decision has also to be made on the degree of compliance required for the
standard to protect the use. The options include:

— 100 per cent compliance (maximum allowable concentrations)
— 95 per cent compliance (5 per cent exceedance can be tolerated)
— 50 per cent compliance (annual mean concentration)

The decision depends on the source of the substance and on the difference
between acute and chronic toxicities.

Table 2 shows the List Il substances for which EQS values have been adopted
in the UK and another 11 compounds which are currently under discussion.

Table 2. Substances for which EQS values have been published

Substances WRc report number
TR
Chromium 207
Inorganic lead 208
Zinc 209
Copper 210
Nickel 211
Arsenic 212
Vanadium 253
Organotins 255
Boron 256
Iron 258
pH 259
Mothproofing agents 261
Substances currently under discussion
Inorganic tin 254
Sulphide 257
Ammonia 260
Trichlorobenzenes
Dichlorobenzenes
Monochlorobenzene
Xylenes
Toluene
Benzene
Atrazine

Simazine
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The rationale for the different standards for the individual substances is
provided in the appropriate Water Research Centre Technical Reports. The
same methodology is also being applied to derive Preliminary Environmental
Quality Standards (PEQSs) for those ‘Red List’ substances (see Section 5)
for which EQS values have not yet been adopted. The standards adopted
are periodically reviewed based on new information published in the
literature. Currently the standards set in 1984 for the six List II metals
(arsenic, chromium, copper, lead, nickel and zinc) are being reappraised.

5. CONTROL OF PARTICULARLY DANGEROUS ‘RED LIST’
SUBSTANCES

By insisting on applying the EQS approach to the control of dangerous
substances, whereas the other EC Member States opted for the uniform
limit value (UES) approach, the UK has been accused of being lax on the
control of environmental pollution. This is partly based on the misconception
that the EQS is being used to allow discharges to utilise the full capacity of
the receiving water. In reality the EQS is used by the controlling authority
for estimating the upper limit for a consent and, more importantly, as the
indicator of acceptable water quality for a specified use-a factor which is
not included in the UES approach. In practice the controlling authority is
likely to restrict the discharge for a new site to less than 20% of the residual
available capacity to minimise the potential impact on the receiving water.

In its report on the EC ‘framework’ Directive, the House of Lords Select
Committee on the European Communities suggested that Member States
should re-examine the alternative use of limit values and quality objectives
(House of Lords 1985). This proposal was endorsed by the House of Commons
Select Committee on the Environment (House of Commons 1987).

In the Ministerial Declaration following the Second Ministerial Conference
on the Protection of the North Sea held in November 1987, the UK agreed to
apply the dual approach to the control of certain particular dangerous
substances (DoE 1987). The proposal recommends:

— identification of a limited range of the most dangerous substances based
on scientific criteria—the ‘Red List’

— setting of strict environmental quality standards for all ‘Red List’
substances

— progressive application of emission standards based on the concept of
‘best available technology not entailing excessive costs’ (BATNEEC) for
the control of direct discharges of ‘Red List’ substances.

The aim of the new proposals is that an effluent containing ‘Red List’
substances will have to meet industry-wide effluent standards as well as
the EQS for the receiving water to ensure that the effluent discharged does
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Table 3. UK ‘Red List’ substances

EC Directive adopted
(List I status)

Mercury

Cadmium
*gamma - hexachlorocyclohexane (lindane)
*DDT
*Pentachlorophenol (PCP)
Hexachlorobenzene (HCB)
Hexachlorobutadiene (HCBD)
*Aldrin
*Dieldrin
*Endrin
*PCB (Polychlorinated biphenyls)
*Tributyltin compounds
*Triphenyltin compounds
*Dichlorvos
*Tricluralin

1,2 Dichloroethane
Trichlorobenzene
*Azinphos-methyl
*Fenitrithion
*Malathion
*Endosulfan
*Atrazine
*Simazine

I T

* Substances which enter the environment predominantly by indirect routes

not cause adverse effects. Best available technology will initially be applied
to new and refurbished plants handling any of the 23 ‘Red List’ substances
given in Table 3 (DoE 1989).

In accordance with the Ministerial Declaration the UK has also undertaken to
reduce inputs of the ‘Red List’ substances to UK coastal waters by about 50%.
This might be achieved by applying strict EQS and limit values, but could also
involve additional control measures such as reduction in use, particularly for
diffuse inputs. The UK has initiated a monitoring programme to determine the
baseline load discharged to provide proof for the success of the reduction
programme. Work is also in progress to identify the major sources of ‘Red List’
substances. The information will be used to develop action programmes to
achieve the desired reduction of approximately 50% by 1995.

Her Majesty’s Inspectorate of Pollution (HMIP) is responsible for developing
‘BATNEEC’ for specified industries based on the integrated pollution control
(IPC) concept. The aim of this approach is to minimise pollution of all
environmental compartments by making the same authority responsible
for controlling discharges to all three environmental compartments (air,
water, soil). Consents for discharges to water will be derived in consultation
with the National Rivers Authority to ensure that the EQS values in the
receiving water are not exceeded.
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6. CONCLUSIONS

— The control of dangerous substances in the UK is based on the EQO/
EQS approach which involves setting appropriate standards to protect
the different uses of water.

— The EQS values are used to derive consents for discharges taking into
account the concentration of the substance already present in the
receiving water from diffuse and other point sources.

— For particularly dangerous substances, the ‘Red List’, the UK has adopted
the dual approach of control using limit values based on BATNEEC and
EQSs whichever are the more stringent.

— For the control of ‘Red List’ substances, the integrated pollution control
(IPC) approach is being applied in an attempt to deal with the cross-
sectoral aspects of waste disposal. The effects on all three environmental
compartments are being assessed when issuing a consent for a particular
process.

— The aim of the quality objective approach is to move progressively towards
higher goals, including the minimisation of inputs of the most dangerous
substances to the aquatic environment, taking advantage of technical
advances where practical.

— The quality standards are viewed as the minimum to be achieved and
the aim is for a quality as well within that standard as possible. The
standards must not be used to relax the control of discharges simply
because the standard is easily met.

REFERENCES

COUNCIL OF EUROPEAN COMMUNITIES (1975) Council directive concerning the quality required
of surface water intended for the abstraction of drinking water in Member States (75/440/EEC), Official

ournal 1194, 25 July.

COUNCIL OF EUROPEAN COMMUNITIES (1976) Council Directive on pollution caused by certain
dangerous substances discharged into the aquatic environment of the Community (76/464/EEC), Official
ournal 1129, 18 May.

COUNCIL OF EUROPEAN COMMUNITIES (1978) Council Directive on the quality of freshwaters
needing protection or improvement in order to support fish life (78/659/EEC), Official Journal 1.222, 14
August.

DEPARTMENT OF THE ENVIRONMENT AND WELSH OFFICE (1985) Water and the environment.
Circular 18/85 (Circular 37/85 Welsh Office), 2 September.

DEPARTMENT OF THE ENVIRONMENT (1987) Ministerial Declaration, ‘Second international
conference on the protection of the North Sea’, London, 24-5 November 1987.

DEPARTMENT OF THE ENVIRONMENT AND WELSH OFFICE (1989) Water and the environment.
Circular 7/89 (Circular 16/89 Welsh Office) 30 March.

DEPARTMENT OF THE ENVIRONMENT (1989) Agreed ‘Red List’ of dangerous substances confirmed
by the Minister of State (Lord Caithness). News Release 194, DoE, Marsham Street, London, 10 April.
HOUSE OF COMMONS SELECT COMMITTEE ON THE ENVIRONMENT (1987) House of Commons
Session 1986/87. 3rd Report from the Environment Committee (HC 183). HMSO, London.

HOUSE OF LORDS SELECT COMMITTEE ON THE EUROPEAN COMMUNITIES (1985) Dangerous
substances-Session 198485, 15th Report. HMSO, London, 23 July.




CONTROL OF DANGEROUS SUBSTANCES IN UK SURFACE WATERS 53

MANCE G (1984) Derivation of environmental quality objectives and standards for black and grey list
substances. Chem Ind (London), 509.

SCOTTISH DEVELOPMENT DEPARTMENT (1985) Implementation of EC Directive 76/464/EEC:
Pollution caused by certain dangerous substances discharged into the aquatic environment of the Community.
Circular 34/1985, 29 November.

ZABEL T E, SEAGER J and OAKLEY S D (1988) Proposed environmental quality standards for List II
substances in water: organotins. Water Research Centre Technical Report TR 255, Medmenham. March.






PART i

Design and construction
of plant






Chapter 6

THE GREATER LYON EMERGENCY
WATER INSTALLATIONS

M Delaye and C Abgrall (Compagnie Générale des Eaux, Lyon,
France)

THE VULNERABILITY OF THE LYONS CONURBATION

Greater Lyons is supplied with practically the whole of its drinking water from the underground
river situated beneath the River Rhone. A huge area of 300 hectares, located North-East of
Lyons and 5 kilometres from the Place Bellecour, contains over 130 wells in operation; water
infiltrates from the river and alluvial deposits, which possess excellent filtering properties,
ensure that this water is purified by a natural process.

Correct operation of this water catchment system is thus highly dependent on the quality of
water from the River Rhone, and could be endangered by any accidental dumping of chemicals
in the river. It is common knowledge that the risk of this type of accident cannot be completely
excluded.

Alarm station

Water intake

Treatment

plant Drainage pipe

Lifting
station
e
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THE DECISION TO CONSTRUCT EMERGENCY WATER INSTALLATIONS

For this reason, in 1984 the Greater Lyons Council decided to set up emergency resources,
which would make it possible to interrupt pumping operations in the catchment area during
the passage downriver of the pollution slick. The capacity of the emergency water installations
(150,000 cubic metres/day) was defined following studies carried out on the risks of pollution
and the corresponding durations of interruptions to water gathering operations, it being
understood, that low-priority water consumation (for the purposes of watering, road washing
etc...) will be suspended during the passage downriver of the pollution.

Amongst the different solutions examined, that involving treatment of water from Lake Miribel-
Jonage quickly emerged as the best choice, from both a technical and economic standpoint.
This lake, recently created, is a result of careffully-coordinated extraction of alluvial deposits
as part of a project for the development of a site for leisure activities. Located to the North-
East of Lyons, it features a capacity of 7 000 000 cubic metres (which will eventually be
increased to 12 000 000 cubic metres) of water with highly satisfactory bacteriological and
chemical characteristics.

Given the geographical location of the lake, the logic behind the project is quite straightforward:
Untreated water is drawn from the South-West side of the lake, and sent by a pumping-
station along a pipe 1,10 metres in diameter to the treatment-plant, which is located in
Rillieux, next to the Miribel canal. Treated water is returned to the catchment field pumping
network, which means that the primary pumping installations of the conurbation can be
used.

The development of this project was entrusted to the “Compagnie Générale des Eaux”, as
part of a concession agreement for construction and operation of the project.

TREATMENT PROCESS

The treatment process is of course adapted to suit characteristics of lake water.

The Rillieux plant is thus the first installation of its size to use the ozoflotation technique
developed by OTV, which is particularly suited to eliminating algae and other suspended
particles: although Lake Miribel does not for the time being give rise to any worries on this
account, algae development remains a constant threat to lake water.

This process, which is carried out at the start of treatment operations, comes after flocculation
with ferric chloride followed by flash mixing. The principle is as follows (see diagram below).
Water overflow into the ozonation compartment: porous plates diffusing ozone are swept
along by a stream of water, causing tiny bubbles to be created. This tiny bubbles are dragged
into the second compartment (flotation compartment), trapping a very hight proportion of
floating particles and ensuring optimum ozone transfer. The treated water exits from base of
the flotation compartment and rejoins the outlet channel.

Periodic evacuation of impurities is carried out by raising the level of the water and using a
transversal stream of water to sweep away the foam.

The water is subsequently filtred by a battery of 9 twin-layer “anthracitesand” filters, after
which it undergoes a final ozonation process before entering the two 3 000 cubic metre tanks
for treated water. These tanks constitue the buffer storage of the installation and are used for
bash washing the filters as well as for immediate start-up of the treatment plant.

Sludge coming from the ozoflotation process and from the filters is treated with the aid of a
revolving blade thickener/clarifier followed by a belt-filter; this process makes it possible to
reach a dry content value of over 25 %.

One aspect related to the production of ozone is worthy of note: the ozone used here is
produced not from air but from pure oxygen, via a battery of two ozonizing devices.
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This original solution, which makes for easier start-up of the plant, is particulary suited to an
emergency installation destined for sporadic use.

OPERATION OF THE PLANT

To guarantee perfect reliability-a vital objective for emergency equipmentthe installation will
operate four times a week in normal conditions. In addition, a water recirculation system has
also been developed, enabling the plant to operate using its own water; this is to ensure that
the processed water stored in the thanks remains at an optimal level of quality and to authorise
the immediate start-up of supply by the plant.

The speed of operation of this type of emergency installation is obviously of the utmost
importance. In the event of pollution, the Rillieux plant, which is completely automated, will
be put into service by remote-control from the central Croix-Luizet Station, which also controls
the other production installations and the pumping-stations.

Accidental pollution will be detected by a warning station equipped with continuous analysers,
located in Jons (20 kilometres upstream of the catchmen area). The presence of this station
however serves only to complement the usual channels for transmission of an alert which will
signal the presence of pollution before it reaches Jons.

Collaboration with industrialists, which began at the moment of initial risk studies, is thus
bound to continue. Such collaboration will also make it easier to handle crisis situations,
thanks to an improved knowledge of possible polluants and the fact that the various
participants have been made aware quickly and precisely.

In conclusion, the development of the Rillieux emergency plant undoubtedly constitues a
major step forward regarding a reliable supply of drinking water for the Lyons conurbation. A
technological first thanks to its ozoflotation process it represents a break—for reasons of
safety—with an age-old tradition in Lyons, namely the exclusive use of underground water.



Chapter 7

EXPERT SYSTEMS FOR THE
EXPLOITATION OF A PURIFICATION
STATION: ORAGE (COMPUTER AID
FOR THE MANAGEMENT OF
PURIFICATION)

M Mansat (Greater Lyon Council, Lyon, France)

Purification Station of MEYZIEU belonging to
the LYON Metropolitan Authority

Since its creation in 1969, the Sanitation Department of the Lyon Metropolitan
Authority (COURLY) maintains preferential deelings with OTV Company (Omnium
of Treatment and Valorization), a branch of the General Company of Water (C.G.E).

This Company has indeed co-operated in the building of two important purification
stations of Courly:

— ST FONS on the left bank of the Rhoéne river (700 000 Eq/inhab.)

— PIERRE-BENITE on the right bank of the Rhéne (475 000 Eq/inhab.).

OTV is also running, on behalf of the Sanitation Department and together with BTA
Company, the purification Station of ST FONS.

Moreover, in 1988, OTV had been choosen as the pilot of a group including CGEE
for Electricity and MAIA-SONNIER for civil engineering and in charge of the building
of a new purification Station in MEYZIEU.

The filling of this station (capacity of 35 000 Eq/inhab. with a possibility of extention
to 50 000 Eq/inhab.) has been done by the end of 1989.

This plant, modernly conceived and highly automated, has:

e a classical pre-treatment,

* a primary treatment made up of 2 lamellar decanting machines,

* a biological treatment with 4 underwater bacterial filters made by OTV
and called BIOCARBONE.

The mud treatment is done via a thickening machine and 2 strip-filters aiming at
desiccating muds before their dispatching to the purification station in PIERRE-
BENITE where they will be burnt.

Moreover, the Sanitation Department, aiming at a strict management, tries to find
means of curbing expenses at best and in particular its development problems.

So it was a good opportunity for innovating in the field of purification stations
development, by putting together all skills of both OTV and COURLY’S Sanitation
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Department, the first one regarding technology and purification engineering and
the latter for management and running of the Sanitation network and Stations.

That’s why, it came from a common agreement to set up, on the purification Station
in MEYZIEU, an expert system which helps in taking decisions.

The Sanitation Department scope of powers:

With an annual budget of about 500 MF and a manpower of 625 persons, the Sanitation
Department gets all powers regarding Sanitation on COURLY’S area:

— surveys and plans,
—  building of networks and purification stations
— development of the network and purification stations.

In that way, it has to administrate:

— 2200 km of unitary collectors, including 700 km which can be inspected,

— 25 stations for the pickup of waste water,

— 9 purification stations representing a total capacity of about 1 500 000
Eq/inhab.

Why implementing an expert system?

To help its management, the Sanitation Department developed a special system to:

— curb and reduce operating costs,
— widen its knowledge about existing equipments and improve the ability of
dealing with rainy periods.

These tools are:

— a mathematical device (SERAIL), allowing the rekoning of theoretic flows
in every point of the Sanitation network during rainy periods of a given
intensity,

— acomputer file mentioning all manufacturers and their present or possible
rejections in the network,

— an urban data base (SUR: Urban Reference System),

— ateleprocessing system for purification and pickup stations to which are
given all pluviometric and exploitation measures,

— an analytic accountancy for calculating cost prices and ratios.

However sophisticated and performing tools may be, their implementation and use
lead to two findings:

1) The knowledge about the network and stations operation has improved a
lot but there are few or no means of having a rational influence on them:
Storm Spillways are not, or slighthy, automated and present manufactured
purification stations are not equipped with machines fitted to modify their
output and their impact on natural environnement.

2) Information, measures and signs devices deliver so much data that it is
impossible for the operating man to collect them all at a precise moment
and then, even if he got them, he wouldn’t have enough intellectual
capacities to do the treatment and synthesis.

That’s why in the purification station of MEYZIEU—which is equipped with the
necessary machines able to modify its output and impact on environnement—it was
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decided to set up an expert system that will give the operating man, thanks to its
computation power and its swiftness in synthesizing information, necessary elements
to make the managing decisions.

Summary description of the station in Meyzieu (See diagram).
I— PART OF THE EXPERT SYSTEM:

Using a classical screen and a keyboard, the operator simulates the evolution of
the station state for a day, a week or more.

The operator must give the following information to the system:

— the beginning date of simulation,
— scheduled precipitation (date, hour, intensity)
— number of decanting machines, biocarbone filters and strip-filters in use.

At first, the system displays on the screen the following graphs, according to the
time (hour by hour and day by day):

— flow at the station entrance

— BOD, COD and MS concentration in primary water, decanted water and
treated water

— Mass of mud in the thickening machine

— Dates and hours when to do the washing of each biocarbone filter

— Operating duration and frequency of mud dehydration (and number of
machines to be used simultaneously or not).

From these graphs, the operator can do, in a second time, simulations which will
allow a better management of the station.

For each simutation, the same graphs-as above mentioned-will be displayed on the
screen.

Thus, the operator can on demand:

¢ Simulate a bypass of primary water or decanted water (the bypass opens
from O to 100 %).

e Simulate a stop (for maintenance, saving or lack of manpower) of 1, 2, 3
or 4 biocarbone filters, a lamellar decanting machine, 1 or 2 strip filters.

¢ Simulate an additional feed of water or pollution in the station.

According to the results given by the system during simulations, the operator can
be led to take the following decisions:

— to manage the available manpower according to circumstances: cleaning
out or dehydration tasks on most favourable dates;

— to manage the washing of filters or to carry out “mini-wasking” at most
propitious dates and hours: electricity costs, sanitation output, etc...

— to manage the maintenance of the constituent elements of the station: a
decanting machine stop for maintenance, a strip—filter stop, etc...

— to be able to know, at any time and according to the pluviometry, on one
hand which flow must be treated biologically and on the other hand by
primary processing to respect the rejection standards;

— to stop or set in action some biocarbone filters, some decanting machines,
to open or shut more or less bypasses in order to save in particular the
electrical energy consumption and also to change the purification ouput of
the station according to the state of the river;
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— to avoid the muds to stay too long in the thickening machine and therefore
the emission of bad odors;

— to carry out the muds dehydration when they can be conveyed quickly to
the purification station in PFERRE-BENITE to be burnt and when the furnace
capacity is enough to receive them without any problem.

II— TECHNICAL DATA:

— a PS 2 IBM computer Model 70 with a keyboard
— number of rules: 100
— software: OTV—Inference motor NEXPERT (Neurone—Data)

Except the rules’ base of a classical expert system, algorhythms were drawn up by
OTV Company. These algorhythms link entries and exits of the different plant’s
constituent elements (decanting and thickening machines, biocarbone filters). For
example, in a biological treatment: to a given entry (flow, MS, BOD, COD) and a
given clogging of the filter, you get a corresponding exit, and it occurs a given
additional clogging.

III— FIGURES AND INFORMATION GIVEN TO THE SYSTEM:

When the system was first set up, due to a lack of measures really done, only the
following graphs were entered in the system memory:
— flow=f (t) according to the weekday and a given intensity rain

* It is presently possible because the sanitation station of Meyzieu receives water
from only one basin, of small capacity and relatively homogeneous.

- BOD, COD, SM pollution=f (t) according to the weekday and the rain.

These graphs are made out from statistics realized thanks to real measures taken
on the network leading to the station.

Later on, the attribute of an expert system aiming at the data base development,
the station collectors will improve graphs by giving real figures on flow and pollution.

Here are the scheduled collectors:
— Decanted water temperature
— Decanted water COD
— Treated water COD
— Primary water COD
— Decanted water SM
— Treated water SM
— Primary water SM
— Concentration of drawn off muds
— Concentration of thickened muds
— Mud film in the thickening machine
— Flow of Jonage Canal (river where the reject is done)

— Flow measure of primary water
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— Flow measure of water accepted in primary treatment
— Flow measure of water accepted in biological treatment.

FUTURE PROSPECTS:

* The expert system set up in Meyzieu works most certainly on figures based on dry
and polluted period flows that can be considered as reliable because they are
established from statistics and real measures.

However, the influence of pluviometry on these values can’t be determined in
advance. The operator can only give, manually to the system, short term and relatively
uncertain weather forecasts.

Later on, the use of radar will allow future projections to be more strict and more
reliable.

— Moreover, we can expect that the implementation of the first system in the
purification station of Meyzieu will be followed by others in the 8 remaining plants
of COURLY.

It will be a means to manage the whole sanitation network, to privilege or not some
feeding basins rather than others, in order to reduce the running cost and have a
better control over rejection in natural environment.

The increasing control over the management of purification stations and storm
spillways and the continuous and immediate knowledge about the pollution released
in the environment, should prompt official authorities (Shipping Department, Basin
Agencies, etc...) to modify the rejection standards dictated to operators in sanitation
networks. It seems indeed rational to have an optimum output in purification when
the river receiving the reject is at its lowest level and though purification performances
can drop when the river is in spate.

Finally, for the conception, realization and adjusting of this expert system, the OTV
Company and the Sanitation Department of COURLY have done great financial
and intellectual investments.

It would be a pity to keep this expert system confidential and without evolution;
therefore, OTV and the Sanitation Department of COURLY have set up an Economical
Interest Group (GIE) which goals are:

— to promote this kind of system in other purification stations either in
France or abroad;

—  to help the operators in defining their needs, in conceiving and adjusting
this system helpful in taking decisions.
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Chapter 8

APPLYING TECHNOLOGY TO THE
BOTTOM LINE IN A PRIVATISED
ENVIRONMENT

A E White (Biwater Ltd, UK)

State-of-the-Art Engineering in the Public Sector has often become a
necessity to preserve Pride of Place

A 25,000 m3/day treatment works, with similar influent and effluent,
designed and constructed in the North of England can cost 50% of the cost
of a plant of identical capacity in Southern England and vice versa.

The difference in cost in this hypothetical, but real, example is the approach
by the Engineer/Architect. Leaving aside the cost of delay of a possible 12
months caused by a ‘one off’ design, it is still the case today that many
projects are costly because they become monuments to the Engineer
responsible. This approach is fostered and encouraged indirectly by our
own Institution whose ‘isit to a works’ such as that proposed for this
afternoon, can foster an excellence of construction and finish, coupled with
the latest ‘state of the art’ technology, way out of commercial reason and
justification.

The privatised, competitive environment will not permit Engineers to
build bridges with supports at one metre centres in titanium

Consulting Engineers cannot escape similar criticism where over—
engineered design means self protection beyond that required by technical
engineering prudence.

Water and sewage treatment plant buildings, when designed by Architects,
have, on occasions, emphasised standards of finish appropriate to new
General Hospitals. This is not only unnecessary but unforgiveable especially
when it is at the expense of mechanical equipment in the ‘operating theatre’.

There will be few engineers here today who will not be able to point to
examples in their own Authorities or Company where ‘appearance and
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technical excellence’ is out of step with commercial reality. Covering rapid
gravity filters, tiling of pumping stations, and concrete in preference to
steel must become cost effective as well as technical niceties.

New technology in a fiercely commercial environment will introduce value
engineering on a new scale

We are now in a fiercely commercial environment not because we have a
competitor, as the monopoly is still intact, but when a neighbouring Water
Company Ltd is supplying its consumers with water at half the tariff of an
Authority plc, questions will be asked not only by the consumers but by
shareholders.

The introduction of a “fully automated works” or “total telemetry” will now
only proceed if the ‘rate of return’ on the capital required can be justified
over that for a manual or semi-manual operation. Can we, as Engineers,
use our skills, not to provide that which is technically best but to provide a
safe minimum of technical design that we can justify both in terms of safety
and cost.

We have accepted plastic technology as a cheaper alternative to steel or
iron but as engineers this still took some swallowing and has taken nearly
20 years to be fully accepted.

Ours is an old fashioned industry and change does not come easily especially
where our consumers’ health is at risk but today we need to lead with the
implementation of new technology.

Capital needs to be conserved and its expenditure fully justified which should
catapult our conservative industry into leading with new technology where
capital or running costs can be safely cut.

Costs per capita will introduce financial engineering as the first criteria
for designs which are required to meet only the minimum environmental
standards of the day.

Exporting engineers and contractors have had to demonstrate talents for
financial engineering to enable their clients to not only have the most
attractive offer but often to enable their Clients to proceed at all.

Technology can enable financial engineering to give a third world client a
more expensive plant at a cheaper price e.g.

The same Treatment Plant:
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(a) (b)
80% imported UK steel & 20% imported UK steel &
machinery machinery
20% concrete 80% concrete
1 million cost 800,000 cost
Financed as follows: (a) (b)
Grant Aid 35% of UK element 280,000 56,000
ECGD Guaranteed loan 65% of
UK element 520,000 104,000
Local costs 200,000 640,000
1,000,000 800,000
less Aid Grant 280,000 56,000
cost to client 720,000 744,000

The same balance of technology versus finance will be applied increasingly
in the UK and eventually throughout Europe where a ‘commercial return’
versus the required environmental standard will become the order of the
day. An example of this, but with non-concrete alternatives (on the grounds
of cost and not finance) is as follows:

A one million gallon (4,500m?) open tank (reservoir/settling tank/holding
tank etc)

Concrete floor & glass-coated steel walls £75,145
Concrete floor & concrete walls £135,440

These examples are not high technology but meet their commercial and
technical objectives at substantially lower cost.

Effluent quality has never before come under the microscope to the extent
that is called for today and vast capital expenditure is required to bring
EEC effluent standards up to those set by the EEC. It is therefore important
not only from the capital cost criteria but for those of maintenance and
operation that designs are standardised.

Basic technology can show a revival rather than a decline where the “man
in a van” is cheaper for both plant operation and data recording than the
cost of capital required to provide remote operation and data supply.

Conversely, despite the efficiency and economy of existing slow sand filters,
for example, the value of the land used could be better applied by the use of
higher rate filtration to show a nett capital gain to reduce future or existing
borrowing.

New technology in low-head crossflow turbines have increased their use
and viability on river weirs, night charging and outfalls:
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Low Head Filtration. The continual Automatic Backwashing Filter
represents new technology in the UK Water Industry as it is based on “Low
Head” filtration. It combines a new approach to filtering, which dramatically
reduces capital and running costs, with a modular dynamic backwashing
system. The package is very efficient in regard to space utilisation; the
structures are simple to construct and savings of up to 20% can be achieved
when compared with conventional rapid gravity filters. The units are fully
automatic and self-contained. Where manning levels are minimised,
automation costs can escalate but not with this filter. Up to 50% savings
can be realised by the use of a standardised Programmable Logic Controller
that sequences the unit and is able to monitor performance. The low total
power and low instantaneous backwash flow mean further savings in
peripherals such as cabling, transformers and wash water handling.
Similarly, because wash water is derived direct from the filtered water
channel, there need be no washwater storage tank.

Pellet Reactors. Softening of bulk water supplies has always produced, as
a by-product, large volumes of sludge that present significant problems of
disposal. Traditional systems are also limited by low settling velocities or
high replacement cost of resins. Both of these are overcome with pellet
reactor softening—the immediate benefits being more efficient use of site
area and an easily handled, self dewatering sludge (in the form of hard
spherical pellets). Because it is a high rate process (approximately 10 times
faster than conventional lime systems) based on sand seeded fluidised bed
principles, it is also easier to control and automate—this added robustness
actually simplifies running and therefore allows economies in operating
costs. Over the life of the plant, savings in the order of 10-15% can be
expected—the larger the works the greater the proportional savings.

Hybrid Sewage Treatment. Energy efficient processes have been developed
which reduce operating costs by up to 25% over conventional methods.
Mechanical surface aeration is known to be more efficient over the early
stages of the aeration process, whilst fine bubble diffused air systems have
peak efficiency later in the aeration process when the basic polluting matter
has begun to break down. By carefully combining the two processes into a
hybrid system we can produce a plant in which the aeration process efficiency
is continually maximised.

The Biwater Tower

Advances in water treatment and environmental management are, of course,
utilised totally differently whether in Europe, or, say, the Third World.

The Biwater Tower is one example of an advance in water treatment which
could have a substantial impact on Third World development. It streamlines
a conventional water supply system by omitting double pumping and a
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clear water holding tank. The speed with which this advanced form of water
treatment plant can be installed enables a complete State or Region to be
completely serviced by piped, treated water within a period as short as 12
months. The “advance” enables fabrication both overseas or in the recipient
market dependent on the availability of local steel plate or off-shore funding.
To date nearly 200 of these Towers have been installed in West Africa and
the Far East and are incorporated within projects totalling over $500 million.
The smallest Tower, which can be erected in one day, can be supplied
complete for approximately $25,000.

To over-simplify the benefits of the Tower, it can be said that it is a
conventional reservoir with a water treatment plant supplied free of
additional cost!

Where 2/3rds of the world are still without piped, treated water, this advance
in water treatment will make a substantial impact because of its simplicity
of operation as the whole unit’s basic function is operated by one multi-
port valve.

The Tower is not an advance in water technology as conventional
sedimentation and filtration rates are used.

The environmental impact of the conventional reinforced concrete
construction is such that it is difficult to remove or enlarge when obsolete,
whereas, of course, steel can have an after-life and is easily removable.

The Biwater Tower is only one instance of dozens of new advances in both
water and effluent treatment where engineering excellence has to be balanced
with financial engineering to enable both the developed and the Third World
to make piped, treated water affordable.

In conclusion

Profit now ranks in priority with water and effluent standards. The above
examples of new technology are but a few of the hundreds of opportunities
open to the design engineer to make every penny spent, count.

The true meaning of an ‘engineer’ is now back in fashion.






Chapter 9

THE DEVELOPMENT OF AN
AERATED FILTER PACKAGE PLANT

A J Smith, J J Quinn and P J Hardy (Thames Water plc, Isleworth, UK)

ABSTRACT.

The Biological Aerated Filter is a comparatively recent development in sewage
treatment. This high rate process comprises an aerated submerged packed
bed of granular silicatic media with upward or downward wastewater flow.

The high specific surface area of the media allows the attachment of a high
concentration of biomass, typically 4 times that found in suspended growth
systems. As a result the process requires an aeration tank volume
significantly smaller than conventional process options. In addition, the
majority of suspended solids are removed in passing through the bed and
final settlement is not required.

A pilot scale evaluation of an aerated treatment filter combined with an
integral high rate polishing filter has been carried out for the complete
treatment of settled sewage.

A good quality effluent with ammoniacal nitrogen concentrations less than
2mg/1 was achieved at volumetric loading rates of 1.7kg BODs /ms.d and
0.6 kgTKN/ms3.d.

Using the results from the pilot plant a full scale prefabricated biological
aerated filter package plant was designed and installed at Chesham sewage
treatment works, containing aeration and filtration zones in a single module.
Since commissioning the plant has reliably produced a good quality effluent.

1. INTRODUCTION

Increases in population and water use and improvements in effluent and
river quality standards require the development of quick-build, cost effective
solutions to uprate and upgrade existing sewage treatment plant.

© 1991 Elsevier Science Publishers Ltd, England
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Public awareness of both environmental and financial issues, and recent
legislation has reinforced the need for high-rate, prefabricated, package
treatment plant as alternatives to conventional process options. Most current
sewage treatment options in the United Kingdom are based on aerobic
processes in use since the early 1900’s (12).

Development has led to increases in efficiency and quality, however large
“aeration” tank volumes, final settlement and tertiary treatment are normally
required to produce good quality fully nitrified effluents. As a result their
use in prefabricated package plants is limited by size.

A comparatively recent development is the Biological Aerated Filter. First
patented in North America in the early 1970’s (3), a number of commercial
variants are available (Biocarbone(4), Biofor(5)) and plants are operational
in France, Japan and North America.

Work in the UK has been limited. A pilot plant evaluation for carbonaceous
oxidation of settled sewage and tertiary nitrification of secondary effluent has
been carried out by the Water Research Centre(6). Further pilot scale work has
been carried out by Severn Trent Water plc(7) into the production of high
quality effluents and a large scale evaluation for complete treatment on a 1250
population equivalent plant has been carried out by Thames Water(8).

The process comprises a submerged packed bed of granular media. Air is
introduced at or near the base with wastewater flowing upwards or
downwards through the bed.

The large specific surface area of the media allows the growth of a high
concentration of attached biomass which is responsible for treatment,
typically 4 to 5 times that found in suspended growth systems. As a result
the process requires aeration tank volumes significantly smaller than
conventional process options.

Table 1 shows a comparison of 5 day Biochemical oxygen demand volumetric
loading rates (VLR) for conventional treatment options and the biological
aerated filter. For an equivalent effluent quality, the aerated filter requires
an aeration tank volume approximately 3 times smaller than an activated
sludge plant and 20 times smaller than a percolating filter.

In addition to the relatively small aeration tank size, suspended solids
removal is accomplished throughout the bed and effluent quality is often
good enough to discharge directly to the receiving watercourse without final
settlement.

Where good quality effluents are required final effluent polishing can be
achieved by a static portion of the bed below an intermediate aeration grid,
as in the Biocarbone process, or by a separate high rate filter.
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Table 1

Process Volumetric Loading Rates
for 90% Nitrification

BODs
Percolating Filters 0.06
Plug Flow Activated Sludge(1) 0.42
High Rate Oxidation Ditch(2) 0.35
Low Rate Oxidation Ditch(3) 0.18
Biological Aerated Filter (BAF) 1.2 - 2.5(4)

Note: 1. Volumetric loading rate (VLR) kgBOD;/m®media.d
2. Food to microorganism ratio (F:M) 0.12
Mixed liquor solids (MISS) 3500 mg/1
3. F:M 0.1, MLSS 3500 mg/1
4. F:M 0.05, MLSS 3500 mg/1
5. Dependent on total nitrogen VLR

Initial work was carried out on a pilot plant at Thames Water’s Ash Vale
research facility. The objective of the study was to obtain information on
the performance of an aerated flooded filter with separate high rate solids
removal stage. Using the process information gained from the pilot plant a
full scale aerated filter package plant was designed and installed at Chesham
Sewage Treatment works.

2. PLANT

A schematic of the aerated filter pilot plant is shown in Fig.1. The plant is
based on a steel container housing 4 Im x Im x 4m high filter cells with an
integral 4m x 1m x 3m high washwater reservoir. Inlet and outlet connections
are provided to allow each filter to be operated independently, in parallel or
series, as either aerated treatment units or as an upflow or downflow polishing
filter. Process air was supplied from a coarse bubble aeration grid positioned
on the false floor above the plenum chamber of each treatment filter.

Washwater was supplied through 4 separate submersible pumps mounted
in the washwater reservoir and connected directly to the washwater inlet of
each plenum chamber. The backwash air scour was supplied by a single
blower mounted within the control section of the container. Backwash liquors
were removed from the top of each filter by submersible pumps and returned
to the main works inlet. Valves were electrically actuated by a computerised
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control system. The backwash cycle could be initiated manually or
automatically on time or headloss with sequence control by contact electrodes.

A number of different support media types were evaluated for hardness,
biomass attachement and headloss development. The media chosen
comprised a silicate material with a rough porous structure and a 3mm

FIGURE 1.
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effective grain size. Both treatment and polishing filters were filled with the
same media to depths of 2m and 1.8m respectively.

Screened, degritted raw sewage from the main works flow was fed to a
primary sedimentation tank. Settled sewage flowed into a holding tank and
was pumped from there to the inlet of each treatment filter.

3. METHOD

The programme of work for the pilot plant was divided into 2 operational
phases. During the first period the plant was operated with 3 downflow
aerated filters treating the same load with equal air supply, followed by a
downflow polishing filter. In the second period the load to 2 of the treatment
filters was increased, with the third acting as a control on unchanged load.

Early results from the pilot plant evaluation showed the feasibility of larger
sized plant based on an aerated treatment zone followed by an integral high
rate polishing filter.

As a result a full scale treatment module was designed and installed at
Chesham sewage treatment works. The performance of the new plant was
monitored over a period of months.

Samples of influent, treatment filter effluent and polishing filter effluent
were taken from the pilot plant, with influent and effluent samples from
the full-scale plant. The samples were analysed for suspended solids (SS), 5
day Allyl Thiourea inhibited biochemical oxygen demand (BODs), total
kjeldahl nitrogen (TKN), ammoniacal nitrogen (NH,-N), nitrite nitrogen (NO,-
N) and nitrate-nitrogen (NOs-N).

4. RESULTS

Start up of the 3 treatment filters was achieved by initial batch aeration of
settled sewage followed by a period of continuous low flow. The flow was
increased from 5.5 1/m to 16.7 1/m over a 1 month period.

During the steady state phase the flow to the treatment filters was kept
constant at 16.7 1/m. All of the flow from the 3 treatment filters was passed
to the downflow polishing filter giving a total flow of 50.1 1/m. These flows
relate to hydraulic loading rates (HLRs) of 1.0 m/h and 3.0 m/h for treatment
and filtration respectively.

The process air flow rate was kept constant at a rate calculated from the
stoichiometric oxygen demand for carbonaceous oxidation and nitrification
and an assumed oxygen transfer efficiency.

The average volumetric loading rates (VLR) for this period were 0.86 kg
BODS/ms.d, 0.18 kg NH,-N/ms.d and 0.36 kg TKN/ms.d Effluent quality
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averaged 3.9 mg/1 SS, 3.6 mg/1 BODs and 1.6 mg/1 NH,-N from the base of
the treatment filters.

The final effluent from the polishing filter averaged 2.2 mg/1 SS, 2.1 mg/1
BODS and 0.7mg/1 NH4-N, equivalent to removal rates of 98% SS, 97%
BOD; and 95% NH,-N.

Although on constant flow the the settled sewage strength varied throughout
the day subjecting the plant to partial diurnal load variation. A number of
intensive surveys were carried out by analysing individual 24 hourly samples
of influent and effluent. Typical results for Filter 1 are shown in Fig.2.

Backwashing of the filters was carried out every 24 hours using a cycled
wash sequence involving periods of air scour, combined air and water, high
rate water and a pumped drain down. The volume of effluent used daily for
backwashing was equivalent to 8% of the total flow.

Effluent quality from the treatment filters deteriorated immediately after
backwashing. Typically, suspended solids rose to a maximum of 60mg/1
and returned to less than 20mg/1 45 minutes after backwashing, as
illustrated in Fig.3.

FIGURE 3
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Final effluent quality was not affected during this period because of the
action of the polishing filter in removing the extra solids and the dilution
effect of the other filters still in operation. During the load variation phase
the sewage flow to filters 2 and 3 was increased in 2 stages. The flow to
filter 1 was kept constant as a control. Each filter was allowed to reach
equilibrium over a 7 day period before sampling. Each operating period
lasted approximately 21 days. Process air flow to all filters was kept constant.
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Filter 1 continued to produce a good quality effluent with over 90% BODs
SS and NH,-N removal at VLR’s of 1.2-1.3 kg BODs/ms3/d and 0.4-0.45 kg
TKN/ms3/d. Effluent quality averaged 7 mg/1 BODs5, 8 mg/1 SS and 1.3
mg/1 NH,-N. Nitrification remained close to 90% up to the limiting TKN
VLR of 0.6 kg/ma3.d.

Above this figure a reduction in NH4-N removal efficiency was seen. The
maximum VLR’ s of 3.85 kgBOD5/ms3. d and 1.35 kgTKN/ms3.d gave 75%
BOD removal and 69% solids removal. Nitrification, as indicated by both
NH4-N removal and NO3-N formation, was negligible however a 22%
reduction in TKN was observed.

Operating data and plant performance for the 2 periods are given in Tables
II and III.

Table 11

Load Variation Period 1
Filter Number

Aeration Filtration
1 2 3 4

HLR 1.0 1.5 2.0 4.5
HRT 60 40 30 13
BODs VLR 1.2 1.7 2.3 -
NH4-N VLR 0.2 0.3 0.4 -
TKN VLR 0.4 0.6 0.8 -
Effluent BODg 7 12 17 8
Effluent NHy4-N 1.1 1.7 8.4 2.6
Effluent TKN 3.7 3.8 8.3 6.2
Effluent SS 5 7 13 4

% removal BODg 93 88 82 38
% removal NH4-N 93 89 47 42
% removal TKN 89 88 75 6

% removal SS 95 93 87 58

Note: HLR : Hydraulic loading rate (m/h)
HRT : Hydraulic retention time (based on 50% voidage) (min)
VLR : Volumetric loading rate kg/m®media.d
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Table III

Load Variation Period 2

Filter Number

Aeration Filtration

1 2 3 4
HLR 1 2 3 6
HRT 60 30 20 10
BODs-VIR 1.3 2.6 3.9 -
NH4N-VLR 0.2 0.4 0.6 -
TKN-VLR 0.45 0.9 1.35 -
Effluent BODg 7 13 17 11
Effluent NH4-N 1.5 7.9 13.1 7.7
Effluent TKN 7 18 25 18
Effluent SS 10 17 32 12
% removal BODs 93 91 75 42
% removal NH4~N 91 52 2 18
% removal TKN 78 45 22 8
% removal SS 90 83 69 48

Note: HLR : Hydraulic loading rate (m/h)
HRT : Hydraulic retention time (based on 50% voidage) (min)
VLR : Volumetric loading rate kg/m®media. d

5. PACKAGE PLANT DESIGN

Using the data from the pilot plant evaluation a large scale package aerated
filter plant was designed and installed at Chesham sewage treatment works.
The plant was based on prefabricated relocatable steel containers for
treatment, washwater storage and pumping, plant control, and process
and backwash air supply.

The overall dimensions of each module were governed by the constraints
imposed by transport to site however, an increase in treatment capacity is
possible simply by increasing the number of treatment units as required.

The treatment module comprises an aerated treatment section, high rate
downflow polishing filter and integral pipework and instrument housing. A
schematic is shown in Fig.4.
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The tank was constructed from 6mm thick mild steel plate with appropriate
stiffening to allow it to be moved full of media. Based on maximum downflow
velocities a surface area ratio of 6:1 treatment: filtration was used in design.
The aerated section has 36ms3 of expanded shale media, with 4.5ms3 of the
same media in the polishing filter.

The floor of both filters is made up of 1m2 galvanised steel plates holding
the filter nozzles. Process air is supplied by an aeration system mounted on
the floor of the treatment zone.

Pipework, actuated valves and flow measurement of settled sewage, process
air, backwash air and wash water are mounted in a housing attached to
one end of the module.

Figure 4
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6. OPERATION

Settled sewage is pumped from an existing sump to the inlet in the top of the
treatment section and flows down through the aerated media into the plenum
chamber. Effluent from the plenum chamber flows up over a high level weir,
which maintains the liquid level in the treatment filter and into the top of
the polishing filter. The flow passes down through the polishing filter where
excess solids are removed. Final effluent flows into the washwater storage
reservoir and out into the receiving watercourse. Backwashing of both
treatment and polishing filters is carried out simultaneously under automatic
control. The backwash sequence involves periods of air scour only, air scour
plus low rate water wash and high rate wash, as in the pilot plant.

Although designed as a research and development installation the plant
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was required to treat a constant 1000 m3/d offload from the main works to
a 7mg/l 95 percentile standard while parts of the existing works are
demolished to make way for a new oxidation ditch. Since commissioning
the plant has consistantly produced a good quality effluent averaging 13
mg/1SS, 14 mg/IBODS and 3.8 mg/INH,-N. Average VLR’s for the same
period were 2.2 kgBODs/ms3.d, 0.37 kgNH,-N/m3.d and 0.68 kgTKN/ma3.d.
The calculation of VLR was based on the volume of media under aeration.

Operating data for November 1989 is given in Table IV. Examination of the
media has shown an attached growth of small, thin rod bacteria. Examination
of the backwash liquors has shown a predominance of Sphaerotilus spp.,
Thiothrix spp. and Beggiotoa sp. with colonies of Opercularia spp., Carchesium
spp. and Vorticella spp. The predominant species are often associated with
low dissolved oxygen levels or nutrient defficiency(9.10).

The characteristic grey filamentous growth of Beggiotoa sp. and Sphaerotilus
spp. were also found on the outlet weir of the treatment unit although
dissolved oxygen levels in the effluent were normaly greater than 2mg/I.

Table IV
Chesham Aerated Filter Package Plant
Operating Data November 1989

Av Max Min
HILR 1.8 2.2 1.6
HRT 31 38 26
BOD5VLR 2.2 3.1 1.5
NH4~NVLR 0.37 0.5 0.27
TKN-VLR 0.68 0.81 0.48
Effluent BODg 14 19 11
Effluent NH4-N 3.8 6.9 0.8
Effluent TKN 14.3 16.1 12.0
Effluent SS 13.0 13.5 12.0
% removal BODg 88 90 86
% removal NH4-N 78 94 57
% removal TKN 58 66 48
% removal 5SS 82 87 76

Note: HLR : Hydraulic loading rate (m/h)

HRT : Hydraulic retention time (based on 50% voidage) (min)
VLR : Volumetric loading rate kg/m®media. d
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The supernatant liquid above the bed was similar to the backwash liquor
although lower in suspended solids. At certain times, however it contained
a suspended growth of large light coloured flocs. These flocs comprised
stellate clumps of filaments intermeshed with a mass of rod shaped bacteria.

The appearance of these flocs corresponded with periods of exceptional
effluent clarity although no link with any process or climatic variable was
found.

Backwashing of the filter was carried out every 24 hours or on reaching a
predetermined loss of head. The volume of washwater used was between
5% and 8% of the average daily flow.

7. CONCLUSIONS

The results from the pilot evaluation and full scale plant show that biological
aerated filters can reliably produce good quality nitrified effluents, providing
a high rate alternative to conventional treatment options.

Effluent quality was governed by organic, nitrogen and hydraulic loading
rates. Pilot plant effluent NH,-N concentrations remained below 2mg/1 up
to VLR’s of 0.6 Kg TKN/ms.d. and 1.7 Kg BOD5/m3.d., with a residence
time of only 40 minutes. Effluent from the full scale package plant averaged
13 mg/1SS, 14 mg/1 BOD;, and 3.8 mg/1 NH,-N at VLR’s of 2.2 kgBODs/
m3. d and 0.68 kgTKN/mad.

High concentrations of attached biomass resulted in comparatively small
aeration tank volumes and no final settlement was required, making the
process ideal for prefabricated package installations.

Although filamentous organisms were present in and above the bed no
adverse effect on effluent quality was observed.

Treatment filter effluent suspended solids increased with increasing
hydraulic and organic loading rates. The integral high-rate tertiary filtration
stage and dilution effect from other filters ensured a good quality final effluent
at all times. With less stringent SS and BODs standards the dilution effect
alone could ensure the required effluent quality.

The separation of treatment and filtration allowed a greater aerated bed
depth to maximise nitrification and optimise final solids removal. The use
of prefabricated steel plant minimises site work and reduces the overall
construction period. Initial estimates have shown a saving in capital costs
over conventional process and construction options. In addition, changes
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in load or effluent quality requirements can be catered for by increasing or
decreasing the number of treatment modules.
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Chapter 10

PLANT MONITORING AND
CONTROL SYSTEMS: MAKING THE
CASE AND MANAGING THE
IMPLEMENTATION

M F Williams (Severn Trent Water, UK), D L Gartside (Kennedy &
Donkin Systems Control, UK)

ABSTRACT: Severn Trent Water has in excess of 5000 operational sites
which require the monitoring and control of mechanical and
electrical plant.

In late 1988 a study was made of the plant monitoring and
control issues which resulted in a business case for a telemetry
system to provide remote monitoring and control of 3500 sites.
Design and implementation of the system commenced in early
1989 with a target for completion by the end of 1992.

The Paper describes the business case methodology and the
project management techniques used to define, design and
implement the system.

The Business Case preparation included a review of
appropriate design solutions, cost estimates, interfacing of
existing telemetry and ICA systems, implementation and
programming issues.

This involved use of sample engineering audits of operational
sites to determine site functionality, existing investment in
ICA and Communications. Overall scheme requirements being
extrapolated using databases and financial modelling
techniques.

In the design of the scheme, users requirements were satisfied
by producing design intent documents for Telemetry,
Instrumentation, Communication and interfaces to ICA
Schemes. Presentations and demonstrations to users were a
key feature to obtaining user acceptance.

© 1991 Elsevier Science Publishers Ltd, England
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Model specifications and Standards applicable to the scheme
and other related projects were produced to fast track the
implementation and to maximise existing capital investment
on scheme sites.

The siteworks involved close coordination between the systems
engineers and operations personnel to enable speedy, efficient
and progressive completion of activities.

INTRODUCTION

Severn Trent Water provide vital water services to a population of over 8
million people in over 20 thousand square kilometers in the centre of
England. Severn Trent Water own of the order of 800 reservoirs, 1000 sewage
works, 40 major water treatment works and over 70 thousand kilometers
of underground mains and sewers. The business has an annual turnover of
approximately 500 million pounds, an annual capital investment of over
160 million pounds and employs approximately 8 thousand people.

Severn Trent Water is responsible for managing an inheritance of a
fragmented, complex network of water supply systems, sewage and effluent
treatment plants and other associated resources, some of which are over
one hundred years old. The organisational structure of Severn Trent Water
has evolved to support the changing needs of the business. The business is
operated on firm commercial principles with all new investment justified
against clearly defined objectives.

Experience of the application of technology to the business has, in the past,
not been entirely successful. Therefore, to meet the challenge of a major
new initiative for the improved operation of Severn Trent Water’s resources,
a detailed business case was prepared by a project team comprising Severn
Trent Water staff, Kennedy and Donkin Systems Control engineering
consultants and a management consultant. The successful business case
is the basis of an ambitious but realistic programme for the implementation
of a Plant Monitoring and Control System within Severn Trent Water.

The paper describes the background to the initiative, the methodology
employed for the business case and the design and implementation
philosophy for the Plant Monitoring and Control System.

BACKGROUND

The organisational structure and management of Severn Trent Water has
changed considerably in the transformation from local authority control to
that of a private water company. Such changes have included staff
reductions, a variety of organisational structures and increasing concern
about customer expectations and environmental legislation.
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Against this background of change, the 1988 Severn Trent Water business
plan states ‘The main objectives of the organisation are to improve our.
services where necessary and maintain them over most of the region where
they are satisfactory’.

One of the many ways Severn Trent Water expects to maintain the trend of
lower operating costs is to ‘Ensure that organisational structure is
appropriate for the services to be provided in the light of improving
technology and techniques’.

Technology in the form of telemetry has contributed to the downward trend
of operating costs whilst upgrading the level of service through an increased
operational monitoring and control capability.

The present organisational structure provides a clear definition between
operations and support services. Fifteen operational districts have been
formed each managed by an accountable District Manager. District
Managers inherited a variety of instrumentation, control and telemetry
systems with a wide variance in age, capability and usefulness. Seven of
the 15 operating districts relied on systems which were perceived to be
giving reduced reliability and increased cost of maintenance.

Equally Severn Trent Water were aware, and had experienced the pitfalls
and problems where technology rather than the operational need, determined
the levels of investment. Also, within the wider ICA industry, many cases
are reported of project failures due to operator dissatisfaction, increased
cost of ownership, inappropriate and often over-engineered design solutions,
extended development programmes and protracted commissioning.

Severn Trent Water adopted a pragmatic and business approach to resolving
the issue of what, if anything, was required to maintain and improve the
supervision and management of district sites and assets. The principal
questions asked were:

(i) What are the available solution options?
(i) How do they compare?

(ii) What is the optimum level of investment commensurate with the
benefits to be obtained?

In September 1988, Severn Trent Water formed a small project team to
address the above issues. This team comprised Severn Trent Water
engineering services, Kennedy and Donkin Systems Control Ltd (KDSC) as
engineering consultants and a management consultant. The project (if indeed
there was a need for one), was to be titled ‘The Plant Monitoring and Control
System (PMCS)’.
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The project team’s first task was to present the first stage business case
report to the Severn Trent Board of Directors.

THE BUSINESS CASE

The core of the business case approach is its emphasis on identifying and
achieving business objectives. A significant element in the approach is the
concentration on operational management and recognition of the key role
of District Managers as owners and users.

Each District Manager has a responsibility to:

(i) utilise their staff (and others as necessary) to define the need,
(ii) identify the achievable benefits,
(iii) directly support the provision of the eventual solution.

Considerable effort was expended to change existing cultural and
organisational attitudes to this more rigorous and ‘fast-track’ approach.

Lead by the Severn Trent Water PMCS Project Manager the team addressed
the following areas.

The definition of need and opportunity, the project description, the position
of the project in relation to the water business and activities, the relationship
with and interface to other capital projects or initiatives and the relevance
to the business plan. This report was completed within 2 weeks and
submitted to the sanctioning board on the 21st September 1988.

Running in parallel with the above activity assessments of potential benefits,
design solution options were studied and an assessment of risks leading to
a recommended solution was made. This report was complete within 5
weeks and submitted to the sanctioning board on the 13th October 1988.

Upon the sanctioning board’s agreement to proceed, and working within
the budget determined and allocated at this stage, the next task was to
assess in detail the first stage of the implementation.

This assessment addressed the detailed benefits associated with and
accounted to each District Manager, detail costs and risk assessments,
project timescale and cash flow projections.

The recommendation in stage 1 was for a phased implementation across
the three areas based on need. Southern Area had the greatest need and
was to be implemented first, the North and East need was almost as great
and was to follow immediately after the Southern approval. The Western
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area need was not great and was not scheduled to be started until the other
two area systems were operational. See Figure 1 and 2.

The report for the Southern Area of Severn Trent Water was submitted to

the sanctioning board on the 11th November 1988 and approval to proceed
was issued on the same day.

ANALYSIS OF NEEDS

In the business case approach the needs analysis focused on the operational
need rather than the desirability of providing a facility or feature.

FIGURE 1—STW—SOUTHERN PMCS
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FIGURE 2—STW—NORTH EASTERN PMCS
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The Severn Trent Water business plan clearly identified the framework within
which operational needs were to be determined by defining two specific
objectives viz:

‘Meet quality and service level specifications at minimum cost’.

‘Remove need for further cost increases and, where possible, reduce costs
further’.

Expenditure was to be applied where the greatest step in identified benefit
was possible. The preferred solution was to be appraised by its ability to
achieve a given level of service at the lowest operating cost.

This implied careful selection of sites and the level of signal and control
provision for each site. Each District Manager was responsible for providing
such information from often incomplete and inaccurate records.

To assist in the selection and definition of need, the PMCS project team had
considerable data available to them covering similar installations throughout
the UK and some very accurate detail information on some 80 Severn Trent
Water sites.

This data, held on computer databases, comprised the following typical
fields: site types, levels of signal provision, operational criticality, level of
existing investments and benefit potential.

For PMCS, at the site level, the operational need was classified as:

(@) Alarm only—the occurrence of a defined abnormal event.

(b) Monitoring—the near constant (hourly) surveillance of process and
plant conditions.

(c) Remote control—the ability to start/stop operations on site from a
remote location.

To assist in the evaluation of solutions, two service levels were defined:

(i) Service levels as provided by existing telemetry on some 1900 sites.
(ii)) Service levels achieved on (i) provided for 3450 key sites.

In addition to the site related need the analysis determined the operational
functionality required from any technology based solution. For example the
type of displays and reports, the archiving of data and the need for operator
assist facilities. Other important issues determined at this stage were the
use of shared facilities, ownership and maintenance, reliability, resilience
and performance requirements.
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In summary, the needs assessment considered some 5600 in number sites
in steps of 20, 40 and 70% covering 70 installation types. The level of
provision ranged from simple alarm monitoring to remote monitoring and
control across a mix of installation types. Against operational need the
following opportunities were assessed; reduced manpower and transport
costs, reduced electricity costs, improved asset management information,
improved customer service and improved business management
information.

DESIGN SOLUTION OPTIONS

Following on from the needs analysis, three solution approaches were
pursued:

(@) do nothing
(b) a manual solution
(c) a technical solution.

The ‘do nothing’ solution was rejected early in the project as the solution
did not allow existing service levels to be maintained.

The ‘manual’ solution assumed that all expenditure on existing telemetry
would cease and manpower would be employed to take over the functions
of the existing telemetry systems as and when these systems fail.

The ‘technical’ solution involved the provision of telemetry, instrumentation
and site wiring. To address the issue of scale and functionality the following
technical solutions were considered:

(i) Like for like replacement.
(ii) Simple alarm monitoring of some 20% of sites in each district.

(iii) District based systems capable of a mixed sole functionality over a
range 20, 40 and 70% of sites.

(iv) Area based systems similar to (iii) but with the additional capability of
re-routing data between operational centres.

(v) A regional system using shared equipment, organisational structure
independent and providing a central service to district managers.

Within the business case methodology the emphasis on cost versus benefits
required that solutions were rigorously appraised with cost accuracies within
10-15%.

From experience of similar schemes, the PMCS project team realised that
some 60-70% of the scheme cost would be committed to site related activities,
viz. signals, communications, type of outstation. This being the very area
where existing data was at its most incomplete.
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Various telemetry solutions were drafted using models derived from within
the UK water industry and elsewhere. The specification of outstation
functionality and input/output size was determined using reference
database data of site types and likely signal provision and performing
statistical analysis to extract PMCS specific information. This along with
other statistically derived data was then subjected to pilot site audits to
test the analysis.

The computers and workstations components of the various designs were
again drafted from computer stored records of manufacturers’ quoted and
recently tendered prices. An important element in all designs was the
identification of the need for software development. Clearly some software
modification and development may have been required, but the impact of
such development was to be clearly defined and the impact on
implementation determined.

Communications are a key component of all the technical solutions
considered. Based on the needs analysis a range of potential solutions was
considered.

Consistent with most UK schemes, the use of the British Telecom Private
Switched Telephone Network, already establshed in 90% of outstation to
telemetry computer applications was to be the preferred choice. For the
remaining communication lines to sites private wire and radio
communication were to be specified. The high level communications were
to be based on the manufacturer independent protocols supported
throughout Europe which offered high resilience and ‘open’
interconnection.

The solution options available for site investments required consideration
of existing asset life and reliability, the adequacy and maintenance of existing
assets and the suitability of measurement equipment to deliver the
operational need.

Generally the PMCS project did not attempt to replace existing compatible
instruments, provide local automation on works or provide quality
monitoring other than by interfacing to instruments which were current
and necessary.

A major factor associated with site related solutions was the recognition
that sites would need to continue to remain operational during the
installation period and that existing instrumentation and telemetry would
remain in service until the new facility had been proven operationally.
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Considering some 3450 sites with a possible input/output count of between
10 to 50 signals on average, (developed from existing and new instruments)
each with an instrument loop possibly requiring between 2 and 8 elements
of work to be costed, the range of likely solutions available was considerable.
Such a range of solutions can only be adequately handled by comprehensive
databases and computational methods supported by an up to date cost
database.

The utilisation of such a database is at this stage of the project a vital
factor; providing the ability to manipulate various solution options within a
short timescale. Equally, by adopting the correct database structure, the
later stages of design and implementation are considerably enhanced by
the provision of site related data and costs to the project team and senior
management. See Figure 3.

The assessment of technical solutions centred on the three most viable
options viz. the district systems, the area systems and a regional system.
Each option met the specification for the two service levels.

Each solution was evaluated against the following criteria:
(i) what did it provide?

(ii) the capital and revenue costs,

(iii) risks to implementation including owner acceptance,
(iv) potential benefits in cash terms,

(v) major disadvantages.

Based on the assessment against the criteria a recommendation was made
and accepted to adopt the solution based on area base telemetry systems.

The accepted solution was formed around three telemetry areas viz:
Southern, North Eastern and Western which approximately coincided with

FIGURE 3—KDSC PROJECT DATA-BASE STRUCTURE
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the regional water resource system boundaries. Across the region some
3450 sites would be provided with alarm monitoring and control functionality
and reporting to 16 operational centres.

DESIGN METHODOLOGY

The design phase had a number of key objectives. First the District owners
had to perceive that they were the client and that the design was consistent
with their expectations. Secondly the design activities had to define the
details of the solution to enable costs and risk to be identified and defined.
Thirdly the design activities had to enable suppliers to offer a compliant
and competitively priced solution to the specifications. Design commenced
in January 1989 and started with a series of presentations to the staff of
the five Districts within the Southern Area. The emphasis of these early
presentations was to report back on the business case approach and the
approved solution. The districts were to be treated as clients and therefore
their understanding of the solution and the stages involved in implementing
the solution was paramount. The analysis of the needs had determined the
salient user requirements and therefore, in order to bridge the gap between
operational users and equipment suppliers, the project team adopted
appropriate elements of a structured systems approach to ICA projects.
Figure 4 diagramatically represents the role of the Business Case in the
evaluation of the design. Design intent documents were used to describe
the technical solution in a form, and to a detail, suitable for operational
staff understanding and sanction.

In this way an adequate understanding of what was to be delivered was
generated early in the project. Great stress was placed on a progressive
appreciation and user acceptance of the solution.

Presentations were made to the district owners in June of 1989 and
comprised formal presentations and demonstrations of typical man-machine
interfaces. They also highlighted the issues of resilience and failures using
computer models and simulations.

The design intent documents represent the highest level of system
specification. The detailed specifications were generated using story board
techniques and work shop sessions concentrating on specific areas of
concern to the user. Issues such as flexibility, expandability, capacity and
performance were addressed and specified as well as the need for operational
data to be passed on to management information systems and the use of
operational support computing within a telemetry network.
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FIGURE 4—DESIGN EVOLUTION AND ROLE OF THE BUSINESS CASE
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It was recognised that site work would consume a considerable amount of
the scheme budget. During the preparation of the business case the level of
signal provision for each potential benefit had been produced. This level of
provision and the related scopes of work for each type of role were held in a
database which associated a budgetary cost to each scope of work. The
detailed signal provision formed the basis for determining the site by site,
district by district user requirement specification.

Additional design intent documents were produced for instrumentation and
site facilities such as communications and power. Instrument specifications
and standards were prepared to define the details of work to be undertaken
under site contracts. These standards are based on project experience and
technical expertise which give the essential operational context to both the
conditions found on site and the limitations of the possible instrument
technologies and practices offered by contractors.

Within each district, the total number of sites were divided into planning
groups, typically 4-5 in number representing 30-40 sites per group.

The design intent documents, standards and specifications influenced and
guided the planning of site audits and the detailed definition of user
requirements for each site.

User requirements were produced automatically for each site using the
computer data bases referred to earlier. Changes to meet specific operational
needs were identified and additional benefits determined. These
requirements were agreed and accepted by the District Manager at a
planning meeting.

Based on each District Managers’ user requirements, each site was visited
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to audit the existing signal and instrument provision and to define the
new instrumentation, outstation and communications requirements. The
site audit provided data and photographic records of all the site equipment
enabling detail scopes of work to be prepared for an instrumentation and
electrical contractor to tender for the work on a fixed price basis. The
same process allowed a close check on budget costings to reflect backwards
to the business case estimate and forward to predict the likely outturn
costs.

The mass of data generated from auditing the sites was assembled into the
site database. A series of programs were run on the database computer to
generate detailed site by site, loop by loop scopes of work, along with
compilations of input/output lists necessary to size telemetry outstations,
identify operational access constraints and define work items to be done by
others eg. applications for the right of access.

The site database generated structured project reports presenting
information on a site-by-site basis, and a summary of estimated costs at
project, site and loop level so that Severn Trent Water could review and
approve the design. Following client approval the site work tender
specification and schedules were automatically generated from the
databases.

PROCUREMENT AND IMPLEMENTATION

In parallel with the detailed definition of the requirements and the
specification of the solution, the appropriate means of procurement needed
to be addressed to ensure that the solution was delivered to the specified
quality, cost and timescales.

Inherent in this stage was a need to minimise implementation risk and
thereby secure a system capable of achieving the benefits. The procurement
and implementation strategy recognised the technology split between
telemetry and site work, that site work was to be carried out while sites
remained operational, the large number of sites spread geographically and
the similar and repetitive nature of many of the tasks and activities.

Based on these considerations, the telemetry systems (including outstations)
were to be procured and managed as a single contract per area (viz. Southern,
North Eastern and Western) and the site works were to be divided into
some 14 contracts, each District based.

For the telemetry system the suppliers invited to bid were prequalified from
the response to a public invitation, both in the UK and mainland Europe,
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to express interest. The pre-qualifications included a first stage questionnaire
identifying broad technical and commercial suitability. This was followed
by a second more rigorous review of technical capability and quality systems
which involved visits to the candidate’s premises and inspection of their
practices and procedures. Also client and credit references were taken up
from the potential suppliers.

Pre-qualification resulted in a tender list of five and a tender specification
for the Southern Telemetry Area (STA) PMCS Telemetry System was released
in August 1989 with a period of 2 months for response.

Evaluation of the five received tenders involved assessment of the technical
compliance together with the analysis of the financial implications of various
levels of definite and optional work. These levels were defined by the site
audits completed to date, and schedules of anticipated procurement to be
clarified during the remainder of the audit programme. To compare these
aspects of the bids a number of models of the final priced configuration
were established ranging from the minimum expected to the maximum
anticipated expansion. These models took into account the cost of ownership
which included maintenance software licences and expansion costs. Within
this range the mix of outstation types was varied to reflect the uncertainty
in the outcome of the incomplete audit activities. This process allowed the
bids to be compared, costs assessed and the implications of the costs on
the procurement strategy to be evaluated.

Arising from the telemetry specification and the tender returns for the
Southern Area, the technical solution offered is of high quality providing a
system able to meet the needs of the District Managers. Potential exists
with the technical solution for expansion and enhancements without major
implications to the PMCS investment. The system provides a variety of
functionality in outstation types including the use of third-party outstations.
Five district centres are served by two telemetry computer centres using a
highly resilient configuration. Provision exists within the system for the
integration of local, on-site SCADA and control systems compatible with
the PMCS and to a defined price offered as part of the PMCS telemetry
contract. The analysis and definition of the interface to operational
management systems is included as an option of the contract.

Prequalifications similar to the telemetry tender exercise took place to secure
a select list of potential instrumentation and electrical contractors. Against
each project 6 bidders were selected to competitively tender for the project.

The implementation programme required that a significant proportion of
sites be completed prior to the telemetry system delivery and setting to
work. Thus a progressive approach to site installation, testing and
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acceptance, communication installation and outstation installation was
defined. Provision has been made for the existing telemetry and the new
PMCS equipment to operate independently and, as part of the testing and
commissioning strategy, sites completed early will be exercised using interim
telemetry provisions.

During this extensive period working within the operational Districts, careful
planning and close co-ordination between contractors and operational staff
is essential. The quality of work and the safe working practices demanded
require a rigorous and structured approach to site access, supervision and
take-over.

CONCLUSION

The business case approach adopted by Severn Trent Water established a
culture and philosophy for the PMCS project based on business need.

The establishment of the need and the benefits identified by District
Managers have enabled a clear and unambiguous user requirement to be
defined and agreed.

The design stage has involved a number of elements which emphasise the
role of client and that of the PMCS project team. The use of the design
intent documents to enable the owner, as opposed to the equipment
supplier, to understand what was to be delivered has contributed
significantly to the owner acceptance of the project. Combined with modern
methodologies and practices has been the cultural changes in attitudes to
solving the business needs rather than the exploration of the technology.

Some changes to the basic signal provision have occurred due in part to the
greater emphasis on environmental and customer expectations. The business
case has been flexible in that while additions have been appraised, their
inclusion in the scheme is based on need and benefit.

The design activities have met the prime objective ie. that of establishing
the detail necessary to describe to owners and suppliers what is technically
required.

Bids are of a high quality and fall within the confidence levels expected at
tendering and are within the budget.

The auditing of some 1200 sites has been successfully completed within
the timescales and has generated considerable data concerning sites and
the existing assets and facilities. The use of the computer databases in the
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business case preparation, during the design and through to the
implementation has enabled greater control and flexibility in all areas of
the project. Increasing levels of sophistication and applications are being
generated as a result of the available information held on the computer.

The project remains on target to the original implementation programme
submitted to the Severn Trent Water board in late 1988 and is within the
budgets allocated.
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Chapter 11

PUMP SCHEDULING: OPTIMISING
PUMPING PLANT OPERATION

T J M Moore (BHR Group Ltd, Cranfield, UK)

1 INTRODUCTION

One of the most significant costs of operating a water supply system is that of the electrical
power used for pumping. The primary object of pump scheduling is to minimise this cost by
utilising offpeak electricity, reducing pumping during periods when maximum demand charges
are levied and by making use of efficient pumps and cheaper water sources. In addition the
scheduled supply system must continue to operate within a variety of constraints; these
include meeting all consumer demands and maintaining reservoir levels and mains pressures
within prescribed limits. In all but the simplest cases the complexity of the scheduling problem
is such that it cannot be performed effectively without a computer.

To benefit from pump scheduling a system must have the following characteristics:

—adequate reservoir storage to allow reduced pump flow during peak electricity charge periods.
Perversely, although not unexpectedly, peak charge periods tend to coincide with peak water
demand.

— pumping capacity which exceeds water demand so that reservoirs can be filled when required.
Fortunately the majority of water supply systems have both these characteristics.

As well as reducing pumping costs under normal operating conditions, scheduling programs
introduce the possibility of decision support to aid the operator when unexpected situations
arise, eg pump failure, loss of source, pipe burst, or most commonly a change in demand.

The case studies discussed in this paper have been scheduled by PUMPLAN, Ref. 1, a scheduling
software package developed at BHRGroup. PUMPLAN is unique, as far as the author is aware,
in that it uses a KBS (Knowledge Based Systems) approach to the problem of scheduling
rather than conventional mathematical optimisation methods.

2 THE PROCESS OF SCHEDULING A PUMPING SYSTEM

2.1 NETWORK ANALYSIS

Unless it is simple, with few pipes and discrete demands, the first stage in scheduling a
system of any size is to build and calibrate a numerical hydraulic model, Fig.1, using a
commercial network analysis package such as WATNET, GIN AS, or FLOWMASTER. The size
and complexity of the network model largely depends on what it is to be used for. For example,
detailed models will be required if leakage control, pressure control, or local operational
problems are to be studied.

©1991 Elsevier Science Publishers Ltd, England
Water Treatment—Proceedings of the 1 st International Conference, pp. 105-116
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However if the network model is to be used to study pump and source optimisation, then a
less detailed model which may only represent the primary trunk mains in the system is
adequate.

When a full model has been satisfactorily calibrated it may be reduced to a simpler network
model in various ways for use in a pump scheduling program. For example:

Demands

Where distributed demands occur, Fig.2, the full network model is used to determine what
proportion of the demand is supplied at the different off-take points on the main. Comparisons
should be made at several demand flows to see if the flow split between the off-takes is
significantly affected.

Equivalent Pipes
Where parallel or more complex pipe connectivities occur, Fig. 3, then the full network model
is used to determine an equivalent single pipe.

2.2 SIMPLIFIED NETWORK TO BE SCHEDULED

The simplified network to be scheduled is shown in Fig.4; it is equivalent to the original full
network shown in Fig.1. The simplification process eliminates the need for the scheduling
program to undertake complex network analysis as well as schedule the pumps, whilst
preserving sufficient accuracy for the scheduling to be effective; to do both would increase
the processing time unacceptably.
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FIG.4 SIMPLIFIED NETWORK [STUDY 1]

2.3 OTHER DATA REQUIRED FOR SCHEDULING

Much of the data needed for a scheduling program will already have been collected to produce
the network model. Other data required are:

—Pump performance. This has a direct effect on the pumping costs Ref.2; it is always preferable
to use current site data rather than the works test data, particularly if pump deterioration is
suspected.

— Electricity tariff.
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— Operational constraints such as maximum and minimum reservoir levels and water
abstraction limits.

3 PUMPLAN

PUMPLAN is a 286 or 386 PC based demonstrator program, produced by BHRGroup’s software
division SFK, which applies KBS techniques to the problem of pump scheduling. PUMPLAN is
capable of scheduling real Me systems with up to three pumping stations and five reservoirs.
To date it has been supplied to two of the newly formed UK water companies.

The KBS approach has been adopted to overcome the drawbacks of traditional mathematical
optimisation techniques on which most scheduling programs are based. The mathematical
optimisation techniques fall into two main categories; linear programming and dynamic
programming.

Linear programming methods usually converge rapidly to a solution for quite complicated
problems; but the linear representation of the system hydraulic equations, ie the network
model, is only an approximation. Often a much simplified bulk transfer model is generated
using a network package separate from the scheduling package. This is likely to be inaccurate
and will make the program inflexible to changes in demand and connectivity.

Dynamic programming is more flexible than linear programming but computing requirements
increase dramatically with network complexity and this means that large networks have to be
split into several smaller ones that are then scheduled separately.

PUMPLAN uses a KBS approach which is based on a heuristic (rule of thumb) search strategy
to decide on a small number of plausible pump schedules for detailed investigation. This
involves the intelligent generation of flow control valve schedules as well as pump schedules.
Feasibility checks are then carried out and a cost generated. The flexibility of this approach is
such that the scheduler may use a network model of whatever complexity is desired (at the
cost of run time). The integration of the network model with the scheduling algorithm makes
it more able to re-schedule accurately for demand or system changes than with a linear
model. It allows for efficient flow control valve scheduling and has also made it possible for a
degree of generalisation to be built into PUMPLAN such that any feasible combination of
pipes, and appropriate reservoirs and valves, can be scheduled simply by re-defining the
status of the shut-off valves in Fig.4; no additional network analysis is necessary.

Although the KBS approach has advantages over the more traditional mathematical approaches
the PUMPLAN algorithm in its present form has various limitations.

— It can only handle fairly small networks at present.

— It is rather slow because the heuristics used do not reduce the number of plausible pumping
schedules selected for detailed examination sufficiently; although the search space is reduced
from a possible 1124 regimes to 81.

Both these are limitations of the present implementation of PUMPLAN and are not fundamental
to the KBS approach. Developments are under way to improve the algorithm.

4 CASE STUDIES

4.1 STUDY 1

The network shown in Fig.1, models the extensions planned for 1995 to a medium sized
water distribution system serving a population of approximately 50,000 plus several industrial
demands. One of the major developments involves the construction of a new pumping station,
PS1, and source. This station will supply the system with the majority of its water via a 10km
long 900mm diameter trunk main and four FCVs (Flow Control Valves) V1, V2, V3 and V4.
The valves are shown more clearly in the simplified network, Fig.4, used for scheduling.
Three variable level reservoirs R1, R2 and R3, and a fixed level reservoir R4 are supplied from
the FCVs. A second pumping station, PS3, using a fixed pumping regime, provides part of the
water requirement at R1.
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The network was simplified as described in Section 2.

The main objective of the study was to optimise the operation of the pumps at PS1. In addition
to the pump optimisation it was also necessary to determine the opening of the FCVs such
that the demand flows are met and reservoir levels controlled with the added requirement
that throttling losses in the valves were to be minimised. The problem is complex even in
such a relatively simple network, because the operation of any of the FCVs will affect, to a
greater or lesser extent, the head and flow delivered by the pumps. As a consequence the
head upstream of the FCVs and hence the flow through them will change. Solving this problem
demonstrated the potential of the KBS approach; it proved possible to define rules governing
the control of the FCVs such that a low loss (not always the lowest) FCV setup can be achieved
iteratively. The approach allowed the effect of different rules on system operation to be examined
during the development of PUMPLAN.

Figs.5, 6, 7 and 8 show the operation of the system under normal conditions with average day
demands.

The level profiles, Fig.5, of the reservoirs R1, R2 and R3 are coincident in this case because
PUMPLAN has intentionally been set up so that at all times there is equal shortfall or excess
of water (in terms of reservoir % level) throughout the system; also the initial maximum and
minimum levels of these three reservoirs are the same. The profiles show an increase in
reservoir level during the off-peak electricity charge period with maximum station flow and a
decrease during the peak rate and maximum demand charge periods as reserve storage is
used to supplement the reduced pump flow. R4 is a constant level reservoir.

The pump schedules for PS1 and PS3 are shown in Figs.6 and 7 respectively; it can be seen
that maximum advantage is being taken of off-peak electricity between 00:00 hrs and 07:00
hrs and that minimum pumping takes place for the rest of the day with the reservoirs supplying
part of the demand.

The corresponding valve operation schedule is shown in Fig.8. The increase in opening of
valves 1, 2 and 3 at 07:00 hrs is due to a steeply peaking demand combined with a simultaneous
reduction in pumping. The effect is somewhat exaggerated by the valve opening versus loss
characteristics which are such that above an opening of about 0.5 the valve has a rapidly
diminishing effect on the flow. After 08:00 hrs FCV4 closes completely. This is because R1 is
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able to meet all the demand in branch 4 and part of the demand in branch 1. The remaining
demand in branch 1 is supplied via FCV1, which remains partially open.

Because this is a new system pumping costs are not available, however it is estimated that
the pumping energy cost of normal operation averaged over a year will be about £90,000 if
the pumps are scheduled; this is about 17% cheaper than if the system were operating under
level control during the day out still retaining maximum pumping during the off-peak period.

The use of scheduling programs in the decision support role is illustrated in Figs.9, 10 and 11
where the failure of PS3 has been simulated. Normally PS3 supplies 9.4 Ml/day of water to
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R1 out of a total demand of 22.4 Ml/day; PS1 has to be re-scheduled to provide an additional
72% of flow as cheaply as possible. The change in pumping will also affect the operation of
the FCVs in particular those that supply R1, ie FCVs 1 and 4.

With reduced pumping capacity the reservoir level profile, Fig.9, is now very much flatter and
even by running the maximum of three pumps PS1 cannot significantly increase levels during
the offpeak period. Fig. 10 shows that PS1 is now required to run three pumps until 13:00
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hrs to prevent reservoirs dropping below the minimum level of 55%. As demand reduces in
the second half of the day two pumps are sufficient to maintain reservoir levels.

The valve openings, Fig. 11, show that FCVs 1 and 4 are further open than in the previous
example to enable PS1 to make up for the flow loss from PS 3.

4.2 STUDY 2

The trunk main system shown in Fig. 12 is currently used to pump water from PS 1 to the
treatment works at R1 and RS5; the total system demand is 55 Ml/day. The objectives of the
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study were firstly to reduce pumping costs by scheduling and secondly to reduce abstraction
at PS1 by pumping from PS3. This station had been little used for a number of years; integrating
its operation with that of PS1, coupled with recent pipe modifications at R1, considerably
increased the scope for pump scheduling in this system. Under certain circumstances the
water quality of one of the sources at PS1 limited the useable pump combinations available at
this station.

PUMPLAN showed that by capitalising on the increased pumping capacity now that PS3 was
available and by scheduling both stations, a 14% reduction in the current annual pumping
energy cost of over £400,000 could be achieved. At the same time abstraction rates at PS1
were reduced to a satisfactory level.

The schedules for PS1 and PS2, Figs.13 and 14, show that reduced pumping has been achieved
between 07:00 hrs and 19:00 hrs when both peak rates and maximum demand charges
apply. Some increase in pumping is necessary between 19:00 and 24:00 hrs to prevent reservoir
levels dropping below the desired start level for the following day; although peak rate electricity
is being used, the effect on pumping cost is not as serious as it would have been had the
additional pump been switched on during the maximum demand period. The corresponding
reservoir profiles are shown in Fig. 15 and reflect the changes in pumping combination
throughout the day.

5 PUMP SCHEDULING—THE FUTURE

The privatisation of the water industry and new legislation are creating a need for continued
improvement in the efficiency and reliability of water supply system operation and also in
water quality. These improvements will necessitate more sophisticated control of the day to
day operation of supply systems; it is in the operational decision support role that scheduling
programs will become increasingly important.
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Decision support programs will not only be required to give the operator advice on optimising
normal operation but also in unforseen circumstances. Changes in demand and pump status,
for instance, are normally easy for scheduling programs to deal with, however pipe bursts
can present much greater difficulties. This is an important area where the KBS approach is
expected to have major advantages over the traditional programming methods, because it
has the potential to be able to handle unplanned changes in connectivity. A further possibility
is that of advising on the best way of re-routing supply around a burst main.

At present PUMPLAN takes no account of water quality constraints but these could be
introduced in much the same way as the demand constraints.
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6 CONCLUSIONS

Although primarily intended to demonstrate BHRGroup’s innovative approach to pump
scheduling, PUMPLAN has already proved itself as a useful tool in commercial applications.

The KBS approach allows the possibility of extremely advanced decision support software to
be considered that will be capable of advising on a much wider range of unplanned situations
than had previously been thought feasible.

The philosophy that it is more important to find an operationally good schedule that has been
based on rigorous network analysis than to find a mathematical optimum, based on a less
accurate network model, helps to overcome some of the drawbacks inherent in the software
presently available.
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Chapter 12

GAS LIQUID MIXING AND MASS
TRANSFER IN THE WATER
PROCESSING AND CHEMICAL
INDUSTRIES: A BRIEF COMPARISON
OF THE TECHNOLOGIES

A J Green and M J Whitton (BHR Group Ltd, Cranfield, UK)

1. Introduction

The aim of this paper is to briefly review, compare and contrast some of the
technologies employed in the aerobic treatment of wastewater, against those
used by the chemical/pharmaceutical industries for gas liquid mass transfer.
The paper does not profess to provide a detailed analysis of the pros and cons
of the technologies, but more suggest areas where transfer from one industry
to another may be of value.

The paper limits its scope to devices employing gas in liquid dispersions, rather
than liquid in gas dispersions or liquid films. Thus such devices as packed
columns, plate columns, trickling filters etc. are not covered.

2. Gas Liquid Mass Transfer

The rate of mass transfer of a specified component, e.g. oxygen, from a gas to a
liquid can be described by:-

J=Kpav (C *-C) (1)

where

J = mass transfer rate (kg 1)

K., = liquid side mass transfer coefficient (m/s)

V., = volume of dispersion (ms3)

a = interfacial area/unit volume (m-1)

C.* = Interfacial concentration of the specified component in the liquid
(kg m-3)

C, = concentration of the specified component in the bulk of the liquid
(kg/m3)

©1991 Elsevier Science Publishers Ltd, England
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For the aeration of water, the mass transfer rate must be sufficient to satisfy the
oxygen demand, both chemical and biological, over the required treatment period.
Equation 1 identifies the main controlling variables in the process:

1. The mass transfer coefficient (K ). This is affected to some degree by the
level of turbulence in the liquid,blth more significantly by the liquid physical
and chemical properties. Thus K will depend on the effluent composition.

L

2. Interfacial area (a). This will depend on the degree of turbulence in the
system and the fluid properties. The physical and chemical properties of
the liquid medium influence bubble coalescence behaviour and hence
bubble size distribution.

3. Concentration driving force ().For the calculation of ka the interfacial
concentration is assumed to be the liquid concentration which is in
equilibrium with the bulk gas concentration. The concentration driving
force can be increased either by increasing the percentage of oxygen in
the gas (eg use of pure oxygen rather than air) or by pressurising the gas
(eg by increasing tank depth).

To cope with the uncertainties of 1 and 2, many manufacturers quote a so called
“a-factor”, which is the ratio of oxygen transfer rate in the actual effluent to that in
clean water (where most development work has been carried out). K and a are
difficult to measure independently so the vast majority of literature data dre reported
as the product kla.

In addition to the primary purpose of supplying oxygen, mixing systems often have
to satisfy a number of additional functions.

(i) Good liquid mixing to prevent ‘dead zones’,
(ii) Suspend solids,

(iii) Strip out Carbon Dioxide produced by the bacteria.

3. The Differences between Water and Chemical Process Requirements

Requirements

Before looking at the techniques employed in the two industries, it is worth identifying
some significant differences between the requirements. These, in general terms,
are as follows:

1. The value of the product. Water is probably the ultimate “low value”
product. As such, running and capital cost are the key considerations in
the design. For higher value chemical, and particularly pharmaceutical,
products cost is of lower importance. If a system can be designed, for
example, to increase product yield, this is very likely to overwhelm any
increase in development or capital/running costs.
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2. The scale of operation. The size of operation of waste treatment equipment
may be orders of magnitude greater than a chemical production plant,
although the largest vessels may be a few 10’s of metres in diameter.
Direct scaleup of a chemical/pharmaceutical plant geometry to that
required for water treatment may not be feasible from a physical/
mechanical engineering standpoint. Additionally, at large scale, water
depth considerations become very important, because of the increased
pressure required from any air supply to cope with the head of water.

3. The rate of mass transfer and intensity of mixing employed. For water
treatment, only slow mass transfer is required to supply the biological
demands. Typical values of K a are of the order of 10 s'. For chemical/
pharmaceutical operations, values up to 0.1 s'! are common.

These differences will be considered further in the Discussion Section.
4. Chemical and Pharmaceutical Techniques
4.1 Agitated Vessels

The “workhorse” of the chemical process industry for gas liquid mass transfer is
the agitated mixing vessel. Although a wide range of geometries are used, two of the
most common are illustrated in Figures 1 and 2. Tall vessels, eg Figure 2, have a
greater surface area/unit volume than the standard geometry vessels, Figure 1,
and are therefore used when heat transfer is critical, as is the case in some
pharmaceutical processes.

Fluid surface

T3

T/60—i f=

— L———mo

Figure 1: Standard geometry vessel with a single impeller
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The most commonly used impeller for gas liquid applications is the Rushton turbine,
Figure 3, which has a mostly radial flow pattern. Such systems suffer a number of
limitations:

(a) As gas rate increases for a fixed impeller speed the power drawn by the
impeller decreases, Figure 4. Its ability to disperse gas reduces, Figure 4
(b), until it becomes overwhelmed by gas or flooded, Figure 4 (c).

(b) It produces a relatively small amount of liquid flow compared to its power.

(¢) In multiple impeller configurations, there is a tendency for flow to
compartmentalise, resulting in poor top to bottom mixing.

As a result of the above, there is currently a great deal of interest in developing
alternatives to the Rushton, including the scaba SRGT, Figure 5 (a), (said to keep
constant power draw with increasing gas rate, Ref 1) and axial flow turbines such
as the Prochem, Figure 5 (b) or the Lightnin A315. Work is underway at a number
of institutions, notably Fluid Mixing Processes (FMP) at BHR Group, to improve
design data for existing and novel arrangements.

2/

Figure 5 (a): Scaba 4SRGT turbine

Figure 5 (b): Prochem hydrofoil

4.2 Airlift Reactors

An alternative to the agitated vessel is the airlift reactor illustrated in Figure 6. In
such a design the upflow of air drives the fluid around a loop, either internally
within the vessel, or externally. Such systems are widely used in the biotechnology
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industry, where there is concern that delicate organisms will be damaged by fluid
shear in the impeller region of an agitated vessel. The design provides good aeration
and circulation of the fluid.

4.3 In Line Devices

High intensity, in line devices are now being used more widely, such as motionless
mixers or ejectors, Figure 7. These devices offer the opportunity to increase processing
rate and/or reduce plant scale (“Proces Intensification”). Scale up and prediction of
performance of such devices is claimed to be simple, but there are few data in the
literature. As a result, work has commenced recently at BHR Group to investigate
such devices in more detail, Ref 2.
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Figure 7: Gas liquid jet ejector
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5. Waste Water Processing Techniques

5.1 Submerged Turbine Aerators

These are the water industries equivalent of the agitated mixing vessel. Various
designs are on the market, ranging from axial to radial flow turbines, with an air
sparge beneath, usually aeration units are mounted within square or rectangular
tanks, often with multiple units. Often the units are fitted with some form of baffling.

The turbine performs multiple roles:
— breakup and dispersion of sparged air
— mixing of liquid in the tank
— suspension of sludge, preventing settlement

One disadvantage of such systems is that additional equipment (i.e. a blower) is
needed to introduce the air. To overcome this, various designs of selfaspirating
turbines have been developed, e.g. Ref 3. However, these are generally less efficient
at pumping the liquid.

5.2 Surface Aerators

These devices are similar to submerged turbines, but are positioned at or near the
surface. Air is drawn down from atmosphere and pumped into the tank by the
agitator, Figure 8 (a). These can either be mounted on a fixed frame or float on the
surface. They have the advantage of lower capital and running cost than submerged
turbines, but require more freeboard, due to the extensive surface disturbances
caused, and (if on a fixed frame) are less able to cope with fluctuating liquid levels.
Additionally, the devices have less influence on the base of tanks, so suspension
performance is reduced.

As an alternative, “brush” aerators have been used, Figure 8 (b), i.e. impeller shaft
mounted horizontally. In these designs mass transfer occurs through both liquid in
air and air in liquid dispersion. They are often used in oxidation ditches, where a
linear water flow is required, this being enhanced by the aerator.

Finally plunging jet devices, Figure 8 (c), have been found to have great potential,
Ref 4, but have yet to find their full commercial potential.

5.3 Bubble Diffusers

These can be separated into two categories: coarse bubble diffusers, comprising
arrays of perforated sparge pipes, and fine bubble diffusers, comprising fine-pore,
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Figure 8 (a): Mechanical surface aerator
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Figure 8 (b): Brush type surface aerator, ref. (11)

Figure 8 (c): Plunging jet aerator

large open area porous materials (e.g. ceramics, plastics, sintered metals). The
latter are often designed to cover the entire tank floor, to ensure even dispersion of
air within the tank and avoid sludge settlement, Ref 5. This removes the need for
good liquid phase mixing. Reference 10 recommends tanks with large length to
width ratios, resulting in an approximation to plug flow (i.e. all effluent has the
same residence time). Conversely, effluent mixed in a large square tank will have a
very wide range of residence times.

5.4 Other Techniques

There is a wide range of other techniques currently used, including the following:

(a) Ejectors. A technique has been developed by the Electricity Council
Research Centre which employs an ejector to achieve rapid mass transfer,
the jet then being used to mix the tank.

(b) Fixed Head Aerator. This device was developed by BHRA, Ref. 6, and uses
similar principles to (a), i.e. achieving rapid, localised mass transfer, then
mixing the tank with the jet, Figure 9.
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(c) ICI “deep shaft” process. This operates in a similar manner to the airlift
reactor, Section 4.2, see Figure 10. Very large depths are employed (up to

100m), giving very high partial pressures in the gas phase, and hence
rapid mass transfer.

(d) Enriched oxygen techniques. Enriched air, or pure oxygen, are used to
increase the mass transfer rate by increasing the concentration during
force (e.g. BOC Vitox process or the Unox process).
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Figure 10: Deep shaft aerator, ref. (12)
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6. Discussion

From the previous two sections, it is clear that there is little commonality between
the technologies used in the chemical/pharmaceutical industries and waste water
treatment. Even where similar are employed (e.g. submerged turbine aerators),
their application tends to’be very different. Whilst, undeniably, many of the
differences arise from the fundamentally different requirements outlined in Section
3, the inevitable question is: can the industries improve their processes (and
profitability) learning more from each other?

Technology transfer at the manufacturer level is good: for example, Mixing Equipment
Company (Lightnin) are market leaders in both industries. However, evidence from
the chemical process industries has proven that there is great benefit in the
equipment end users themselves improving their knowledge of processes: the success
of process industry related research club projects, such as FMP and HILINE at
BHR Group and others (e.g. HTFS, SPS etc) is a good example.

Looking at two recent conferences related to mixing provides some enlightenment.
A conference of “Bioreactor Fluid Dynamics”, Ref. 7, attracted no papers and no
delegates from the water industry; yet what is an activated sludge treatment plant,
if not a bioreactor? The most recent European Conference on Mixing, Ref. 8, attracted
only 2 papers as waste water applications out of a total of 77. Equally, recent
conferences related to wastwater treatment probably attracted few delegates from
the chemical industry. Process industry research clubs have had little success in
recruiting members from the water industry, although FMP and HILINE have recently
both recruited members (Yorkshire Water and C.G.E. respectively).

A detailed analysis of the pros and cons of the technologies will not be tackled, but,
speaking from expertise relating to the chemical industry, the following observations
are made on water processing techniques:

1. Many water treatment tanks appear to be designed totally around civil
engineering considerations, resulting in square or rectangular, relatively
shallow tanks with flat bases. Mixers are introduced as an “add on extra”.
Could more effort be placed in designing a combined tank/agitator system,
closer to the geometries developed and optimised for the chemical industry?
This may result in higher civil costs, but would the improved/reduced
processing cost compensate?

2. Aeration techniques such as ejectors and the fixed head aerator employ
local, rapid mass transfer with jet mixing to keep tanks well mixed. The
original technology for liquid jet mixing actually comes from the water
industry (mixing in reservoirs), but has since been greatly advanced for
applications such as oil storage tanks. Have the latest data, e.g. Ref. 9,
been transferred back to the water industry to aid designers?
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In summary, to quote reference 10, could it be that

“...mechanical devices, economy of thought or love of concrete have ruled design”.

7. Concluding Remarks

As stated at the outset, this paper has not intended to provide deep analysis and
insights into the differences between chemical pharmaceutical processes and waste
water treatment.

However, it is hoped that, by setting down the different techniques used in both
industries, it will prompt members of both, and particularly the water industry,
to think about how they might use each other’s expertise and investigate the
literature and other sources of data more fully. If so, the paper will have achieved
its purpose.
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Chapter 13

OPTIMISATION OF SECONDARY
CHLORINATION PRACTICE IN THE
UK

C R Hayes (Water Quality Management, UK), A Elphick
(Consultant, UK)

SUMMARY

The need for boosting chlorine concentrations within water supply distribution
networks is reviewed in relation to UK practice and recent changes in the UK’s
water legislation. Comparisons are made between UK practices and those of other
European States.

There is a need to clarify better several microbiological quality issues, in order to be
able to define more objective approaches to the management of chlorination.
Irrespective of these current uncertainties, it is concluded that secondary chlorination
will be increasingly necessary in the UK, at least in the short to medium term. This
view relates to the technical challenge of achieving microbiological, aesthetic (eg.
taste) and chemical (eg. trihalomethanes and nitrite) standards within the next few
years to satisfy legislative demands.

An objective approach is proposed for managing chlorine residuals within distribution
networks, based on the specification of target minimum concentrations. Its
implementation in any network will require preliminary investigations to determine
the need for secondary dosing; if such dosing is required, it will then be necessary
to select appropriate doses and dosing points. Such investigations might be
supported by a secondary chlorination model.

The design and use of chlorination plant, in respect of secondary dosing applications
and for optimisation studies, are reviewed.

INTRODUCTION

The benefits of maintaining chlorine residuals throughout a water supply distribution
network have often been perceived to be:

(i) the suppression of bacterial regrowth and the preservation of general
sanitary condition

(ii) the provision of a buffer against low level contamination

(iii) the presence of a chemical indicator to detect gross contamination

© 1991 Elsevier Science Publishers Ltd, England
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These perceived benefits have been examined in conjunction with the legislative
standards that apply to microbiological quality, in order to establish the objectives
for disinfection processes. In this examination, comparisons have been made to
other European practices.

The constraints of other quality standards, such as taste, nitrite and
trihalomethanes, have also been considered to help determine the most likely means
of achieving disinfection goals. From this review, it is evident that secondary
chlorination will be increasingly necessary in the short to medium term.

Optimisation of secondary chlorination will require the adoption of a more objective
approach to managing disinfection residuals within distribution networks and
preliminary field study, techniques and plant for which are discussed. The scope
for developing an optimisation model is identified.

LEGISLATIVE ASPECTS OF DISINFECTION

Disinfection Practice

In the UK, it has been considered necessary that all public water supplies should
be disinfected, national guidelines (DoE,1983 and WAA,1988) reflecting this view.
The recent Water Supply (Water Quality) Regulations 1989 maintain this approach
as a legal requirement, although the Government can authorise for specified
groundwaters not to be disinfected. The national guidelines have also drawn attention
to the need (DoE,1983) or advantage (WAA, 1988) of maintaining disinfectant
residuals throughout a distribution network.

In establishing these general requirements for disinfection, neither the national
guidelines nor the Regulations, indicate the type of disinfectant to be employed, its
dose and contact time or the concentration of the residuals to be maintained. Rather,
it is left to the individual water undertakers to manage disinfection such that
microbiological standards are achieved.

The integrity of microbiological standards is closely related to sampling frequency,
which has varied across the UK due to ambiguous sampling guidance (DoE,1983).
In consequence, disinfection practice has varied also. To compound matters, several
of the microbiological parameters are poorly defined.

The most explicit guidance for managing disinfection is provided by the World Health
Organisation (WHO,1984). For primary disinfection at sourceworks it is
recommended that between 0.2 and 0.5 mg/ 1 free chlorine (the higher concentration
is desirable for “unprotected” sources) is maintained for a minimum 30 minutes
contact period with turbidity <INTU and pH <8.0.

Generally, these requirements are achieved in the disinfection of surface derived
waters in the UK although the turbidity and pH requirements are probably not
achieved consistently at some works. Also, many groundwaters are disinfected
without a contact period prior to entering distribution.

The WHO also recommend the maintenance of a free chlorine residual of 0.2 to 0.5
mg/1 in the distribution system in order to reduce the risk of microbial regrowth
and to provide an indication of the absence of post-treatment contamination; this
recommendation is commonly not achieved in UK distribution networks, whether
by design or default.

In order to achieve greater consistency and objectivity in the management of
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disinfection, including secondary chlorination, consideration must be given to the
water quality objectives of such treatment; these are discussed below.

Microbiological Standards

The EC “drinking water” directive (EC, 1980) requires all samples of water at the
point of use to be free of faecal coliforms (E.coli) and pathogens, and that at least
95% of such samples to be free of total coliforms. The recent UK Regulations
implement these standards although routine monitoring for pathogens is not
specified.

The coliform indicator approach to microbiological quality control has been generally
successful in minimising water borne disease in the UK (Galbraith et al,1987).
However, possible limitations of the approach are increasingly being realised: eg
with respect to entero-viruses (WRc,1986) and protozoan parasites (DoE,1989).
The main weakness, however, in relying solely on coliform standards for determining
disinfection practice, is the uncertainty that is inherent in any water sampling.

The confidence to be expected in a given sampling frequency can be estimated
statistically using the properties of the binomial distribution (A E Warn, personal
communication); such estimates indicate that there is a risk of poor water quality
failing to be noticed at low sampling frequencies, as illustrated in Table 1.

Table 1. Statistical estimates of true failure rates giving zero failed samples as a
function of sampling frequency.

Number of samples Most likely true failure rate (%)
6 10.9
12 5.6
26 2.6
52 1.3
300 0.2

It must thus be realised that the minimum sampling frequencies specified by the
EC directive and the UK Regulations carry risks of failing to notice poor quality,
particularly for smaller supplies for which the specified minimum frequencies are
lowest. The authors conclude that, in seeking to achieve high standards of
microbiological quality, additional approaches must also be followed.

The EC directive contains guide levels for 22 and 37 C bacterial colony counts.
These have been virtually ignored in the UK and the new Regulations only require
“no significant increase over that normally observed ”; this approach may have
some validity to samples taken from a fixed point but is difficult to apply to random
samples, particularly those from surface-water derived supplies in which the
potential for bacterial regrowth is often high. Greater recognition of the possible
significance of colony counts could be warranted in the UK for the following reasons:

(i) high colony counts may be indicative of the presence of spoilage organisms
of concern to hospitals and the food and drink manufacturing industries

(ii) high colony counts may be indicative of the presence of Aeromonas
hydrophilla, being of possible health concern (Burke et al,1984)

(iii) high colony counts may be indicative of conditions suitable for infestation
by aquatic animals (eg Nais worms)

Conditions that lead to elevated colony counts include the presence of assimilible
organic carbon (AOC), the stagnation of water and the attenuation of effective chlorine
residuals which may be exacerbated in extensive distribution networks.
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Such deterioration has been particularly appreciated in the Netherlands where
AOC control is practised at several works; by reducing the driving force for bacterial
growth, it has been possible to substantially reduce the need for carrying disinfectant
residuals throughout distribution, the ultimate example being the cessation of
“safety” chlorination for supplies to Amsterdam (Schellart,1987). It is also worth
noting that in the Netherlands, tentative standards for Aeromonas hydrophilla have
been promulgated due to health concerns (A Hulsmanpersonal communication).

Of further relevance to disinfection practice is the requirement of the EC directive
for pathogens to be absent. Whilst this requirement is also contained in the UK’s
new Regulations, neither item of legislation defines routine monitoring clearly, albeit
the EC directive does state that such monitoring, in a supplementary manner to
coliforms, may be necessary. Recognising that some pathogenic micro-organisms
could be present in the absence of coliforms, it would seem appropriate for further
clarification of minimum sampling requirements to be provided by the regulatory
bodies; such a development could materially influence disinfection practices.

Aesthetic and Chemical Constraints

Despite general recognition that microbiological quality is paramount, and therefore
presumeably the means of its achievement, an antagonistic range of aesthetic and
chemical standards make the fulfillment of microbiological objectives potentially
difficult. Such constraints are:

(i) the desirability of minimising chlorination by-products, various standards
for trihalomethanes having been applied throughout Europe; the
operational implication is to reduce the use of chlorine with the potential
for poorer microbiological quality

(ii) the standard for nitrite of 0.1 mg/1 NO2 which, because of its
implementation as an absolute maximum, probably precludes the use
of chloramine in many supplies due to nitrite formation associated with
the ammonia used and/or the breakdown of chloramine—this constraint
appears, in the UK, to be the cause of a move away from chloramine to
free chlorine as a disinfection residual in distribution, with the identified
need for many more secondary chlorination installations (Schroders,
1989)

(iii) the standard for taste of a dilution number of 3 is presently being applied
in the UK to dechlorinated samples (DoE,1989b); as such the standard
should have little constraining effect on the management of free chlorine
residuals within distribution—however, the use of dechlorinated samples
may not be consistent with the EC directive and any future change to
unaltered samples could impact on chlorine residual management; the
practical implications would then be the need to maintain effective
residuals by applying smaller chlorine doses at more points (ie secondary
chlorination).

(iv) the EC directive requires the absence of “animacules and algas” although
the UK’s new Regulations offer no clear standards. The UK Government
has stated (DoE,1984) that water undertakers should “take steps to control
their presence”; such steps have often included the dosing of pyrethroid
insecticides but implementation of the EC directive’s pesticide parameter
could preclude such dosing
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— by implication, higher concentrations of disinfectant residual throughout
distribution can be anticipated and therefore more secondary chlorination
installations.

THE SCOPE FOR RATIONALISING THE MANAGEMENT OF CHLORINE
RESIDUALS IN DISTRIBUTION

Perceived Operational Benefits

Microbiological quality control is essentially restrospective due to the time taken to
perform microbiological tests, a review of data over a period of time helping water
undertakings to determine the integrity of their operational procedures. In such
judgements, an assessment of the risks of microbial ingress must be included
together with the operational measures that can provide some form of protection.
Undoubtably, good design and maintenance of supply networks are a prerequisite
to consistently high standards of microbiological quality. Additionally, the
maintenance of an “effective” disinfectant residual throughout distribution is
perceived to offer protection against low level ingress as well as avoiding regrowth
problems. Assuming these objectives to be valid, it is reasonable to conclude that
minimum disinfectant residual concentrations can be specified as targets to suit
the possible disinfectant types as well as for different water types (primarily surface
or ground derived). Such an approach is less sensitive to the other major perceived
benefit of maintaining disinfectant residuals in distribution; namely, the indication
of gross contamination through total loss of the residual.

Chlorine Concentration Targets for Water in Distribution

In order to define numerical targets, the biocidal effectiveness of the different forms
of disinfectant residual must first be appreciated; a simple classification is offered
in Table 2.

Table 2 Biocidal Effectiveness of Disinfectant Residuals

Type Biocidal Effectiveness
Free chlorine Good
Monochloramine Moderate
Organochloramine Poor
Chlorine dioxide * Good
Chlorite Poor
Ozone ** Good

* prone to reversion to chlorite
** unstable

On the basis of this classification, whilst free chlorine, chlorine dioxide and ozone
all offer sound options for primary disinfection of source waters, only free chlorine
and monochloramine have the stability and biocidal effectiveness to be considered
as residuals for distribution network protection. Chlorine dioxide is used at several
European waterworks as a “safety” disinfectant but the authors question this practice
for the reasons stated above.

Experience in Europe is increasingly demonstrating the benefits of AOC removal in
treatment and the subsequent reduced requirement for safety disinfectant residuals
to be maintained. In several European States, groundwaters are not, generally,
disinfected at all, raising fundamental questions about the need for maintaining
disinfectant residuals in distribution. In comparing these countries to the UK, it
may be the case that the more highly developed approaches to protecting raw water
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resources through protection zones, as in the Netherlands and West Germany,
permit the “need” for safety disinfection to be avoided; further, there may be
differences in the general condition of distribution networks. However, for the time
being, the maintenance of disinfectant residuals in UK systems is anticipated.

With regard to the above arguments, the authors propose (in Table 3) a set of
chlorine and monochlorine target concentrations which can be applied to all
distribution systems; how the targets are achieved will be dependent on the individual
circumstances of each distribution system.

Table 3 Proposed Target Minimum Concentrations for Free Chlorine and

Monochloramine
Water type Minimum free Minimum mono-chloramine
chlorine residual* mg/1 residual* mg/1
Ground 0.05 . 0.15
Surface 0.10 0.30

* to be achieved for at least 95% of the receiving population

Given that AOC control was effective for a surface-derived water, then the ground
water targets could apply. Given that catchment protection measures were in force
and that the distribution system was in sound condition then these targets could
become unnecessary, ie the practices of other European States could follow.

Maximum concentrations of 0.5 mg/1 free chlorine and 1.5 mg/1 monochloramine
could be debated; these will depend largely on the skill of the public relations
department (taste complaints) and cost.

It should be stressed that the targets proposed in Table 3 are based on the general
operational experience of the authors; validation of such targets will require input
from microbiological specialists and a consensus view on risk.

OPTIMISING SECONDARY CHLORINATION

The Need

As discussed above, compliance with microbiological standards, other microbiological
issues and the constraints of aesthetic and chemical standards have combined in
the UK such that the boosting of disinfectant residuals in distribution is likely to be
more widely practiced. Of the disinfectant options available, greater emphasis will
continue to be directed towards the use of free chlorine.

Facilitating this need can only be achieved in a consistent manner, thereby
normalising the risks posed by ingress and regrowth, if an objective approach is
adopted (as proposed above) throughout the UK. This implies considerable evolution
of the currently vague national guidelines.

Investigations

Designing a cost-effective secondary chlorination strategy for a given distribution
network will require preliminary studies in order to ensure that the correct chlorine
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doses are applied at the correct locations. Factors that need to be considered are
the times of travel of water in the network, the internal condition of pipes, both of
which affect the rate of attenuation of chlorine. Such investigations are likely to
require a mobile chlorine injection system, options for which are discussed below.
As temperature will influence attenuation, studies must encompass the range in
seasonal conditions.

The extent of investigation will depend on the size and complexity of the distribution
network and may be fairly onerous. To help minimise such work, a chlorine
attenuation model could be developed which linked network characteristics and
condition to chlorine attenuation rates and thereby worked out required dosing
points; in many cases, preferred points of dosing will not coincide with convenient
structures such as service reservoirs.

EQUIPMENT FOR SECONDARY CHLORINATION

Even where dosing is possible at a service reservoir, the accurate application and
control of chlorination may be difficult. The addition of chlorine to a large body of
water, such as a service reservoir, to ensure good mixing in an existing structure,
may be very difficult where the inflow and outflow vary from zero to maximum.
Equally, the application of chlorine to reservoir outlets (and there may be several)
may be very difficult for physical reasons or, again, for reasons of large flow
variations.

Dosing points need to be chosen with care. The location of dosing points should
avoid the need to install equipment in areas accessible to the public, although
secure kiosk or cubicle arrangements have been successfully used.

Some of the requirements for adequate primary disinfection, in particular, contact
time, can be avoided in secondary chlorination. This enables the dosing/mixing/
analysis/alarm data transfer to be more easily applied, being essential features of
a well designed secondary chlorination system.

Clearly the type of equipment used will be dependent on size and location but in all
cases it needs to be simple, reliable, easy to install and maintain and as self-contained
as possible.

Preliminary investigations with mobile plant are likely to be unavoidable unless
blanket treatment can be applied successfully to all service reservoirs/networks.

Typically, a mobile chlorination unit is supplied as a trailer, although portable
cabins have also been used. Such units need to be secure and stable and four
wheeled trailers fitted out with chlorine storage system, gas or chemical dosing
units, generator/booster pump set, fume detection systems etc., are in use.

A variety of chlorinators and injectors, with boosted water available at various
pressures and volumes will allow for a wide range of treatment conditions into
points of application ranging from zero back pressure to high pressure mains.
Such application can pin-point the most desirable dosing point if it is carried
out in conjunction with the analysis of residuals in the network at different
times.

Equipment for the chlorine residual analysis can be housed in the mobile unit or in
discreet sensing stations at relevant points in the network.
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Mobile equipment of this complexity will not only be of value in secondary chlorination
assessment but, for example, if de-chlorination equipment is included, could also
be satisfactorily used for mains disinfection. Similarly it could be made available
for use in emergencies where rapid measures for disinfection are required.

Panel mounted, or skid, arrangements to provide both handling, dilution and
dosing of hypoehlorite, as well as the analysis and control of residuals in the
network, are becoming subject to more exhaustive specification by water companies
in the UK. Often specified is the requirement for instantaneous alarm should the
chlorine residuals stray from the optimum. In all such systems accuracy and
reliability is paramount and UK specifications are now likely to fall in line with
the Water Authorities Association Process Systems Committee requirements for
process control and monitoring instruments. These strict requirements could be
further enhanced by triple validation of primary sensing signals at sensitive or
problematical locations.

Secondary chlorination generally calls for the use of simple controllers (for cost and
reliability). The use of sophisticated computer controlled systems in remote locations
has its advocates but the relative importance of re-chlorination compared to primary
disinfection must be borne in mind.

On site electrolytic chlorination (OSEC) is likely to reduce the need for visits to
these secondary chlorination sites. Self-contained, easily installed systems are now
available at a wide range of capacities down to 2 kg per day. Modern technology
allows economic conversion of electrical energy and salt into hypochlorite with fully
integrated control and alarm systems for local and remote monitoring. Storage of
salt, instead of hypochlorite, provides stability of chemical and long periods between
replenishment. Such equipment needs to comply to BS5345 Part 2 and meet Health
and Safety Executive requirements.

All of the above techniques and equipment are standard for water treatment works
application. The modification of such designs to suit secondary chlorination is
nevertheless far from straighforward and require? a good deal of experimentation
and modification before we reach the stage in the UK where optimum secondary
chlorination can easily be applied.

CONCLUSIONS

Reflecting the recently more stringent implementation of drinking water quality
standards, a trend can be anticipated in the UK of improved disinfection control at
sourceworks and the installation of many more secondary chlorination stations
within distribution.

Presently, the design of disinfection systems is related to the achievement of
microbiological quality objectives but this approach on its own can be
compromised by the uncertainties arising from low sampling frequencies; further,
various microbiological issues have tended to be over-looked or are in need of
development.

A more objective basis is proposed, for managing the concentration of chlorine
residuals within distribution, which would lead to a more consistent approach to
achieving microbiological standards.

Optimisation of secondary chlorination will only be achieved given a more objective
approach and the pursuance of investigations to ensure that correct doses are
applied at correct locations.
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