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Sustainable Development Indicators for Urban Water Systems
a case study of King William’s Town, South Africa

Abstract

Most sectors of modern society are today reviewing the environmental impacts of their
practices in order to achieve a common goal, sustainable development. The urban water
system (UWS) sector is no exception, as its further development will increase pressutes
on the world’s limited freshwater resources, and the chemicals and energy used for
drinking- and wastewater treatment affect the environment. UWS may also, though,
provide options that will improve the situation. By using dried sewage sludge as an
agricultural fertilizer, the need to used commercial fertilizer, where mined phosphorus (a
limited resource) and fixated atmospheric nitrogen (produced through an extremely
energy-demanding process) are constituents, will decrease. The further development and
construction of UWS is vital, especially in developing countries, where the lack of proper
sanitation stands in the way of a sustainable development.

A transformation from unsustainable practices demands tools, which show how
progress is going and can warn of future trends. Sustainable Development Indicators
(SDI) have been suggested as such tools for a number of fields, including the UWS
sector.

This case study applied 19 SDI to the UWS of King William’s Town, a smaller city
in the semi-arid, mostly underdeveloped Eastern Cape Province of South Africa. The
main aim was two-fold: to evaluate the sustainability of the UWS, and to evaluate the
individual indicators according to criteria. The SDI were found useful in assessing the
temporal vartation of the UWS.

The UWS of King William’s Town is currently not moving towards sustainability.
The freshwater withdrawal from the Maden and Rooikrans Dams has passed acceptable
levels. The future plans of inter-basin transfer are not believed to guarantee this resource
past 2025. The treatment performance of the Schornville Sewage Treatment Works is
poor, and the removal percentage of phosphorus is even decreasing. Coupled with the
increasing concentrations of P, N and COD in the raw wastewater, the Buffalo River,
already threatened by eutrophication and salinification, is now teceiving increased
nutrient loads and oxygen demand. The erratic reuse of sewage sludge as an agricultural
fertilizer, and the total lack of sludge quality monitoring, allows for large improvement in
this area. Certain aspects have been improving, though. The water use per capita has
stabilized around 230 1/cap*d, and the use of ferric chloride at the Schornville STW has
become more efficient.

Among the largest difficulties encountered during the case study were the access to
certain data (e.g. tap quality tests), the quality of the acquired data (eg chemical content of
sewage) and an apparent lack of data (eg sewage sludge quality). Improvements
concerning these factors are necessary in order to increase the quality of future studies
into the sustainability of this urban water system.

Of the 19 SDI tested, 13 were chosen for future use through evaluation according to
five criteria concerning: the ability to show trends of sustainable development, if the
indicator covers an aspect of SD without ovetlapping other SDI, if goals and objectives
exist for the indicator, if data of sufficient quantity and quality was available and easily
accessed, and the ease of understanding the SDI’s results. Although the indicator topics
should be able to be used in studies of other similar UWS, the SDI parameters may need
to be reviewed before being applied in another geographic area. Several possible SDI
improvements were also identified, which may increase the analytical and communicative
properties of the indicators

Keywords: environmental assessment, indicators, sewage, South Africa, sustainable development, water
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Glossary

Carrying capacity: the maximum size of a population that an area can support without reducing
it ability to support the population in the future

Critical load: the amount of pollution that an ecosystem can handle, before considerable damage
is caused

Eco-efficiency: term used by the World Business Council for Sustainable Development
(WBCSD) #ig. producing more value with less environmental impact

Ecological Footprint: the area that would be required to support a defined human population
and material standard

Effectiveness: the extent to which objectives are achieved

Efficiency: the extent to which resources are utilized optimally to produce outputs (goods or
services)

Environmental accounting: refers in the context of national resource accounting which can
include statistics about a nation’s consumption, extent, quality and value of natural resources

Environmental Performance Indicators: (EPI) parameters describing the level of achievement
in respect to environmental targets

Framework: conceptual model used to identify and organize indicators

Life Cycle Assessment: (LCA) an approach to identify environmental consequences of a
product, process or activity through its entire life cycle

National Resource Accounting: (INRA) satellite accounts to the System of National Accounts
include natural resources in physical and monetary units

Performance Indicators: (PI) parameters describing the level of achievement in respect to one
or a set of reference values

Socio-Ecological Indicators: (SEI) term used by the Natural Step foundation and others for
indicators based on a framework for sustainability and focusing early in the causal chain

Strong sustainability: the existing stock of natural capital must be maintained and enhanced
because the functions it performs cannot be duplicated

Sustainable Development Indicators: (SDI) Pieces of information that aim to measure and
assess progress towards sustainable development

System of National Accounts: (SNA) an internationally used framework for the systematic and
integrated recording of the flows and stocks of an economy

Weak sustainability: manufactured capital of equal value can take the place of natural capital
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Abbreviations

BOD, Biochemical Oxygen Demand

COD, Chemical Oxygen Demand

DPSIR, Driving force-Pressure-State-Impact-Response

DWAF, Department of Water Affairs and Forestry

EEA, European Environment Agency

KWT, King William’s Town

NV, Naturvirdsverket (Swedish Environmental Protection Agency)
OECD, Otrganization for Economic Co-operation and Development
PDG, Palmer Development Group

PSR, Pressure-State-Response

SD, Sustainable Development

SDI, Sustainable Development Indicator(s)

SDR, Sustainable Development Records

SEI, Socio-Economical Indicators

STW, Sewage Treatment Works (South African term), equals WWIP
TLC, Transitional Local Council, South African term equaling municipality
UNCSD, United Nations Commission on Sustainable Development
USEPA, Environmental Protection Agency (in the United States)
UWS, Urban Water System(s)

WHO, World Health Organization

WPW, Water Purification Wotks (South African term), equals WIP
WRC, Water Research Commission (in South Africa)

WTIP, Water Treatment Plant

WWTIP, Wastewater Treatment Plant
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1. Introduction

Most sectors of modern society are today reviewing the environmental impacts of their
practices in order to achieve a common goal, sustainable development. Aspects being
studied include the use of non-renewable resources and energy, contributions to
environmental concerns (such as eutrophication and global warming) as well as more
social factors, such as the environmental awareness of employees and their behavioral
patterns. One of society’s sectors has concerned itself with environmental issues for
several decades, the urban water system (UWS) sector. This sector includes our
freshwater sources and reservoirs, drinking- and wastewater treatment plants, and the
necessary distribution and transportation pipe networks that connect the soutces,
treatment plants, consumers and final destinations of treated wastewater and sewage
sludge with each other.

In order to measure the environmental progress of a company, region or nation, and
then consequently relay this information to its intended audience, whether it be policy-
makers, engineers or the general public, tools for these purposes are necessary. Several
different methods have been suggested, such as Life Cycle Assessment, Environmental
Accounting, Sustainable Development Records, and others. Indicators, the subject of
study 1n this report, have already proven themselves useful in several fields of science:
the Gross National Product 1s an indicator of a nation’s economic activity, while the
Human Development Index measure more social issues, such as longevity and levels of
education. As many of the quantitative parameters measured within an UWS are suitable
for indicator usage, these have been suggested as possible future tools for measuring this
sector’s progress towards a sustainable development.

Lundin et al (1997) initially proposed a total of 20 Sustainable Development
Indicators (SDI) for UWS, which were consequently tested in a case study (1999) in
Goteborg, Sweden. Through this case study, the SDI wete proven to be useful for
assessing the temporal variations of an UWS, and 14 of the original 20 SDI werte
recommended for future use.

As the Goteborg case study was in an urban environment in a developed country with
little stress on its freshwater resources, it inherently had similar systems in mind, such as
those found in Western Europe and Notth America. Developing countties, with
moderate or large stress on their freshwater resources and severe economical restraints,
are facing additional and different problems. The employees’ awareness of environmental
problems, the actual relevance of these problems, and the accessibility to and quality of
data are other factors that may differ between Sweden and developing nations, which
mandates a separate study into the use of indicators in such an area.

2. Aims and Objectives

The overall aim of this Master’s Thesis is, through the performed case study, to evaluate
the use of 19 SDI in the field of urban water systems. The individual objectives are:

® to collect substantial amounts of data of sufficient quality to make an analysis
possible and meaningful,

e to analyze the current situation of the study area, with regard to Sustainable
Development (SD), and identify future trends,

® to evaluate the use of the individual indicators and their informative qualities,
® to produce a working list of the SDI found appropriate for future studies.
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3. Methodology

Following an extensive literature review of publications concerning SD, indicators, utban
water systems and developmental aspects, 17 of the 20 SDI originally proposed by
Lundin ez. a/. (1997) wete chosen for the case study, with the remaining three rejected on
the grounds that they were not believed to be either applicable, suitable or provide useful
information. In order to cover the developmental aspects that were not included in the
original set, complementary SDI were believed to be necessary. A review of the United
Nations Commission on Sustainable Development’s (UNCSD) Working List of SDI'
found that two, of a total of 134 SDI, might prove to cover this aspect, without
ovetlapping any of the other 17 SDL

Upon atrival to South Africa in October 1999, the UWS of King William’s Town was
chosen as the subject of study, and its system boundaries were identified as starting at the
Maden and Rooikrans Dams and ending with the Buffalo River (see Figure 4). This
system was sufficiently developed with functioning drinking- and wastewater treatment
plants and a complete pipe network, and data for a majority of the SDI was believed to
be present. Also, the UWS’s close vicinity to the University of Fort Hare, the base of the
study, allowed for multiple and frequent visits.

Data collection started immediately and included personal interviews with staff at
different municipal offices, as well as at regional and national authorities. Several private
companies that the municipality employs for measurements and research were also
contacted and visited.

A pre-evaluation of the SDI values was conducted while still in South Aftica, and the
results were presented to contacted officials at the municipality, in order to attain feed-
back prior departure. Back in Sweden, the result evaluation continued with the help of
several researchers at Chalmers University of Technology (Sweden), the University of
Pretoria (South Africa), Rhodes Univetsity (South Africa) and the University of the
Orange Free State (South Africa) and personnel at the Department of Water Affairs and
Forestry in South Africa, as well as an evaluation of the SDI concerning their usefulness
and informative qualities.

Prior completion, this report has been reviewed by the following persons:

Prof. Gregory Motrison Prof. O. S. Fatoki

Water Environment Transport
Chalmers University of Technology
Goéteborg, Sweden

Ms. Matrgareta Lundin, Lic. Eng.
Environmental Systems Analysis
Chalmers University of Technology
Goteborg, Sweden

Ms. Sonja Oetken

Official opponent, M.Sc. student
Applied Environmental
Measurement Techniques

Chalmers University of Technology
Goteborg, Sweden

Department of Chemistry
University of Fort Hare
Alice, South Africa

Drz. Carolyn “Tally” Palmer
Centre for Aquatic Toxicology
Institute for Water Research
Rhodes University
Grahamstown, South Africa

Ms. Jay Walmsley, M.Sc.

Centre for Environmental Management
University of the Orange Free State
Bloemfontein, South Africa

1 The UNCSD’s Working List of Indicators can be found on the Internet:

http:/ /www.un.org/esa/sustdev/worklist htm
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4. Sustainable Development and urban water systems

An urban society needs a number of infrastructural installments to function propetrly.
The provision of safe drinking water and the removal and treatment of wastewater and
stormwater are prerequisites for a healthy population and functioning city, and it is for
these objectives that UWS were initially designed. Mote recently, global awareness and
recognition (eg Agenda 21) of society’s negative influence on the environment has
grown, and calls for additional purposes and goals of an urban environment’s sub-
systems, including its UWS.

In addition to the original objectives, which mainly concetned human health, a
modern water and wastewater system must consider energy efficiency, resoutce use,
environmental effects, access to service, service equality and other aspects of SD.

When considering UWS, this breaks down to the following individual objectives:

Preserving the quality of raw water soutrces.

Sustainable use of raw water sources.

Supplying the general population with safe drinking water in sufficient quantity.
Supplying the general population with adequate sanitation.

Reducing the use of limited resources and energy to within levels of sustainability.

In a developed country like Sweden, with previous decades of industrialization and
infrastructural improvements, the access to an abundant supply of water at an affordable
cost allows a focus on more environmental issues. Many developing countries, like South
Africa, face enormous problems in the near future as they lack not only the infrastructure
(in certain areas) and investment capital, but often also have very limited amounts of
freshwater resources. The rapid urbanization and population increases in these countries
add additional stress to the situation. Today, more than one third of the world’s
population of over 6 billion people do not have safe drinking water and a quarter do not
have adequate sanitation. This results in the 50,000 deaths that occur daily, due to
waterborne diseases (Fielding, 1999).

The author of this Master’s Thesis believes that the importance of a sustainable
development of the urban water systems in these countties, as well as in developed
countries, is understood. The importance has been internationally emphasized (see e.g.
Chapter 18 in Agenda 21). In order to understand the current situation and identify its
trends, thereby finding ways to achieve a more sustainable development, tools like SDI
are hoped to prove to be very useful.
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5. Sustainable Development Indicators

5.1. introduction

Indicators have been used in several fields of science as tools of measuring SD-progress,
identifying problems and communicating this information to an intended audience.
When studying SD with an economical emphasis, the Gross Domestic Product and
Gross National Product have been thought of as convenient indicators, although they are
currently being revised by using satellite accounts, so as to “green” these indicators. More
recently, the Index of Sustainable Economic Welfare (ISEW) has been suggested as a
more appropriate measurement of true welfare. In order to measure development in a
social context, the Human Development Index (HDI) is currently being used by the UN
Development Program to measure a population’s longevity, literacy rate, and level of
education.

Indicators, in genetal, are pieces of information, which have a wider significance than
their immediate meaning (Bakkes e 4/, 1994). An indicator is useful if it is of
fundamental interest in decision-making, simplifies or summarizes important properties,
visualizes phenomena of interest and quantifies, measures and communicates relevant
information (Gallopin, 1997). In addition to its essential quantifying function, further
relevant functions include (Gallopin, 1997):

assessing conditions and trends (sometimes in relation to goals and targets),
providing information for spatial comparisons,

providing eatly warning information,

anticipating future conditions and trends.

5.2, SDI frameworks and methodologies

The development of SDI has been world-wide and been undertaken by a number of
organizations (eg OECD, UN) and professionals of different faculties, where 2
framework is first created, which acts as basic conceptual structure of underlying ideas
pertaining to SD. A large number of different frameworks and methodologies have been
developed, largely depending on the authot’s interpretation of SD. Those with an
economic background tend to favor “weak sustainability”, ie. where manufactured
capital can take the place of natural capital, whereas those with an environmental
background choose “strong sustainability”, where spent natural capital cannot be
replaced. Another factor that has influenced the frameworks and methodologies has
been the intended audience, whether it be politicians, a ptivate company or the general
public as a whole. (Lundin, 1999)

5.2.1. Environmental Accounting

Environmental Accounting is intended as a tool to determine the use of natural resources
at a national level, but can also be applied at a corporate level, for management purposes.
The goal is to develop a system in which it is possible to deal with the use of natural
resources and the environment in the same way as financial resources are dealt with. The
development of National Environmental Accounting is in progress within the United
Nations, the OECD and certain individual countries. The UN’s System of Integrated
Environmental and Economic Accounting (SEEA) attempts to evaluate changes in the
environment in financial terms. (Lundin, 1999)
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5.2.2. Sustainable Development Records

Sustainable Development Records (SDR) are also based on economic theory. The
authors Nilsson and Bergstrom (1995) refer to sustainability as a ‘non-undermining of
the resoutce base’ and ‘coping with environmental preconditions while satisfying societal
needs.” This model stresses the link between the services produced and the social,
material and financial resources used in their production. There are three types of SDR
indicators, formed as relationships between the setvice, the operation that provides the
setvice and the amount of resource throughput needed for the operation:

1. Effectiveness ratio (setvice/operation),
which links the service to the size of the operation.
2. Thrift ratio (operation/throughput),
which links the operation to the use of the resources.
3. Matgin ratio (throughput/resource base),
which links the use of resources to the total resource base.

5.2.3. The PSR model

The Pressure-State-Response (PSR) model relies more on environmental sciences than
the previous two. Developed by the OECD and others, the PSR model (see Figure 1) has
pressute indicators that represent the environmental pressures of anthropogenic activities
(g emissions, resource use). State indicators reflect the state of the environment, like the
quality or quantity of natural resources, and aid in supplying the intended audience with a
picture of the overall environmental situation. Response indicators represent what
actions society takes in responding to environmental changes and concerns.

Indirect pressures Direct pressures State of the environment ' Economic and .-

Information

and of natural resources ) environmental . -
Human activities R R Information agents = .
-energy Pollutants Condiions andtrends ™~ .o
ransport . .- = .air, water L Decisi -administrations. -
-industry N Resources ) -land, soil " eqsuons, 'hOU8€hO]$ A :
-agriculture .- -wildlife, i Actions -enterprises -
-others. —_ -natural resources . = " “-national,

“international.

Decisions, Actions

Figure 1. The Pressure-State-Response (PSR) model (OECD, 1998).

The PSR model is generally approved of and a number of other organizations including
the UN, the EU and the USEPA have all proposed frameworks based on this one.
(Lundin, 1999)
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5.2.4. The DPSIR model

The European Environmental Agency (EEA) and the European Statistical Office
(Eurostat) have extended the PSR model to include Driving Forces and Impacts (see
Figure 2). Driving Forces include economic development, population, education and
lifestyle, while Pressures include emissions, physical impacts and the use of natural
resources. State indicates the

concentrations of pollutants, Driving force

quality/quantity of natural

resources and biodiversity. / Response
Impact includes health-related - /

aspects and biological effects. Pressure I l
Responses may be changes in

enetgy policy, installments of \ Impact
pollution-reducing technology, State

or even purely remedial actions

(e.g lake liming). Figute 2. The DPSIR model used by the EEA (Eurostat, 1997).

As the DPSIR model is an extension of the PSR model, it is more complicated, but also
more flexible. The Swedish EPA has used this model in order to monitor the 15 national
environmental objectives”.

5.2.5. The Media Approach
The US Office of Water, in an attempt to make water quality information available to the
public, has created a tool for water management and established a national baseline, using
a media-based framework. Here information concerning water resources, drinking water
quality and the state of aquatic ecosystems is provided. The two types of indicators
suggested by this method correspond to the Pressure and State of the PSR model,
although here they are referred to as the vulnerability and condition of the aquatic
ecosystems.

“The Media Approach’ is a holistic method, as it emphasizes the well being of the
ecosystem and the stresses on the environment caused by different human activities.

5.2.6. Socio-Ecological Indicators

This is a framework that focuses eatly in the causal chain, ie. in the chain of causes in
society to effects in the environment. These indicators are directed towards the causes
within society, rather than their environmental effects, and therefore hoped to provide an
eatlier warning than environmental quality indicators would. The process of indicator
development is based on four principles of sustainability (Azar ez a/, 1995):

1. Substances extracted from the lithosphere must not systematically accumulate in the
ecosphere.

2. Society-produced substances must not systematically accumulate in the ecosphere.

3. The physical conditions for production and diversity within the ecosphete must not
become systematically deteriorated.

4. The use of resources must be effective and just with respect to meeting human
needs.

2 For mote information, see http:/ /www.environ.se:8084/.
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The Socio-Ecological Indicators are usually formulated as a ratio between environmental
pressure and a reference value based one of the four principles of sustainability (see
Table 1).

Table 1. Examples of Socio-Lcological Indicators (Azar ¢f 4/, 1995).

Principle 1 Principle 2 Principle 3 Principle 4

- ‘ . Anthropogenic flow . . Share of population
B Lithospheric Pos I'tansformation pPop .
‘e : compared to that does not get their
8. extraction rates of lands -
< & natural flows basic human needs
g3

IS The long-term L .

S-B-E  Non-renewable Jhe fong Nutrient balance Intergenerational
Q implications of . . >

& energy supply in soils justice

present emissions

5.2.7. The Ecological Footprint and the Sustainable Process Index

One of the most well known indexes of SD 1s the Ecological Footprint, developed by
Wackernagel and Rees (1996). The idea is that one can assess the environmental impact
of a service in terms of land areas. To do this, five major categories are included: food,
housing, transportation, consumer goods, and services. Even land and water needed for

waste assimilation 1s to be included.
The Sustainable Process Index is another area-based framework, but 1s intended for
and focused on process technologies (Krotscheck and Narodoslawsky, 1996).

5.3. Current SDI Programs

5.3.1. The UNCSD Indicator Program

The UNCSD has defined a working list of 134 indicators, based on the PSR-framework
and the indicators originate in the generally accepted dimensions of SD: social, economic
and environmental, as well as other dimensions such as institutional or cultural aspects.
These are currently under testing by 22 countries (incl. South Africa) in order to prove
the individual indicators’ worthiness and make these available to policy-makers by the
year 2001. (UNCSD, 1999)

5.3.2. The OECD Indicator Program
The OECD and its member countries currently run an indicator program with the

following purposes:

® to keep track of environmental progress

* o ensure integration of environmental concerns into sectoral policies (e.g. transport,
energy and agriculture)

e to ensure integration of environmental concerns into economic policies

e to use indicators to measure environmental performance and to help determine
whether countries are on track towards sustainable development.

The members have agreed to use the PSR-model as a common harmonized framework
and identify sets of indicators based on their policy relevance, analytical soundness and
measurability. The indicators are measured on a country-by-country basts. The “OECD
core set of environmental indicators” 1s a commonly agreed upon set of indicarors for
OECD countries and for international use, and 1s published every two years. (OLECD,
2000)
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6. SDI for urban water systems

6.1. Definition, objectives and criteria

Although several definitions of the SD of urban water systems exist, the definition
presented by Lundin e a/. (1997, 1999) has been used in this report and is as follows:

“A sustainable urban water system should over a long time perspective
provide required services while protecting human health and the
environment, with a minimum use of scatce resources.”

With this definition in mind, the objectives of a modern urban water system can be listed
as four points:

e Reliable supply of safe water to all users for drinking, hygiene and household
purposes

e Safe transport and treatment of wastewater
e Drainage of urban areas
e Recovery of resources for reuse or recycling

When developing and evaluating SDI for urban water system, this definition and its
consequent objectives may not be sufficient. Several other aspects arise that may be
important for the assessment of existing systems and future solutions.

Lundin (1999) has compiled a list of criteria from several publications that deal with
this subject, which include technical, environmental, economical and social aspects.

Technical performance has two aspects: effectiveness and efficiency. The effectiveness
is to which degree pre-defined objectives are achieved (eg treatment performance), while
efficiency deals with the amount of energy and resources that are used in order to
achieve the objectives (e.g. chemicals and energy used for treatment).

Reliability, flexibility and adaptability. An urban water system is reliable when it can
provide its intended service in spite of unexpected events, such as power failures.
Although a system may fail, the system’s recovery must not demand unnecessary effort
or cost. As changes in ecosystems and public demand, as well as technological
improvements occur, an utban water system’s potential to change (flexibility) and its
ability to change (adaptability) will affect the system’s future possibilities of achieving SD.
Municipal wastewater treatment plants (WWTP) are designed to receive household and
industrial sewage of similar type, but not stormwater. The separation of these flows
allows different, more adequate treatment options.

Durability refers to the longevity of the technical system. As the life expectancy of the
components of a WWTP is long (several decades), a balance between the endurance and
the flexibility of the system must be met, so as to not decrease the possibilities of future
changes of equipment.

10
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Scale and degree of centralization should depend on the area’s specific requirement
and possibiliies. When the population density is low and the natural conditions are
appropriate, a local water supply and/or small-scale wastewater treatment may be
advantageous. In large cities, where the economical and geographical conditions are
different, the potential for using sophisticated technology is enhanced and contributions
to other technical systems, eg the energy system, are economically and technically
possible.

Environmental protection. Only those urban water systems that fulfil the objectives of
limited pollution of the environment and promote a cyclic and/or sustainable use of
resources can be considered environmentally acceptable. The recycling and reuse of the
limited resource phosphorus is especially important, but other plant nutrients, water,
organic compounds, energy and chemicals should also be recycled and reused when
possible.

Noise, odor and traffic are factors that need to be considered, e.g. for the collection of
sewage and the transportation of sludge.

Cost-effectiveness and affordability can be viewed from several aspects: household,
organization, and society. The user requires an affordable service, the organization
focuses on a cost-effective system, while society as a whole must consider a number of
different priorities, eg stable, but flexible systems, the cost of detrimental effects on
human health and the environment, the need and willingness to achieve SD, etc.

Personnel requirements. This applies to the time required for operation and
maintenance of the urban water system as well as the level of personnel skills. The need
for cwvil engineers to embrace development in microbiology, chemistry, ecology and
information technology (IT) is increasing, and is catalyzed by SD. Diversity in terms of
education and gender among the personnel is required to ensure a flexible and adaptable
organization.

Demographics, such as population, population growth and density, specific water use
and supply coverage of population are traditional indicators that ate used to assess the
future and existing needs.

Social dimensions. The basic human needs of a safe water supply and adequate
sanitation must be met. Hygiene is vital for both the users and those who operate the
urban water system or take care of the final product (e.g. sludge). It should be convenient
as well as socially and culturally acceptable. As some individuals are willing to sacrifice
time and effort in reducing the environmental impact, while others are not or cannot,
freedom of choice is important. The system should be able to function as intended under
both circumstances.

Awareness and promotion of sustainable behavior. Our behavior has a direct effect
on the function of urban water systems. Water and chemical use are obvious effects, but
our life styles affect resource use and emissions as well. For example, by decreasing the
intake of protein-rich foods in our diets, the emissions of nitrogen will decrease. Even
the way we travel affects our urban water systems, as cars pollute stormwater, which
reaches rivers and lakes, and when combined sewers are present, possibly even our
agriculture through sludge fertilization.

11
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6.2. The 19 applied indicators

Lundin ez a/. (1997) initially proposed a list of 20 SDI for urban water systems, by first
categorizing the urban water system in terms of four environmental and technical
systems: freshwater resources, drinking water, wastewater and sewage sludge. Each
system was represented by a limited number of dimensions broken down into indicators,
which were selected on the basis of five critena:

e Move towards or away from sustainability

e Availability of data of sufficient quantity and quality to provide spatial and temporal
trends

o Representativity of one or more aspects of the sanitary system

» Applicability to a range of sanitary systems

e FEase of use

The indicators were subsequently tested in a limited case study in Géteborg (Lundin ez
al., 1999), where 14 were demonstrated as useful in assessing the temporal vanations of
an urban water system.

In this case study, 17’ of the originally proposed 20 indicators (see Table 2) have been
tested in an attempt to evaluate the sustainability of the urban water system of the study
area, and also to consequently evaluate the use of the individual indicators. The 14
indicators selected in the Goteborg case study are marked (GBG).

Table 2. The 17 SDI used in this case study (adapted from Lundin ef a/, 1997).

. -Suggested indicator Type Suggested reference value . GBG
Withdrawal, % Pressure <100 °
Raw water quality State All water should be drinkable ®

) All sources should be
Protection Response ®
protected

Water Use Driving Force | Sufficiency e
Drinking water quality WHO or National Standards .
Chemical and energy use for water supply Lfficiency As efficient as possible °
Leakage, % L:fficiency Low ®
Reuse, %o Efficiency No reference value suggested
Wastewater production, Only sewage should

(liters per capita per day) be treated °

0% combined

Combined sewers, % 100% separate

Treatment performance, . . At least according to
o . Lffectiveness .
/%y removal of BOD, P and N regulation

Loads to recetving waters

of BOD, P and N Pressure What nature finds acceptable ®
Ej;i::g?;j;i:iig;iii Lfficiency As efficient as possible o
Resource use per removal of nutrients I:fficiency As efficient as possible

Recycling of nutrtents, % Lffectiveness 100% ®
Quality of sludge Below standard ®
Lnergy recovery Lifficiency As high as possible o

' Three of the original 20 SDI were rejected on the grounds that they were not believed to be either
applicable, suitable or provide useful information.
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These SDI were primanly developed for studies in developed countries 1n Western
Europe and North America. As this study was to be performed in South Africa, a
developing country, additional indicators were believed to be necessary to cover the
additional developmental aspects present. The 134 indicators described by the previously
mentioned UNCSD Working List of Indicators of Sustainable Development (UNCSD,
1999) were reviewed as to which may have developmental relevance in the field of urban
water systems without overlapping the other 17 proposed indicators. Two indicators
were chosen from the Working List on the basis of these two critenia (see Table 3).

Table 3. The two additional indicators developed by the UNCSD and used in the case study.

Suggested indicator ER Type Suggested reference value
Access to safe drnking water State 100%
Access to adequate sanitation State 100%

The following chapters descrbe the individual indicators as proposed by Lundin ez a/
(1997) and tested by Lundin e a4l (1999), except the two indicators concerning
development, where descriptions by the UNCSD (1999) have been used.

6.3. Descriptions of the applied indicators

6.3.1. Withdrawal

The withdrawal indicator 1s calculated by dividing the annual freshwater withdrawal by
the annual available amount. It shows whether or not the withdrawal 1s at an acceptable
level, and 1f future shortages are to be expected. Therefore, it is a sensitive SDI and
should indicate an early warning. High quality data 1s usually easy to attain on withdrawal
volumes, as these are measured by a waterworks, but this needs to be complemented
with data from other consumers, e.g. irrigated agriculture and industries. Only estimations
are possible for the available volumes of surface and groundwater. Data between areas
varies depending on climate, population, economic development and seasonal variations.
The withdrawal indicator also relates to population and population growth, the future
demands of agriculture and industry, and ecosystem health.

6.3.2. Raw water quality

This parameter is essential for the sustainable future of freshwater ecosystems, as well as
for human health. Treating polluted raw water is not a sustainable activity, when large
amounts of chemicals and energy are used. In agricultural areas, pesticides and nitrate
may pose a threat, while insufficiently or untreated sewage might affect the
concentrations of the biochemical oxygen demand (BOD) and coliforms. For larger
suppliers of raw water, the quality is usually measured on a routinely basis, and this
information can often be found at other authorities and organizations as well. This
indicator also gives information on other activities that might affect the raw water source,
eg. point sources of municipal discharges, industrial discharges and waste facilities, non-
point sources such as agricultural and urban runoff and landfills. It also indicates the
amount of treatment necessary to produce drnking water of a required quality, which
costs energy and resources.

6.3.3. Protection

A high degree of protected water sources ensures present and future freshwater quality,
assuming the protection is well functioning. The existence of a contingency plan
indicates how prepared a community is for accidents and eventualities. Without
protection and contingency plans, the nsk increases that the raw water quality will be
affected by potential hazards such as agricultural runoff containing pesticides and nitrate,
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landfills, municipal and industrial wastewater discharges containing bacteria and virus,
traffic leaving heavy metals, petrol and oil or accidents occurring involving these or other
chemicals. As this matter is often up to politicians, it shows the level of concern for the
environment and for human health issues on a political and democratic level.

6.3.4. Water use

As the population increases and development progresses, increasing volumes of water
are used for domestic and industrial purposes. It is therefore important that water is not
unnecessarily wasted. At the same time, sufficient volumes of water must also be
supplied to the public for development to proceed. Data on this is available from the
local waterworks, and the distribution on different sectors (eg agriculture, industry,
leakage) is also of interest. For households and industries with individual supplies, such
as wells, data for this indicator may be difficult to collect, for which estimations may be
necessary. As the consumption of drinking water affects the use of energy and resources,
it is well linked to the general idea of sustainability.

6.3.5. Drinking water quality

In order to protect human health, the quality of drinking water is of the utmost
importance. It should have, at the most, tolerable levels of bacteria or chemicals (e.g.
nitrate, lead, herbicides). Drinking water quality is measured in larger supply systems at
the treatment works, but this may deteriorate before arriving at the consumer due to
corrosion or contamination. Therefore, the drinking water quality may be difficult to
assess at tap. Also, the quality of water in individual wells may be less well known. Such
factors as leakage into the system may cause a difference between measured drinking
water quality at treatment plant and actual quality at tap.

6.3.6. Chemical and energy use for drinking water treatment

The sustainable usage of chemicals and energy requires an efficient use of these, but not
at the cost of the drinking water quality. Increased efficiency also means decreased cost
for the treatment works. Uncontaminated groundwater requires little or no treatment,
while surface water and contaminated reserves usually require at least some treatment.
On the other hand, groundwater may require more energy due to pumping. The raw
water quality and the degree of protection of freshwater resources affect this indicator. It,
in turn, affects the quality of drinking water.

6.3.7. Leakage

Leakage occurs in great volumes in decaying pipes, and leads to increased pumping costs,
loss of water (and revenue), loss of pressure, and increased risks of contamination by
bacteria and corrosion products (e.g. coppert, iron and zinc). Large amounts also enter the
sewage pipes, diluting the sewage and decreasing the efficiency of the treatment process.
Data on leakage is relatively easy to attain in ateas where water meters have been installed
in households. Otherwise, the municipality or other actors may have possibly made
estimations, but this data should be viewed critically. Decreasing leakage not only
decreases costs and increases revenue, it may also prove to be a vital way of increasing
the water supply in ‘dry’ regions, without having to increase the withdrawal from scarce
water sources. This indicator has a direct effect on the amounts of wastewater produced.

14
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6.3.8. Reuse

In areas approaching the limits of their freshwater resources, even wastewater must be
seen as a resource. Therefore, reusing it becomes important in achieving sustainability.
Industries can reuse their wastewater, if necessary after treatment. Households can do the
same by using gray water and treated wastewater for non-potable uses. Reusing
wastewater for agricultural irrigation enables a recyclic use of not only water but also
plant nutrients, although care should be taken so that it does not contain other
components that may have detrimental effects on human and/or environmental health
(¢.g. heavy metals).

6.3.9. Wastewater production

An increased production of wastewater can be caused by an increased water usage or an
increased leakage of infiltration water and stormwater. This may have a number of
detrimental effects: untreated water may be released into the environment due to
combined sewage overflows, sewage may be treated at a decreased efficiency, the amount
of chemicals and energy used for sewage treatment may increase, etc. The minimization
of wastewater, Ze. only true sewage is treated, is therefore important for the
environmental sustainability. Large flows may be due to stormwater in combined
systems, and to change the pipe system is an expensive task, but this may prove
important when choosing a system (separate or combined) for new connections.

6.3.10. Combined sewers

Using a combined sewage system, where surface runoff from impermeable areas (ie
pavement, etc.) is carried to a wastewater treatment plant (WWTP), increases the
volumes recetved at the WWTP during rains. It also dilutes the sewage, making the
treatment process less efficient, causes combined sewer overflows (releasing raw sewage
into the environment), and pollutes the sewage sludge (due to road traffic), decreasing
the possibility of recycling nutrients.

6.3.11. Treatment performance

WWTPs are built to treat collected wastewater. Their task is to reduce the amounts of
pollutants in the wastewater before being released into the environment. The initial focus
was on human health, but more recently the environmental health has become patt of
the agenda. The data on a WWTP’s treatment performance is available for larger systems,
and is commonly used within the sanitation sector. Yet, this indicator says nothing about
the sensitivity of the ecosystem, the cost or resoutce use for treatment, nor of the fate of
removed nutrients.

6.3.12. Loads to receiving waters

To reach sustainability, the releases of BOD, phosphorus and nitrogen into the
environment need to be within what nature can cope with. The total load should also
include agriculture and other non-point sources as well as WWTPs, individual sewage
septic systems and combined sewage overflows. Data for this indicator is easy to find for
larger systems, although for non-point sources (e agriculture) data can be more difficult
to find. This indicator serves as an early warning signal as increasing emissions of
nutrients or oxygen demanding substances will affect receiving waters at some point.

15
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6.3.13. Chemical and energy use for wastewater treatment

This is in line with the demands of an increased efficient use of chemicals and energy, in
order to reach a sustainable development. The excessive dosage of certain chemicals (¢.g.
chlorine) may also have a detrimental effect on receiving waters and human health. Data .
exists on the energy and chemicals used in the treatment process at most WW1TPs.

6.3.14. Resource use per removal of nutrients

Measuring the efficiency of energy and natural resources used in the removal of nutrients
from wastewater, as the efficiency should be continuously improved as the technology
allows. Data exists on the energy and chemicals used in the treatment process at most
WWTPs, and this can be compared to the amount of nutrients removed.

6.3.15. Recycling of nutrients

The recycling of resources is a pillar of SD and this naturally applies to water and
wastewater as well. The recycling of sludge as fertilizer decreases the need for
commetcial fertilizer, which requires large amounts of mined phosphorus, a limited
resoutce. Commercial fertilizer also contains nitrogen, and as it is only the ammonia and
nitrate forms of nitrogen that plants can use, the fixing of atmospheric nitrogen to these
forms for use in agriculture demands large inputs of energy. An increased usage of sludge
as a fertilizer will decrease the energy and resources used in agriculture.

6.3.16. Quality of sludge

To ensure the reuse of sludge as fertilizer without jeopardizing human health, it must
fulfil the public and legislative requitements. There are many aspects of interest when
considering the quality of sewage sludge as fertilizer, but the main subject of debate and
possibly an important reason for reservations to its use has been the cadmium content in
sludge, as well as that of other heavy metals. More recently in Sweden, the possible
contamination of parasites, bacteria and viruses has lead to increased concern. Therefore,
qualitative measurements of sludge quality play an important part in the future recycling
of nutrients and reuse of sewage sludge.

6.3.17. Energy recovery

Substantial amounts of energy are used for the collection and treatment of wastewater,
and energy (and biogas) is also produced in the treatment process. Recovering some of it
is in line with SD. This can be done via e.g. biogas or heat pumps. The amounts of energy
recovered by a plant should be recorded and available, although this may prove to be an
uncommon practice in South Africa.

6.3.18. Access to safe drinking water

The previous indicators have been developed with the urban systems of Europe and the
US in mind. In the developing atrea of this case study, other parameters must also been
considered in order evaluate the sustainability of the water and wastewater system. The
following SDI have been proposed by the UN Commission on Sustainable Development
in their Working List of Indicators of Sustainable Development (UNCSD, 1999).
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Safe drinking water is of the utmost importance when lowering the fecal nisk and the
frequency of associated diseases. “Safe” water does not contain biological or chemical
agents at concentration levels directly detrimental to health. Access is defined as
availability in the home or within reasonable distance. This is defined as within 15
minutes walking distance, although a more proper definition may be less than 200m,
when in urban areas. An adequate amount of water should satisfy metabolic, hygienic
and domestic requirements, and this is usually defined as 20 liters per day. (UNCSD,
1999)

The WHO (2000) recommends a minimum of 15 — 20 liters of clean water for
consumption (drinking and food preparation) and sanitation (bathing, cleaning, ez.).

6.3.19. Access to adequate sanitation

This indicator represents information useful for assessing SD, especially human health.
The accessibility to adequate excreta disposal facilities 1s fundamental to decrease the
fecal risk and the frequency of associated diseases. This indicator can also provide
evidence of inequity when studied from a geographic, social or economic point of view
(UNCSD, 1999). This may prove to be especially interesting in South Africa, due to the
country’s history of apartheid.

A sanitary facility is defined as a unit for disposal of human excreta, which isolates feces
from contact with people, animals, crops and water sources. Suitable facilities range from
simple but protected pit latrines to flush toilets with sewerage. All facilities, to be
effective, must be correctly constructed and properly maintained. (UNCSD, 1999)
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7. The Case Study

7.1. Background information

7.1.1. The Eastern Cape Province of South Africa

The most south-eastern part of the country, the Eastern Cape Province (see Figure 3)
includes the eastern half of the Cape Province of the old South Africa, as well as the ex-
“homelands” of Ciskei and Transkei. Historically, this is where dissatisfied citizens,
trekking eastwards from Cape Town, first met the amaXhosa, the agricultural and pastoral
peoples native to the Eastern Cape. There had been trading contacts between the
Europeans and the amaXhosa since early in the 18th century, but friction developed
between the two peoples in the last quarter of that century over grazing grounds, water
rights, and the terms of cattle trade. In 1779, the 1" Cape Frontier War started and seven
more Cape Frontier Wars followed, first between settlers of Dutch descent and the
amaXhosa, and later on also involving British and other European settlers and the British
colonial power. Most of these battles took place in the area between Fort Hare-King
William’s Town-East London, and the area still carries the “Frontier” name. (Compton’s
Encyclopedia, 2000)

Pretorig {capital)

4
Johannesburg

THE REPUBLIC OF SQUTH AFRICA
EASTERN CAPE

vEast London
RCape Town ?Port Elizabeth

Figure 3. Map of South Africa and the location of the study area.

Today, approximately 6.3 million people live in the Eastern Cape, which comprises an
area of 170,000 km®. 84% of its inhabitants are Xhosa-speaking peoples, while 10%
speak Afrikaans and less than 4% have English as their mother tongue, although many
mote speak this language as well. Port Elizabeth-Uitenhage is the largest industrial and
economic center. The provincial capital is Bisho and other important cities include East
London, Grahamstown, King William’s Town (KWT), Cradock and Graaf-Reinet (South
African Government, 1998). Outside the previously predominantly ‘white’ areas of the
old South Africa, societal functions are pootly developed. Concentrating on the water
and sanitation aspect, less than 20% of the households have access to the World Health
Organization’s minimum standard of drinking water and 87% of the population does not
have access to adequate sanitation (Provincial Government, 2000).
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7.1.2. The Buffalo River

The Buffalo River provides water and transports waste effluent in one of the most
populated areas of the Eastern Cape Province. The catchment supports today an ever-
growing population of approximately 311,000 people, of which most live in the towns
and townships of KWT, Zwelitsha, Mdantsane and East London, and all receive water
from the river.

The Buffalo River rises in the Amatola Mountains and
flows southeast for 125 km to the sea at East London.
The river can be divided imnto three different sections:
The upper region which reaches down to KWT, where |
the mountain stream winds it way through forested areas
down to the Maden Dam and continues through the
foothills and agricultural land downstream of the
Rootkrans Dam; the middle region, which includes the
urban and industrial areas of KWT and Zwelitsha to The Maden Dam
Laing Dam and also an agricultural area downstream of
Laing; and the lower region downstream of the Bridle Drift Dam, comprising coastal
forestry and the estuary, which includes the harbor of Fast London.

The agriculture section in the Buffalo River is split between forestry, compromising an
area of 90 km® and a relatively minor area of 31 ha of irrigated land. Water for
environmental needs is not at present being released from the dams, but downstream
releases from Rooikrans Dam through the Pirie trout farm, do partially fulfil this
requirement. (O’Keeffe ez al, 1996)

Research done by the Water Research Commission has shown that there has been
concern about the water quality in the Buffalo for many years, and considerable worry
about the middle (incl. the study area) and lower regions. Laing Dam, which supplies the
large areas of Zwelitsha, Ilitha and Phakamisa with raw water, is located shortly
downstream of the study area and receives treated domestic and industtial effluent from
King William’s Town and Zwelitsha. Salinification and eutrophication have been the
major concerns (O’Keeffe ¢z al.,, 1996). Therefore, all effluent being released into it must
comply with the Special Standard Limits* of South Africa (see Appendix 1).

7.1.3. King William’s Town — Yesterday and Today

The first white settlement in the modern KWT area was the Brownlee Mission Station,
established in 1826 (Zituta, 1997). The settlement was declared a Borough in 1861 and
was the first formally established urban settlement in the area. During the establishment
of the ‘independent homeland’ of Ciskei in the early 1970’s, KWT was carefully left out
and a land bridge stretching inland from East London kept the valuable property and
industries of the town in the old Republic of South Africa. After the re-incorporation of
Cisket into the democratic Republic of South Africa, the new TLC includes areas with
extreme differences, both ethnically and economically.

The Eastern cape has long been associated with a high unemployment rate and, in this
regard, the unemployment rate for KWT is estimated to be in the order of 45.3%. 40%
of the household incomes are below the minimum subsistence level, defined as R931.82
per month (ca. 1250 SEK) for a household of 5 members i the KWT sub-region.
(Setplan, 1997)

4 E-mail communication with Mr. P. Kempster of DWAF.
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7.1.4. King William’s Town TLC — The municipality
The KWT Transitional Local Council (TLC) was established in 1994 and is now the seat
of the Provincial Government of the Eastern Cape. It includes the previously
independent municipalities of King William’s Town, Bisho and Ginsberg, as well as the
four towns of Zwelitsha, Phakamisa, Ilitha and Dimbaza. Breidbach and Schornville are
the previously ‘Colored’ areas of the old King William’s Town municipality. The rural
village of Tyutyu has been part of the TLC since 1995, while other rural villages within
the area have elected not to be included. (Davidson ef 4/, 1996)

A report prepared by Setplan (1997) for the KWT TLC estimated the population at
some 150 000. The populations of the study area’s communities are marked in white in
table 4.

Table 4. Population, households and household sizes of the TLC. (PDG, 1998)

Arca i Total households Average household size

Breidbach 6490 1105

KWT/ Schomville 23120 3018
92

Population estimation from 1997. T

The TLC includes an estimated 27 535 households, of which some 10 730 are resident
in either backyard shacks, informally on formal sites, or on mnformal sites. (PDG, 1998)

The population 1s mostly poor and expected to grow fairly rapidly at approximately
3% per year. The economy of the area is relatively small, and only a modest rate (2%) of

economic growth is expected within the next ten years, resulting in a slowly worsening
income profile for the households of the TLC. (PDG, 1998)
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7.2. The urban water system of the study area

The two dams (Maden and Rooikrans) supply the three areas of King William’s Town,
Ginsberg and Breidbach via the KWT Water Purification Works. Domestic and
industrial sewage is sent to the Schornville STW, where it is treated before being released
mnto the Buffalo River. Domestic sewage from the Breidbach atea is treated by the
Breidbach STW, which is located on the banks of the Yellowwoods Rivet, a tributary to
the Buffalo.

ﬁa@a am
_ Rooikrans Dam

Figure 4. Map of the TLC and its wastewater system. (Supplied by Setplan of East London)

7.2.1. King William’s Town Water Purification Works
The KWT Water Purification Works (WPW) recetves raw
water from the Maden and Rooikrans Dams and supplies
King William’s Town, Breidbach and Ginsberg. The raw
water is purified with lime, chlotine and aluminum sulfate
and uses clarifiers and sand filters. The treatment plant
reached 88% of its design capacity in March 1994, and

peak water demands push the works into overload mode
(Setplan, 1997). The KWT Water Purification Works
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7.2.2. Schotnville Sewage Treatment Works
This is the larger of the two WWTPs and is located within KWT proper, in an area of the
town called Schotnville (see Figute 4). Built in the 1960’s, it initially only applied
mechanical and biological (biofilter) treatment but was updated and expanded in the
1980’s with a separate activated sludge treatment step. Today, the intention is that 60%
of all incoming raw sewage should pass through the more effective activated sludge
treatment step with phosphorus removal through chemical coagulation (further on
referred to as the NEW section of the STW), while the remaining 40% passes through
the OLD section of the WWTP, with traditional sedimentation tanks, a biological
treatment step, a sludge digester tank as well as sand filters (GIBB, 1999). The exact
distribution between the two is unknown, as the separate flows are not measured. All
effluent to the Buffalo River is also treated with chlorine, for reasons of sanitation.
Approximately 11% of the sewage is of industrial origin, while the remainder is
domestic (GIBB Africa, 1999). Although the received sewage is intended to be of pure
household and industrial otigin, as a number of backyard tap drains are damaged, sutrface
runoff enters the system during heavy rains.

OLD PLANT

-]
£
3 BIOFILTER
E DIGESTER Sewage sludge
& to drying beds
'E'O‘I' wastewater return %’
P17 sastewater ret :
=
[X]
p i l} Treated effluent
L remoya to Buffalo River
Anaer. Anox. Aer.

Activated Sludge Treatment

NEW PLANT

Figure 5. A schematic pictute of the Schornville Sewage Treatment Works.

The sewage entets the works and first passes through the mechanical filters (see
Figure 5). The mechanical screens were once automatically cleaned, but as they had
started to break down quite often, causing costly maintenance, they have been replaced
by ones that ate cleaned manually. Next, the flow is divided temporarily into three flows
that pass through a grid filter. Following this is the flow counter, as well as the addition
of hydrated lime fot pH-adjustment. Hete the flow is divided to the old and new patts of
the WWTP. The old part starts with two parallel |
sedimentation tanks, which lead on to a biological
treatment step. Afterwards, sludge is de-watered and
digested in a sludge digester tank, while the wastewater
passes through three parallel sand filters. The newer
section of the plant includes the three steps of the
activated sludge treatment: anaerobic, anoxic and aerobic.
Ferric chlotide is also added to this flow for phosphorus
removal, through chemical coagulation and consequent  1%¢ aerobic step of the new plant
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sedimentation. Two parallel sedimentation tanks (a.k.a. clarifiers) follow. Both the old
and new flows are then treated with chlorine before being released to either the Buffalo
River, although 20% of the incoming flow is diverted to a local industry, King Tanning
and the KWT Golf Course for irrigation prior phosphorus removal and chlorination (not
shown in Figure 5).

During our visits to the treatment works, notes were kept over which parts were
malfunctioning and waiting for repairs. These included:

® The sludge digester of the old plant. The sludge intended for this step was instead
sent to the activated sludge treatment step.

¢ One sedimentation tank.
¢ The anoxic step n the activated sludge treatment process.

Breakdowns occur quite often at the plant, one at least every three months®, and
replacements and repair crews can take a while before atriving.

7.2.3. Breidbach Sewage Treatment Works

The Breidbach area is served by a waterborne sanitation system, where sewage is
conveyed to oxidation ponds. The WWTP is on the east banks of the Yellowwoods
River, a tributary of the Buffalo. Its capacity is 800 m®/ day.

The works consists of a set of two primary and four secondary oxidation ponds. The
effluent overflows into an irrigation pond prior to disposal by irrigation. The effluent is
irrigated onto sportsfields. The average sewage flow in 1993 was 514m*/ day. The
oxidation pond system is not capable of producing effluent, which meets the Special
Phosphate Standard, which applies to the Yellowwoods; hence the effluent is irrigated.
Although no effluent should flow from the works, periodic discharges occur due to
runoff from the irrigated lands and due to pond seepage (Department of Public Works,
1994).

7.2.4. Greater King William’s Town Regional Sewerage Scheme

The greater King William’s Town TLC area (see Figure 4) is currently served by a total of
five existing WWTPs, located in Bisho, Breidbach, Schornville, Zwelitsha and Ilitha. As
some of the treatment plants are too small, or non-functioning, untreated or partly
treated sewage is discharged into the Buffalo River and its tributary, the Yellowwoods
River. These rivers discharge into the Laing Dam, the main drinking water supply for the
large settlements of Zwelitsha, Ilitha and Phakamisa.

The idea of building a Greater King William’s Town Regional Sewerage Scheme has
existed for a number of years, and been the subject of a number of scoping reports (¢.g.
Department of Public Works, 1994; Setplan, 1997; GIBB, 1999). Building a larger-scale
WWTP for the TLC will allow the implementation of new treatment technology,
otherwise not appropriate for smaller-scale systems.

The latest report (GIBB, 1999) recommends the existing Zwelitsha STW as the most
advantageous site, opposed to sites suggested at Breidbach, Tshatshu and Fort Murray.
Note that the proposed site for the new large-scale treatment plant indicated in Figure 4
(blue dot) is not the Zwelitsha site, as this figure was taken from a earlier study (Setplan,
1997).

5 Estimation by Ms. Daria Dolley, Schornville Sewage Treatment Works.
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7.3. Data quality assurance

7.3.1. Collected data and data sources

Quantitative and qualitative data has been collected from the following state
departments, municipal offices and private companies: The KWT Water Purification
Works, the Schornville Sewage Treatment Works, the Amatola Water Board (Nahoon
Dam office, East London), the Deptartment of Water Affairs and Forestry (DWAF) in
East London and other offices, and Setplan in East London, in addition to the numerous
reports mentioned in the list of references. The following describes the quality (Ze. data
gaps and estimations) and quantity (temporal span) of the data.

e King William’s Town TLC Framework Plan

A great deal of background information, concerning technical and socio-economic
aspects of the study area, was found in a report produced by the private consulting
company Setplan of East London. Setplan was appointed by the TLC “to formulate an
integrated Framework Plan for the TLC area that identifies the broad, overarching socio-
economic and spatial development issues which need to be focused on, in order to
ensure that the prerequisites for SD within the TLC area are better met in the future.”
The report includes a development overview with its historical background, a description
of the spatial and economic context of the TLC, information on its natural features,
population, socio-economic development status, land use, engineering services,
transportation and institutional/administrational organizations. The report was published
in September 1997.

¢ Yellowwoods Regional Sewerage Scheme: Feasibility Report

In November 1993, HKS Consulting Engineers of East London was commissioned by
the Department of Public Works to investigate possible future schemes of wastewater
treatment, as many WW1TPs in the area were not able to produce effluent that complied
with the General Standard, either due to overloading or malfunctioning. The report was
published in May 1994.

o Greater King William’s Town Regional Sewerage Scheme: Initial Scoping Report

With the reconstruction of the country of South Africa, and the creation of the KWT
TLC, the TLC agreed that investigations into a regional sewage treatment works should
continue. GIBB Africa (formetly HKS) was commissioned to perform an Environmental
Impact Assessment (EIA) to assist in the decision-making of the future process. The
EIA involved an Initial Scoping process, which was published in August 1999.

e KWT Water Purification Works

Obtained data includes readings of the inflow meters for water taken from the Maden
and Rooikrans Dams (September 1992 through December 1996, complete), and monthly
reports of the chemical usage and the inflow of raw water from the dams (November

1996 through December 1998, complete).
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® Schornville Sewage Treatment Works

Sewage inflow data and the separate outflows (Buffalo River, KWT Golf Course, King
Tanning) was recorded in monthly reports for the period September 1992 to December
1996 and has been collected. The sewage inflow values can be assumed to be cotrect,
although the outflow values to the river may be incorrect as the meter has been
malfunctioning, and outflow readings to the Golf Course and King Tanning are missing
for a number of months.

For the years 1994 and 1995, the daily repotts on in- and outflow volumes, chemical
usage (ime & chlorine), and NH,-measurements was collected. Due to a lack of time,
calculating monthly averages was done by using the first five measurements of each
month.

The same principle was applied to data covering chemical measurements (pH, electric
conductivity, alkalinity, nitrate, ammonia, orthophosphate, residual chlorine,
permanganate value and COD) of the raw sewage inflow and new and old plant outflows
for the period April 1996 through May 1998. For the following period, June 1998
through February 1999, all daily reports were collected and used for averaging.

All monthly reports for the period August 1996 through February 1999 (with some
months missing) and August 1999 have been collected. These contained data on: total
inflow, maximum and minimum daily inflow values, total usage of lime, chlotine and
ferric chloride.

¢ Breidbach Sewage Treatment Works
Monthly inflow values been obtained for the period December 1993 to November 1998.
This data was found stored at the Schornville STW.

® Department of Water Affairs and Forestry

Data on the raw water quality of the Rooikrans Dam was collected for a large number of
parameters, reaching as far back as 1968 (see Appendix 2). Old measurements of the
effluent values from Schornville were also acquired for the older biofilter plant (1975 —
1985, 1988 — 1993) and for the newer activated sludge plant (October 1987 through
September 1993). These tests were only performed approximately once a month.

¢ Engineering Section, KWT TLC

The Engineering Section (located in Bisho) supplied us with copies of the Setplan
Framework Plan and the Yellowwoods River report by the old Department of Public
Works.

¢ Howard Pim Library, University of Fort Hare
Multiple reports, like those from the Water Research Commission (WRC), wete acquited
from this library.

7.3.2. Comments on data reliability

The quality and reliability of data sets has been evaluated where possible, and through
this process a number of measurements and certain data sets have been exempted from
the following analyses on the grounds that they have been found to be unreliable or
misleading. As for flow data, which is an important piece of information for a number of
indicators, all data on the outgoing flows from the Schornville STW have been exempted
as they do not correlate to the ingoing flows, and personnel at the plant were of the
opinion that only the inflow data was correct. For certain months, more than 50% of the
inflow “disappears” and is not found among the three outflow destinations: the Buffalo
River, King Tanning, and the KWT Golf Course. Instead, the outflow volumes to the
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Buffalo River have been calculated as 80% of
the inflow, according to a report by GIBB
Africa (1999).

Certain data on the measured chemical
content of untreated and treated wastewater
have also been exempted, in cases where the
values seemed not probable and extreme. In
general, the collected data on the chemical
content of treated and untreated wastewater
seem to have some flaw. Although it is
natural for these measurements to vary,
mostly depending on the volumes of water in

the sewage, the actual loads of pollutants 120000

should be faitly stable, especially considering 100000 A
that the small amount of sewage originating — _ . I \
from industries. Figures 6 & 7 show the § ,\I \/_\
calculated loads of phosphorus and COD & 80000 /\ \I \
arriving at Schornville. The large variances in 2 40000 /A\ 4 \/\ /A\

these loads may be due to the sampling 20000 J

ptocedure, which is done manually and
possibly at different times of day. In fact, the
time of sampling can affect the results
enormously, as the concentrations of
pollutants vary over a day.

7.3.3. Data used in this study
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Figure 6. Loads of P arriving at Schornville STW.
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Figure 7. Loads of COD arriving at Schornville STW.

Of the collected data previously mentioned, the following data sets listed in Table 5
have been used for the indicator calculations of this report.

Table 5. Data sets, types and temporal periods used for indicator calculations.

Data set

Period

Population estimation of the TL.C.
Population growth estimation.

Estimation from 1997

N/A

Raw water quality at

Samples taken several times

1968 (earliest) — 9 Sep. 1999

Rooikrans Dam. See also App. 2. per month.

Recorded inflow at the KWT Water

Purification Wotks (WPW) from the Monthly reports Sep. 1992 — Dec. 1998
Rooikrans and Maden Dams.

Chemical usage at KWT WPW. Monthly reports Nov. 1996 — Dec. 1998
Energy use at KWT WPW, Monthly reports Jan. 1997 — June 1999
Tap water quality tests. Random tests 10 tests in 1998

Inflow volumes at Schornville STW. Monthly reports Sep. 1992 — Feb. 1999
Inflow volumes at Breidbach STW. Monthly reports Dec. 1993 — Nov. 1998

Chemical measurements (COD, P, NH;,

. First five measurements used for
NOjy) of influent and effluent at

monthly averages April 1996 — May 1998

Schomville STW.
Chemical usage at Schornville STW. Monthly reports Aug. 1996 — Feb. 1999
Energy use at Schornville STW Monthly reports Jan. 1997 — June 1999
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7.4. Indicator results of the case study

7.4.1. Withdrawal
South Africa is poorly endowed with ground water, as it is mainly underlain by hard rock
formations, which do not contain any major ground water aquifers (Basson, Van
Rooyen, 1998). Surface water remains as the only economically viable source of fresh
water.
Estimations® of the annual available

volume of raw water in the Maden and 35
Rooikrans Dams put it at a total of 3.1

- : . . 30
million cubic meters. Previously, water §
. . >~

was taken directly from both dams, but in 3 25

1996 the pipes from Maden Dam were =

stolen and have not yet been replaced.
Fortunately, the Maden Dam is situated 15
upstream of the Rooikrans, and the
overflow from the former is collected by  Figure 8. Total freshwater withdrawal as compared to
the latter before being piped to the KWT  estimated annual available amount.

Purification Works.

As these two dams are now working in series, the total withdrawal volume has been
used. The collected data shows that the withdrawal volume increased by 50% between
1993 (2x10°m’) and 1998 (3x10°m?). The 1998 withdrawal equals approximately 100% of
the total annual available volume (see Figure 8).

Additional water is also taken to supply the Rooikrans Water Treatment Works, which
supplies some small villages with clean drinking water and the small Pirie Trout Farm,
downstream of the Rooikrans Dam.

Although the possibility of water shortages is clearly apparent, the Engineeting
Section of the TLC is not excessively wortied, as it considers the problem to be “a lack
of pipes”. Future plans include reconnecting the two dams with pipes (teducing losses
due to infiltration and evaporation) and a further interconnecting of dams, such as the
large Wiggleswade Dam north of Bisho. This is believed to cover the future raw water
needs of the TLC. The Engineering Section is though also aware that future increases in
withdrawal will meet a limit.”

At a national level, full utilization of all the significant water resoutrces is expected to
be around 2025. (Basson, Van Rooyen, 1998)

1983 1994 1985 1996 1997 1998

7.4.2. Raw water quality

Also see Indicator Graphs 1-3 in Appendix 4. :

The two dams are currently monitored by different authorities; Rooikrans falls under
DWATF jurisdiction, while the Maden Dam is monitored by the TLC. DWAF currently
measures 16 parameters to establish the raw water quality of the Rooikrans Dam (see
Appendix 2)

The raw water quality of the Rooikrans Dam has been satisfactory for the entire
period 1968 — 1999. Only slight increases of the concentrations of NO, + NO,,
orthophosphate and dissolved SO, have been measured. Although the dissolved sulfate
most probably originates from long-distance soutces of air pollution, the increased levels
of nutrients may be due to the decreasing water levels in the dam. This may allow the
nutrients imbedded in the sediment to return to the water due to enhanced circulation.

6 Personal communication with Mr. S. Russeau, Amatola Water Board on 991110.
7 Personal communication with Mr. Hetem, Engineering Section, KWT TLC on 991112,
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The natural exchange of nutrients between the sediment and water will also increase with
decreased volumes of water.”

Although no data from the smaller Maden Dam was acquired, it is assumed to have
the same quality of water. In favor of this assumption is the dam’s vicinity to Rooikrans,
and the quality of the water received at the waterworks.

7.4.3. Protection

No formal protection of the two raw water sources was identified, but both the
Rooikrans and Maden Dams are located approximately 20 km from the main urban area
of KWT, of which almost 10 km is by gravel road, Ze. this is a remote area. No further
development of the area is planned’, and the Maden Dam is cutrently also used for trout
fishing, while sailing is allowed on the Rooikrans.

No evidence of an existing contingency plan for the eventuality of an accident that
would pollute these sources beyond usage was found, although water is already drawn
from the Laing Dam in periods of drought. A “Disaster Committee”, with members
from the Department of Environmental Affairs and Tourism and from the Health
Department of the TLC, among others, is responsible for actions during times of crisis."’

7.4.4. Water use
Also see Indicator Graph 4 in Appendix.4.

Due to the history of the region,

population estimations have been 450

educated guesses at best, and 400 i

usually underestimating. The TLC’s 530 I"\

Framework Plan (Setplan, 1997) :1? :ggl 1ﬁ\ ’
includes the latest populaton 00 L pxxn . k M\/\
estimation and is assumed to be %150 M \\ril v\,"‘l ‘V’

accurate. 100
The population of KWT (incl. 53
Schornville,  Ginsberg ~ and 1993 1994 1995 1996 1997 1998
Breidbach)  served by  the ) _
Waterworks in 1997 was estimated Figure 9. Water use per capita and day
at approx. 35 500, increasing
_ annually by 3%.

Consumption was calculated by dividing inflow values at the KWT Purification Wotks
by the Setplan population estimation, which was adjusted according to projected
population increases.

The water consumption (incl. industries and leakage) has increased from approx. 175
1/cap*d (mid-1993) to the peak of 1995 at over 250 1/cap*d, and now seems to be
stabilising at around 230-240 1/cap*d. Deduction of the largest water-using industry
receiving water from the Purificaion Works, King Tanning (2109 m®/month, from
O’Keeffe ¢f al), and leakage (20%) results in a domestic consumption of just under 200
1/cap*d. Note though that the withdrawal from King Tanning equals less than 1% of the
total water use.

An interesting observation was made concerning the seasonal variations. Since 1994,
these variations seem to decrease in magnitude (see Figure 9). It was suggested by Mr.
Hetem of the Engineering Section of the TLC that this may be due to certain

8 Personal communication with Mr. Higgstrém, senior lecturer at Water Environment Transport,
Chalmers University of Technology, Géteborg, Sweden on 000317.

9 Personal communication with Mr. Kooverji, DWAF, East London on 991105.

10 F_mail communication with Ms. Katrin Ottoson, NV, 991220, currently posted in KWT.
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demographic changes in the study area. As a large portion of the white community has
left the TLC in recent years, and been replaced by a black and colored population, a
decrease in the use of water for gardening purposes may be assumed.

The water consumption is well in excess of WHO minimum requirements.

7.4.5. Drinking water quality

The TLC employs Pollution Control Technologies in East London to perform regular
water quality tests. Their results were difficult to attain, due to a question of who was to
pay for the extra work of collecting and sending these, but some analyses of nitrate and
residual chlorine done in 1998 were obtained from the Schornville STW.

The levels of nitrate in tap water are well below WHO recommendations of 45 mg
NO;/ 1and 10 mg NO,-N/1 (Haglund, 1984).

The concentrations of chlorine seem to occasionally reach inappropriately high levels.
A measurement of the free chlorine in tap water at the Civic Centre in central KWT
(981203) was 0.79 mg/l. This can be compared to Swedish regulations of a maximum of
0.4 mg/l (VA-Verket, 1997). Although this one measurement should not warrant
unnecessaty concern, it indicates the importance of making other measurements
accessible to researchers.

Wayne Selkirk'' at Pollution Control Technologies, as well as others, speaks highly of
the drinking water quality in King William’s Town. Apparently, a Total Count (TTC)
above 7/ml has not been measured since 1992, and there is never a problem with either
coliforms or e.co/i at the treatment works. The turbidity in recent years has varied between
1 and 5, but is usually below 2.

7.4.6. Chemical and energy use for 70000

drinking water treatment 50000 B AISO4
Data on the usage of chemicals at the ElLime
waterworks has been obtained for the _ | - @mc
period Nov. 1996 to Dec. 1998. §4°°°°

During this period, the withdrawal of ésoooo

raw water has been stable at around 20000 - - | =
3x10° m’/y, or 230 1/cap*d. The = 5
dosage of chlorine and lime has as well
been relatively stable during this

10000

1997 1998
petiod (2 mg/l and 8 mg/l

respectively), while the dosage of Figure 10. Chemical use and dosage at KWT WPW.
aluminum sulfate has increased from

approximately 17 to 20 mg/1. 20

The total amount of chemicals used
in 1997 (see Figure 10) was for AISO4
53 tons, increasing by 15% to 61 tons in
1998; for lime from 27 to 26 (-4%); and
for chlorine from 5.6 to 5 (-11%).
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Energy efficiency has decreased since
1997, when the consumption was
approximately 12 Wh per m’ (see Figure
11). In 1998, this has reached 1997 1998
approximately 15 Wh per m’. This
applies of course to the total energy use

E-N
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Figure 11. Energy efficiency at KWT WPW.

! Telephone interview on November 18, 1999.
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as well, which has increased from 3000 kWh per month in 1997 to around 5500 kWh per
month in 1999.

Future efficiency improvements are to be expected, as the dosing equipment at the
KWT Water Purification Works is imprecise, making it difficult to optimize dosing
according to need'?, but new equipment is hoped to be installed in the near future".

7.4.7. Leakage
The leakage in the water/wastewater systemn has been estimated at 20%'"*, which is also
the estimate for Goteborg (VA-verket, 1997). This estimate for the TLC is also
confirmed by the Palmer Development Group (PDG, 1998).

As to whether this indicator is improving or not, sufficient information was not
collected to make any assertion.

7.4.8. Reuse

No domestic reuse of water was found, but King Tanning and the KWT golf course
receive approximately 20% of the effluent (prior phosphorus removal and chlorination)
from the Schornville STW for irrigation purpose (GIBB, 1999). Both received
individually just under 0.2 million m’/year, for the years 1993-1996, but since then the
meters have been malfunctioning. Also, all effluent treated at the Breidbach STW is
irrigated onto sportsfields.

7.4.9. Wastewater production

Also see Indicator Graph 5 in Appendisc 4.

The produced wastewater, received at the Schornville STW, has been fluctuating for the
past six years with an extraordinary peak in 1996. The fluctuations are in sync with the
summer rains, although not in magnitude (see Figure 12). This suggests that stormwater
does enter the system, possibly through sabotaged standpipe drains, increasing the
volumes of wastewater. In 1996 the inflow volume was 2.6 million m’, equaling 250
1/cap*day. This decreased in 1998 to just under 1.5 million m’ or 135 1/cap*day.

The  Schornville STW  is

ovetloaded, with its design capacity 250 500000
of only 4800 m’/d (GIBB, 1999). | [ oo
For example, in June 1996 the E 3500003
average daily load was 7875 m’/d g 150 | ' 300000§
and in June 1997 was 5690 m*/d. g ' | ] | 1 H 250000 g

The much smaller Breidbach E A ! 200000 5
STW received during the period & I | 1500002
1995-97 approximately 0.2 million & 5 Jf N\ /1l v N 100000 &
m’/y, equaling 90 1/ day and person ‘ 1 J1 J }[ _,{? t% 50000
connected. This is less than the o Hi d ; el iii st HHAER i o
design capacity of 800 m’® /d or 0.3 1993 1994 1995 1996 1997 1998

gy 3
million m’/ y (GIBB, 1999). Figure 12. Wastewater production (line) and rainfall (bars).

12 Personal communication with Mr. Braweni of the KWT Water Purification Works on 991102,

13 Personal communication with Mr. Hetem of the KWT TLC’s Engineering Section on 991112,

4 Based on personal communication with Mr. Hetem, Mr. Koovetji (DWAF, East London) and a report
by the Dept. of Public Works (1994).
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7.4.10. Combined sewers

The standard in South Africa is separate systems, with one set of pipes for the domestic
and industrial sewage, and another for the surface runoff. KWT 1is no exception. One
problem is that backyard tap (standpipe) drains, which are built so that no rainwater can
enter, are sabotaged. This may result in large volumes of rainwater entering the sewage
system during heavy rains (see Figure 12).

7.4.11. Treatment performance
The Schorville STW’s treatment performance has been calculated for the removal of
the orthophosphate (as P) and chemical oxygen demand (COD), where a comparison
was made of the concentrations of these parameters in the in- and outflows on a
monthly basis, from which annual averages where calculated. A number of values were
disregarded in the analysis, on the grounds that they were either obviously incorrect (e.g.
P-removal in biofilter plant = 91% in April 1996) or the value had a dominating effect on
the end result (e.¢. P-removal in biofilter plant = -201% in July 1997).

The removal of phosphorus in the old biofilter plant has been low (see Figure 13),
varying from 3% in 1996 to 18% in 1998. The new plant, which applies ferric chloride to
chemically coagulate P, showed significantly higher results of around 50% for the period
1996-1997 (see Figure 14), although these dropped drastically in 1998 to 17%. The
reason for this decrease in performance is proposed in Chapters 8.4.13 and 8.5.7.
Combining and weighing the two flows (40/60), results in an overall treatment
performance for the entire WWTP of around 35% for 1996-1997 and 17% for 1998.

The removal of substances causing a chemical oxygen demand (COD) has been
more effective in the new plant (82%-91%) than the old (69%-84%), resulting in overall
treatment performances ranging from 78%-86%, without any clear trend being obvious.

Determining the actual removal

percentage of the total nitrogen content o0 —COD___ —Inorganic nitrogen __—Phosphorus
proved difficult, as data on organic :

nittogen was lacking. Instead, the so% e
transformation of ammonia to nitrate

has been calculated, as this is a ** T

pretequisite for a proper removal of
total nitrogen. Also, the removal of
inorganic nitrogen has been estimated 2%

by comparing the in- and outflow 0% /’/
concentrations of ammonia and nitrate. 1996 1997 1998
Both the transformation and removal
percentages may be viewed upon as
conservative, as organic nitrogen in the
inflow may form ammonia during its
residence time in the WWTP, increasing  100%
the measured concentrations of NH; (as a0% —
N) in the outflow. As some of the
concentration measurements of NH; 6%
and NO; (as N) were of questionable
reliance, values perceived as extreme
and not probable have been removed 0%
from the analysis, and this applies to
four monthly averages of the inflow

concentrations of ammonia, ranging
from 1.4 to 3.5 mg /L. Figure 14. The treatment performance of the new plant.

Figure 13. The treatment performance of the old plant.
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The transformation of ammonia to nitrate seems to have functioned well during the
period of this study; 58%-71% in the old biofilter plant, 70-79% in the new AST plant,
resulting in an overall transformation ranging from 65% to 76%.

The removal of inorganic nitrogen has been somewhat less effective. In the old plant,
removal rates are around 50%, while in the new plant these are approximately 60%.
Adding the two flows in regard to their size differences, the overall removal of inorganic
nitrogen has been estimated at approximately 67%. The actual removal of the total
nitrogen content should be a bit higher than these values, as the lack of data concerning
otganic nitrogen has a negative effect on the calculations of (especially) ammonia
removed.

In general, the overall treatment performance has been relatively stable for COD and
decreased slightly for nitrogen, but decreased significantly for phosphorus. This
difference most probably lies in the decreased use of ferric chloride (almost —50% since
1996), which is used in the removal of phosphotus, while the nitrogen/COD removal
relies on biological/physical techniques (biofiltration/activated sludge/ sedimentation).

7.4.12. Loads to receiving waters
The following values were calculated by multiplying the measured concentrations in the
outgoing effluent by 80% of the incoming volumes of wastewater, which is the estimated
volume of treated wastewater being released into the Buffalo River (GIBB Africa, 1999).
The concentrations of both ammonia nitrogen and nitrate nitrogen in the Schornville
STW effluent consequently exceeded the Special Standard limits of 1 and 1.5 mg/l
respectively, which apply to the Buffalo River. Of the whole period of study (April 1996-
Feb. 1999), only one monthly average (April 1997) was within the limits for nitrate, and
two (Nov. and Dec. 1996) were within the limits for ammonia. Typical effluent values for
this period were 6 mg/1 for ammonia (as N) and 4 mg/1 for nitrate (as N).

Approximately 400 kg of nitrate
(as N) enter the Buffalo River every

3000

— Total
month from the Schornville STW 2500 oa .
(see figure 15), and an additional 700 2000 Ammonia
kg of ammonia (as N), although this Nitrate

trend increased sharply in 1998 to
around 1200 kg per month. This
adds up to a total inorganic nitrogen
(as N) load of around 1100 kg per
month for 1996 and 1997, and
approximately 1500 kg per month
for 1998.

Phosphorus effluent levels were at
acceptable levels during 1996 and
1997, but these levels shot up above
Special Standard regulations of 1.0
mg/1in 1998 to around 1.7 mg/l and
were increasing during the first two
months of 1999 to around 2.3 mg/1.
This also applies to the total loads of
P. In 1996 and 1997 this added up to
approximately 70 kg/month, and
jumped to over 150 kg/month in
1998 (see Figure 16).
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Figure 15. Loads of inorganic N to the Buffalo River.
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Figure 16. Loads of P to the Buffalo River.
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The effluent levels of COD have
as well been above the Special
Standard Limits of 30 mg/1 for the 12000
years 1996-1999. In 1996 and 1997 10000 /\

the average effluent contained 6 4000 A \
tons of COD per month and this
increased to a maximum of 12 tons 6000 //\\ // \ /\VA\ //\V/ \\
in October 1998 (see Figure 17). 4000 —y \

Although the Breidbach STW

does not intentionally release any
effluent to the Yellowwoods River,

14000

kg per month

2000

0

'96 1997 1998

petiodic discharges take place due gy 17 Loads of COD to the Buffalo River.
to run-off from irrigated lands and

pond seepage, although the extent
of this is not known.

7.4.13. Chemical and enetgy use for wastewater treatment

At the Schornville STW, lime is first applied to the incoming effluent to adjust the pH.
20% of the flow is diverted after primary treatment to King Tanning and the golf course,
while 60% of the remaining flow (equaling 48% of the incoming flow) passes through
the activated sludge and phosphorus removal steps, whete fetric chloride is added. Both
internal flows (from the new and old plants, 80% of the total incoming flow) are finally
treated with chlotine prior release into the Buffalo River.

The annual chemical use at the

WWTIP was estimated by averaging 80000

the available (<12) monthly values of 70000 - u F.eC|3
one year and multiplying this by 60000 BLime
twelve. & 50000

The wuse of chemicals has g 40000 -
decreased considerably over the last 2 20000 |
few years (see Figure 18). Ferric 20000 |

chloride has decreased from 73 tons
(1996) to 44 tons (1998), lime from  '°
47 (1996) to 39 tons (1998) and 0

chlorine from 11 (1996) to 5 tons
(1998). Figure 18. Chemical use and dosage at the STW.

1996 1997 1998

Even considering the usage per
volume of treated- wastewater, the
trends are the same. The dosage of
FeCl, has decreased from 113 to 64 A

mg/1, lime has decreased from just 35 \
AN

to under 30 mg/l, and chlorine has \ /\ /\ .
ANV W Y

W
|

decreased from 10 to around 5 mg/lL
The decteased dosage of chlorine may

Wh perm3
o

be inappropriate, as the ammonia 1 -
concentrations in the effluent have
been increasing, ranging between 5 o

& & 1897 1998

and 20 mg/l in 1998. As a rule of
thumb®, 10 mg chlorine per mg NH,”  Figure 19. Energy efficiency at the STW.

15 According to Prof. W. A. Pretorius at the University of Pretoria, South Africa.
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(with a contact time = 30 min. at 15-20°) should be applied in order to achieve sufficient
stetilization. The current dosage is considerately below this.

Energy efficiency and usage has been relatively constant, at approximately 2 Wh per
m’, totaling 200 kWh per month (see Figure 19).

7.4.14. Resource use per removal of nutrients
As previously described, 48% of the incoming wastewater to Schornville is treated with
ferric chloride to chemically coagulate and precipitate phosphorus. The efficiency of this
ptocess has been calculated by determining the amounts of phosphorus removed (inflow
and new plant effluent concentrations times 48% of incoming volumes) and comparing
this with the amounts of ferric chloride applied. Of the acquired results, those judged as
extreme (>400 kg FeCl, pet kg P removed, 4 occasions) were removed.

The calculated efficiency of this
removal increased considerably for
each year (see Figure 20): 180 kg

200

-
o
<

FeCl,/ kg P in 1996, 131 kg FeCl,/

puy
N
o

kg P in 1997 and 84 kg FeCl,/ kg P
in 1998. The effictency of this

[++]
(]

process may be worse though, as
some of the phosphorus is removed

kg FeCl3 per kg P removed

o
o

in the sedimentation tanks, without
the aid of chemical coagulation. The

increased efficiency must be viewed 1996 | 1997 | 1998
in the light of a decreased dosage of
ferric chloride in a period of
increasing influent and effluent levels of orthophosphate.

In order to evaluate the efficiency of this process further, help has been taken from
Prof. W.A. Pretorius, an expert on water treatment options at the University of Pretoria
in South Africa. According to him, attempting to attain a 75% removal rate (the highest
rate at Schornville is 50%) of wastewater containing 1.5 mg P/1 (a typical value for this
study) should require a dosage of approximately 8 mg FeCl,/l, with an efficiency around
12 kg FeCl, per kg P removed. In the light of these values, the efficiency at the
Schornville STW must be viewed upon as poor.

Figure 20. Resource use efficiency at Schomville STW.

7.4.15. Recycling of nutrients

Dried sludge is given away to any farmers who are willing and able to collect it
themselves from the Schornville STW. This ends up with a very erratic pattern of usage,
as few have the possibility of transporting any considerable amounts. The percentage of
sludge used for agricultural purposes was estimated at between 30-50%'°, with the
remainder being deposited at local dumpsites. Additional nutrients are recycled through
the reuse of treated effluent being irtigated onto the KWT Golf Course (from
Schornville STW) and onto sportsfields (from Breidbach STW).

7.4.16. Quality of sludge

There are at the moment no measurements petrformed on the sludge to ensure the
quality. As sludge is currently being distributed to local agriculture, this leads to some
concerns. A discussion concerning this matter is found in the Chapter 7.5.8. '

16 Through personal communication with Ms. D. Dolley and M. C. Mhambi of the Schornville STW.
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7.4.17. Energy recovery
There are no such facilities at the Schornville STW.

7.4.18. Access to safe drinking water

About 5 million urban residents in South Africa live more than a quarter of a kilometer
from the nearest source of available water according to the most recent municipal survey
of water provision. An additional 4.4 million people have access to a communal
standpipe at a distance of less than 250m (Goldblatt, 1999). This is largely due to pre-
democracy development policies, which were most outspoken in areas previously
referred to as “homelands”. At present, the South African government has committed
itself to ensuring that all people will have access to at least 25 liters per capita per day of
clean water (DWAF, 1994).

As the study area was not included in the Republic of Ciskei, it has attained levels of
development equal to those of the larger cities of South Africa. The access in the study
area is 100 %', and all consumers are metered and charged according to consumption
(PDG, 1998). The consumed water per capita is well in excess of the WHO minimum of
50 liters per day and capita. '

7.4.19. Access to adequate sanitation

Sanitation is waterborne and assumed'’ to accommodate 100 % of the population in the
study area. This is not to be assumed to apply to the country as a whole, where although
98.8% of the white urban population has in-house water connection, only 56.1% of the
non-whites in urban areas have the same level of service (Goldblatt, 1999).

7.5. Summary of indicator results and future recommendations

7.5.1. Future shortages of freshwater resources

The annual withdrawal has approached the estimated available volume for the past six
years and even exceeded this level in 1997. Although the Engineering Section of the TL.C
does not expect severe water shortages, due to future plans of the interconnection of
local dams, the current situation is moving towards unsustainablity. As the full utilization
of all freshwater resources in expected to occur around 2025 (Basson, Van Rooyen,
1998), future increase in the water demand must be avoided. Several methods of
reducing the consumption of water may be suggested: installing water efficient taps and
toilets in new buildings (and the new RDP' development areas), reusing grey water
where applicable and educating the public of methods of saving water. It is also
questionable if the current policy in South Africa, where residents in RDP-areas pay flat
monthly rates for their water, no matter how much is consumed, is in line with the goal
of decreasing the water demand. Without installing meters, the public is unaware of the
value of water, and large amounts of this resource may be wasted.

7.5.2. Possible decreases in raw water quality

The decreasing levels in the Rooikrans Dam (and possibly the Maden Dam as well,
although no data on this was acquired) may also have some detrimental effects on the
raw water quality as well. With decreased volumes, the circulation of water may increase,
stirring up nutrients embedded in the sediment. The natural exchange of nutrients
between the sediment and the water will also increase, as a consequence of less water in

the dam.

17 Estimation by Ms. Daria Dolley of the Schornville STW.
1% The Reconstruction and Development Programme (RDP) in a governmental initiative with the goal to
provide adequate housing and services for all South Africans.

35



Sustainable Development Indicators for Urban Water Systems
a case study of King William’s Town, South Africa

7.5.3. Lack of protection for freshwater resources

The lack of formal protection for the dams, as well as the non-existence of a contingency
plan in cases of emergency, are problems that need immediate attention. The formal
protection is needed to minimize the risks of accidents occurring, and a contingency plan
is proper way of preparing those concerned for the eventuality of an accident, so that the
consequences can be minimal for both the public and the environment. The “Disaster
Committee” would be an appropriate body for the construction of a contingency plan.

7.5.4. Difficult to attain tap test data

It was unfortunate that the drinking water quality measurements from Pollution Control
Technologies proved so difficult to collect. These should be made more easily accessible
for researchers and the public alike, so that the drinking water quality can be confirmed.
In this regard, concern may be warranted for the high levels of chlorine in the drinking
water. Current research has indicated that chlorine acting with the Assimable Organic
Carbon (AOC) or Biodegradable Dissolved Organic Carbon (BDOC) can form
trihalomethanes in water treatment plants, and this may have mutagenic effects on
human cells."” Therefore, it is important that tesearchers are given easy access to data on
drinking water quality tests, as to confirm the beliefs of its high quality.

7.5.5. Increased use of chemicals and energy at KWT Water Purification Works
The chemical usage at the KWT Water Purification Works was fairly stable for the
period November 1996 to December 1998, except for an increased use of AlSO,. As the
raw water in the Maden and Rooikrans dams is of relatively good quality, it is unsure if
this increased dosage was necessary. A future study into the required dosage of the
waterworks and new equipment might allow for future decreases in the chemical usage at
this plant, saving both money and resources. An examination of the possible reasons for
the sharp increase of energy used over the past two years should also result in multiple
efficiency improving recommendations.

7.5.6. Erratic wastewater production possibly due to leakage

The wastewater production has been erratic, and not at all followed the trends of the raw
water withdrawal from the Rooikrans and Maden Dams. This may be due to leakage in
the wastewater system, although the extreme peak of the (South African) summer of
95/96 has yet to be explained.

7.5.7. Decreased chemical usage at Schornville STW increases loads

The chemical usage at the Schornville STW has decreased considerably for all three
chemicals used. The decreased usage of ferric chloride has been unfortunate, as the
concentrations of phosphorus (as well as nitrogen and COD) in the raw wastewater have
increased, although this has improved the otherwise poor efficiency of the phosphorus
removal process. The consequence has been increased effluent concentrations and total
loads to the Buffalo River.

19 Personal communication with Prof. G. Morrison of Water Environment Transport at Chalmers
University of Technology, Géteborg, Sweden on 000316.

36



Sustainable Development Indicators for Urban Water Systems
a case study of King William’s Town, South Africa

7.5.8. Fertilizing with dried sewage sludge — possibilities and associated risks
According to estimation, between 30 and 50% of the dried sewage sludge is used as an
agricultural fertilizer in the study area. Although this amount is considerate, future
improvements are clearly possible. The use of sludge as a fertilizer is, though, currently
under fierce debate in many countries, and the following discussion includes some of the
pro’s and con’s, and recommendations for future action.

The recycling of nutrients is important in attaining a sustainable development, while
using artificial fertilizer depletes the limited resources base of phosphorus and requires
substantial amounts of energy for its nitrogen content, which is done through the fixing
of atmospheric nitrogen. Currently, only economically-strong farmers collect the sludge,
while those with little or no money who run small-scale farming have access to neither
sludge nor artificial fertilizer. This, of course, leaves them with a low level of agricultural
production. By delivering the sludge to these small-scale farmers, the TLC can aid in the
agricultural and overall development of the area. This may result in considerable
improvements of the local agricultural output. Government backing may also be attained,
as this is in line with the national Reconstruction and Development Plan.

There are, though, a number of risks coupled with the use of sludge as a fertilizer, and
it is these that limit its use in several countries. In Sweden for example, the use is
regulated by an agreement between several agricultural and sanitary organizations and
authorities; the so-called “Sludge Agreement” or Slamiverenskommelsen. This allows the use
of sludge that meets the limits and recommendations found in table 6.

Table 6. Swedish requirements for the use of sludge as an agricultural fertilizer. (NV, 2000)

Regulated maximum content

mg/ kg dry substance

Lead, Pb 100
Cadmium, Cd 2
Copper, Cu 600
Chromium, Cr 100
Mercury, Hg 2.5
Nickel, Ni 50
Zinc, Zn 800

Recommended maximum content

mg/ kg dry substance
4-Nonylphenol 50
Polyaromatic Hydrocarbons, PAH 3
Polychlorinated Biphenyls, PCB 0.4

The detrimental effects of the listed heavy metals and chemical compounds are well
documented, although the actual effects of using sludge containing these pollutants has
yet to be asserted. Several factors are currently being researched, e.g availability, actual
crop uptake, long-term effects on human health as well as other uncertainties. Possible
sources of, at least, the heavy metals have been identified in the study area: King Tanning
and the textile industries.

- More recently, viral and bacterial risks associated with sludge application have been of
concern, especially roundworm, salmonella and EHEC® (Albihn, 1999). The warm
climate of the area may allow for a more a rapid eradication of pathogens during sludge

20 Enterobermmoragic Escherichia coli, a disease cause by the EHEC bacteria that produces a powerful toxin that
leads to diarrhoea and possibly organ damage, especially to the kidneys.
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storage, but as there are more parasite diseases in warm climates, special care should be
taken when handling the sludge, e.g. when distributing it on fields.”

In order to guarantee the public health and the future usage of sludge as a fertilizer,
measurements like those done in Sweden, as well as of the viral and bacterial content are
of the utmost importance. These must be done on a routinely basis and the results
should be made easily accessible for all those interested. Tests of the nutrient content are
also necessary, in order to be able to spread the sludge on agricultural fields in
appropriate amounts.

Last but not least, as human nature would have it, a large part of the community may
have strong hesitations to using human exctement and urine as a fertilizer. It is therefore
necessary to educate the intended users (farmers) and consumers (who eat the food
produced by the farmers) of the positive and negative sides of this practice. Testing the
sludge may also increase the public’s interest in maintaining the quality, which the public
affects through their behavioral pattetns (i.e. what is flushed down the toilet).

8. Evaluation of the applied indicators

8.1. Evaluation criteria

The 19 indicators used in the study have been consequently evaluated on the basis of the
five criteria listed below believed to have importance for urban water systems in general,
and the study area in particular. Many urban water system designs are similar to each
other, therefor the suggested indicator topics are believed to have relevance for similar
systems. The specified parameters, on the other hand, have be chosen to fit the case
study area’s specific conditions, problems and possibilities, and may need to be reviewed
before being applied in another geographic area. The evaluation criteria have been based
on the previously described indicator characteristics (Gallopin, 1997) and criteria (Lundin
et. al., 1997), where the indicator’s possibility of assessing the sustainable development of
the UWS has been given utmost importance. Other aspects considered include how easy
the SDI is understood by different audiences, where a reduction of the total number of
SDI would aid in being able to communicate all the different aspects of SD covered by
the indicators; if any goals for the indicators exist, thereby easing in an assessment of the
current situation; as well as an evaluation of the quantity, quality and availability of data.
The evaluation criteria are as follows:

1. Does the indicator show the current trend direction as to moving towards or away
from a sustainable development, including its technical, developmental and
environmental aspects?

2. Does the indicator cover an aspect of sustainable development, without ovetlapping
another indicator? A limited number of SDI is necessary in order to easily
communicate information to professionals, researchers and the general public.

3. Do any goals or objectives readily exist for the quantities or qualities measured by
the indicator? If not, can they be researched and developed?

4. Was data of sufficient quantity and quality available in order to provide spatial and
temporal trends? Was it easily accessed?

5. Can professionals, researchers and/or the general public easily understand the
information relayed by the indicator? If so, can this have an effect on future actions
taken?

21 Information through e-mail communication with Dr. A. Albihn (Vet. Med.), National Veterinary
Institute, Stockholm, Sweden
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8.2. Indicator evaluation

8.2.1. Withdrawal

The withdrawal indicator acts as a powerfully informative indicator. It is easily
understood by policy-maker and citizen alike, and may influence future policy and
behavior. By including the approximate maximum withdrawal level, the current
consumption and trends can be identified as sustainable or not. The information was
readily accessible.

Suggested parameter: Total withdrawal compated to available amount.

8.2.2. Raw water quality

Information for this indicator was easy to collect. Communicating the raw water quality
to the general public may be more difficult, especially in the form of coliform counts ot
phosphorus concentrations. A comparison with raw water quality targets, should these
exist, would probably aid in the understanding of the situation. Also, as a large number
of parameters are measured, the volume of information may be too large to
communicate. The most important parameters should be identified and highlighted. In
this area these may be parameters concerning salinification, eutrophication and coliform
counts.

As to its relevance to sustainability, this state indicator does indirectly show how well the
protection of raw water resources is, so as to assure the quality for future generations.
Raw water of sufficient quality requires also little treatment for drinking purposes,
minimizing the necessary use of energy and resources.

Suggested parameters: Dissolved sodium compared to tatget, nitrogen compared to
target, coliform counts compared to target.

8.2.3. Protection

The collected information suggested a total lack of formal protection, as well as the
existence of a contingency plan, consequently giving a poor indicator result. The
presentation of this indicator is, though, a difficult matter, as it is not easily quantified.
One possibility is to evaluate the situation and grade it, possibly on a 1 (no protection) to
5 (well protected with contingency plan) plan, which should make it easily undetstood by
the general public, although professionals may prefer a mote technically evaluating
indicator. Although the protection of raw water soutces is important, it is questionable if
this information is suitable for indicators.

8.2.4. Water use

This information is ideal for SDI-use, and provides a good picture of current use and
future trends. It illustrates sufficiency as well as ovet-consumption, both vital for a
sustainable development. By introducing targets, the public would also have a better idea
of the cutrent situation and future scenarios. Data is easily collected and the indicator is
easily calculated.

Suggested parameter: Water use (m’/month) compared to target.
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8.2.5. Drinking water quality

Although this is not a major problem in this area of South Africa, the indicator is still
useful in tracking changes in the drinking water quality. Informing the public of the
importance of high quality drinking water, and relating the current situation in regard to
regulations may also increase concerns of its preservation and protection. The
information was difficult to collect for this case study, but can be made more accessible
for the public, researchers and professionals alike if published on the Internet, for
example.

Suggested parameter: Percentage of tap tests within regulation.

8.2.6. Chemical and energy use for water supply

The increased efficiency of chemical and energy use is important in regards to SD, but
neither aluminum sulfate nor lime qualify as limited resources, and as such may not have
to be included as indicators. An excessive use of chlotine does have a detrimental effect
on the environment and human health, and as such should be included. This information
is also easily communicated, although the informative value may be limited. The data is
almost readily available.

Suggested parameters: dosage of chlorine (mg/1), Wh per m’.

8.2.7. Leakage

Only estimations wete available for this indicator, and it is uncertain what informative
qualities this indicator has. As the new RDP-areas currently being built are connected to
the water system without meters, it will prove increasingly difficult to estimate the
leakage accurately. Although excessive leakage is of course unsustainable, this indicator
has a direct influence on the water use and wastewater production indicators, and may
therefore be unnecessary as it partly overlaps.

8.2.8. Reuse

The reuse of watet is not widely practiced in the study area (except for the irrigated
effluent from the Schornville and Breidbach STWs), although will undoubtedly prove to
aid in future improvements in the effective use of this resource, and increase the
sustainability of this urban water system. The amounts reused should be recorded and
promoted, but as it effects the water use and wastewater production indicators directly, it
is unsure if an indicator for this point is necessary.

8.2.9. Wastewater production

Monitoring the production of wastewater has several positive effects, ¢.g. making sure
that WWTPs do not receive more than they can handle (as the situation is at present),
indicating if a massive leakage of stormwater into the sewage pipes is occurring,
measuring the effects of using low-flush toilets, etc. The indicator with its current
parameters is blunt, though, as it is impossible to identify the individual sources of the
produced wastewater. The data for this SDI is readily available from the treatment plant,
and is useful for comparisons with other systems. Professionals and researchers easily
understand its relevance.

Lundin (1999) suggests a comparison between the volumes of wastewater received
with the volumes treated, thereby monitoring any overflowing volumes and assuring that
all wastewater and only wastewater is treated. In this case study, the information available
did not make such an analysis possible.
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A possible third alternative of evaluating this indicator topic is, in addition to
monitoring the produced volumes, also to compare the actual incoming loads of
nutrients and oxygen-demanding substances (measured as BOD) with estimations of
how large these loads should be, depending on the size of the connected population and
on which industries also use the WWTP. The comparison might use a functional unit
(f.u.), suggested as 70 g BOD, 14 g N, and 3 g P per capita and day.

Suggested parameters: liters per capita and month, f.u. deviation from estimations of
incoming loads

8.2.10. Combined sewers
While many wastewater systems in Sweden apply combined systems, where surface run-
off from impermeable surfaces is collected and transported to a WWTP together with
domestic and industrial wastewater, the norm in South Africa is to use separate systems,
where surface run-off is collected and transported separately. Therefor, an indicator of
this kind is not necessary for the study area.

This leaves a lack of information of the volumes and quality of urban surface run-off,
which can be polluted by e.g. traffic. The development of an additional indicator for this
purpose may be necessary.

8.2.11. Treatment performance

The calculations for this indicator proved difficult, mostly due to the ertatic data
collected and believed to be a result of under-maintained treatment equipment and
possible measurement practice etrors. The actual performance is not of extraordinary
importance for the goals of SD.

The fact that many WWTPs do calculate their treatment petformances for N, P and
BOD leaves the indicator to have some importance none the less, if only for comparative
studies of the intended treatment performance and with other treatment plants and
technologies. The information is of interest to professional in the field of sewage
treatment technologies.

Please note that the biological oxygen demand (BOD) of the effluent is not currently
measured at the Schornville STW, while the chemical oxygen demand (COD) is.

Suggested parameters: removal of N (%), removal of P (%), removal of BOD (%).

8.2.12. Loads to receiving waters

The collection of information for this indicator demanded many hours, as the sample
data was on a day-to-day basis. The following calculations, on the other hand, were easily
performed.

The indicator relays the actual loads being released into the Buffalo River, which is
important in regards to sustainablity, although the actual informative value of this is
uncertain. Comparing the loads to the river’s critical load would be more useful and
informative. For these ends, a study into the river’s carrying capacity would be necessary.

As mentioned before, it has been revealed that the largest threats to Buffalo River are
eutrophication and salinification, and it is these loads that should be compared to the
critical loads. Researchers (ecologists and limnologists in particular) could have
substantial use of this information.

Suggested parameters: Loads of N, P and sodium compared to the critical load for the
Buffalo River. (%)
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8.2.13. Chemical and energy use for wastewater treatment

As with the previous efficiency indictor for the water treatment plant, the use of ferric
chloride and lime, which are not limited resources, may not have to be included as
indicators. An inappropriate dosing of chlorine does, though, have detrimental effect on
the environment and human health, and as such should be included. Promoting a
minimal use of energy is also in line with SD. This information is also easily
communicated, and is useful for professionals in this field.

Suggested parameters: dosage of chlorine (mg/1), Wh per m’

8.2.14. Resource use per removal of nutrients

In the case study this only applied to the use of ferric chloride in the removal of
phosphotus. As fetric chloride does not qualify as a limited resource, the indicator may
be supetfluous, although it does communicate the how efficient or inefficient the use is.

8.2.15. Recycling of nutrients

This indicator proved to be very difficult to calculate since there were no records of the
amounts of sludge used in agriculture, although it is possible. Should the use of dried
sewage sludge be more carefully monitored, it would be possible to calculate the

- theoretical percentage of recycled nutrients, which is very closely linked to SD. It is
already possible to calculate the actual amounts of nutrients removed from the
wastewater. This information would be of use for policy-makers who wish to decrease
the use of commercial fertilizer, by instead using dried sewage sludge.

Suggested parameter: % of nutrients recycled and reused

8.2.16. Quality of sludge

As there are no available measurements concerning the sludge quality (i.e. concentration
of heavy metals), the indicator is currently impossible to calculate. As to its impottance,
the debate is far from over. The detrimental effects of heavy metals on human health
have been proven in multiple studies (¢.&. McLaughlin, 1998), the actual impact of using
sewage sludge as a crop fertilizer is uncertain. McBride (1998) and Senesi ¢f a/. (1999),
among others, recommend caution in using sludge fertilizer with a high heavy content
until further assertions concerning the risks have been made. Nonetheless, proper
measurements of its nutrient content are a ptrerequisite for an adequate use of it in
agriculture. As sludge is currently being used as a fertilizer, it is of the utmost importance
that some form of quality testing start in the immediate future. All audiences have an
interest (more or less) in this subject.

Suggested parameter: % of sludge quality tests within regulation and recommendations.

8.2.17. Energy recovery

As this is not currently practiced, there is no need for an indicator at the moment, but
with the potential of installing e.g. biogas collection at the WWTP, a future usage may be
expected. These potential amounts of recovered energy may greatly aid in the area’s SD,
and also bring economic revenue to the plant. It is possible to integrate this information
into the previous indicator “Energy use for wastewater treatment”, where the recovered
enetgy is viewed upon as a negative usage of energy.
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8.2.18. Access to safe drinking water & access to adequate sanitation

Although these indicators are already at 100% for the study area, a larger study area
would reveal different results. They cover vital developmental and social aspects of SD,
and are easily understood by the public. The data is readily available from the local

government.

Suggested parameters: % of population with access to safe drinking water, % of
population with access to adequate sanitation.

8.3. Evaluation summary

Of the 19 tested SDI for urban water systems, 13 were found to be useful for the current
situation of the study area. With this list of indicators, it should be possible to assess and
communicate the current state and future trends of the urban water system of the study
area to policy-makers, engineers and the general public alike. Should changes occur (e.g
equipment improvements, new research), then the choice of indicators should be re-
evaluated.

For future studies, a working list of these 13 indicators has been provided
(see Appendix 3).

9. Conclusions

Through the performed case study, SDI were proved as being useful in assessing the
temporal changes of the urban water system, thereby verifying the same conclusion made
in the Goteborg case study (Lundin ez 4/, 1999). Although not all of the indicators are
based on ideas of sustainable development, but some instead on more technical aspects
(such as technical performance), the recommended set of SDI (see Appendix 3) is
believed to cover all important points concerning the UWS’s performance, usage of
limited resources and energy, environmental loads and developmental progress.
Therefor, the suggested indicator topics should be suitable for measuring the
sustainability of similar UWS, while the individual SDI parameters may need to be
reviewed to fit a new area’s specific conditions.

Several possible improvements were identified as being able to increase the analytical
and communicative properties of the indicators. Targets for the raw water quality and
water use indicators would aid in evaluating progress towards sustainability. The
evaluation of the wastewater production indicator may be improved by also comparing
the actual loads of nutrients and BOD being received by the WWTP, with estimation of
the connected population’s and the industries” production of these substances, possibly
by using functional units. Research into the Buffalo River’s critical loads of several
pollutants would make the evaluation of the WWTP’s contribution more meaningful. An
additional indicator may be necessary for the monitoring of the volumes and quality of
the produced urban surface run-off, which may be considerably polluted by e.g. traffic.
Regulation and/or recommendations concerning the nuttient and heavy metal content
(as well as other parameters) of the sewage sludge, and periodic measurements of these,
would make an evaluation possible, as well as contribute to a correct and adequate
application of sludge in agriculture and avoid the human health risks associated with its
use.
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Appendix 1. Effluent standards

General and Special standards for effluent discharge in terms of the
South African Water Act No. 54 of 1956 as amended.

Parameter

Colour, odour, taste Nil Nil
pH 5,5-9,5 5,5-7,5
Dissolved oxygen (%o Saturation) 75 75
Temperature (°C) 35 25
Typical faecal coli (per 100 ml) Nil Nil
Chemical oxygen demand 65 30
Oxygen adsorbed 10 5
Conductivity (mS/m) 250; 75% above intake 250; 15% above intake
Suspended solids 25 10
Sodium 90 above intake 50 above intake
Soap, oil and grease 2,5 Nil
Residual chlorine (as CI) 0,1 Nil
Free and saline ammonia (as N) 10 1
Nitrate (as N) Not specified 1,5
Arsenic (as As) 0,5 0,1
Boron (as B) 1,0 0,5
Chromium (total, as Cr) 0,5 0,05
Copper (as Cu) 1,0 0,02
Phenolics (as phenol) 0,1 0,01
Lead (as Pb) 0,1 0,1
Sulphides (as S) 1,0 0,05
Fluoride (as F) 1,0 1,0
Zinc (as Zn) 5,0 0,3
Soluble orthophosphate (as P) Not specified 1,0
Iron (as Fe) Not specified 0,3
Manganese (as Mn) 0,4 0,1
Cyanides (as Cn) 0,5 0,5
Cadmium (as Cd) 0,05 0,05
Mercury (as Hg) 0,02 0,02
Selenium (as Se 0,05 0,05
Hexalent chromium (as Cr) 0,05 Not specified

General standard limits!

Special standard limits!

Notes:

1.All units mg/1 unless specified otherwise.

2.In terms of Government Notice No. 991 of 18 May 1984, effluents draining to certain
sensitivity areas must have soluble orthophosphate (as P) concentration of less than 1,0 mg/1
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Appendix 2. Water quality parameters

The table lists the water quality parameters that the Department of Water Affairs and
Forestry has historic data on and/or is currently monitoring (as of November 25, 1999)
in the Rooikrans Dam. The fields marked in grey show historic data and are not currently

monitored.

Determinant

Parameter

# of analyses

First analysis

Last analysis

Magnesium — dissolved 61 19960605 19990901
pH 303 19680711 19990901
pH 2 19961204} 19970306
.'| Boron= dlssolved ; - 17 -19850603 | - 19890825
Carbon—-dxssolved organic - 17 19811223 :19890825
.| Nitrogen Kjeldahl . s 43 019811223 | .19890825 =
27| Nitrate + Nitrite ag N0 156 196807115 .. 19890825
eis Ammoniumias N 143 19770305 |~ 19890825 -
Ammonium as N 147 19920526 19990901
Nitrate + Nitrite as N 147 19920526 19990901
e | Nitrate + Nitriteas N vzt D2 0219961204+ 1::19970306 -
o FAmmonium as N 2 1719961204 0} = 199703067
| Dissolved oxygen: . 1 +.19760306. | 19760306 -
Flouride — dlssolved 299 19680711 19990901
| Fluoride - e 2. 19961204 /1 219970306
Total alkahmty as CaCOg 303 19680711 19990901
| Total alkalinity as CaCOs > 20 1019961204 1019970306
- | Sodium —dissolved 271 219680711 | 19960731
Sodium — dmsolved 34 19960828 19990901
o} Sodium:: e 20 219961204 21719970306
Magnesium ~ d15solved 303 19680711 19990901
20 ' Magnesium - . A 2 2219961204 119970306 =
-/} Silicon ~ dlssolved 143 19770305 ¢ 19890825 .
Silicon — dlssolved 147 19920526 19990901
i Silicon 2 019961204 15):19970306
e Phosphorus — total P ‘43 b 19811223 001019890825
i/ Phosphate — POjas P 148 219750227 219890825 -
Phosphate — POy as P 147 19920526 19990901
| Phosphate = PQqgas P 20 o2 1199612040
| Sulphate — dissolved: = 156 #:19680711::
Sulphate — d1ssolved 147 19920526 19990901
2o [ Sulphate -0 i e of 419961204 :):19970306
72| Chloride - dissolved‘ ' 156 ¢ 2719680711 |7 119890825 =
Chloride — dissolved 147 19920526 19990901
- | Chloride: i 2 o] 19961204 ¢ | 19970306
| Potassium - dissolved 261 55019750227 0219960731
Potassmm dmsolved 34 19960828 19990901
Calcium — dmsolved 303 19680711 19990901
| Calciam: . : R R 219961204 --2}+:19970306 - :
2 | Temperatuge o0 38" ©19750227 . 1119960710
101101 Electrical conductivity 303 19680711 19990901
210111 .| Electrical conductivity 2. +:19961204 -+ 1+ 19970306
103101 Total dissolved salts 292 19770305 19990901
104101 - 1Sodium adsorption ratio 269 119680711 -}~ 19961002
107201 Total suspended solids 5 19950110 19950328
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Appendix 3. Working list of SDI for urban water system

A working list of Sustainable Development Indicators (SDI) for urban water systems,
evaluated through a case study of the urban water system of King William’s Town, South Africa,
in 1999 by Eric Zinn, M.Sc. student of Chalmers University of Technology, Géteborg, Sweden.

Indicator

Parameter(s)

Category: Freshwater resources

Suggested reference value

Withdrawal

Total withdrawal compared to available amount

Less than 100%

Raw water quality

Concentrations of dissolved sodium and nitrogen,
and coliform counts compared to targets

Moving towards targets

Category: Drinking water

Water use Water use (m?/month) compared to target Moving towards target
Drinking water quality | % of tap tests within regulation 100%
Chemical and energy mg chlorine per liter Appropriate dosage

use for water supply

Wh per m’

Increasing efficiency

Category: Wastewater

Wastewater production

Liters per capita and month

Comparable to water use

Chemical and energy
use for water supply

mg Cl/1 and Wh/m?

Increasing efficiency

Treatment performance

Removal of P, N and BOD (%)

At least according to regulation

Loads to
receiving waters

Loads of N, P and sodium compared to the critical
load for the Buffalo River (%)

Less than 100%

Category: Plant nutrients

Recycling of nutrients

% of nutrients recycled and reused

Increasing towards 100%

% of sludge quality tests

M 0,
Quality of sludge within regulation and recommendation 100%
Category: Development
Access to o . . "y o
safe drinking water Yo of population with access within 200m 100%
Access to %o of population with adequate 100%

adequate sanitation

and appropriate sanitation
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Appendix 4. Indicator graphs & source data

Indicator Graph 1: Raw water quality (Rooikrans Dam). NO, + NO, as N.
Indicator Graph 2: Raw water quality (Rooikrans Dam). Orthophosphate as P.
Indicator Graph 3: Raw water quality (Rooikrans Dam). Dissolved sulphate.
Indicator Graph 4: Water consumption.

Indicator Graph 5: Wastewater production (Schornville STW).

Source data.

50




Raw water quality (Rooikrans Dam)

T T T T T T T T T T e T D TP T T T T P T T T T T T oY

|

|

T Y D T T T T Tt ey e e e Ty

NO3+NO2as N

)

|

i

T T T T Ty T T T T T T T T Y T T T T

Lﬁ

I YT T T T T T T ey e P ey

0.49

0.44

0.39

0.34

0.29

j [Bws

0.24

0.19

0.14

0.09

<0.04

1£5066
820186
L0¥086
0€£026
522196
509096
90£056
6L0LY6
129076
Zivore
L020v6
8221£6
2oLie6
1£80€6
£120€6
5250€6
90¥0€6
9120€6
512126
20126
118026
812068
919098
102058
9ziiv8
S0E0Y8
0€S0E8
209028
z02ii8
05018
£06008
Z1€008
£21008
02162
625062
902182
€1018L
$2808.
£0208L

8208

LeoLLL
S0€044
802024
114089

Source: Data from Department of Water Affairs and Forestry. (HYDRO STATION NO: R2R002Q01)

Indicator Graph 1



2 udeun Jojesipu|

(L0D200HZH ON NOILLY.LS OHAOAH) ‘Aseio pue sifeyy Jejep jo juswiieda( woy ejeq :82inog

S00°0>

- GE00

S$0°0

S90°0

§80°0

mgl

S0L°0

gelo

S¥L°0

S91°0

S81°0

680711
720208

i

770305
771021
780428

780707
780825
781013
781206

FECTERETRURTTURRARSANSRRNRERERANRASIRELIN!

790529 :
791205 3

T AT

800123 3
800312

800903
810504
811202
820602
830530
840305
841126
850701
860616
890718
920811
921027
921215
930216
930406
930525
930713
930831
931102

FRRERTILT]

1AL

LLid

W

FEENSRARERERINANRRSIRSRARTCANARNREAYRARASERRINE

iid

©w
w
purd
[\
]
[e]
[EYTSTSTITETIINeTITIIIIN
v VVV V\]

Sadddd

©0
£
[
N
(=]
J

940412
940621
941019

FERARARRTERRERRSTARALAREROINIAT!

©0
n
o
[
o
[=2]

960605
961225 J
970730
980401

FERERSRATT]

U

¥y

WW}

|

i

LALLLLAAL L

981028

d S8 $Od oyHO

(weqg suenjiooy) Ajijenb Jjajem mey



Raw water quality (Rooikrans Dam)

S04 dissolved |

|

|

M I I

.1

T T T T T T T T T T T P T Ty T T T e T T rrisy

V

|
|

TIITIT

|

I

N

T

taas

Y .MJWHM.M””“.. T

|

|
\

T T T T T T T T T T T T T T T e T ey

22

20

18

16

14

| /B

12

10

8
6
<4

NT‘O)ngIDOFm
©
(&3
©
o

0L1E6

£80€6
€120€6
S280e6
90v0E6
9120¢€6
Siciee
420ice
118026
81,068
919098

JA
gcciee
c
i

P
f=
[
Q
i
«©

921 1v8
G0eoy8
0€£50€8
09028
c0ghig

£21008
S02164
625064
902184
€10182
G2808L
£0408.
82v08.
leotLs
S0E0LL
802024
112089

Source: Data from Department of Water Affairs and Forestry. (HYDRO STATION NO: R2R002Q01)

Indicator Graph 3



$ ydeis) Joyeoipu;

“S89IN0S SNOLIBA ‘9, (2 18 pajewnsa abexesT '96/1/S0y "ON Hodey DHM wolj uaxe} Bujuue] Bury o) moj4
‘(2661) ueldieg Aq uonewnse ‘Md Aq pantas uoeindod (Md) SHIOM UOHEIBUNG | MM U} O} J61EM MBI JO MOJju] (BJep 324n0S

0S
P Ve
AY p \ rinow 001
\, / AN 1 N \ A
g\ iy \Wi ! . , AW 7 0G1
WA /4 \Y%
%\ / \/\, \\./\ 7\ / ,._ )
e T~ —_— |
VN N\, TN INY va ! /, \ .:1 002
v Y v/ \ I Y
v v AW | gV
\ I
v Vv . 052
/ Jl
\ |
v ___
i 00g
obeyes| ¥ pul |oX3 - -- 0Se
00¥
0S¥

oSN IS1EM | (Kep,deo)r]




000005

0000001

000005}

000000¢

00000S¢

000000¢

(rejo3) gw

G ydeix) Jojeoipuj

"(£661) uejdiag o} Buipoiooe uonewysa uoleindod "MLS JIIALIOYDS O} MOJjUI JBJEMBISEA (Bl 32iNn0S

8661 /661 9661 G661 V661

€661

uonoNpo.Id J8)EM 9)SBAN e

deo Jad poid iojem 9)SBA\ = —

0S

001

cWw 00025.1 = Auoedeo ubisaqg N\

0G1

002

0S¢

(MLS 3]11AuI0Yy2g) uononpoud Jajemalsep

00¢

(Rep,des)/




Blep 8dinosg

16 - y661 Aienuer Jo] sanfea jo abesene =,

Boj uj uslUM ,MOj} PBIRWIASD, = ,,

46 - 9661 ‘v661 Aenuer Jof senfea jo ebeisne = ..,
16 - 9661 'v661 190uIad8(] J0) Senea jo sbeiene =,
86 - 966} ‘Y661 UOJBIN J0} SaNjeA jo ebelone = ,,

8661 '96 - P66 JOGLUBAON 10 Sanjea Jo abesene =, 86 - G661 JOQUIBAON 10j SBNRA Jo afeione = ,  ISIuBWILIOY

Gely Lv8i 19'28 22 9zt 99°€ 00'2L 182 ve ezt oy 66-08d
€08 SLGY 8L 09'9g 261 96°€ 182 s2'98 SL'E [:144 96°9 645¢ se-uepr
891 00’8y 1M1 2ie 'y 0085 oLt Ly 14 968y ez 2961 . 6056 LPEE vey oSyl 00ze 0000%2 86-90Q
164 2vs SeEY Ly8L 00°06 [Ty ez 102 zZeve [74" 06'€ 152k €618 €02 652 2296%1 9kLEL 08€ SL61 0085 210592 86-A0N
[:723 8v5 oozy 8L | 0zo9t 0Lz £L'9 $6'02 05'66 181 81's 262k 5269 e SLE £8EY 96ELLL giet 16€ c0LL 0585 9v9.52 86-320
781 P51 005¥ 1847 09'86 e 162 yE'81 00°'¥8 $62 75} >3 21 2'8e9 60 yo'zy E=72: 81 91LEL L6¥E 859 0562 0045 £85622 ge-deg
82¢ 89¥ SLEY 141 66'SS se'L 29€ 9v's £8°€04 85t 67 102k 9'e26 96t 9595 045€21 91LEL 6oLy 1114 00$2 0s8e 12/892 86-Bny
604 6Ly SLyy 9902 289y ye't 1ee 16 06'88 191 18€ 0ZEl ooy S8t 60°SYy LYBEOL 1924 sie 658y 0581 osey 050442 86-1hr
601 evy SZEP 645¥ 0829 €81 -1 % 159 09204 IS2 W0y 6921 €68 162 0548 S/82H1 SLLEL L21e 16€ §L02 058y .92 gg-unp
26 8EV 0581 Z159 00°'SE §5°4 esy S£'94 0085 £VZ ey 0g'ze 09¥S 06'€ oze 0s'iy 6vE8IL S1LEL eviE Siy §2€2 0065 1088Y2 86-Aew
vz 0zy 889 ei2h £5226 glLel yizy S0€ §L22 0509 LLBEVE 86-4dy
05z 06 5292 29y L00EE} gLl 0sse o9y 0se2 0559 141952 g6-4el
874 SeL 0502 861€ 92 25t 8¢ 0s'¥L 6€0 05t £'L1e 190 vLE 68EVL 9LLEL 049€ oze sl 00y 1908¥2 86-q94
0sz 952 0002 SIS 09'82 o ¥9's €L°0 08'ES 2 929 8L 90t 8Lt 00'vE « 982982 gilel k3744 €0y 5292 006Y eveese gg-uer
£02 8.2 0sze 0452 00'Sy Lo ¥60 oTLL | sZIoL 2 ¥8'S yeL (174 ot 85’4 0088 « B0SL6 19253 glie vey seve 051y £65192 163801
9e2 8¢ 989€ 09'2e 850 ov'L 6e€ 00°56 0zt €9 8L2) [N ¥ 8t 0S'€ ov'92 . 841894 gLLel 1s2e 86v §L0€ 05€8 8Lyige 16-AON
102 1v6 989¢ STo0¥ €0 o 80 £6°09 s21 7' laxd 8562 gi't 841 02’6y YEBLL giLet £892 yEY 0082 0Ly y150L2 167320
862 0.9 1€6€ 00'1S 910 ose $62 020 620 2y 299 g9ie S1°0 9§t 80°61 10956 8152t 2292 22y si82 asey LivL92 1g-deg
rie 998 0sov 1989 0zZ'6y 150 8L2 901t 00'vL SE0 8Z€ 5L 002 690 891 eLee £L1€21 1seet 950€ [84] 00ge o0vy 094152 16-6ny
112 ¥£9 6162 619€ 1902 810 oLE 190 00'99 06'L ey ¥ 474 £9°0 98t (4518 9£9811 16614 9822 219 S181 osvy £0885¢ 1601
€02 ors 8051t esel 0518 W0 (4% 80°S 0028 120 [cr44 2Le 0¥ €40 $9't 88'62 6vL0L1 05951 €452 2vs §202 056v y81E52 l6unp
8¢ €86 08L8 SL1§ 00'€L £90 S8 ey ov'i e 3441 0282 2ri ov't s2iE €61SEL 11821 o4ye §S€ 0022 000$ 204452 L6-Ae
w1 8v8 00se €649 00°0L $20 £9'L 68t 00'8S 10 ¥L0 852 0eee 0.0 €et €09t 8292yl 09zyl 2208 144 s/82 0SEY 296842 L6-ady
£9t 008 006€ ¥£9. 00'%E £9°0 862 88'el 00'SZ Sv8e 8ge 902 06'€2 LEVL6 $9821 881y €6v 0581 0528 21992 16-4e
851 858 sLey 8808 000 (i34 €501 €L £e9l 16969 g12et 2082 Sey 0S54 056¢ 86v1L2 16-a84
8€2 988 S2eY 8.68 £20 el 0e9 €90 ov'e ooy 06'0 S8t o162 60526 #1051 12e ey 00L4 0esYy ¥9€E5C L6-uef
§59 S22y 2059 €90 £E'L 8o 00'SL [-{% SE'E 2e0 o'L62 % P73 S0°El S0€28 sizel 9.8 0594 004y 205092 96-0001
€E0L S186¢ 1059 052€ 920 082 €€’ 08'SL $9'0 €98 ov't S'8¥2 @2 802 o€t 9pye8L 89V€Z 9.€ s202 005 y¥8L5E 96-A0N
146 059¢ 06vY 00°SE 90 09'€ €9L 05'50}4 8e't er's L8 0982 [:Th1 ! €182 S96004 £vL6L 801612 967490
650 ¥9E 00yt 2yt 09'L 8901 ve'L 8t ov'se 79686 99414 1v2522 g6-deg
ogil 098¢ 0889 080 sy 592 [T €28 £96 160 85t Sg'sL 808514 22l 208912 96-Bny
99°0 90y 89y 0L'0 08'8 vL0 ov't 05 LELOEL 66592 L1811 96-1n(
060 6% SL'e 060 ore SL2 060 o sLe 0529€2 €21¥2 S91E51 g6-unp
ovo 98¢ 1z 9LE 8L2 ov'i we 1evert £05v2 916/82 95-Aew
S0 ey 180 341] evL s0°2 €9y [ 6L S£9.12 6651 0SE8¥%2 96-4dy
82268€ 66551 2ee662 96-tei
6888.L€ L¥P92 8¥09Z 96-asd
$00E9Y anes BEELE £v5L22 9g-uep
£58902 s 01821 6.5€12 §6-98Q
LEEEY1 £8092 9r0022 §6-A0N
824151 S1612 6erzie §6-20
6E0051 60481 1p2991 sg-deg
oieast £8882 192281 s6-Bny
985421 £EESE 6LLLLL $6-Inf
ovseLL S18E2 115824 se-unp
S2L9LL 005€2 S6vevl g6-Aew
866201 sozie 668022 gg-4dy
88.6¢1 «» 090¥1 990494 §6-48
242851 08E91 L2812 §6-494
656912 €262 205192 se-uer
26881 86v92 156198 ¥6-000
059€61 , £8901 1S619E $6-AON

Um yuouyBy  yuowsby  wuow/dy | 1w [0 ybul I/ow [ ow oW ] o yow ] \/ow Guow/gw wiuouigwl UMY Wuow/By  wiuowyBy  yiuowyBy | uiow/gw

supolyy  ewir £1004 G00 dSevOd NSEEON NSBEHN| 000 dSeyOd NSEEON NSEEHN| 40D dSByOd NSEEON N SEEHN |MLS SliMuoyos MLS yoegpiesg suuoiyy N YOSV JeapJyiion
Juerd mau waoy Jusniyzy wed pio woy juenys Janyuy
LS SIMUOYOS MM LM 18 [emespypm
e esn \S\m:m MULE BHINRYIS Je 88N [BOUBYD SHALIOYOS je umwémcm jeanusysn :o.&u:bo;& J2JEMBISBAA asn Xchm MdW LM 18 8Sn jeoniiaydy  iejemysai-f




	00000001.TIF
	00000002.TIF
	00000003.TIF
	00000004.TIF
	00000005.TIF
	00000006.TIF
	00000007.TIF
	00000008.TIF
	00000009.TIF
	00000010.TIF
	00000011.TIF
	00000012.TIF
	00000013.TIF
	00000014.TIF
	00000015.TIF
	00000016.TIF
	00000017.TIF
	00000018.TIF
	00000019.TIF
	00000020.TIF
	00000021.TIF
	00000022.TIF
	00000023.TIF
	00000024.TIF
	00000025.TIF
	00000026.TIF
	00000027.TIF
	00000028.TIF
	00000029.TIF
	00000030.TIF
	00000031.TIF
	00000032.TIF
	00000033.TIF
	00000034.TIF
	00000035.TIF
	00000036.TIF
	00000037.TIF
	00000038.TIF
	00000039.TIF
	00000040.TIF
	00000041.TIF
	00000042.TIF
	00000043.TIF
	00000044.TIF
	00000045.TIF
	00000046.TIF
	00000047.TIF
	00000048.TIF
	00000049.TIF
	00000050.TIF
	00000051.TIF
	00000052.TIF
	00000053.TIF
	00000054.TIF
	00000055.TIF
	00000056.TIF
	00000057.TIF
	00000058.TIF
	00000059.TIF
	00000060.TIF
	00000061.TIF
	00000062.TIF
	00000063.TIF
	00000064.TIF

