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Chapter 1

INTRODUCTION



Introduction

Background to the problem

This thesis aims {o explore the role that infrastructure plays in the upgrading of informal

settiements and will consider the various physical forms that this infrastructure may take.

informal settlements are unpleasant places to live. They are generally unserviced, unsafe
and unhygienic and no one would live in them through choice; vet they remain a
ubiquitous symbol of developing cities. People live in these settlements because they are
either unable or unwilling to enter the formal housing market. Hence the motivation for this
thesis comes from problems with housing, and not with informal settlements perse. The
rapid growth of informal settiements in and around urban centres in South Africa is a
testament to the current housing crisis, with the provision of new housing falling far short
of demand. The current housing backlog in Cape Town alone is 240 000 units and
growing at a rate of 8000 units per annum, with around 80 000 informal dwellings in the
Metropolitan area (Obree, 2003:1-10).

Since 1994, the South African govemmment's housing policy has been based on the
provision of single-storey houses on fully serviced plots, usually located on the outskirts of
cities. A once-off, household-based capital subsidy is used to fund both the house and the
basic infrastructure, but residents still incur considerable capital and running costs. Both
the amount and type of housing provided are grossly inadequate for the needs of the
urban poor. Thus, informal settlements are the only option for urban dwellers failed by the
formal land/housing market.

It is unlikely that informal setlements will be eradicated through adequate state housing
provision in the short- to medium-term in South Africa, and indeed in developing cities
worldwide. The number of people living in informal settlements continues to grow daily,
and South African informal settlements house between 10 and 20% of the urban
population {Abbott and Douglas, 1999). It is therefore necessary, and increasingly urgent,
o address this problem and to develop strategies for their upgrading and development.

The physical infrastructure {roads, water supply, elc) is a critical element of human urban
settlement. To date however, because informal settlement upgrading is a relatively new
concept in South Africa, most interventions in informal settlements have consisted of
providing basic standpipes and communal toilets as a temporary measure to improve
health conditions. in most cases, this provision of ‘emergency’ services is driven by a
policy that continues {o see informal setflements as temporary; it is believed that everyone
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will eventually move into a formal house. This approach is also influenced by the lack of
expertise and knowledge as to what form infrastructure in informal seitlements should
take. As upgrading slowly becomes recognised as a form of development in its own right
(and this is gradually beginning to happen in South Africa) then the tendency is to transfer
the standards and technologies used for formal developments and adapt them to suit
informal settlement conditions. This approach ignores that fact that informal setflements
are, by their nature, entirely different to other settlements and introduce constraints that
may render these technologies inappropriate, it also ignores alternative approaches that
have been used successfully elsewhere in the developing world that may be applicable in
South Africa.

There are now a wide range of options available for infrastructure provision to informal
settlements that have been used and tested in pilot schemes around the world. There are
also many different, and often opposing, views on the best approach and what
‘appropriate’ technology to use. This thesis aims to review these options in order to
address the lack of information in this field and to contribute to a more strategic and long-
term approach to the development of informal seltiements.

History of infrastructure provision and the emergence of ‘Levels of Service’
Infrastructure history can be traced back to Roman times, but the infrastructure services in
the form that we know them today really developed during the industrial revolution and the
urbanisation of Europe and the United States in the mid-nineteenth century. This
infrastructure boom was largely a response to increased water usage and the threat of
cholera from inadequate sanitation, as well as the need to transport goods and resources
more quickly and easily. Infrastructure provision therefore developed out of a need to
satisfy social and economic needs; the need for waler, the need for health, the need for
safety, and the need for travel and trade.

The increasing wealth in these industrialised areas eventually allowed for infrastructure to
be provided as part of the formal planning process for new land and housing
development. This process of planning the infrastructure for new developments had two
consequences. Firstly, the whole process of infrastructure provision could be regularised
and the most efficient services, based on previous experience, could be implemented.
The success of small-scale projects led fo local specifications, which in turn were
developed into national standards. Although only occurring much later in South Africa, this
process can be observed in the development of national standards and guidelines such as
Town Planning and the Establishment of Townships (Transvaal Provincial Administration,
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1965), Guidelines on the Planning and Design of Township Roads and Stormwater
Drainage (SAICE, 1978) and later the "Blue Book", Guidelines for the provision of
engineering services for residential townships (DCD, 1983). The second, and more
imporiant, implication is that this process underlay a shift in thinking about the rationale for
services. As technology improved, services began to be seen as ends in themselves, and
not as a means of fulfiling basic needs. Their primary objective became the need to
provide a greater degree of ‘user convenience’ (Abbott, 1993). For example, waler is
provided to households at sufficient pressure and quality {o enable almost any use, flush
toilets provide a convenient disposal site for many unwanted household wastes (not just
excreia), and roads are tarred to the house boundary to enable the continuation of the
hardened surface right through into the garage, if one so wishes. Standards enforce these
perceptions of the functions of infrastructure services and divert attention from their
original purposes. 1t is these standards, or a reworking thereof, that are being applied to
new developments in South Africa and form part of the dominant development paradigm.

This thesis will show that, when faced with a new form of settlement that has not
undergone the same path of development, user convenience is not a heipful or
necessarily feasible starting point. The dense, crowded and unhealthy conditions in
unserviced informal settlements require a revisiting of the fundamental objectives of
services to find viable solutions to the problems of servicing these areas. Too often the
high standards of the developed world are imposed upon low-income settlements for lack

of alternatives and result in unsustainable and inappropriate systems.

Affordability is the greatest constraint to providing conventional infrastructure in low-
income settlements. The high cost of providing conventional services in low-income areas
has meant that the service standards have had to be reconsidered (Cotton and Franceys,
1991:6). This led to a debate over how to effect the lowering of standards. Cotton and
Franceys, following the incremental housing model first developed Turner in the late
1960s, propose to first provide a basic level of service” which could be upgraded to higher
levels when the means became available. Subsequent levels were then defined as
intermediate and full {or ultimate). This progression has been termed ‘incremental
upgrading’ (Cotton and Franceys, 1991} or ‘progressive improvement’ (Chougill et al,
1993} and is intended to be the responsibility of residents or the community, with
assistance from authorities. The following table details the technical options for
infrastructure.

" defined as that which satisfies the basic needs of each sector
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Table 1.1 Technical options for infrastructure (Cotfon and Franceys ,1983:131)

Service Objectives Technical options: Increasing service level through upgrading —
Drainage Safe disposal of Soakage pits Lined sullage drains | Open drains
sullage; rapid Lined drains from Lined road drains covered in cluster
disposal of water points All drains lined Piped drains
stormwater Earth storm drains
Roads Pedestrian and Profiled and Profiled and Biturninous
vehicle access to all | compacted earth compacted gravel macadam
houses at slow roads roads pavement
speeds Water bound Concrete pavement
macadam roads
Bituminous
surfacing
Water Potable Water Water point per 200 | Water point per Metered household
within reasonable people for 20 litres | cluster connections
distance pc Yard connections In-line water
storage
Solar water heating
Sanitation Safe disposal of Household Communal septic Conventional
excreta improved pit tanks sewerage
latrines Reduced cost
Household off-set sewerage
pour flush latrines
Solid Waste | Adequate removal Communal bin Increased number Kerbside or
and disposal of within 100m of communal bins househoid
solid waste Street corner collection
collection
Power Economic power Allowance for Security street Household energy
consumption; improved cocking lighting meters
Future power line stoves; One amp semi-
installation Clearance conductor fuses
maintained Full street lighting
between plot Five amp semi-
boundaries and conductor fuses
access routes for
overhead lines

Although this method of upgrading was meant as a community-based means to access
affordable infrastructure, it has been adopted by governments and other development
agencies to assist in selecting levels of service for low-cost housing projects. in South
Africa the matrix has been institutionalised as the Levels of Services (LOS) Matrix. There
are many forms of this matrix, but a commonly used one is that from the Guidelines for the
provision of engineering services in township sefflements (DCD, 1883). A simplified
example of this type of malrix is shown below in Table 1.2. There is a distinct 'vertical’
emphasis on the grouping of the services. The adoption of the notion of ‘levels’ of service
is appealing because it simplifies the task of selecting low-cost infrastructure. Instead of
having fo consider the demand and required level for each service, one just has to select
which of the three levels (basic, intermediate or full) is applicable to a certain community.
This decision can be based on anything from income levels, to location, or type of
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being totally inadequate to providing ultimate user convenience. One would struggle to
place these options under the three categories of basic, intermediate and full. This is not
to say that for one particular service these levels do not apply, but they do not necessarily
refer to a ‘package’ of linked services. The table below illustrates the revised approach to
urban services, with a far more ‘horizontal’ emphasis, exploring the options within each
service.

Table 1.3 Revised matrix for evaluating urban services

Increasing cost and convenience
WATER SUPPLY Basic ! —— Full
SANITATION Basic f - Full
DRAINAGE Basic . — Full
ACCESS Basic I i Full

This thesis proposes that in order to review the service options available for use in South
African informal settlements, it is necessary to abandon the notion of Levels of Service
and to treat the services independently, There are some undeniable links between
services at the practical level of design and construction, but it is proposed that at the
level of planning and decision-making it is beneficial to analyse them separately. This
hypothesis stems from the broader planning methodology for the in-situ upgrading of
informal setflements that has been developed at the University of Cape Town (UCT)
{Abbott et al, 2001, Abbott and Douglas, 2001). This methodology forms the theoretical
basis for this research.

Background to the UCT upgrading methodology and its key elements

The current approach to informal settlement upgrading outlined in the methodology is the
result of a five-year research project undertaken by the Department of Civil Engineering at
UCT. The project included a review of case study material and previous conceptual and
theoretical analysis of in-situ upgrading projects (see Abbott et al, 2001) and documented
experience from a large local pilot project in Gugulethu, Cape Town called New Rest (see
Abbott and Douglas, 2001). The objective was to find whether a sound theoretical
approach existed that could be applied to South African informal settiements. The findings
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of the study motivate that a policy of in-situ informal settlement upgrading is urgently
needed in South Africa.

The work undertaken at UCT is aimed at providing a holistic alternative approach to
upgrading informal seftlements in-situ with as litle social and physical disruption as
possible. The method-based approach is based on the integrated planning approach used
in the favela upgrading programme in Belo Horizonte, Brazil, but incorporates the
economic and social development on which the Sri Lankan Million Houses Programme
was founded. The international research into the upgrading of informal settiements and
the pilot project at New Rest were used to develop a new methodology from first

principles.

What it proposes

The primary objectives of this upgrading methodology are economic and spatial
development. The following are some of the key elements of the approach: (Abbott,
2002a,b; Abbott and Douglas, 2003)

¢« Reduction of vulnerability linked to social exclusion

e  Community-Government partnerships

e Various levels of decision-making

e Focus on urban design rather than urban planning

e Integration of the settlement and the surrounding areas by using "soft boundaries”
¢ Building on existing spatial relationships within the settlement

e The basic spatial unit is no longer the erf, but rather the individual dwelling

= Minimum relocation of dwellings

¢ |Infrastructure does not drive the upgrading process, but rather supports it.

What the implications are for infrastructure provision

The last bullet point mentioned above is the issue on which this thesis will focus. The
UCT methodology calls for a new approach to the planning and design of infrastructure.
The rationale behind infrastructure supporting the upgrading process is that infrastructure
constitutes only one small part of the informal settlement development process, albeit an
important one. This involves a break away from the conventional tried-and-tested project
cycle in which infrastructure is designed first and drives the rest of the process. This
design procedure for greenfield sites is still the most common approach in South Africa,

and often adapted to fit informal setflement planning. However, this conventional
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« The local conditions and experiences in South African informal settlements were
then investigated. This was achieved by consulting the few published local case
studies, consulting professionals working in this field, and through personal
experience of four informal settlements in Cape Town.

o Two short international study visits also formed part of this research. A visit to the
UK was undertaken to speak with professionals working with infrastructure in the
development field. Much of the research and design for internationally-funded
upgrading projects in the Indian sub-continent is performed in the UK and the
experience of these people was a valuable source of information. A visit to Brazil
enabled a different perspective. Brazil has a long history of favela upgrading and
the approach is very different from elsewhere in the world. During this visit,
interviews were held with researchers, engineers, local authorities and informal
settlement residents. Four upgrading projects were visited and local literaiure on
upgrading was consulted.

The information gained from the lilerature reviews, interviews and site visits was then
processed and structured to provide as thorough a review of the options for infrastructure
upgrading as possible. From this review, conclusions were drawn based on the
hypothesis described above.

Scope and limitations of the thesis

The research and analysis will only cover the services ouflined above, namely: sanitation,
water supply, drainage and access. Any reference to 'services’ or ‘infrastructure services’
will be limited to these. A fifth service that may be considered as important as the others is
solid waste management. Sclid waste management is considered fundamental to the
upgrading process, but is more of a system or process than an infrastructure service. It
also does not significantly alter the spatial layout of a settlement. It is acknowledged that
there are important connections between solid waste and other services and these are
noted and discussed where applicable. Power supply is another notable omission in the
definition of services. The reason for this is that in South Africa, electricity is provided by a
separate parastatal utility, Eskom. During the upgrading process, electricity is usually
supplied separately from other services. This can be seen in Eskom’'s recent electrification
campaign in informal settlements which should serve as an ex(ampie for the delivery of
other services.

11
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The scope of each infrastructure service will be discussed under each section and is
restricted to that part of the service that is located on the site. Cotton and Tayler (2000)
refer to this as ‘tertiary’ or ‘local’ infrastructure. The degree to which bulk infrastructure
affect the services provided will only briefly be discussed. In South Africa, bulk
infrastructure is planned and funded as part of the Municipal Infrastructure Investment
Program and is beyend the scope of this thesis. In many cases it is assumed that,
because of the location of informal settlements in or around cities, they have reasonable
access to bulk infrastructure (treated bulk waler supply, wastewater treatment plants,
sewage mains, electricity supply, stormwater drains). The infrastructure for each of the

four services will be considered from the dwelling up until the seltlement boundary.

A very important point to note here is that settlement upgrading is nof primarily a technical
issue. It is a very complex negotiation of social, economic, cultural, political, spatial,
technical and environmental factors. There is, however, a point at which technical
considerations have to be integrated into the wider informal settlement upgrading
development process. It is at this point that this research intends to contribute to the UCT
upgrading methodology. 1t is thus assumed that a number of steps in the upgrading
process have occurred, including participatory planning, ensuring access to livelihoods
and obtaining security of tenure.

The context in which the service options will be analysed is informal settlements in South
Africa’s urban centres. These comprise a vast range of climatic, geological, social and
physical characteristics. Settlements on the Cape Flats may be characterised by flat sites,
sandy soils, a high water table and winter rainfall, while those in Durban have typically
steep slopes, excessively drained soils and a subtropical climate. In contrast, those in
Gauteng are characterised by clayey soils with dolines and intense summer rainfall.
Densities range between 14 and 300 dwelling units per hectare (du/ha) and sizes between
1 and 100 ha {(Abbott and Douglas, 2002). This shows that a wide range of conditions
have to be considered when evaluating technology, but in most cases the settlements will
be generalised as far as possible.

Because of local experience and lack of published material from elsewhere, most of the
South African case studies will be from Cape Town. Similarly, the experience of Brazilian
upgrading practice will feature prominently in the international case siudies, although
examples from as wide a sphere as possible have been included.

12
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Cost is a factor that cannot be separated from any analysis of technology, particularly
when it concerns low-income communities. It is often the deciding factor when any choice
is offered. Because of the discrepancy in technology transfer, local material supply and
cost, skills, and labour costs between countries, it is not possible to make a meaningful
quantitative cost-estimate of each service oplion. Instead, the various options will be
comparatively assessed using cost information gained from the literature and experience.

Thesis Outline

This introductory chapter serves to introduce the topic and to motivate the reasons for this
research. it describes what this thesis aims to achieve and how this is to be done. The
body of the thesis has been divided into four distinct chaplers, dedicated o each of the
services that are being assessed:

Chapter 2 - Sanitation
Chapter 3 - Water Supply
Chapter 4 - Drainage
Chapter 5 - Access

The chapters have been ordered in this way because of the traditional links between
water supply and sanitation and between roads and drainage, but there is no other
significance beyond this (e.g. the order in which they must be implemented or the
importance in the upgrading process).

Although there is some cross-referencing between chapters, this is limited and an attempt
has been made, as far as possible, to treat each chapter separately. This is because once
the individual infrastructure services are explored separately, the issues that arise are
quite different. As a result, the structure of each chapter is also quite different, although
there are also some common features. Each chapter describes the technical options
available, including those that are presently preferred for informal/low-income areas. The
constraints present in an informal setilement context are described and then the technical
options are discussed. Conclusions specific to the individual services are drawn at the end
of each chapter. Chapters 2 and 3 focus more on the technical options, while Chaplers 4
and 5 focus more on the approaches to these services. This is a result of the nature of the
services and issues that come to the fore in analysis. The final chapter (6) has two
components. Firstly, it draws broad conclusions from the discussions on each of the four
services. Secondly it returns to the hypothesis posed by the UCT methodology and
assesses whether the research was able to fulfil the original objectives.
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SANITATION






Sanitation

govermnment has acknowledged this and it forms a large part of the White Paper on Basic
Household Sanitation (RSA, 2001). it is recognised that all these aspects of health and
sanitation are integrated, but the scope of this chapter is limited to the physical form of the
sanitation infrastructure that can contribute {o improvements in heailth and living
conditions,

it may be argued that a sanitation system must first fulfil the health objective, with
convenience, privacy and prestige (which usually result in higher cost), being catered for
later. This may be so, but if these three less important, but very real needs are not catered
for, there is no motivation to use and support the system. The system will fail and no
health improvement will be realised. This important factor, that of sustainability, means
that convenience, privacy and prestige, should become secondary objectives of any
sanitation system. The users then need to trade these off against affordability to find an
appropriate solution,

What is appropriate sanitation?
Pickford (1995:4) defines appropriate sanitation as:

‘that which meels the needs of people in the best possible way in relation to the

resources available and other aspects of the local situation”.

The requirement to fulfil the health objective is obvious, and any system that does not do
this is deemed inappropriate. The health objective is achieved, firstly, by ensuring humans
do not come in contact with fresh excreta, and do not handle it until pathogens are
destroyed. This period is between 3 andi18 months (Feachem et al, 1977 and Mara,
1986a) depending on the moisture content and temperature of the container. Secondly,
insect vectors and other vermin need to be excluded from any excreia storage receptacle.
The secondary objectives can be fulfilied to varying degrees, depending on the amount
that users are prepared to spend on the system, but the system should at least provide
the option of convenience, privacy and prestige.

Almost all sanitation proposed in the literature fulfils the health objectives (if operated
comrectly), but many are not sustainable. Sustainability in this context is linked to three
factors,; social acceptance, technical design, and affordability.
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Social acceptance

Social acceptance is largely dictated by whether the toilet is inside or outside the house
and whether the toilet flushes or not. it also relates to cultural practices of a particular
community, as well as whether the system fulfils expectations. The issue of expectations
is a highly politicised one in South Africa. The impact that apartheid had on service
provision to poor (black) communities has meant that now huge demands are being made
on the new government to address the inequalities. This is a theme that is common in all
the services discussed in this thesis. Espinosa and Rivera (1994, quoted in Wall, 2000:31)
stated,

“...many low-income households are reluctant fo invest in dry latrines when they
know of the flush foilets used by middle and upper-income groups — even if each
uses more water in a flush than their enfire daily water consumption. ‘Alfernafive’
technologies are often viewed by low-income groups as ‘second-class’ and it has
proved a challenge to the technical teams to overcome such aftitudes.”

This is obviously a world-wide phenomenon, but the political history that caused these

inequalities in South Africa makes the problem even more acute.

Technical Design

The system should be robust enough to function despite misuse and to require minimal
maintenance. The system must be simple o construct, operate and maintain, so the
responsibilities that are often assumed by the authorities can be taken over by the users.

Affordability

This relates to both the capital and the operation and maintenance cost of the system.
Affordability is not just a question of "who pays”, but rather "who pays for what”, because
systems are frequently split up into different sections with different stakeholders paying for
different sections. It is important to detail all the costs involved with a system in order {o
provide an equal basis for evaluation, particularly when on-site systems are being
compared to sewered systems. |t is difficult to quantitatively compare costs of systems
because of the split between extemnal and internal costs, and institutional and private
responsibilities. Other factors that complicate costs are subsidies, local labour input, site
conditions and surrounding infrastructure. Good relative cost estimates for the various
types of sanitation system are given in Palmer Development Group (1893), van Ryneveld
(1995) and Hardoy et al (1990), but there is a shortage of more recent cost analyses. An
aspect of affordability that is as important as ability to pay for sanitation, if not more so, is
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what people are willing to pay for sanitation, instead of whether they are able to pay (van
Ryneveld, 1995). This is a better indication of likely cost recovery than other indicators like

income levels and therefore motivates a demand-responsive approach.

The method of assessment given by the South African Guidelines for Human Seftlement
Planning and Design give much the same criteria as the three mentioned above. In
discussing the selection of a sanitation system, the guidelines state that the system
should: (CSIR, 2000:10.8)

e Not be beyond technical capability of community for operation and maintenance
+ Not be beyond financial capability, both capital and operating
¢ Take into account water supply

e Consider future upgrading, if likely

» Operate despite misuse

* Require as little maintenance as possible

+ Take training of community into account

e Be able to be locally built

¢ Consider local customs

¢ Be compatible with local institutional structure

¢ Consider existing housing layout

s Consider environmental impact

QOutline of this chapter

The purpose of this chapter is to assess the sanitation options available for the in-situ
upgrading of South African informal setiements. The introduction has defined the
objectives of sanitation systems and indicated what issues need to be taken into account
when assessing them. It is believed that the characteristics of informal settlements, and
particularly those in South Africa, present a number of constraints that affect the choices
available and how these choices are made. The next section will oufline these
characteristics in order to further define the problem specific to South African informal
settlements.

A summary of the research {rends in sanitation will then be given to provide some
background on the sanitation debate and indicate the direction of current research. The
available sanitation systems then need to be classified in order to give structure to the
descriptions of each system that follow. These descriptions are not meant io be
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technically comprehensive, but intend to show how each system operates, what their most
common application is, and what the advantages and disadvantages are.

The following section will then discuss each of the technical options by relating them to
the sanitation objectives and the characleristics specific {o South African informal
settlements. This discussion will highlight their strengths and weaknesses in an informal
seitlement context, and describe the conditions necessary for their success in this
environment. From this discussion conclusions will be drawn about the sanitation
systems and the issues involved in upgrading sanitation in South Africa.
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2.2 PROBLEM DEFINITION AND BACKGROUND TO THE SANITATION
DEBATE

Constraints to the provision of sanitation in informal settlements
There are three primary constraints that are experienced in informal settlements that may
be more severe, or different to those experienced in other development projects; lack of

space, lack of resources and location on marginal land:

Lack of space ~ Informal settlements, and particularly infill settlements in urban centres,
are dense by nature; typically 70-150 du/ha (Abbott and Douglas, 2002). They may not be
as dense as some ‘slums’ in other developing countries like india or Brazil, but South
African informal seftlements generally comprise single storey dwellings, with minimai
shared public space around them, so a density of 120 duwha is believed to be the
maximum permissible for in-situ upgrading (Abbott and Douglas, 2002:2). There are
usually main access tracks into the settlement, but most of the area is served by narrow
footways. Any sanitation system must recognise this constraint, paricularly where an
improvement in housing is going to take place, in which case the available space around
the houses is going to be reduced further. The density in urban areas means that the
perceived needs (in terms of privacy and convenience) are a lot higher than in rural areas

because people live much closer together (Mara, 1896a:165).

Fergusen (1996) states that international experience has shown that non-sewer sanitation
solutions in urban areas seriously threaten health and the environment at densities
greater than 100-150 people per hectare. Other research indicates that space is not
necessarily a constraint. Saywell and Cotton (1888:47) report that ‘results from the
household survey indicate that for the users, absence of a household latrine is more a
function of poverly than available space on the plot.” Space cannot, therefore, be
assumed 1o be a reason for not having sanitation at all, but it does inhibit the fype of
sanitation system chosen.

Regulations for the maximum density for on-plot sanitation vary from 23 dwellings per
hectare (Jamaica), to 250 dwellings per hectare (Indonesia). The minimum plot size for
on-site sanitation in India is 26 m?, although none of these regulations seem founded on
reasoned argument or evidence (Saywell and Cotton, 1998:48). Saywell and Cotton
conclude by saying,"there is little indication that plot size is associated with particular
operational problems.”
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Lack of resources — Informal seitflements are low-income areas with high rates of
unemployment. The skills base from which to draw is small and the levels of education are
generally low. This means that residents have little to bring to the negotiating table when
dealing with local authorities and choosing sanitation options. The social survey by
Saywell and Cotton, mentioned above, showed cost to be the single greatest contributing
factor to the lack of adequate sanitation in the areas surveyed. "Poverly, and/or the
inability to save funds to invest in longer term sanitation facilities are key constraints”
(Saywell and Cotion, 1998:48).

Location on marginal land — Informal setllements are often situated on land that has no
other functional use (see Satterthwaite, 1993). This may be because it is in a flood-prone
area, in a servitude, on an old landfill, or on very steep or unstable slopes. Local examples
of this are the two adjacent informal settlements of New Rest and Kanana in Cape Town,
which are situated on a main water pipe servitude and an old landfill respectively (see
Graham, 2001). The tendency for informal setllements to be situated in low-lying areas is
problematic, both for on-site and off-site systems. Saturated ground limits the
effectiveness of soakaways and pits that require infiltration, and sewers that begin in the
lowest areas will require pumping at some stage, to transport the waste to treatment
facilities, raising the cost of the system considerably. The location of settlements on
marginal land provides significant constraints on the choice and design of sanitation
systems. Because the site conditions will vary from seitiement to settlement, this issue

needs to be dealt with on an individual basis.

Assumptions about South African urban dwellers

Technology choice is made in the context of a set of assumptions. These include
assumptions about ground conditions, housing density, frequency of use, workmanship,
institutional strength, funding, level of water supply, and 'education’ provision (Wall, 2000).
Some of these assumptions like densily, institutional strength, funding and water supply
will be dealt with explicitly later on in this review. Others, like ground conditions, will not
be dealt with because of the general nature of the review and the lack of focus on one
particular area or settlement. Assumptions that need to be stated explicitly here are those
about the cultural practices of urban South Africans that may be different from other
cultures, and have significant impacts on the type of sanitation selected.

To use the terminology of Mara (1996a), urban South Africans are ‘sitters’ and not
‘squatters’. They prefer to sit on a pedestal to defecate, rather than squatting, which is
widely practiced in the Middle East and much of Asia (Alcock, 1999:39). The implication of
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this is that a pedestal needs to be provided on all sanitation facilities, which increases
cost, and rules out some technologies that are specific to squatting (like the basic Sanplat
squatting plate discussed later).

The second point, again using the terminology of Mara (1996a), is that urban South
Africans are ‘wipers’ and not ‘'washers’. They use solid anal cleansing materials (usually
toilet paper, often newspaper, and occasionally rags, cement bags, corn cobs, sticks and
stones - Alcock, 1999) instead of water as used by other cultural groups eisewhere in the
world. Note that these two assumptions do not necessarily apply to the Muslim and Hindu
populations of South Africa, but these ethnic groups do not form any significant proportion
of low-income informal settlements,

The final point is that there is an aversion to handling excreta in any form. Urban South
Africans can be described as ‘fascophobic’, as opposed to ‘faecophillic’ nations like China
and Vietnam, where excreta is coliected and used as a valuable resource. The implication
of this is that residents will be resistant to a system that involves handling of excreta, even
after significant decompaosition (CSIR, 2000; Alcock, 1899).

An evaluation of on-site sanitation systems in three low-income areas in South Africa
{Bermhardt Dunstan & Associates, 1998) exposes some important cultural perceptions
and practices:

+ Many people believe childrery's faeces are harmmless and therefore children are
free to defecate in the open, when in actual fact they contain higher pathogen
loads than adult fasces.

+ There was a large misunderstanding of technology, resulting in only the simplest
pit iatrines functioning as intended.

+ There was a general lack of hygiene education in these areas.

+ The systems, varying from unimproved latrines to low-flush aqua privys, were all
perceived by the users to be inadequate. Water-borne systems were desired.

+ People believe they have inferior, second-rate systems in comparison with those
enjoyed by (wealthier) urban people.

¢ There was no attempt to relate product to affordability and the payment principle
was ignored or neglected.
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Summary of research trends in sanitation

During the Water and Sanitation Decade of the 1980s, the World Bank’s Technical
Advisory Group (TAG) and other international aid agencies sought to implement more
appropriate solutions in World Bank development projects (See Kalbermatten et al, 1882).
This led to significant research into sanitation fechnology and the promotion of the VIP
latrine in Africa and the pour-flush toilet in india. These two lechnologies were seen as
likely to succeed because they were culturally acceptable solutions. Later, condominial
sewerage was also promoted in Latin America. Because of the large financial backing in
these projects, these solutions were implemented on such a large scale that they now are
viewed by many to be ‘standard’ low-cost solutions. This seems {o go against the
philosophy and intention of the World Bank, both then and now which was/is to promote
range of alternative sanitation solutions. Other areas in sanitation research include the

following:

Settled sewers, or solids-free sewers were introduced in Zambia in the 1850's and
Australia in the 1960's. The system is now used in the USA, Thailand and Japan as well,
and has been researched in South Africa by the CSIR since 1988 (du Pisani, 19988),

Condominial sewerage is viewed by some to be the most significant recent breakthrough
in sanitation technology (Mara, pers. comm.) The system was developed in Brazil in the
1980's. There have been many variations of this sysiem applied in other countries, and
the technology is probably one of the fastest-growing types in the world. These systems
will be referred to as simplified sewers in this thesis.

Another area of research has been 'ecological’ sanitation. This consists of non-waterborne
systems that store excreta on site for reuse. This technology has been used for centuries
in countries like China and Vietnam, but more sophisticated designs have been developed
in Sweden and South Africa {See Winblad, 2001 and Enviro Options, 2002). A more
recent addition is the urine diversion pedestal.

The lowest-cost solution to come out of research and development is the SanPlat system,
which was developed in Mozambigue and Malawi in the early 1980’s, and is being widely
implemented in other countries in Africa. The system consists of a domed latrine slab over
a pit with a tight-fitting lid.

Since the 1980s, more research has been based on the non-technical setting in which the
technology is placed (Wall, 2000:22). Recently, very little has been written regarding the
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advised in very dense urban areas, and where ground conditions are unsuitable (Kirke,
1984). The VIP latrine is a simple, robust, hygienic system and although more expensive

than the SanPlat, is still one of the cheapest sanitation systems available.

Composting Toilets

Composting toilets have existed in Asian countries like China and Vietnam for centuries,
where excreta are viewed as valuable resources (Winblad and Kilama, 19885).
Composting is based on a sound environmental principle with a ‘closed-loop’ of nutrients
being returned to the earth. For this reason it is often referred o as ‘ecological’ sanitation.

Composting toilets are similar to pit toilets, where excreta are stored in containers below
the pedestal/squat hole (Fig. 2.8). The main difference is that in composting toilets,
conditions are created that stimulate aerobic breakdown of waste, so that the degraded
material can be used as fertilizer and soil conditioner. The containers are usually smaller
than VIP latrine pits and above ground (for frequent, easy removal). Double compariments
are almost always provided for extended composting time. The composting process
requires that the correct quantities of material be maintained in the vault. Organic matter
needs to be added to the vault frequently to maintain the correct carbon:nitrogen ratio.

A variation of the composting toilet is the urine diversion system, which uses a special
pedestal to separate urine and faeces (Fig. 2.9). This process improves the composting
process and less organic matter needs to be added to the faeces. Ash and wood-shavings
are often added. High temperatures in the vault desiccate the faeces. The urine can be
diluted with water and used as an excellent fertilizer (Jonsson, 2001). Six months of
storage is required for the urine 1o be used and 6-12 months of storage is required for the
faeces {0 become safe, depending on the conditions in the 'dry box' (see Cairncross and
Feachem, 1983). There are three social issues that need to be addressed when operating
a urine diversion system. Firstly, men have to sit down to urinate (or a separate urinal has
to be provided). Secondly, the system is sensitive to abuse and toilet paper cannot be
added to some systems, so it has to be disposed of separately. Thirdly, the users have to
be comfortable with the manual removal and reuse of the composted product.

Some sophisticated single-unit versions have been developed, like the Multrum (Sweden)
and the Enviro-Loo (South Africa) (Fig. 2.10). These options are relatively very
expensive, but simpler double-vault composting toilets can be built more cheaply.
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2.5 WET ON-SITE SANITATION SYSTEMS

Aqua-Privies

The aqua-privy consists of a watertight tank located directly under the pedestal/squatting
plate. A 100-150mm diameter vertical drop-pipe extends approximately 100mm below the
liquid level in the tank to form a crude water seal (Fig. 2.15). The seal controls odours,
flies and mosquitoes and is maintained by adding small amounts of water to the tank. The
solids sink to the bottom of the tank where they are anaerobically digested. A weir can be
provided in the pit to prevent surcharging, over which the liguid waste drains and
percolates into the surrounding soil. Greywater can be directed into the privy to maintain
the seal, but then the overflow (into a soakaway or solids-free sewer) must be able to
handle this increased flow. Once the tank is full it has to be desludged (see vault and
vacuum tankers).

Screened vent pipe -

\ »

To effluent disposal -
system

WHQO 81444

Fig. 2.15 An aqua-privy (Source: Franceys et al, 1992)

The system works well in Asian countries where water is used for anal cleansing, but
where there is no cullure of adding water to toilets, or where water is scarce, the seal is
often broken and flies, mosquitoes and odours become a problem. This also happens if
there is a leak in the tank. Having a shared tank or connecting privies in series helps to
maintain the seal. The aqua-privy is a relatively inexpensive system, but no more so than
its successor, the pour-flush toilet with a U-bend water seal, which is a definite
improvement in terms of reliability.

Both aqua-privies and pour-flush toilets can be fitted with a low-flush or sullage-flush
cistern. These two systems, along with low-flow septic tanks are sometimes referred to as
low-flow on-site sanitation systems (LOFLOs).
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Septic tanks are relatively expensive to install and require open space for wastewater
percolation (unless a solids-free sewer is used). The operation and maintenance costs
can be as high as those for conventional sanitation, particularly if the system is misused
{Reed, pers. comm.). A septic tank requires at least an on-plot water supply and
preferably a house-connection. Greywater can be added {o the system. Seplic tanks
enable a high level of hygiene and convenience and the toilets can be placed indoors. The

system is the most appropriate to upgrade to a seiiled sewerage system.
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2.6 WET OFF-SITE SANITATION SYSTEMS

Conventional Sewerage

This term refers to the water-borne system used extensively throughout the developed
world. The term is, in fact, a misnomer, as the majority of the world’s population do not
have access to waterborne sanitation (WHO, 1997), even though it is viewed by many as
the only ‘acceptable’ solution. in South Africa, 51.9% of the population have access to this
level of sanitation (Statistics SA, 2003). It comprises a pedestal with a water seal and a
low-flush or full-flush cistern (7-20 litres). The sewer network uses large diameter-pipes
(>150mm) designed using a philosophy of minimum self-cleansing velocity. Manholes are
usually placed at regular intervals along the network and at ail changes in direction. The
effluent is either directed to wastewater plants for treatment, or disposed of directly into
watercourses or the sea.

it is not necessary to describe or analyse this system in detail as it is well documented
and well know throughout the world. General opinion in the sanitation field is that this
system is conservative in design and wasteful of water, as well as being costly to install,
operate and maintain (Cairncross and Feachem, 1983; Winblad and Kilama, 1985; Mara,
1996 a and b). The system is also too rigid in nature to conform to the flexibility
requirement of the upgrading methodology. Conventional sewerage is also not
particularly robust. Even in instances where waterborne sewerage can be afforded,
breakages and blockages due to lack of maintenance can cause more serious health

problems, and cost more to fix, than many more basic systems.

The purpose of presenting all the various sanitation options in this chapter is in order fo
find an alfernative to conventional water-borne sewerage, as it is unaffordable to low-
income groups. The advantages and disadvantages of this system will therefore not be
discussed in detail, but conventional sewerage will be used as a comparison to assess the
performance and benefits of alternative systems.

Settled Sewerage

This system consists of a low-volume cistern and pedestal connected to some type of on-
site interceptor tank (or septic tank) to separate the liquid and solid fraction of the sewage
stream. The liquid effluent then flows into a small diameter (40-100mm) sewer (Fig. 2.18).
The intemal functioning of the interceptor tank has been covered in the section on septic
tanks.
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2.7 DISCUSSION ON SANITATION SYSTEMS IN AN URBAN SOUTH
AFRICAN CONTEXT

The general characteristics of each sanitation system have been described in the previous
chapter. This chapier assess those systems against the specific conditions and
constraints found in dense urban informal settlements in South Africa, as outlined in the
introduction. The technologies will also be assessed on how they cater for the UCT
upgrading methodology described in Chapter 1. This, however, is not a major constraint
as the only limitations that the methodology places on the choice of sanitation are that:

« |t must be able to follow the existing layout

s it must be flexible enough to cope with changes in layout

« The design should not be heavily dependent on the other services

s A choice of management and payment options must be available to the users

» It should promote community-government partnerships

Through the description of the various sanitation options, it was obvious that some
systems may be more applicable and appropriate in South Africa than others. Without
wanting to come {o any premature conclusions, the order in which the systems will be
discussed has been rearranged. This is in order {o deal only briefly with those systems
that are quite obviously less applicable, and then to investigate the more viable options in
some depth. In all cases the conditions that will be necessary for the efficient functioning
of these systems in an upgrading context will be discussed.

Bucket Toilets

Bucket toilets are not an appropriate sanitation option because they do not fulfil the
primary health objective. Studies done both internationally (McGarry, 1977, Saywell and
Cotton, 1988) and locally (PDG, 1883) have shown that bucket toilets are unsatisfactory to
users. The more specific problems with the bucket system are summarised by Palmer
Development Group (1883:36) as being:

» The fact that flies are not prevented from reaching faeces in the bucket;
e lack of provision for preventing odour release; and

¢ risk to the health workers who need to handle open buckets on a regular basis.

The system also requires efficient management and high operating costs. Despite these
factors, 4.1% of South Africans, almost all of whom are informal settlement residents, are
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still served by bucket toilets (Statistics SA, 2003). The government has taken a proactive
stance on the eradication of bucket toilets and this is one of the primary objectives of the
Draft White Paper on Water Services (DWAF, 2002).

Chemical Toilets

The high capital and operational costs makes chemical ioilets unsustainable as a
permanent sanitation option. The toilets are also sensitive to misuse and can be complex
to operate. Chemical toilets are particularly useful when an immediate, portable toilet is
required either for a function or for emergency services to refugees, but are not suitable
for permanent use in informal setflements.

Aqua-privies

Aqua-privies are inexpensive to install, but the most problematic feature is the
maintenance of the water seal. If enough water is not added, or if the tank leaks, the seal
is broken resutlting in the flies, mosquitoes and odours associated with an unimproved pit.
The watertight tank means that a high standard of construction (or an expensive
prefabricated tank) is required. Any pit system, and particularly wet pits like aqua-privies
or pour-flush toilets, result in ground contamination and possible pollution of ground water.
They are therefore not applicable in areas with high water tables.

There is no obvious advantage of an aqua-privy over a pour-flush toilet, and pour-flush
pedestals can be manufactured or supplied relatively inexpensively. Therefore if an
inexpensive, low-volume water seal is desired, it is recommended that a pour-flush

system be used instead of an aqua-privy.

Pour-flush Toilets

Pour-flush toilets are widely used in the Indian sub-continent where they have filled a
niche for low-cost sanitation. Their success has much to do with the simplicity of
operation and construction, the minimal space requirements in dense informal settlements
and cultural practices of the users. The most important cultural differences are that the
users of pour flush toilets in Asia are generally ‘washers’ (using water for anal cleansing),
and 'squatters’ (preferring not to use a pedestal).

‘Washers' bring water to toilets (or have a supply inside the toilets) as a matter of course,
thus no extra water is required to maintain the water seal and clean the bowl. In South

Africa the situation is different and the 1.5-3 litres of water need to be taken to the toilet
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Composting Toilets

The composting of human excreta is definitely the most long-term sustainable (in the
greater sense of the word) solution because no environmental damage is caused, the
nutrient cycle is completed and precious resources are not wasted. It is argued here,
however, that in terms of shor-term sustainability, the system is bound to fail in the
informal setilement environment. What is meant by short-term sustainability is the day-to
day functioning of the system to achieve both the primary and secondary objectives. Most
of problems with this system relate to the operation of the toilets and are given below,

The concept and process involved in composting are fairly complex and may not be well
understood by the users. Exiensive education programmes may be necessary to explain
the concepts and ensure correct operation. The system is fairly high maintenance and
users have to know what can and cannot be put into the toilets. Because of the conditions

required for the biological processes, the system is sensitive to misuse.

in a dense urban informal settlement there is litle incentive o produce compost
Agriculture is practiced in informal settlements, but on a small scale. The small amounts
of compost that are produced at long intervals may not justify the effort required o operate
a composting toilet. The biological processes may also take longer than expected. in the
only known case study of composting toilets in a South African informal settlement, 30
Enviro Loos were installed in the Elias Motsoaledi settlement in Johannesburg (Stewart
Scoftt, 1898). The toilets performed well and were accepted by the community, but after 12
months there was ‘little evidence of biological activity...and the composting processes
[were] not well advanced” (ibid:20}. This was due to the fact that the moisture content in
the toilets was high, where newspaper was used it degraded very slowly, and because the
high temperatures expecied to destroy the pathogens were probably not attained. The
lack of decomposition meant that the ‘compost’ had to undergo further treaiment before i
would be safe for use on gardens and fields. This seems {o negate the purpose of the
composting toilet and similar results could have been achieved in a simple pit.

Composting toilets also require the manual handling of the decomposed material. No
matter how decomposed the compost is, it is still perceived to be human waste and, as
mentioned in the introduction, the handling of this is objectionable to most urban South
Africans. The excrela in the toilet is also visible through the pedestal because the vaults
are generally smaller than pits, so users have to be comforiable with this for the system to
be accepled. it is likely that composting {ollets will be viewed as being too similar {o the
highly unpopular and unacceptable bucket system.
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The urine diversion variation of the composting toilet may experience all of the problems

mentioned above, with the addition of the following:

Urine diversion systems do not permit the addition of anal cleansing material, so provision
has to be made for disposal into a container alongside the toilet. It may be possible to
change users’ behavioural practices, but this leads to a less hygienic situation with added
odours, than if the material was disposed of into the toilet. Superstitions also exist around
the use of soiled material for witchcraft (Holden and Austin, 1999).

Because of the arrangement of the pedestal, it is not possible for men to stand up and
urinate into the bowl, without wetting the 'dry box’. Unless an expensive separate urinal is
provided, men have to sit down to urinate. This may not be agreeable to some men on
cultural grounds. Although Holden and Austin (1999) reported that this perception was
overcome in their rural pilot project in the Eastem Cape, it is anticipated that considerable
resistance may be met in urban areas.

The final problem noted by Holden and Austin was that the users of the urine diversicn
system would not use the diluted urine as a fertiliser, and it was directed to a soakaway.
This adds to the point made earlier about the lack of incentive to compost, resulting in

another potentially harmful ‘waste’ product that has to be disposed of somewhere.

The issue of cost has not yet been raised here. Simple composting toilets are relatively
inexpensive and because of the shallow depth of the vault, may be easier to construct
than a VIP latrine. Both 'wet’ composting systems and urine diversion systems (fo a
greater degree) require some skilled [abour for construction. The more sophisticated,
prefabricated and commercially available systems are prohibitively expensive for use in
informal settiements. The Enviro Loo mentioned in the case study above cost over
RS 000 per unit to supply and install (Stewart Scott, 1998:8).

Mara (pers. comm.) argues that composting toilets were developed for low-frequency use
in environmentally sensitive areas. They do not function properly with heavy, day-to-day
use as they have been expected to do in developing countries where they have been
implemented as the only form of sanitation (like in Dar es Salaam). Kalbermatten (2001)
feels that composting toilets are not feasible in most situations in developing countries, as
they require more attention in operation than the user can provide.
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already exist on the site, the upgrading of the system to a settled sewer is a feasible
option and may enhance operation of the septic tank. It also eliminates the need for space
to construct a soakaway. In South Africa there are not many, if any, septic tanks already
installed in informal settlements (as is the case in India).

Settled Sewerage

Settled sewerage developed out of a need to solve the problems of on-site systems with
insufficient capacity, and to find a lower cost alternative to conventional sewerage. It is
thus similar to simplified sewerage, as the two systems aim to achieve the same level of
convenience at roughly the same cost. There are some important operational differences
between the systems that are introduced by the solids interceptor tanks. These will be

discussed below whilst comparing the two systems.

It has been mentioned above that settled sewerage is a viable option for upgrading of on-
site systems where waterborne sanitation is desired and some type of solids interceptor
tank or septic tank exists. As a new system though, the capital costs are high and may
possibly be higher than conventional sewerage. In dense conditions, the capital costs for
simplified sewers are probably less.

The advantage of the system is that it can, in some cases, be cheaper in both capital and
operational costs than conventional sewerage. Where an existing treatment plant is not
available, treatment facilities can be simpler. The cost benefits are also greatest where
population densities are low (du Pisani, 1998:31). This is why the system is well suited to
rural areas where treatment facilities are part of sanitation provision. The biggest
advantage that settled sewerage has over simplified sewerage is that it is able to intercept
solid anal cleansing material. Although this is not ideal for digestion in the septic tank, it

will reduce the amount of blockages in the sewer if the system is abused.

A disadvantage of the system is that it combines on-site storage with off-site
transportation and unfortunately is prone to the problems of both types of systems. Septic
tanks will malfunction if not desludged, resulting in short-circuiting and failure to digest
material. In two low-income countries, Zambia and Pakistan, where settled sewerage has
been installed, desludging of the interceptor tanks has proved a problem (Vines, 1991
cited in Reed, 1995). The sewer system also has to be maintained and blockages will
occur if the interceptor tank malfunctions and solids enter the small sewers. Du Pisani
(1998) reports disadvantages of settled sewerage relating mainly to access to the septic

tanks, cost of emptying the tanks and lack of understanding of the system by users. The
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different types of maintenance required means that strong institutional capacity (and good
community relations) is necessary.

There are currently 21 settled sewerage schemes serving 16 000 erven in South Africa
{du Pisani, 1588}, but these schemes all seem to be in rural areas and small towns. The
success of these systems in a dense urban environment is not well known. Du Pisani
does noife that: (1998:11)

“densification on existing erven may eventually make it difficult to reach the tanks
for emptying, as well as lead to overloading of tanks and consequent odour
problems. Furthermore, the tanks will eventually not provide adequate settling time
for solids as the number of users increases, and the pipework may not
accommodate the increased flows”.

it is interesting to note that du Pisani recommends the serious consideration of low-
maintenance systems like VIP latrines where communities have a poor record of payment
for services. The study by du Pisani also highlighted the problem of expectations. When
interviewed, South African users of setlled sewerage systems accepled the system as
having the same level of convenience as a conventional systems, but "were still adamant
that a raw sewerage conveyance system was better” (du Pisani, 1998:11).

Settled sewerage can be viewed as an evolutionary step in the development of a cheap
alternative to conventional sewerage. For dense urban setllements, however, the
evolution can be said to have progressed beyond seitled sewerage to simplified
sewerage. The systerm may have some advaniages over simplified sewerage in theory,
but the operational and maintenance problems experienced with the interceptor tank in

particular, makes simplified sewerage more attractive.

Vault and Vacuum Tanker

There are essentially three aspects to the applicability of this system to informal
settlements. The first is social acceptance of the system. This is a fairly simple question of
whether a pit-type toilet is acceptable to users and whether it represents a sufficient
improvement from their previous sanitation system. Odours in particular may be a problem
if the toilet is to be incorporated into the dwelling. The social acceptance of a vault toilet
needs to be assessed on site. The remaining factors are access for emptying, and the
cost and institutional arrangement for emptying.
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The problem of access is obviously site specific. In dense informal settlements it is
unlikely that all dwellings have an access-way large enough to accommodate a large
vacuum tanker. Mara (1996a:88) believes that access is not commonly a problem as
some tankers can pump up to 100m horizontally. Pickford (1985:53) notes that Brevac
tankers with high performance liquid ring pumps specifically designed to empty pits can lift
80% sclids at a head of 64m through a 100mm diameter pipe. An altermnative to using a
high performance pump is to use a smaller vehicle. The MAPET system, described
earlier, is the smallest known emptying vehicle, but the lack of storage space may cause a
problem. Far more aftractive is the Vacutug (also described previously) which has
considerable capacity and can access the most rugged footways. The cost of imported
vacuum tankers can make this system uneconomical, particularly if spare parts have to be
imported as well. it is, however, likely that the municipalities in South African urban
centres have at least one vacuum tanker. The question then is whether they have the
time, staff and money to service informal setflements as well as their usual duties. The
frequency of desludging depends on the capacity of the vaults, but because of the
different rates of emptying, the tanker would have to be available most of the time. The
possibility of importing technology like that of the Vacutug could mean the opportunity for
reducing costs through local manufacture and privatisation of the emptying service. The
small scale and low-skilled nature of the work has much potential for entrepreneurship
and management of the service among the community.

In order to eliminate some of the odours associated with a vault toilet, a ventilation system
like the one used on a VIP latrine is recommended. Because of the high operational cosis
involved in emptying a relatively small vault, the only instance when a ventilated vault
system is likely to be more appropriate than a VIP latrine is where groundwater table is
high, or if the threat of groundwater pollution is serious. The vault and vacuum {anker
option therefore depends on the communily acceptance of a vault toilet, the empiying
technology employed and the institutional capacity to regularly empty the tanks. As with
seplic tanks, it would be preferable if a large number were installed at once to familiarise
residence with the system and facilitate regular emptying. It is recommended that
alternative technologies like the Vacutug be further investigated, as they may have a large
impact on the cost and applicability of this sanitation option.

The SanPlat latrine slab

The squat-hole version of the SanPlat latrine slab is not applicable in South Africa
because of cultural practices mentioned above. A modified SanPlat for use with a
pedestal has been introduced by the Mvula Trust, but it has not yet been widely applied
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{(Holden, pers. comm.). The hole in the SanPlat is designed to seal with a tight-fitting lid,
but it is not known how this is achieved with a pedestal version.

The domed SanPlat, when incorporated into a VIP latrine, could result in cost savings due
o the elimination of reinforcing steel, and the sloped surface makes cleaning of the latrine
slab easier. The slabs can be cast in a casting vard and rolled into position, allowing a
much faster construction time than a rectangular slab which has to be cast in-situ. A VIP
latrine that has been has been developed in South Africa using similar technology to that
of the SanPlat is the Phungalutho Toilet (Devan, 1997). The Phungalutho Toilet includes
an offset, domed pit cover and is cheaper to construct than a standard VIP latrine. Alcock
(1999:79) reports that these toilets were not popular in one rural pilot project, but no
reasons for this were given. The use of the SanPlat is not recommended in its most basic
form, but there is definitely a place for it in the evolution of the VIP toilet design. The
conditions necessary for the implementation of an adapted SanPlat are the same as those
for VI latrines, discussed below.

VIP Latrines

VIP latrines are cheap and robust systems. The technology is well known and the toilets
are simple to construct using local labour. The only technical difficully comes in adverse
ground conditions. In loose soils, the pit has to be lined which raises the cost. In areas
with a high groundwater table the pit can be raised above ground, or sealed as a
ventilated vault (see above and Box 2.2). Mosquitoes are a problem with wet pits and
various remedies have been suggested, like mesh traps, kerosene and polystyrene balls
(Mara, 1996a:35). Operation of the system is simple, bul some user awareness training

may be necessary to ensure optimum operation.

The issue of groundwater poliution is often raised as an argument against on-site
systems. This, although a consideration, is not viewed as being a serious problem for two
reasons. The first is that groundwater is not a widely utilized water source in South African
urban areas where almost all water is piped. Secondly, a cerfain amount of attenuation
and adsorption takes places within the soil, and it is far better to confine contaminants in
the soil, than on the ground surface (Mara, 1896a:50). A common view in South Africa is
that the impact of VIP latrines on groundwater has been overstated (Jackson, 1995, RBA,
2001). If VIP latrines are used, then a separate method of sullage disposal is required.
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The advent of free basic sanitation may also put strong political pressure on promoting the
VIP latrine as a basic urban sanitation option. The equitable share and housing subsidies
are already stretched in providing free basic water and a VIP latrine may be the only
affordable sanitation option. The only sanitation system explicitly mentioned in the White
Paper on Basic Household Sanitation (RSA, 2001) is the VIP latrine. There is a strong
emphasis that only the most basic sanitation system sufficient to achieve the heaith
objective should be provided to those without sanitation, and thus a VIP latrine would
seem the logical solution. The Draft White Paper on Water Services (DWAF, 2002), which
outlines the free basic sanitation policy in more detail, also implies that only basic, on-site
options will be considered. “In most instances, waterborne sanitation should not be
regarded as a basic level of service” (ibid:34).

A case study by Palmer Development Group (PDG, 1993) of VIP latrines in Bester's
Camp informal settlement near Durban shows that communities only accepted VIP
latrines as a medium-term solution on the condition that the possibility of upgrading to
waterborne sanitation was not eliminated. PDG go on to recommend that “...the VIP
option be seen as an up-gradable option and that communities be assured that they will
not be locked into a certain level of service without the possibility of upgrading” (ibid:34).
This may be an attractive selling point for a VIP latrine, but the practicability of
implementing such an upgrading is debatable. In view of the renewed capital outlay
required to upgrade to a settled sewer (or conventional sewerage if possible) and the
structure of the once-of capital housing subsidy in South Africa, an upgrade to an
improved system seems unlikely.

With regard to the emptying of pits, it is often suggested that an alternating twin-pit system
is used (Bester and Austin, 2000; CSIR, 2000; Cotton and Tayler, 2000). From experience
in Pakistan, it has been seen that users often do not know what the two pits are for
(Tayler, pers. comm.). Once both pits are full, they either relocate the toilet, or use the free
space above the settled contents of the first pit. In view of this, it may not be justifiable to
spend the extra capital cost in providing a separate pit when its use cannot be
guaranteed. It may be better to construct a permanent single pit and have it mechanically
emptied every 3-5 years. This cost is not unreasonable and the pit is guaranteed to be
emptied as it is unusable when full. This arrangement may also be more acceptable to
the users because of the ‘faecophobic’ tendencies of urban South Africans and their
reluctance to empty the degraded contents of a pit manually.
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The ROEC has not been discussed under a separate heading as it is seen as a variation
of a VIP latrine. The large pit of a ROEC is not appropriate in confined settlements, but
one feature of the ROEC should be considered for use in all VIP latrines; the simple
inclined chute can be installed in both an offset and direct pit and would eliminate the
unpleasant sight of excreta in the pit. Disadvantages of the chute are that it can become
soiled, toilet brushes attract flies, and water is required for cleaning (Pickford, 1995.61).
An added improvement, found on the Sopa Sandas lalrine in India, is a steel flap to
prevent the movement of vermin (Winblad and Kilama, 19885:30; Pickford, 1995:69). An
improvement suggested by Alcock (1989:30) is the instaliation of a water seal. This,
however, would effectively make the system a pour-flush (or cistern-flush) toilet with a wet
pit. The problems associated with this have been discussed previously and this
improvement is generally not recommended.

Simplified Sewerage

The simplified sewer system developed out of a need to find a cost-effective solution to
sanitation in dense urban slums. This indicates that it is likely to have more relevance in
South African informal settlements than other options that were either developed in rural,
low-density areas, or high-income developed countries. One of the most atiractive
features of the system is that it is flexible in its layout and can weave between dwellings in
confined areas. The network no longer has to be confined {o straight road layouts. An
implementation methodology used in Brasilia, Brazil, is to construct the collector sewers
only once the final levels of the feeder sewers are known (CAESB, 1999). This means that
the final plan is only developed after continual adjustments are made during construction,
in an integrated process.

Further advantages of the system are that it can be implemented in ground conditions
{such a rocky ground, a high water table, steep or unstable slopes) that may exclude any
other type of sanitation option. The system is also suited to high densities, and actually
requires high densities to ensure optimum flow conditions. Pegram and Palmer (1999:41)
recommend that simplified sewers may be a preferred option for densities greater than 35
du/ha.

Simplified sewers may prove more expensive than most on-site systems (although some
studies show otherwise), but the cost savings over conventional sewerage are great. A
number of useful suggestions for reducing capital costs of the system are given by Reed
(1995). What is important here is that the same level of convenience is achieved and the
users’ inevitably high expectations are met.
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Choice is ancther important feature of simplified sewerage systems. The system lends
itself to flexibility in layout, construction, management and payment options. A strong
emphasis in Brazilian literature is placed on community management and maintenance of
the feeder sewers. This helps to reduce costs and to promote greater ownership of the
system, The effectiveness of this strategy in practice is not entirely convincing because
these management systems have been shown to disintegrate quickly without support
(Tayler, pers. comm.; Abiko, pers. comm.). In South Africa, as Pegram and Palmer
{1898:9) point out, the devolution of maintenance responsibilities for block feeder sewers

o residents is unlikely to work because of a number of reasons, namely:

¢ poor relationships with authorities;

o lack of skills;

¢ residents not willing;

¢ Dblocks do not affect everyone;

« authorities are not geared towards servicing intermediate options; and

+ operation and maintenance are not political or institutional priorities.

They continue to state that, “the viability of delegated management of sewer systems has
not been tested in South Africa, and there may be significant cultural and political
resistance” (Pegram and Palmer, 1999:44). If authorities take responsibilily for the
maintenance of the system, this affects the system in a number of ways. A ‘front-yard’
layout is more suited to external maintenance, while the cheaper ‘back-vard' option is
more suited to maintenance by the users. Abiko (pers. comm.} points out that in Brazil, the
backyard version is not favoured because residents build their houses over pipes and
manholes. The operation and management arrangement is a critical constraint to the
sustainability of simplified sewerage, but besides the provision of guidelines, can only be
dealt with at a community level.

One of the biggest problems facing the possible implementation of simplified sewerage in
South Africa is the use of solid anal cleansing materials. Toilet paper is the only material
that the narrow sewers can handle, and anything else will block the system. The sewers
are also likely to block if litter is thrown into toilets or inspection covers. A case study
where this problem was highlighted is that of the provision of conventional waterborne
sewerage in Mdantsane in the Eastern Cape (PDG, 1993). Here a reason for the high rate
of system failure (apart from poor construction) was the use of newspaper, rags and
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between communily representatives and the local authority. The pilot scheme was funded,
designed and constructed entirely by the community and an NGO, The Homeless
People’'s Federation, with technology transfer during exchange visits to the Crangi Pilot
Project in Karachi, Pakistan. The lane sewer was connected into a large public collector
sewer nearby, The local authority did not accept the standard of construction and the
illegal connection into the collector sewer. The system was disconnected and the local
authority began implementing a conventional system using part of the housing subsidy.
The simplified system never operated and the community then waited for conventional
sewerage. This case study proves the desire of some communities to construct and
maintain their own systems, but a lack of motivation and momentum prevailed once the
focal authority intervened. The second Jesson was that communities need to liase with

local authorities (who have the power to hall the project) in order to gain acceptance.

The implementation of simplified sewerage on any significant scale will require an
adoption of new standards for sewers in South Africa and a review of design procedures.
Either a lower minimum velocity needs to be applied, or the tractive tension method needs
to be adopted in order to reduce the sewer diameters. In addition to these design
changes, there needs to be a change in implementation procedures as well. Much of the
success of the system in Brazil seems to be due to the capacity of the staff at the water
and sewerage companies and their relationship with the communities. This has come
about through a wide acceptance of the system and the use of appropriate technologies.
A positive atlitude towards the system and encouraging environment for implementation is
essential on the part of the service providers.

Furthermore, a significant transfer of skills must also take place, mainly in the technical
capability of the sanitation authority, and those with the responsibility of constructing and
maintaining the system. The optimal arrangement seems to be a multi-disciplinary team
within the water and sanitation service provider that includes technical and social
expertise and covers all aspecis from community negotiation fo construction and
maintenance. This type of arrangement would only be possible if the technology was
taken to scale.

Most of the materials and products for construction and maintenance of simplified sewers
are available in South Africa. The type of maintenance equipment required depends on
the type of junction boxes constructed, or perhaps vice versa. The prefabricated PVC
inspection units produced by Tigre SA (see Fig. 2.24) may make construction easier and
possibly cheaper, but requires jetling equipment for cleaning. If rodding equipment is
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stones in the {oilets because residents could not afford toilet paper. A more constructive
suggestion made by Mara (pers. comm.), is to subsidise the cost of toilet paper in low-
income areas, coupled with an exiensive user awareness programme. Mara also
recommended the subsidisation of soap to fully realise the heaith benefits of sanitation.

A further problem with the sysiem is that it requires high rates of initial connection to
ensure enough flow volume to transport solids through the sewers. Pegram and Palmer
(1999) suggest the system is only viable if a connection rate is above 75%. If the
connection rate is lower than this and the system blocks, other users will be discouraged
from connecting and the system will never function correctly. One way to counteract this
is to begin constructing a small part of the system first which can be used immediately and
demonstrate the system to other residents. As other residents see the functioning system
and the benefits that it brings, they will also connect. In this way a real demand for the
service is created.

fllegal connections to the system can also cause problems, as the quality of the
connection is not guaranteed and foreign matter could enter at these junctions. The extra
flow could also cause the sewer to surcharge. An example given by Tayler (pers. comm.)
from Cambodia is of residents trving to connect 200mm conventional house connections
into the 100mm simplified sewer. Tavler also identified a problem with simplified sewer
caused by stormwater. He believed that the low peak factors are not adequate to cater for
the inevitable ingress of stormwater through the system. This can only be overcome by
ensuring a high quality of workmanship, reducing the number of inspection covers, or
providing larger sewers.

Simplified sewers require a reliable supply of water in the form of at least an on-piot
connection. Examples from Pakistan show that simplified sewers can function with carried
water supplies, but this would not work in South Africa for the cultural reasons discussed
in the introduction to this chapter. An existing wastewater treatment works is also a
prerequisite for the viability of a simplified sewer system, preferably with a nearby bulk
sewer network into which the collector sewers can discharge. Fortunately this is not a
major problem in South African urban centres where sewer networks are widely
distributed.

The only known attempt at implementation of simplified sewers in a low-income
environment in South Africa was made in Kanana, a peri-urban settlement outside
Vereeniging, Gauteng (Huchzermeyer, 1999b). It failed because of political conflict
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The linking of simplified sewerage charges to water rates is effectively applied in Brazil as
a means of cost recovery. It is much easier to enforce as non-payment resuits in the
disconnection of the watler supply and residents will much sooner pay for water than for
resumed sewer mainienance (that may not even directly affect them). The poor record of
payment for services in South Africa is a huge problem for sanitation because even if the
capital costs are covered, the sustainability depends on recovery of operational and
maintenance costs. Palmer Development Group (1993:31) therefore recommends that
“full waterborne sanitation should only be installed where residents are able to afford the

full maintenance and operation cost of the system”.

After a thorough analysis of the costs involved in providing simplified sewerage, Pegram
and Palmer (1999:43) were able to conclude that simplified sewerage provides a
financially viable and efficient alternative to conventional sewerage, even in low-income
areas. This thesis proposes that the success of simplified sewerage depends not on its
tested implementation in low-income areas and informal settlements, but in its across-the-
board adoption as a standard replacement for conventional sewerage, as is the case in
Brasilia. The Brazilian experience has shown that there is no loss in functionality, and
costs are significantly lower. If simplified sewerage is adopted on a large scale in middle-
and higher-income areas, then the skills and institutional capacity will be in place to
implement the system in lower-income areas where there are more extemalities likely to
affect the sustainability of the system. It will be difficult to prove the applicability of a
system in informal settlements, with the most adverse of financial, social and physical
conditions, if no institutional support is present.

There are a number of problems associated with the implementation of simplified
sewerage in South African informal settlements, but as a whole, the system has been
shown {0 be a cheaper, viable and socially acceptable alternative to conventional
sewerage. Mara (1996a:111) goes as far as to say that simplified sewerage may be *.. the
only technically feasible, economically appropriate and financially affordable sanitation
option available for high-density, low-income areas”. Even if this is the case, Tayler (pers.
comm.) warns that simplified sewerage must be appropriate for function and location and
each situation must be treated separately so that it does not become just another
‘blueprint’ solution.
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2.8 SANITATION CONCLUSIONS

This chapter has shown that the issue of low-cost sanitation in South Africa is complex
with no obvious, simple solutions. A number of sanitation systems have been discussed,
and all have certain advantages and drawbacks and require certain conditions to succeed.
it is the intention of this chapler to illustrate what these conditions are, particularly in the
context of South African informal settlements, and how the choice of sanitation option
should be informed.

The impact of the proposed free basic sanitation is as yet unknown, but if it is
implemented it will undoubtedly affect the provision of sanitation in informal settlements.
Establishing sanitation as a basic right is a positive step, and may provide the political will
necessary to sustain adequate systems that has been absent in the past. The policy is
likely to cause a resurgence in the promotion of VIP latrines as a sanitation option
because of cost constraints. Experience wamns against standard, across-the-board
solutions, but at least the option is available for a basic system that has been shown to
achieve the intended health benefits.

In terms of the upgrading methodology defined at UCT, the most flexible sanitation
systems are on-site solutions, followed by simplified sewerage, which is able to fit the
dynamic upgrading model. These, as has been shown, all have their individual benefits
and disadvantages and are more appropriate in different situations. Simplified sewerage is
a promising, cheaper altemnative to conventional sewerage, but has some institutional

issues to overcome,

The important issues that can be drawn from this chapter are:

e The health requirement of any sanitation system is non-negotiable and should be
expected and maintained in any sanitation system. Complimentary hygiene

measures are required {o guarantee the health benefits of sanitation.

e The secondary objectives of convenience, privacy and prestige must be traded off
against the operation and maintenance costs for a particular system, of which the
users should be made fully aware. The capital costs are far less important,
particularly if the system is {o be subsidised.
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3.1 INTRODUCTION

The intention of this chapter on water supply was initially to limit this discussion to the
technical issues encountered in water supply to informal setlements. After a review of the
literature it became clear that it is not possible to ignore national and even intermnational
debates around water supply in developing countries, as they have profound effects at
local level and on the type of service provided. The first part of this chapter will therefore
briefly describe these debates and then show how these have manifested in government
policies that directly affect service provision in informal settlements. The ways in which the
choice of service can be affected include the degree fo which the capital costs of an
improved system are subsidised, how the amount used is requlated and how payment is
made. The chapter will be concluded by a discussion on the various water supply options

available and their appropriateness in an in-situ upgrading context.

Objective of water supply

The requirement for water as a basic human need is now clearly understood and well
documented in the literature, as are the health benefits through washing of ciothes and
bathing (See Cairncross and Feachem, 1983; Hardoy et al 1980). The objective of water
supply comprises three aspects: quality, quantity and reliability. The objectives given in
the literature are all very similar and can be drawn fogether to give the fundamental
objective of water supply to be:

To provide everyone with access to an adequate amount of good quality water for drinking
and personal hygiene on a permanent and regular basis

The more specific objectives implied in the above are:

Quality. The water must be free from pathogenic organisms and chemical contaminants in
concentrations greater than prescribed limits (see DWAF, 1896). Included in qualily are
the more subjective characteristics of colour, faste and odour.

Quantity. The World Health Organisation (WHO) recommends a minimum daily
consumption of 50 litres per capita per day (i/c/d). In South Africa the basic minimum is
access {0 25 l/c/d, but the target for urban areas is 50 Ve/d.

Reliability: The ultimate objective would be to provide a constant 24hr service. if this is not
possible, then consumers should know exactly when water is available. South African

regulations state that no consumer should be without water for more than seven days a
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be complementary. There is, however, some flexibility in matching certain levels of water
supply with other levels of sanitation. This leads to the view that sanitation should not be
the primary decision factor for the selection of water supply technology, and vice versa.
The more important factors are what users desire, what they can afford, and what the
service provider has the capacity 1o provide, all in sustainable manner. it is around these
key factors that the delivery debate focuses. In terms of the UCT methodology for in-situ
upgrading, this thesis proposes that for analysis of technology, design of the system and
management options, the two services may be considered separately. The results of this
proposition are discussed in Chapter 6.

The issue of greywater is inseparable from that of water supply and must be considered
simultaneously. All the water that is supplied to a site and not consumed (which is most of
the water) must be disposed of in some manner. There are three basic alternatives for the
disposal of grey water:

« |f the volume supplied {o the site is low enough, the wastewater can be absorbed
by the surrounding environment without causing a health risk. Seepage pits and
scakaways can be constructed for this purpose, but in some cases the ground

conditions may not allow for this.

e |f waterbome sanitation is provided, then this is usually used as a convenient
method of disposing of greywater, although it does increase the flow that has to be
handled by the waste treatment works.

e [f neither of the above conditions apply, then some form of drainage system has to
be put in place. This type of drainage system would cater for greywater and
stormwater and will be discussed further in Chapter 4 - Drainage.

Most of the technology described and case studies cited in this chapter will be local. The
reason for this is that the water sector in South Africa is fairly advanced and much
research has been undertaken, parlicularly by the Water Research Commission, on new
technologies and on water policy. International examples will be brought into the
discussion wherever possible.
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3.2 THE INTERNATIONAL WATER DEBATE

There are three core issues that dominate the international waler debate, not only in

developing countries, but in the developed world as well. These are:

+ water as a market commodity versus water as a basic right;
¢ the privatisation of water services (particularly in developing countries); and

« management of water as a scarce resource.

The debates are complex, ongoing and largely unresolved. This section will therefore
briefly outline the major arguments insofar as they affect South African water policy
and water supply to informal setllements. Understanding what contemporary thinking
on these issues is important, as they affect the attitude of WSPs {owards servicing

the urban poor, as well as the specific technologies chosen for water provision.

Water as a market commodity versus water as a basic right

Water is often treated as a market commodily because of the fact that as scon as itis
transported from a source {o the consumer a cost is incurred; a cost that has o be
borne by someone. In urban areas where uncontaminated sources are often far
away, and where local sources usually have to be treated, the cost is often high. itis
rarely the case that consumers can exiract uncontaminated water for themselves.
This is why it is often argued that, although people should not have to pay for water
as a ‘free’ natural resource, they should bear the cost of the convenience of having it

treated and {ransported to their homes,

This view has been strongly articulated by international lending agencies since the
failure of many programs in developing countries {0 recover costs. One of the highly-
influential 'Dublin Principles’ adopted at the United Nations’ World Conference on
Water and the Environment was that “Water should be recognised and treated as an
economic good” (UN, 1992). These principles have been included in many national
water policies, including South Africa’s (see DWAF, 1997). Some organisations insist
on full cost recovery (World Water Commission, 2000; Serageldin, 2000; Asian
Development Bank, 2003}, while other authors state that the price of water should be
set at the marginal cost {o cover operation and maintenance (Palmer and Eberhard,
1994). The recent literature emphasises a demand-driven approach to achieving cost
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recovery through assessing how much users are willing and able to pay (see
Cairncross, 1990; Cotton and Tayler, 2000; Bos, 2001).

The treatment of water as a market commodity has come under much crificism
because of the ethical issues of commodifying a 'good’ that is essentially a basic
human need. Jaglin (2002:234) observes that “widespread poverty obstructs the
strict enforcement of market principles and taking this on board has become a
strategic element of successful reforms.” This has led to water being viewed as
somewhat of a right, up to a certain quantity, but this in turn leads 1o questions of
“How much is enough?”. The definition of ‘basic’ has been carefully determined by
various international organisations like the WHO, and amounts to around 40-50 l/c/d.
The strong movement {owards access o water being treated as a basic right argues
that no one can be denied access to this basic supply because they cannot afford it,

or because the areas that they live in is ‘unserviceable’.

How this right is ensured to the poor leads o a further debate on subsidisation of
water supply. Many argue that subsidies are the only chance the poorest residents
have of obtaining the 'basic’ amount of water (Goldblatt, 1988; van Ryneveld, 1985).
Full cost recovery places too heavy a burden on the poor, who end up paying more
per kilolitre for their water than any other consumers (Caimcross, 1890, Cotton and
Franceys, 1991). These subsidies can be in the form of direct government grants, or
by cross-subsidising the poor from other consumers in the sector. Others argue that
subsidies only benefit those that are already receiving services and that they threaten
the expansion of the supply network to those who are most desperately in need
(Smith, 2000).

The privatisation of water services in developing countries

Privatisation is becoming popular with aid agencies for application in developing
countries. European companies that already operate well established systems in
Europe are looking to expand {o developing countries, particularly in South America
(Marvin and Laurie, 1999). It is believed that private companies can provide the
service with greater efficiency and less political interference governments
{Cairncross, 1880:117). Privatisation has not answered some vital questions like
how services can be extended to the poor and what happens to the water supply
when the supplier goes bankrupt. Due to the expertise present within private
operators, more sophisticated systems may be possible, but the advantages of this

are not particularly relevant in an informal settlement context. Administratively,
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privatisation may overcome corruption and lack of resources and skills that may
occur in large public authorities, but may fail because of inadequate regulation
(Eberhard, 1999:8). Wall (2000:45) also states that . .private sector provision of
infrastructure services can be positive if the regulatory framework is well defined and
is enforced.” At some higher level, there has to be sufficient capacity within a public
authority to regulate a privatised system. A strong argument for the privatisation of
water is that it can introduce competition to a sector that is often run as a monopoly.
Competition then results in a more efficient service in order to keep costs as low as
possible, and this saving may or may not result in cheaper tariffs {o the consumer.

A number of cases in South America {(e.g. La Paz and Cochabamba, Bolivia; Buenos
Aires, Argentina) and Africa (e.g. Guinea and Gambia) have highlighted the failure of
privatisation to benefit the urban poor (Marvin and Laurie, 1999; Hall and Lobina,
2002; Hall et al, 2002). These have reinforced a trend that sirongly resists
privatisation on the grounds that it is exploitative of the poor. This debate has had a
definite impact in South African water policy,

Managing water as a scarce resource

The scarcity of water is becoming an increasingly important on a global level, but is
most pressingly felt in dry, developing countries. In developing countries, however,
the provision of a basic water supply to the poor usually takes precedence over water
conservation. Conservation is considered an accepted principle in most water
projects, in particular with regard to reducing losses, wastage and excessive
consumption, These issues will be considered throughout this chapter, but mainly
concern industry and high-income consumers. Bulk water supply issues like finding
new sources and building dams are national issues that are beyond the scope of this
discussion.

The situation in South Africa

Water as a basic right or market commodity?

Jaglin (2002) accurately describes the difficult situation that sub-Saharan African
governments are in;, irying to reconcile free-market policies with the universal
provision expected of accountable, democratic governments. This is evident in the
tentative steps taken in South Africa towards a revised tariff policy. In 1994, the new,
democratic government made a number of promises to correct the previous
discriminatory practices. These were set out in the Water and Sanitation Policy White
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Paper (RSA, 1994), whose basic intention was equity in distribution. It stated that
everyone has a right to a basic water supply. It did not, however, abandon the
contemporary thinking on cost recovery and included the two principles of “Water has
an economic value” and “User pays™

“The basic policy of Government is that services should be self-financing at a
local and regional level, The only exception to this is that, where poor
communities are not gble fo afford basic services, Government may subsidise
the cost of construction of basic minimum services but not the operafing,

maintenance or replacement costs.” (REA, 1994:21)

The poor were thus still required to pay for the service. The policy includes the
provision for a 'life-line’ tariff, but this was o be set at a local government level. An
important feature of the White Paper was that it conceded that residents in marginal

areas (i.e. informal settlements) are aiso entitled to basic services.

In 1986, the South African Constitution recognised the right for all citizens to access
to a sufficient water supply (RSA, 19986). This raised questions about whether water
could still be treated as an economic good and whether those who could not afford
to, should pay for water (Macdonell, 2001). The 1897 White Paper on a National
Water Policy for South Africa reaffirmed the right to water for basic needs, but placed
emphasis on pricing water to ensure efficient and productive use. It is notable that
this document makes the first mention of a free life-line tariff for basic water
provision. This tariff would apply 1o a limited number of government projects and it
was not specified how this would be implemented. The 1897 Wafer Services Act and
the National Water Act (1988) follow in a similar vein from the 1997 White Paper,
insisting on access to sufficient water and a life-line tariff, but remain vague about

what the life-line tariff is and whether it means free basic water.

Subsidisation has always been a part of post-apartheid South African water policy.
Through the use of case studies, van Ryneveld (1995) and Goldblattt (1998) show
that people living in informal settlements will never be able {o afford the full cost of
water services. With this in mind, and because of the undeniable fact that in the long
run total costs have to equal total revenue, there has to be some form of government
subsidy, or subsidies across sectors. Eberhard {1999:5) believes that financial trade-
offs like cross-subsidisation between services (along with their economic and social
implications) lie at the heart of water tariff policy. Some may argue that subsidisation
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does not reflect a sustainable service, but the status of water as a basic need and the
current inequity in the South African water sector may be used to justify
subsidisation. It is clear that during this period the govemment was trying {o maintain
a sustainable service and expand the network while still serving the social cause and
keeping political promises.

In 2000, after a serious outbreak of cholera in KwaZulu Natal due to water cut-offs,
DWAF took a bold step in announcing the Free Basic Water (FBW) policy. With the
advent of this policy and the legal backing of the Constitution, access (o a basic
water supply was firmly established as a right in South Africa. It is also viewed as
such by a large percentage of the population. This right forms one of the guiding
principles of the Draff White Paper on Water Services (DWAF, 2002). An outline of
the Free Basic Water policy, what it entails, and its implications for types of service
provision are given in the next section.

Privatisation of water in South Africa

Jackson (2000) provides a concise overview of the advantages and disadvantages of
privatisation in South Africa. Reference is made fo the two major private water
contracts operating in South Africa, those in Nelspruit and the Dolphin Coast.
Jackson's argument strongly favours privatisation on a concession contract basis, but
acknowledges that the success of private supply depends on carefully negotiated
contracts and a firm regulatory authority to maintain accountability. South Africa
began privatisation of water services in 1992, but through to 2000 only six private
contracts have been awarded to multinational companies (Hall et al, 2002). Pressure
on the government, largely from labour unions, resuited in a policy change and the
1997 Water Services Act states a preference for public sector provision of water. This
preference arises from two primary concerns: (DWAF, 2002)

¢ the concern that the profit motive will result in unaffordable services and lack
of focus on servicing people without access to basic services; and

s the concem for the loss of public sector jobs.
Since 1998, DWAF has shown a greater intention to keep water services in public

hands, motivated by the need to protect and promote the public interest. The 2002
Draft White Paper on Water Services states:
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3.3 THE FREE BASIC WATER POLICY

The Free Basic Water policy was the culmination of a long debate in the lale 1880s
about subsidising basic services in South Africa. Subsidies that were diverted to the
water companies and not at the consumers directly had the effect of keeping water
tariffs artificially low, and benefit all consumers and not specifically the poor. The
South African government has moved away from these highertier subsidies fo a
more specific third lier (local authority) subsidy that is more accuralely targeted at the
poor. The Free Basic Water policy was announced in September 2000 and is likely to
have a large impact on the way water is supplied in informal seitlements and
upgrading projects.

“The primary intention of the policy is fo ensure that no one is denied access
fo a basic water supply because they are unable to pay for the service.
Underlying this is the recognition that supply of water at g ‘basic’ level assists
in alleviating poverly, improves community health and frees women from
drudgery” (DWAF, 2001b:2).

To date, 58% of the population (including 42% of the total poor populalion) are
receiving free basic water (DWAF, 2003). The political pressure driving the
implementation programme, as well as the large impact that the policy has on the
daily lives of the poor, means that the policy will be an integral part of water supply in
South Africa for some time to come. It is therefore in this policy environment that the
service options will be discussed later in this chapter.

What the policy entails

The policy states that poor households must be provided with 6 000 litres (Bki) of
safe water per month free of charge. The volume was calculated by taking the WHO
minimum standard of 25 Vp/d for an average household size of 8 people for a month.
The 6 kI volume is not explicitly stated as the absolute minimum, but is a
recommendation that local authorities may modify according to local conditions. The
policy is structured in such a way {o “...ensure access {o free basic services for the
poor and only free basic services {o all if the local authority can afford it.” (DWAF,
2001b:10). The policy has been setl at national level, bul it is local government that

has the mandate to implement the policy. it is therefore jocal authorities that have
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water kiosks or mechanical prepayment systems, and electronic prepayment
systems can be set to provide the first block free, The verification of income is often a
difficult process., There are other methods of identifying the poor, including
geographical divisions, housing quality and level of education, but these can be
inequitable (Sussens and Vermeulen, 2001). Targeting is a sensitive issue because
of the stigma atlached to being iabelled ‘poor. This system is similar to the indigent
policy that has been used in schemes around South Africa, but these tend to be
smaller schemes where the administration of the system is easier. In large urban
areas the task of identifying the poor and applying credit on an individual basis may
be prohibitively difficult,

Service Level Targeting

This method involves limiting consumption through physical constraints to excessive
consumption or through regulated flow, caused by a specific level of service.
Examples of these are an unregulated standpipe, where household consumption is
rarely greater than & ki/month (200 l/d) because the water has o be carried, or a
limiting system like the yard tanks used by Umgeni Water. Prepayment systems can
also be set to limit consumption. Service Level Targeting does not require billing or
debt collection and therefore reduces administration considerably. In many cases it
would be uneconomical to bill consurmers who consume less than 8 ki/month. The
regulated flow reduces the risk of users consuming more water than they can afford.
it does, however, restrict users who may require more volume per month (in a large

household for example) and this, some may argue, is unethical.

in reality it is likely that in urban centres a combination of service level targeting and
rising block tariffs will be used in order to ensure that the poor with both metered and
unmetered supplies have access to free basic water. Sussens and Vermeulen
(2001:131) stress that there must be flexibility in the use of these options must
remain at a local level.

Criticisms of the policy

South Africa’s FBW policy has been criticised internationally by those in the water
sector because it is perceived as a financially unsustainable model. In addition to this
problem, there are also other important issues that need {o be addressed for the
policy to succeed. The FBW implementation policy document identifies 4 major
constraints to its implementation, namely: (PDG, 2001a:5)
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a) financial: how to ensure sustainability

b} socio-poiitical: how to establish co-operation amongst stakeholders

¢} institutional: how to develop the required organisational capacity

d) ftechnical. how to choose the appropriate technical and service level options

It is the final point — technical service level options — that this chapter aims to
address, but the other issues will be mentioned briefly here. One of the most serious
financial concerns is that the loss of revenue in the system will compromise the
expansion of the water supply network to unserviced areas. FBW may be equitable
for those who have access 10 a water supply, but does not explicitly cater for those
without it. This may result in the FBW policy benefiting the urban poor, but not the
‘poorest of the poor - usually those in informal settliements. The onus is on local
authorities to prioritise those without access to water supply, and this should possibly
be done before free water is supplied to all serviced consumers. The problem of
unserviced urban areas is growing rapidly and needs to be urgently addressed.

A further financial concern is that illegal connections resuit in unaccounted for water
that is not budgeted for in the FBW scheme (Tanner and Abbott, 2001:20). This may
lead to the un-sustainability of the system. Sussens and Vermeulen (2001) reiterate
that water losses through vandalism, unauthorised connections or normal leakage
could threaten the viability of the FBW policy. Reduction of number of paying
customers in any one system (because of FBW) means that the cost of any water
losses has to be bome by the smaller pool of paying customers or by the water utility.
The FBW policy does not contain any mechanism for recovering the cost of lost
water in supplying free basic water.

The socio-political aspect of the policy deals with how the public receive the service.
It is easy for users to misinterpret the message of free basic waler as ‘free waler’,
particularly when it has been used by politicians for political gain. Concepts like rising
block tariffs and credit on water accounts can be confusing to consumers. An
important concern is that the wealthy should not benefit frorn the policy more than the
poor (if at all). Monitoring of the effects of the policy needs to take place to ensure
that this does not happen. Another social question is whether the FBW policy is
entirely equitable. Users may complain that their households are twice as big as
others, and that they should therefore get more free water. Households as large as

16 members are not uncommon in South African informal settlements. Tanner and
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Abbott (2002:18) note that these inequalities are difficult to prevent, as there is no
sure way of fairly and accurately measuring household size.

Institutional capacity is a major constraint {o the success of the FBW policy. The
administrative complexity introduced by the policy could prevent local authorities from
implementing the system, as they are not required to do so if they can show that it is
not financially feasible. The policy could also reduce incentives for efficient
maintenance because the users are not contributing to the income of the Water
Service Provider (WSP). In order to counteract this, the Water Supply Authority
{(WSA) may withhold funding to the WSP if service is not of a good enough quality.

Technically, the provision of FBW has a number of effects on the level of service
provided. These are discussed later in this chapler. The method of implementation
also introduces some technical constraints on the supply system. For example, in
order for rising block tariffs {0 be implemented, all user connections have {0 be
metered.

Results of the policy

The limited reports that have been published on the implementation of the FBW
policy show mixed results. The FBW message, as one would expect, has the
tendency to increase expectation for water service provision and level of service,
This is why the system has been the most effective when there has been an
associated improvement in the level of service and a concerted effort to improve cost
recovery. Cases have been reported where the FBW policy has had a positive effect
on cost recovery because users have no excuse not to pay for consumption in
excess of 6 kifmonth, due to claims of poverly or on heaith grounds (Tanner and
Abbott, 2001).In some cases the opposite has happened and payment for services
has reduced. The George Municipality reports that afler the FBW policy was
introduced, payment dropped from 94% of users to 87% (PDG, 2001b). There was

no official communication to users explaining how the tarniff structure would work.

Due {o the fact that the price elasticity of demand is much higher for the poorest
urban residenis than for the more affluent, the FBW policy is likely to increase water
consumption by these users. This is consistent with the objective of increasing the
consumption of users previously using less than 50i/c/d. FBW also has the potential
to reduce the administration burden of collecting charges, as long as the user stays
below the 6 kifmonth level. If a block tariff system is adopted, however, then the high
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cost of water in the higher tiers could discourage consumption by middle- and high-
income users, thus curbing overall consumption. Durban Metro Water reported that
after the introduction of rising block tariffs, the number of consumers moving from the
middle to the lowest block rose sharply (PDG, 2001a). This did reduce the
administrative load, but had serious implications on the financing of the scheme
because income dropped disproportionately to the decrease in volume consumed.

it is important that users therefore have the option of using only this amount or less.
If a high-pressure connection is provided to the household with waterborne
sanitation, it may be difficult to use below 6 kli/month, and the user may pay for water
that he/she does not want as a result of the technology provided (Tanner and Abbott
2001:25). A study of consumption in Durban, however, showed that households with
waterborne sanitation could stay below 6kli/month, but that this required careful
household-level water management (PDG, 2001¢). A complementary measure to the
implementation of FBW, as was done in Durban, is to introduce an awareness

campaign on water-saving measures.

In the 3 vears since its inception, the FBW policy has spread slowly to all of the
metropolitan regions in the country. it is still regarded with much scepticism by the
WSPs and the influence that it has on cost recovery and the sustainability of water
supply in poor areas has yet to be determined. In order to asses the effect that the
FBW policy has had, or will have, on water services provision, the different

distribution systems and cost recovery methods will now be described.

77






Water Supply

Rudimentary Systems

Vendors

Water vending is the private commercial sale of water in containers, usually from the
back of light delivery vehicles. This takes place in areas that do not have access to
any public supply of water. Caimcross and Kinnear (1888, quoted in WELL, 1998)
estimate that 25% of the population of third world cities buy water from vendors (this
definition of 'vendors’ probably includes kiosk and tankers). The vendors charge
more for water than public utilities, but yet do not make large profits. This is because
of the high cost of transporting water and the small scale of the service. There is an
undeniable economy of scale in the water sector, creating a natural monopoly in
which a public utility, with a large reticulation network, can always provide cheaper
water than private sellers. In water scarce countries, price is very sensitive to any
change in supply and it is those purchasing water from private sellers (usually the
poar) who are affected by these price increases first.

Public Tanker

This is a system whereby water is supplied by the local authority by means of a large
water tanker, which visits an area on a regular basis. The tanker then fills up
residents’ containers. The service is usually (but not always) provided free of charge
and is often used as a temporary service, or in emergency situations, like during a
cholera outbreak. Tankers are often used in unserviced rural areas.

Water Kiosk

Water kiosks are stalls provided with piped water, from where water is sold to
residents in designated volumes (usually 251). The kiosk is operated by
entrepreneurs, or by residents elected by the community. The connection to the
kiosk is metered and the kiosk owner pays the WGP for the water used. Profits need
{o be added to the price of water to make the kiosk viable, so the cost of water is
generally high. For kiosks to function efficiently, economic factors like thresholds and
profits for vendors need to be well understood (Palmer and Eberhard, 1985). A
balance needs {0 be found between distance people are prepared to walk, and the
threshold population required to provide the kiosk owner with sufficient income.
Palmer and Eberhard recommend 1 kiosk per 100 households. This means that in
order to keep walking distances low, kiosks are more suited to high-density areas.
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of this in South Africa, but there are in Malawi (Palmer and Eberhard, 1994:8.9).
When families get their own private connections, they just withdraw from the system.
The standpipes are available at most hours of the day.

Manual Coupon System with Water Bailiff: (Lima, 2001) Consumers purchase
coupons from the WSP or participating agent and exchange these for water at public
standpipes. Coupons are used instead of cash for security reasons and because
coupons can only be used to purchase of water, but it was found that coupons are
easily lost. Manually operated taps are easier and cheaper to install, repair and
maintain than any of the automatic dispensing units, but the cost of the water must
incorporate the cost of paying the bailiff. Extra administration is created through the
sale of coupons. The bailiff is usually only available at certain times of the day. The
standpipe is metered and consumption is reconciled monthly with coupons coliected.
The bailiff is then compensated with a salary or through sales commission. Various
problems can arise with the balliff selling water illegally or not treating all customers
equally. Lima Rural Development Foundation (2001) reported on several of these
schemes in rural and peri-uban areas in KwaZulu Natal,

Automatic Dispensing Units (ADUs): Automatic dispensing units are fairly recent
technology in South Africa, but are already widely used. There are two types of
automatic prepayment systems used in South Africa; the electronic tag /card system
and the mechanical coin/coupon systems. The electronic system operaies through
the user purchasing an electronic tag or encoded card, which is used (o operate the
standpipe. The tag/card is inserted into the standpipe unit and water can be drawn up
to the available credit. The valve on the standpipe closes when the tag is withdrawn,
and the user is only debited for the amount of water withdrawn. Credit is bought from
an electronic vendor, which can be at the WSP offices or at a local shop. The tag
costs R25 — 50 and is reusable (Lima, 2001). There are various modeils of electronic
prepaid systems designed and manufactured in South Africa and have been used
internationally (see Fig. 3.5). A list and description of many of the systems available
is given in DWAF (1997). User information is stored both at the dispensing unit and
the vending point. This information is then collected and stored on a ceniral
database, from where water balances and demand assessments can be performed.
Some of these prepayment systems are capable of vending to both water and
electricity (Conlog, 2002).
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Manually Operated Yard Tanks

This system is also known as the ‘Durban tank’ system and the following description
is taken from Macleod (1997). The reticulation to the tanks consists of 25mm
diameter polypropylene pipes laid along access routes in the area. At appropriate
intervals a manifold connects to the reticulation. The manifold contains a supply
meter and a shut-off valve in one section, and a control valve for each of the 20
household connections that can be made to the manifold. The householders then
connect to the manifold using 20mm diameter pipes leading from their household
tank, which is placed on a plinth. A float valve controls overflowing of the tank. The
outlet contains a valve that prevents the tank being emptied while it is being filled,
fFach household pays a fixed tariff to the water authority every month to stay
connected to the system and to obtain a fixed monthly supply. Proof of payment is
then given to a water bailiff who is charged with the operation of the system (usually
one bailiff per 200 households). The bailiff opens the valve in the manifold, supplying
the paid-up household with a full tank of water each day. The tank is filled under full
pressure from the reticulation and therefore the filling process does not take very
fong. Users are not able to obtain more than a tank’s volume of water per day.
Volume of supply can, however, be increased by changing the tank size and
increasing the monthly tarff. As part of this system the bailiff has a standpipe
installed on his/her property from which they can sell water to residents who do not
have a tank installed. The water is sold at a price that promotes the use of a tank
system.

Trickle-Feed Yard Tanks

The trickle-feed system has a similar arrangement to the manually operated system,
but with a different mechanism for regulating the water supply and consumption (see
Fig. 3.7). A small rectangular tank is fitted to the inside of the main tank. The main
reticulation feeds into this tank and this inlet is controlled by a float valve. The outlet
to the tank is a small orifice, which effectively reguiates the flow into the main tank
because of the fixed hydraulic head. The water can only flow into the tank at the
same rate as flows out of the small orifice. The main tank can be any shape or size,
as long as it is fitted with a trickle-feed box (Tipping and Scott, 2001).
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Metered house connection with conventional billing

This is the most common arrangement for individual connections in South Africa. |t
involves an individual meter, which is placed on the property boundary and manually
read on a monthly basis. Monthly accounts are then sent to the users, who are
charged a fixed connection fee as well as for estimated usage based on the previous
month's consumption. Water supply can be disconnected at the meter for payment
defaulters. A variation of centralised billing is hand-held meter reading, with on-site
processing and billing (Hazelton, 1997:232). This eliminates much of the
administrative cost associated with centralised, off-site billing. Another option
mentioned by Hazelton is self meter reading and billing with centralised payment.

Unmetered house connection with fixed monthly payment

Palmer and Eberhard (1994:8.11) report that this method of billing is relatively widely
used in South Africa. This situation ofien arises where meters do not function and
conventional metering has collapsed. Authorities require some form of cost recovery,
and so resort to the most administratively simple system, but which is also potentially
inequitable. Case studies have shown that a flat rate levy is no easier to collect than
a metered account payment. The cost of keeping meters operational is eliminated,
but water losses cannot be monitored. New legisiation states that all private
connections need to be metered and the government therefore intends to phase out
this service option (DWAF, 2001a).

House connection with elecfronic pre-paid meter

Household prepaid water meters are similar to the more familiar prepaid electricity
meters. There appear to be many different systems of prepaid water meters that
have been tried in South Africa. All systems use an intemal electronic unit that
displays the amount of credit available to the user. The credit is bought in the form of
a card or coupons at a vendor, which can be the WSP, a dedicated vendor, or a local
shop. The water is supplied at full pressure to the house connection until the credit
has been used up. Some systems then have a mechanism to shut off the water
supply until further credit is bought. Other systems, such as the one described by
Paimer and Eberhard (1 994:8.11), are integrated with the prepaid electricity supply
and the electricity is shut this off instead of the water supply. The water supply
continues, but displays negative readings. The electricity is only reconnected when
the water debt has been paid. The reasons for culting off electricity are that a water
solenoid valve is expensive, and because of health reasons. Another practical

consideration is that users are more likely to reconnect electricity before water,
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3.5 IMPLICATIONS OF THE FREE BASIC WATER POLICY FOR WATER
DISTRIBUTION OPTIONS

The FBW policy has different implications on the various water distribution options,
depending on the institutional capacity of the WSP and the FBW implementation
method used. Sussens and Vermeulen (2001) provide a fairly comprehensive list of
the service options, their application in water supply systems, and how suitable they
are for the application of FBW, This data is presented over the page in Table 3.2.
From the table, the following points can be noted:

+ Unmetered communal standpipes do not pose a threat to the policy as they
are appropriate for service level targeting. However, they are low cost
options that may be unacceptable to many consumers. A meter fitted to each
standpipe would help to check that the standpipe is distributing sufficient free
water, or that it is not distributing more free water than the policy allows,
gither through abuse or leakage.

s Service level targeting dictates that water from communal standpipes should
be free and thus there is no longer need for systems like water kiosks or

manual coupon systems with bailiffs.

¢ A very important result of the FBW policy is that prepaid communal
standpipes are no longer required. This has major implications as much
money has been spent on the development of these systems. The capital and
operational cost of the prepayment meter is not justified if no payment for the
water needs to be made.

# The yard tank option accommodates the FBW policy well, as the amount of
water consumed can be limited to 6 ki/month. Alterations can be made for a
greater consumption, but still at a constant consumption, so a fixed rate can
be applied. Of the three systems, the regulated system has the greatest
advantages.

« The advantages of the roof tank are not related to the FBW policy, but to
other factors like the convenience of pressure and capital costs of the system.

* Yard taps are considered together with house connections because they have
to be regulated in the same way. A rising block tariff would usually apply,
except when users may qualify for any available targeted credit.
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The suitability to the FBW policy, as listed in the fable, deals mainly with whether a
system can be adequately regulated or not. What has not been considered is
whether regulation and physical restraint on the volume that a user can consume is
equitable and justified. This will be discussed in the next section.

Service level targeting introduces questions arocund the compatibility of basic
systems with sanitation (Tanner and Abbolt, 2001:8). The lower levels of water
supply generally exclude waterborne sanitation, and on-site systems carry the
possibility of greater health risks. The improvement in health conditions due to
increased water use may be lost due to inadequate sanitation facilities. On-site water
borne systems may only be compatible with a 6 kifmonih water supply if careful water
management is practiced. Unregulated systems can also be abused to gain more
water, through tampering with the system or making illegal connections.

The FBW policy also excludes the provision of water from vendors and Kiosks, unless
targeted credit is used and coupons are distributed. These services could be
included in service level targeting, but then there is little incentive to run these stalls

and the system is open to abuse.
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3.6 THE CONCEPT OF THE CONSUMER/SUPPLIER INTERFACE

introducing the concept of a consumer/supplier interface
Traditionally, the considerations when planning and designing a water supply system
to a low-income area have moslly been technical and supply-driven. They include the

following:

« Minimum acceptable level of service to reduce cost (because residents can
afford very little)

s« Demand, pressure and minimum acceptable flow rate, which are all linked to
the sizing of the system

e Cheapest and most efficient reticulation design

s Associated level of sanitation

» Fire-fighting requirements

» Maintenance requirements

o Elimination of theft, vandalism and iliegal connection

» How to ensure/enforce cost recovery

These parameters can all be calculated or ascertained fairly accurately with no
community consultation at all. When analysing systems that do fail, however, one
realises that incorrect calculation of these parameters is not the main cause. The
actual reasons have far more to do with the needs and expectations of the consumer
and their relationship with the service provider. This provides the motivation for a
shift in the focus of water supply planning considerations to a demand-driven
approach. From the discussion in this chapter, it is clear that the constraints {o
implementing the FBW policy and the conditions necessary for the success of water
supply systems in informal setftlements all converge at a point. This point is the
consumer/supplier interface. The concept of a consumer/supplier interface is a
defining feature of water supply that is not present in the other services, and is a
feature that has not been given adequate attention in the technical specification of
water distribution services. What will be illustrated below is how this concept can help
to focus the issues surrounding water supply at a point and thereby deal with them in
a manner that ensures a sustainable system.
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Paimer Development Group discuss a similar idea when they discuss the factors that
effect willingness to pay at the “customer-service provider interface” (PDG, 1998).
The factors that their study highlighted included:

+ communication between officials, counciliors and customers;

o efficient delivery and adequate maintenance by the service provider;
* clear and accepted mechanisms for penalising non-payment;

s increasing the options available to customers;

s making a visible impact to improve services; and

e transparency in service delivery,

The idea of a consumer/supplier interface is both physical and conceptual. On a
physical level it is the water distribution system; the point at which the consumer
accesses the water and where it is measured/regulated. On a conceptual level it
deals with those aspects mentiocned by PDG, above; essentially the relationship
between the stakeholders and the exchange that takes place across the interface.
The supplier provides water of a certain quality, quantity and reliability, while the
consumer is expected to pay for, and correctly operate the service. All the issues
regarding the sustainability of the water supply system can be related to this
interface. The key issues around the interface that that need to be assessed are;

« [ocation of point of delivery, and its implications;
¢ Regulation of the supply; and

s Method of payment by the consumer.

it is through these three interventions/systems that the relationship over the interface
develops. Each of distribution option has a number of associated implications when
each of these factors is considered, and it is these that determine the efficacy of a
service, rather than the technical appropriateness of the physical infrastructure
provided. The final decision as to what physical form this interface should take is
based more on how the consumer views the service and whether the exchange over
the interface is equitable and sustainable, rather than merely on the basis of cost and
affordability.
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Location of the delivery point

Location of the delivery point influences how much water a household can consume,
and how convenient it is to use the water. 1t is probably the most important factor in
determining how consumers perceive the supply system and its acceptability. The
location also affects the equity of the system as consumers closer to public supplies
have a better service than those further away. Whether a service is public or private
has large cost implications to the service provider, both in terms of reticulation length

as well as metering and billing.

The debate around location of the delivery point distinguishes between three general
locations: communal, on-site (yard) and in-house supply. Although services at
greater distances than the basic requirement of 200m do exist, most communal
standpipes and other communal sources will be considered to be within this range.
Roof tanks may added as a level between vard and house connections, but are
considered here as an in-house supply.

Communal supplies within 200m of every dwelling

The history of communal supply is rooted in rural areas where water was traditionally
fetched from a well or a spring. Although a chore, the water collection point was an
important social meeting area where daily issues were discussed amongst women.
The concept of communal standpipes in low-income areas has thus been imporied
from rural areas and expected to function in much the same way. With many of the
first residents in informal sefilements coming directly from rural areas and with the
lack of any other level of supply, communities may originally have accepted these
communal supply points,

With the increase of the age of the settlemenis and the intra-urban movement of
residents, the culture of communal water collection diminishes. In the urban areas of
Brazil, for example, which have a long history of informal settlements and third or
fourth generation urban dwellers in these settlements, there is no culture of
communal water supply (Abiko, pers. comm.). All new water systems that are
installed are provided to every household. As the residents become more ‘urbanised’
they begin to expect higher levels of service. This is evident in an observed lack of
congregation around water points and the lack of ownership in these communal
facilities, which manifests itself in vandalism. The collection of water from a distant
source is a heavy burden, mostly to the women in the community. In urban areas the
opportunity cost of fetching water is higher than in rural areas, and this may be
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exacerbated by long queues due to low pressure, broken standpipes or insufficient
water points to service the number of households.

For the service provider, communal facilities have a number of advantages. They are
the cheapest service to install and can easily be relocated if necessary. Standpipes
are simple to design and require no negotiation with a community, except perhaps
around their location. Service level targeting is also the least adminisiratively
problematic method of implementing the FBW policy. There may, however, be a
number of disadvantages for the service provider, including increased mainienance
cost and poor (if any) cost recovery.

On-site supply

For the consumer, upgrading to an on-site supply results in a large increase in
convenience, as consumption is no longer restricted by how much water can be
carried. In addition to the convenience benefits, there is a proven increase in health.
A study undertaken by the CSIR and the Medical Research Council in Khayelitsha,
Cape Town showed that the water delivered to residents via standpipes was of a
suitable quality, but became contaminated during the transportation and storage
processes (CSIR, 2002). The study concluded that in order to protect the community
from water-related disease, a private yard tap was the minimum acceptable level of
service, Some type of outdoor flush toilet is possible with an on plot supply. Studies
have shown that quantity may have more effect on heaith than water quality and the
location of a water supply on the property can cause an increase in consumption by a
factor of 2 or 3 (Cairncross, 1990).

it is also fairly easy to upgrade an on-plot standpipe into a house connection,
provided the distribution network has been designed with sufficient capacity. This is
an important difference between a communal supply and an on-site supply. With a
communal supply residents are powerless (except through illegal connection} to alter
the supply arrangements to suit their needs. With an on-site supply people are
empowered to improve their situation and have the choice to leave their service as it
is or upgrade it if they are able. In many instances where sites-and-services
schemes have only provided on-plot standpipes these have been upgraded (formally
or informally) into house connections. if on-site supply is provided, a very beneficial
practice would be to provide residents with the skills necessary to convert their on-
plot standpipe to a house connection themselves.
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On-site supply may also have disadvantages for consumers. There are considerable
added capital costs involved in obtaining the connection and the service leve! will
result in higher consumption. There may also be a problem with disposal of
wastewater from this concentrated source, particularly if the system leaks or breaks.
With this location of the service, however, there is likely to be much greater
ownership of the system and residents are far more likely to fix the problem. The
outdoor tap is also open to abuse from passers-by.

For the WSP, the reticulation required for connections to every plot will cost
significantly more than for communal supplies. The increased consumption also
means that the supply cannot go unmetered and some form of cost recovery will be
necessary. Although this significantly increases administration costs, there are
advaniages to this. The typical consumption from yard taps in greater than 6ki/month,
which means that residents ought to pay for their water. An increased willingness to
pay through satisfaction with the service can enable the WSP to recover some of
their operation and maintenance costs.

House connections

An individual house connection is the ultimate level of convenience, preferred by
most consumers. House connections enable waterborne sewerage in the dwelling
and no water has to be carried in from outside. The house connection has the same
disadvantages as an on-site supply in that consumption is significantly increased and
residents may use more than they are able to afford. Greywater disposal is also
necessary. The increase in convenience for the consumer between an on-plot and an
in-house connection is not very great, but there are considerable cost and time
implications in installing the internal plumbing, especially if more than one internal
connection is to be made. It is these increased costs that discourage house
connections from being universally fitted in upgrading schemes. Some sort of cost

recovery is essential to make house connections financially sustainable.

The maintenance of house connections is more difficult for WSPs, but residents are
usually expected to see to the maintenance of their systems themselves. The
maintenance of the external reticulation is much the same as for an on-plot supply,
The individual connection of a large number of informal dwellings to the water supply
network may cause problems on a citywide scale. The water demand will increase
dramatically and this could result in local shortages. In many settlements in Brazil
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where informal dwellings have house connections, roof tanks are fitted to
compensate for the intermittent service caused by insufficient supply.

Regulation of supply

There is considerable pressure on WSPs to regulate the amount of water supplied
and consumed, both for environmental and financial reasons. They need to account
for losses in the system and minimise wastage. Costs also need to be recovered and
in order to achieve this, the amount of water consumed has to be regulated in some
way. There also needs to be some mechanism of enforcing payment for water, and
this may incorporate restriction or disconnection of supply. Regulation is a key

aspect of the FBW policy and should take place with any type of distribution system,

There are four main methods that can be used to regulate consumption:
= Service level restrictions
*  Vending (including prepayment systems)
= Restricting daily supply
= Metering

Service level restrictions

This has been mentioned under the service level targeting strategy of the FBW policy
and refers mainly to unmetered communal supply where consumers are physically
restricted in the amount of water they are able to carry. This guarantees a certain
level of consumption, but does not guarantee that wastage does not occur. The most
wastage occurs from communal standpipes, which are frequently broken, left open or
abused. Maintaining a certain leve! of service to physically restrict consumption is
therefore an ineffective method of regulation.

Vending

The direct payment of a fixed volume of water for cash is a very certain and rigid
method for regulating water supply. Cost recovery is ensured and residents may not
consume more than they can afford. Consumers are able to equate consumption to
affordability directly. A problem that has been identified is that kiosks can only be
open for certain hours of the day (Hazelion and Kondlo, 1998:4.9). This is
unacceptable to many users, which means that storage has to take place in the
house, and water may be unavailable at critical times.
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Prepayment is based on the same principle, where water is not provided on credit
and therefore no debt is accumulated. Field evidence shows that prepaid systems
have a good record of controlling wastage and reducing consumer debt (Macdonell,
2001:177). Macdonell suggests, however, that the severe reduction in consumption
that prepaid systems have been proven to cause can compromise the objective of an
improved water supply; health benefils and an improved quality of life. The argument
is that if people are too poor, or for some reason they cannot afford the water or
prepayment card, then they are prevented from having access to water. This is the
reason behind certain types of prepaid systems being banned in the UK (McDonald,
2002). Users may also prefer to spend money on something else instead of water for
hygiene. The FBW policy tends to reduce this problem, but it may still exist in large
households where ‘basic’ consumption is far higher than 6 kifmonth.

it must be recognised that prepaid systems 'depoliticise’ rationing and disconnection.
Jaglin (2002) makes the important point that because the disconnections are
individual, the responsibility for payment becomes an individual issue. The
community at large does not suffer from individual disconnection and there is less
chance of mass protest. The cut-offs are done automatically and there are no
authorities present to direct compilaint. This is a huge advantage for the WSP, but is
also a disadvantage for the individuals who cannot afford to pay for the prepaid
water, even if the first 6 kI are provided free. Prepayment can be an inconvenience
because the administration fime is transferred from the WSP to the user. Vending
may also unreasonably restrict access to sufficient water in times of emergency.
Vending is therefore a drastic measure to ensure regulation and cost recovery and

should only be implemented with full consent of the community.

Restricting daily supply

Restricting daily supply has become a popular method of regulation since the
infroduction of yard tanks. Yard tanks have proved successful in low-density rural
and peri-urban projects, but have not been implemented on a large scale in dense
urban informal settlements, There are a number of advantages and disadvantages o
regulating flow by the use of a yard tank, and these vary depending on the type of
tank used,

The largest advantage of yard tank reticulation is to the service provider. The simple,
jow-cost technology (HDPE pipes, float valves) can be easily maintained and
replaced if necessary (Tipping and Scotl, 2001:337). it also reduces administration of
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the system significantly. Individual meters are not necessary, reducing the cost of
the installation. Savings are also made on meter reading, billing and accounting
systems because flat rate payment is used for the fixed daily volume (Hazelion and
Kondio, 1998:5.1). This is an advantage to consumers because they pay a fixed
amount each month and therefore are not subject to financial shocks. With the FBW
policy this could amount {0 a guaranteed free supply of a fixed volume every month.

The tanks reduce peak demand in the supply network and thus smaller pipes can be
used in a more economical reticulation design. The reduction in demand also means
that the supply is more reliable and shortages are less likely to occur. Standpipe
reticulation can be extended io tank systems as well (Tipping and Scoft, 2001:337).
The lower operating pressures that yard tanks use result in less leakages than full-
pressure systems. The consumers do not pay exira for these losses, but do pay
through the inconvenience of having shortages in supply (Hazelton and Kondlo,
1988:5.1). The small volumes used also mean that no special provision is necessary
for greywater disposal (Macleod, 1997.290).

A major disadvantage is that each household is limited to daily maximum amount of
water, typically 200 i/d (Njiru et al, 2001, Tipping and Scott, 2001), although a survey
by Njiru et al found that 94% of households found this to be adequate. There were
also complaints that the system does not allow for unusual demand during large
gatherings like weddings and funerals. One way of overcoming these problems on a
trickle-feed tank is to change the size of the orifice, or to install more than one tank in
series.

The volume regulating systems are all outdoors and therefore water can be accessed
by passers-by. In some cases residents have requested lockable taps (Tipping and
Scott, 2001). Trickle-feed and manually operated tanks can be bypassed so that
residents obtain an unlimited free supply (although at low pressures), but regulated
yard tanks can not. Trickle-feed tanks need to be sealed in such a way that they
cannot be tampered with. The reticulation up fo the plot is also vulnerable to illegal
connections, but vandalism of the outlet will be reduced because of private
ownership and the location of the tank on the plot.

The low pressures and subsequent small-diameter pipes that are used for the
reticulation are inadequate to provide fire flow and a separate network has {o be

installed. The low pressures mean that total losses due to leakage may be reduced,
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but leak detection by conventional methods is difficult (Hazelton and Kondlo,
1888:5.1). An important note is that the low volumes provided outside of the dwelling
are not compatible with waterborne sanitation. Yard tanks are usually used in
conjunction with VIPs (Macleod, 1897.290).

Limiting daily consumption by means of a vard tank is a very effective means of
reguiating consumption, expenditure and losses. If a community accepts it, then the
system is well suited to the free basic water policy, but if it is not accepted then the
daily restrictions may be seen to be unfairly restrictive. The systems are best suited
to consumers with constant demand, but other sources need to be available at all
times in case of unexpected demand. It has been shown in a case study that the
FBW policy can compromise the viability of the manually operated yard tank because
of fack of incentives for the water bailiff (Niiru et al, 2001). There are a number of
technical problems associated with the trickle-feed tank, and DWAF (2000:32)
concludes that of all the levels of service assessed, the low-pressure regulated vard
fank provides the best value for money and suitability.

Metering

Metering is only a form of reguiation if payment for water is linked to consumption
and this payment is efficiently collected. Residents will only regulate their
consumption from a metered connection if payment is enforced and penalties are
applied. Metering on supply mains and on communal facilities is also important in
regulating water losses and for accounting purposes during water balances. Under-
reading of water meters is one of the largest causes of unaccountied for water, and
accuracy of water meters decreases with age. They therefore need to be maintained

for full cost recovery,

The DWAF Regulations (DWAF, 2001a) state that every new water connection and,
after 2003, every old connection, must be metered. The local authorities do not seem
to have the capacity to read and maintain all of these meters, and the cost to WSPs
may be oo great to achieve this goal. Service level targeting means that communal
standpipes do not have to be metered, even though it might help for administrative
purposes. Systems regulated by other means, like yard tanks, also do not require
metering. The three systems in which metering plays an active regulation function
are metered standpipes with shared payment, metered private yard connections and
metered house connections,
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Metered standpipes with shared payment have been sirongly favoured as
alternatives to communal standpipes as they are easier to administer and regulate
{Hazelton and Kondlo, 1988). It can be seen that this system is open to abuse by the
standpipe administrator — or alternatively they can be infimidated by other users into
giving them water ‘for free’. The user's payment is therefore related, but not directly
linked to the consumption measured on the meter. Private metering on yard taps
and house connections is more a means of billing consumers than of regulating flow.
Users who can afford the capitai costs of private connections shouid be able {o afford
the cost of the water and are often unconcerned with the amount of water used. For
those users who are finding it difficult to afford the water cost are able, however to
check their consumption on a water meter. Even so, they do not have a means, other
than usage discipline, of curbing their consumption. Consumers in this situation are
probably more likely to favour an electronic prepaid mater.

The most problematic aspect of metering and private billing is enforcement of
payment and the penalising of defaulters. There are various oplions of enforcement
available, the most common of which in South Africa is disconnection of the water
supply. In Cape Town alone, close {0 100 000 households had their water cut off for
non-payment between 1996 and 2001 (McDonald, 2002). Disconnection is a highly
politicised and controversial issue in South Africa and has many negative
consequences. This was evident in Tafelsig, Cape Town when 800 disconnections
for non-payment in September 2001 prompted a week of viclence and rioting in the
suburb (Ray, 2001). The disconnection of supply to payment defauilters creates
resentment towards the WSP and reduces the number of end users. Those too poor
to pay are not likely to be able to afford the reconnection fee as well as the arrears,
but are stuck with their given level of service and no water supply at all. A more
constructive approach may be the limitation of flow, but this may be an expensive
and administratively tedious exercise. in Durban defaulters are given the option of
paying their arrears, or having a flow-limiting device installed (PDG, 2001c). The
device limits the consumption to 8 kifmonth. The Draft White Paper on Waler
Services (DWAF, 2002) favours restriction over disconnection, but states that if

disconnection must be used, an alternative supply must always be available.
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Method of payment

Method of payment varies according to what service option is provided, which FBW
implementation method is used, and how the supplier collects the tariffs. Other
factors that need to be considered are how the community is organised, who the
money is paid to, and who pays for which aspects of the system. This section will
investigate how different service options are paid for and how this payment is
enforced. Other than services that are provided for no charge, there are four broad
methods of payment: private purchase per volume, flat rate payment, prepayment,
and individual billing.

Non-charging for services

The FBW policy has had the resuit that much of the water supplied o the urban poor
should be free of charge. Where previously this has applied only to some of the most
basic communal standpipe facilities, it can now apply to higher-level services like
yard taps and yard tanks. This is not to say that the users will not have to pay for the
capital costs, as in almost all cases there will be an initial installation fee. There is
also a major question about maintenance and the quality of the service.

Many believe that this is an unsustainable arrangement as non-payment inevitably
leads {0 a poor quality service (Serageldin, 2000). Financially, WSPs are only able to
provide the most basic communal standpipes without charging for water consumed,
which leads io dissatisfaction with distance to the standpipes, queues at standpipes,
and interruption of service when standpipes break. Although administratively simple
because no billing or collection of payment needs o take place, there is aiso lack of
incentive for the WSP to maintain the standpipes. This is the biggest question
surrounding the FBW policy and it is vet {0 be seen whether the cross-subsidisation
is efficient enough to allow completely free or even affordable water supply to the

poorest of urban residents.

Direct purchase per volume

Although the private forms of direct payment (vending, kiosks, concession sales, and
even tanker supply) are widely practiced in informal settlements, they have been
shown to be unacceptable because of the high prices that are charged based on
demand alone (see Box 3.1). It is the most certain means of cost recovery, but also
has the greatest potential to exploit the poor. This method of payment could only
exist in a highly regulated and subsidised environment. The public forms of direct
payment include coin-operated standpipes and standpipes manned by water bailiffs,
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but these are also problematic due to vandalism, abuse, and difficulties of supplying
free basic water. The FBW policy has also now made it very difficult to integrate this
method of payment into a formal, public service and in all cases alternative payment
methods associated with reticulated supply is preferable.

Flat rate payment

Flat rate payment can be used with nearly all of the supply options, including
communal standpipes, yvard tanks and house connections. The biggest issue with flat
rate payment is that the cost has to be generalised to some extent across a user
group. This means that low-volume users, who may be situated further from the
supply point or have a lower quality connection, subsidise high volume users.
Payment is also not directly linked to consumption and thus wastage is not
discouraged. Macdonell (2001) argues that flat rate systems are only viable for
communities with less than 200 households because larger communities lack the
spirit for voluntary cross-subsidisation. DWAF (1987) concluded similarly, but placed
the figure at 100 households.

For communal standpipes, it may be feasible to charge a flat rate to recover capital
and maintenance costs, particularly if service level targeting assumes an average
consumption of less than 6 kifhousehold/month. Flat rates are often collected by
community-based organisations or local water boards. The flat rate may be easier o
collect than an individualised rate, but there are serious problems with preventing
non-paying residents from using the standpipe.

The flat rate that is charged for yard tanks is slightly different as it is directly linked to
the regulated volume that can be consumed. This makes it equitable across
households and easy io incorporale free basic water. There is occasionally confusion
over payment for the consumption as users are billed for an estimated or maximum
consumption instead of for actual consumption. The provision of free basic water

tends to eliminate this problem.

Charging a flat rate for a house connection creates the same problems that are
associated with a flat rate for standpipe use, but the inequities are increased. A case
study from Swaziland showed this system failed because large households invited
their friends and family to use the {aps, so smaller households refused to pay
(SWSC, 2002). Because of the large disparities in usage pafterns between

consumers with house connections, individual metering is necessary.
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Prepayment

Prepaid meters simplify the commercial management of small consumers and
provide users with a tool to control their expenditure (Jaglin, 2002:238). The biggest
advantages are offered {o the W8P, Administration costs are substantially reduced
as metering, billing and collection of payment does not have {0 be performed by the
WSP. These costs have not been eliminated, but merely transferred to the private
sector in the form of prepayment vendors. This arrangement will only be more
efficient and beneficial to all if sufficient incentive (profit)y can be provided to the
vendor, without making the waler unaffordable. Prepayment also reduces likelihood
of administrative error and fraud. The WSP is slill required to recover the high capital
costs of installing prepaid units, as well as the maintenance costs.

Tipping and Scott (2001:336) report that these systems have had limited success
due to high instaliation costs, reliance on advanced technology and low water usage
by the consumer. Hazelton (1987) stated that individual prepaid meters do not
overcome the high unit costs associated with low consumption, but they are
competitive with conventional billing. This would suggest that prepaid systems are
applicable for house connections and yard taps where consumption is increased. it
has been shown earlier that prepaid communal standpipes are not relevant under the
FBW policy.

Prepayment systems also offer benefits to consumers. it allows them to link
consumption with expenses in real time which reduces the shock of monthiy billing,
particularly in poor areas where cash flow is a constant problem. it aiso eliminates
mistrust and misunderstandings of accounts. This would tend to suggest that
prepaid systemns are most suitable where relations between the community and local
authority are strained. The disadvaniage is that consumers have to purchase water in
advance from a location that may be inconvenient to get to. A key issue is the
minimum amount of credit that can be bought as cash flow may restrict the amount
that a household can spend on water at any one time. Prepaid water meters aiso do
not generate a willingness to pay, but rather enforce payment for water at a price that
is not able to be negotiated after it is set (Tanner and Abbott, 2002:10).

Billing of individual connections

individual billing can apply to shared standpipes or to private yard and house
connections, The metering of ail of these types of connections is seen as absolutely
necessary (CMIP, 2001; Palmer and Eberhard, 1995; DWAF, 2001a), and thus billing
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based on consumption is the logical method of cost recovery. The benefit of this is
that it is individualised and therefore equitable, but disadvantages are that it is
administratively intensive and difficult to enforce payment. DWAF (2000:32) clearly
states that “...operating cosis are high and operational efficiency is low for most
conventionally metered systems.”

A study of this method of payment for shared standpipes found that some water
debts are often high and officials have difficulty disconnecting where people claim to
have paid (Hazelton and Kondio, 1998:4.10). Because a different amount has to be
coliected from each ‘water group’ this system requires a high degree of organisation,
both by authority and consumers. The system works best if the standpipe
administrator knows and has a good relationship with those sharing the facility
{(Hazelton and Kondlo, 1988),

There are a number of difficulties encountered in using this method of payment for
private connections (yard and house connections) in low-income communities and

these tend to entrench a vicious cycle of poor services:

“in South Africa there have been difficulties with this amrangement in
townships, both because of poor management and because of political
resistance to paying for services. In the former case this leads to a situation
where mefters are not properly read and accounts are not sent ouf properly. In
the latfer case the accounts are simply not paid. Often the two factors are
inter-linked with consumers being unwilling to pay for a service which is
poorly rendered.” (Paimer and Eberhard, 1994:8.10)

Hazelton and Kondio (1998) argue that owners do not mind receiving monthly bilis
and when they do not pay it is because of a cash flow problem. When short of cash,
users sell water to ease the cash flow, but then have no money left to pay the bill at a
later stage. This can be detected by rapid jumps in consumption. The poor may also
find it difficult to physically make the payment to distant offices, although this can be
improved if payment for water is incorporated with payment for other services like
sanitation, solid waste coliection and electricity. It has been argued that the high
administrative costs of this sysiem of billing are not justified for low volume
consumers.
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Despite these problems, individual billing is still the most common, and seen by many
as the most efficient, means of cost recovery for house connections. There are a
number of ways {0 improve the efficiency of billing and payment. Meter reading is
often contracted out to private companies who are able to do it more efficiently
(Paimer and Eberhard, 1994:8.10). DWAF (1897) found that for individual house
connections, semi-automatic field billing and self-billing systems were marginally less
expensive than electronic prepaid systems, which are in {turn less expensive than
conventional metered billing. The self-billing and field billing systems are not as
versatile as the electronic systems as they are not suitable for shared connections.
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3.7 WATER SUPPLY CONCLUSIONS

The South African government has affirmed access to a water supply as a basic
right. A unique feature of the South African water sector is the Free Basic Water
policy which is undoubtedly going to change the way in which water services are
exiended to ihe urban poor. There is also the commitment to public supply over
privatisation, which means that the state siill has a large role to play in service
provision and policy issues. These policy developments are outlined in the Draft
White Paper on Wafer Services (DWAF, 2002},

This chapter has investigated what the impacts of water policy might be on the form
of water supply for upgrading informal settlements, and some recommendations on
future action have been made. The discussion has focussed around the concept of
the consumerfsupplier interface, and how users and suppliers might negotiate an
acceptable and sustainable service. Some of the more important observations from
the discussion are given below. Rudimentary supply systems such as vending and
water kiosks have been fairly conclusively ruled out as viable options, except for
emergency supply. It has also been shown that prepaid communal standpipes are
not applicable in a FBW environment.

The literature has generally discouraged the provision of communal standpipes.
However, in order to provide FBW and not to discriminate against those who really
can not afford to pay for water, it may be necessary to provide a bare minimum
network of standpipes to distribute water free of charge. As long as a free basic
service is available, the service provider is free to strictly regulate and enforce
payment for higher levels of services. If communal standpipes are to be instlalled in
informal settlements because of cosi constraints in the WSA, a number of conditions

should apply:

« The service needs to be reliable, with adequate pressure and as few
interruptions 1o the service as possible.

= The number and location of the water points should consider not only the
distance to each dwelling, but the density of dwellings as well (the Red Book
recommends a standpipe within 100m of every dwelling serving 15-25
households}.

»  The system requires a relatively cohesive community who are able to take
ownership of the service.
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4.1 INTRODUCTION

This chapter will investigate current approaches to urban drainage with the aim of
informing the upgrading of drainage in informal settiements. it will be argued that the
drainage problems experienced in informal settlements are unique due to the
physical nature of the settlements. The first part of this chapter will identify these
specific problems based on the fundamental objectives of urban drainage. It is these

issues that any drainage intervention will need to address.

A review of the literature has revealed two main approaches to urban drainage and
these will be presented in the second section of this chapter. What has been called
the ‘conventional’ urban drainage method has been adopted from developed
countries for application all over the world. Challenging this approach is the
Sustainable Urban Drainage Systems (SUDS) approach which may be more
applicable in the developing world, but is yet to be tested in these conditions. The
appropriateness of these two approaches in an informal settlement context will be
assessed later in the chapter.

The problem identification and the assessment of the two approaches will highlight a
number of drainage issues in informal settlements that pose the greatest engineering
challenges. In order to bring the drainage debate down to a more practical level, the
physical characteristics of a number of settlements will be analysed. This analysis will
provide the motivation for a new approach to local, low-cost drainage intervention
based on the combined strengths of each of the approaches and the unique physical
characteristics of the settiements. This new approach will then lead onto a number of

proposed interventions.

Drainage of an area is affected by, and can affect, other areas in the catchment.
Drainage systems should therefore ideally be planned on a catchment-wide scale;
otherwise improvements in one area mean problems in another (Caimcross and
Ouano, 1980). With in-situ upgrading, it is often not possible to alter the drainage
characteristics of an entire catchment. There are, however, significant measures that
can, and must be taken at a site level. This chapter will focus on measures that deal
with local drainage issues in informal settlements, defined as all surface water up to
the settlement boundary. It is understood that the local drainage methods discussed

in this chapter will have to form part of an integrated catchment management plan.
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Ponding is a function of:
e the proportion of the site that is natural ground,
e jrregularity of the ground surface;
¢ incorrect design levels;
+ misdirected drainage discharge;
o the level of the water table; and

+ the lack of grade on a site.

Local runoff not being removed quickly enough is a function of:

» lack of grade on a site;

« insufficient capacity in conventional drainage systems;
s poor design and construction of drainage facilities;

e lack of maintenance; and

s lack of a suitable outlet.

This section has highlighted the need to address eternal runoff outside of the site
boundary, and to provide complimentary services {o ensure that the health benefits of
adequate drainage are achieved. The causes of the remaining problems of rainfall
and poor drainage around the dwellings have been laid out above. These are the
specific issues that the proposed drainage system must focus on. The next sections
will describe fwo approaches to solving drainage problems and then assess their
ability to cater for the specific problems identified above.
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4.3 THE CONVENTIONAL APPROACH

Basic philosophy

The conventional approach to drainage design is based on a philosophy of removing
stormwater from a site as quickly as possible to a point downstream where it can join
a natural watercourse or connect to a larger drainage network (Andoh, 1994; Reed et
al, 2001). This essentially means shortcutting the part of the hydrologic cycle that
would usually take place on the area taken up by the site. Precipitation as surface
runoff is gathered as quickly as possible and disposed of at a convenient location, In
addition o speeding up the section of the water cycle from rainfall to discharge, it
also concentrates the water to single conduits, increasing both the volume and
velocity of runoff.

The reason for doing this is that the problems of standing water and the
inconvenience of water on movement routes is eliminated rapidly with little or no
disruption to daily activities. Other negative effects such as erosion are reduced if
water is channelled {0 run on impervious surfaces and in pipes. Much of the reason
for diverting stormwater into closed conduits stems from the historical use of
waterways as means of transporting sewage. This led to the formalisation of the
polluted waterways into combined sewers. To reduce health risks and the unpleasant
sight and odour of the sewage, these systems were closed and buried. Even foday,
when many stormwater pipes do not carry sewage, there is often ingress of sewage
into the systems, which adds to the health risk of open or natural stormwater
courses,

Conventional drainage systems are usually divided into major and minor systems.
Minor systems cater for the runoff during normal rainfall and most storms, while the
major sysiem caters for flood conditions when the capacity of the minor system is
exceeded. Major drainage systems consist of roads and road reserves, banks and
floodplains along rivers, and other open spaces that act as retention facilities. The
components of the minor system are shown in the following flow diagram (Fig. 4.7)
and will be discussed below. This is a simplified representation of the process and
does not caler for all possibilities.
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roadways, culverts are provided and the water is directed into the larger drainage
system.

Drainage design parameters

it is not possible to predict how large the greatest flood in an area will be; it is also
not economical to construct a system that will cope with the consequences of such a
hypothetical flood. For this reason drainage systems are designed on the principle of
accommodating all the floods up to a cerlain size. The size of the maximum flood to
be accommodated is determined by trading off the capacity of the network and the
associated costs and the costs of damage that is likely to be caused during flooding
(CSIR, 1988). The size of a flood is given by the frequency or average period
between which floods of the same size or greater occur and is called the return
period or recurrence interval. For instance a 1 in 20-year flood will be exceeded, on
average, once every 20 years and will be smaller than, for example, a 1 in 50-year
flood.

The return period chosen for a cerlain area depends on the nature of the area and
the risks posed by flooding. In South Africa, design flood recurrence for minor
systems it is 1-5 years, while the interval for major systems in residential areas is 50
years (CSIR, 2000:8.7). Buildings are not aliowed to be erected within the 1:50 year
flood line, and the 1:100 year flood line is also required on plans to indicate potential
flood hazards. In the UK the typical return period is 1-2 years for most schemes with
5 years being used in vulnerable areas (Butler and Davies, 2000:208). In upgrading
projects in Pakistan, the return period is not calculated accurately because of lack of
information, but is typically 1:0.5 years (i.e. an average of two storms a year flood the
system) (Tayler, pers. com.). This is because of the extreme yearly events during the
monsoon season that cannot be accommodated economically. Tayler and Cotion
{1983) suggest a return period of one year or less for urban upgrading schemes, but
one must bear in mind that they were dealing with the distinctive regional rainfall
characteristics of the Indian sub-continent.

Drainage systems are designed to accommodate the peak flow expected at particular
points within catchments during the return period. There are various methods {o
calculate the peak flows through drainage networks. Although the deterministic
Rational and SCS methods are still used for minor works, they are largely giving way
to the computer modelling of stormwater systems. Packages used include SWMM
(and the different versions thereof), Mouse and infoWorks. The event-based
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The road-as-drain option offers the following advantages: (Kolsky, 1888:131)

» |t provides natural surface water drainage for the housing between roads

e |t is easierto sweep a road than {o clean a drain

s |t can eliminate the need for underground storm drains for substantial areas

« [Even where underground drains are built, the roads can act as an effective
major drainage system for managing the overflow from heavy storms.

Kolsky notes that the road-as-drain option can only be used for surface water and
that greywater and sewage needs to be managed by other means. If sewers are not
provided, then it is likely that both greywater and sewage will find its way into the
system and the road-as-drain is excluded as an option. In South Africa, the road-as-
drain option is widely applied as a cost-saving measure. It is most appropriate on
smaller roads with moderate grade and a low return period for drainage design. The
road surface material needs to be able to carry the flow without any adverse effect on
its structure,

A second adaptation is the addition of retention and detention facilities as a
supplement to the major drainage system. Since the application of the conventional
design philosophy results in a distortion of the natural hydrograph (see Fig. 4.1}, it
was necessary to alleviate the flooding that is caused by bottlenecks in the drainage
system. Where the minor system cannot handle the increased flow during the largest
floods, it is beneficial to have an area that holds water for a period to reduce the flood
peak. Retention ponds are designed to hold water temporarnily during increased flow,
while detention ponds draw water from the stormwater system until it can naturally
dissipate. Detention ponds are usually wet most of the year, while retention ponds
are usually dry and can therefore serve other purposes. Dry ponds are favoured
because maintenance is cheaper than for wet ponds (Arnold, 2003). Retention
facilities also often have a dual purpose as sports fields, playgrounds or car parks.

Other adaptations to the conventional systems have been applied in developing
countries to save costs. These include silt and litter traps, and the construction of
open and covered surface channels, which may be lined or unlined. The decision
about whether to provide open or covered drains and lined or unlined channels is
based on capital cost considerations as well as the cost and ease of maintenance. A

further factor is safety, and in a number of low-income areas, residents place
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44 AN ALTERNATIVE APPROACH - SUSTAINABLE URBAN
DRAINAGE SYSTEMS (SUDS)

Background to SUDS

The conventional method of urban drainage has proved {o be effective in many
areas, but also has some serious disadvantages. These mainly relate to the fact that
the conventional method simply transfers the flooding problem to a point
downstream, with serious environmental consequences. As a reaction to this, an
alternative design philosophy for urban drainage was introduced, calling for a
paradigm shift away from the conventional philosophy of the rapid removal of
stormwater towards the replication of natural drainage patterns (Andoh, 1994). This
approach was seen as a ‘prevention rather than cure’ approach to urban flooding.

The design philosophy that was developed in the UK has been called Sustainable
Urban Drainage Systems (SUDS). A similar approach is used exiensively in other
countries like the US and Australia where it is called Best Management Practices
(BMPs). BMP is a fairly broad approach dealing with best praclices in urban
management in order to limit non-point source poliution (Heaney et al, 1999) and is
therefore not limited to stormwater drainage. All the SUDS concepts are incorporated
in BMPs, however, and only SUDS will be discussed in this chapter.

The word ‘sustainable’ in the title reveals that the focus of SUDS is largely ecological,
and seeks to fulfil the objectives of ‘sustainable development’ by not having an
adverse impact on the environmeni. The proponents of SUDS contend that
urbanisation negatively effects the environment through disrupting the natural
hydrologic cycle. Conventional urban drainage does little to address this and may
even make the impact worse by increasing flood peaks, introducing poliutants and
creating the need for artificial water treatment at the end of the system (Butler and
Davies, 2000).

Basic Philosophy

The basic SUDS philosophy is to reproduce the pre-development hydrograph by
increasing infiltration and decreasing runoff. The runoff from an area should be no
greater than the runoff prior to development and should not result in any
downgrading of downstream watercourses or habitat (Martin et al, 2001). The
conventional philosophy of removing stormwater as quickly as possible is replaced

132






Drainage

focally as possible. In all stages, infiltration and evapotranspiration are encouraged.
The SUDS philosophy is by no means new, as it is simply a return to natural
drainage processes. It does, however, use some innovative technical methods to
achieve the desired drainage patterns.

Methods used to achieve sustainable urban drainage

The numerous techniques that make up SUDS are classified by CIRIA (2002) into 5
categories:

» Preventative measures

s Filter strips and swales

s Permeable surfaces and filter drains
¢ |[nfiliration devices

s Basins and ponds

These 5 methods are briefly described here, but for a more detailed explanation,
consult CIRIA (2002) or Martin et al (2000). All the information in this section was
obtained from these two sources.

Preventative measures

These are measures to prevent pollution and minimise excessive runoff at the source
of the rainfall. They include minimising paved areas and interconnected hardened
surfaces, responsible disposal of liquid wastes, road sweeping and rainwater
harvesting and reuse.

Filter strips and swales

Filter strips (Fig. 4.13) are gently sloping vegetated areas that slow down runoff to
promote infiltration and reduce erosion, and filter out solid pollutants. They can be
incorporated into any vegetated area on a site. Swales (Fig. 4.14) are long, shallow,
vegetated channels with a slight grade to transport water. They also to promote

infiltration and filtration of pollutants and can contribute to flow attenuation.

Permeable surfaces and filter drains

Permeable surfaces include grassed or gravelled areas, porous paving blocks (Fig.
4.15), grass reinforcing, and paving blocks with spaces between them for infiltration.
They are an alternative to hard space that increases runoff. Permeable pavements

must be laid on a permeable base and subbase in order to function correctly. The
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downstream end into a delention area before discharging into the natural
watercourse. (Environment Agency, 2001)

The question remains as to whether SUDS are suitable for low-income countries. In
order to establish this, pilot projects are about to be implemented in Uganda and
Vietnam. These countries have been chosen because of the very different socio-
cultural conditions. There are various aspects of implementation (space constraints,
correct use, sufficient skills, etc.) that need to be tested before SUDS can be applied

on a large scale in developing countries (Brian Reed, pers. comm,).

Benefits of SUDS

it is believed that SUDS are more sustainable than conventional drainage methods
because they. (Martin et al, 2001:14)

s manage runoff flow rates, reducing the impact of urbanisation on flooding;

» protect or enhance water quality ;

« are sympathetic fo the environmental setting and the needs of the local
community,

¢ provide a habitat for wildlife in urban watercourses; and

+ encourage natural groundwater recharge (where appropriate).

They do this by:

o dealing with runoff close to where the rain falls;
s+ managing potential pollution at its source now and in the future; and
» protecting water resources from point pollution (such as accidental spills) and

diffuse sources.

A benefit of source control is that infiltration of relatively uncontaminated rainfall at
source can help restore base flows in rivers and recharge aquifers (Parkinson,
2002:3). Rainwater harvesting can reduce the peak flows of runoff as well as the
benefits of a supplemented water supply. With the introduction of SUDS, stormwater
no longer needs {o be directed in to foul sewers and the risk of cross connections is
reduced (Environment Agency, 2001). A large benefit {0 areas using combined
sewers in the UK is the reduction in flow through treatment plants. The exira capacity
created by the omission of stormwater from these pipes enables future development

to connect sewers 1o the existing networks.
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The more natural hydrograph that SUDS produce is obviously preferable for
managing flooding and enhancing the environment, A natural land feature that is
dedicated {o water storage and/or fransport can handle large fluctuations in water
volume, but a pipe cannot. When a pipe is full the water has to find another
unplanned route (Environment Agency, 2001). The vegetated areas and standing
water bodies that are created also provide amenity value to an area.

Reed et al (2001} point out that SUDS provide theoretical benefits for developing
countries as well, but these have yet to be tested. Firstly, construction relies largely
on simple earthmoving and can be performed by labour-based methods with minimal
equipment and skilis. Secondly, no expensive (imported) material is used and in
some cases only local in-situ material may be necessary. Finally, the localised nature
of the systems promotes the ideas of decentralisation and community management.

There are therefore many elements of SUDS that can be considered for use in the
local drainage of informal settlements and their applicability in this context will be

discussed in the next section.
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4.5 ASSESSMENT OF THE TWO DRAINAGE PHILOSOPHIES IN AN
INFORMAL SETTLEMENT CONTEXT

The previous chapters have described the basic principles behind the two dominant
approaches to urban drainage, and identified the problems in South African informal
settlements that they need {o address. The SUDS approach arose as a reaction to
the conventional approach and challenges its basic philosophy. The two approaches
can thus be seen, {o some extent, as competing alternatives, although SUDS often
incorporate elements of conventional systems. The conventional system has, up until
now, been the only option for improved drainage in developing countries, but now
that an aiternative exists, an assessment of the merits of each system must be made.
This assessment will highlight the positive and negative aspects of both approaches,
and in so doing, will begin to define a new approach to local urban drainage.

Discussion on the use of the conventional approach in informal
settlements

There are several reasons why conventional drainage methods continue to be used
throughout the world. They successfully achieve the objectives of removing
stormwater from a site to eliminate inconvenience, damage to property and the
health risk created by standing water. The vast amount of research and
development in this field has enabled the design of these systems to be both
hydraulically and economically efficient.

Conventional drainage systems have also been widely applied in developing
countries. In Brazil the general approach {o upgrading favelas is to remove the
stormwater as quickly as possible from the large areas of 'hardened’ surfacing that
are typical characteristics of these areas (Abiko, pers. comm.). No attempt is made to
attenuate the flow through infiltration. This is done for a number of reasons. Firstly
there is the problem of siltation in manholes and pipes when runoff carrying
suspended material seeps into pipes. Secondly, surface runoff would cause intense
erosion because of the typically steep grades involved. This can threaten the stability
of houses and slopes, destroy roadways, and expose manholes and other services.
The conventional systems are very effective at eliminating these problems, but result
in greater poliution and siltation problems that have to be dealt with in the lower end
of the catchment.
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When one looks at conventional drainage and its design process in an informal
settlement context, however, there are four assumptions made by this approach that
may not be valid. These assumptions are that:

o the rapid removal of stormwater is the most effective method of flood control;

« the site has a favourable slope or has been shaped to facilitate runoff towards
certain points prior to development;

¢ roads are the primary drainage elements; and

+ pipes are clear of obstructions.

The basis of these four assumptions and their applicability in informal settlements is
discussed below:

Rapid removal of stormwater

The SUDS approach is based on the belief that the rapid removal of stormwater is an
undesirable solution, transferring the flooding, erosion and pollution problems to a
point further downstream. The disruption of the natural hydrologic cycle negatively
affects the environment and increases the peak flow that needs to be accommodated
by the drainage system. Other problems that have been identified with conventional
drainage are that the runoff cannot be utilised, aquifers are not replenished, the
systems are expensive and maintenance is difficult (Reed et af, 2001).

Ashion and Bhagwan (2001) conclusively show that informal areas are worse
poliuters of urban waterways than formal residential areas. Fast-flowing surface
water transports solid waste, organic matter and other pollutants into the nearest
drainage inlet where they either block the pipes, or get transported to a watercourse
or the sea. Conventional drainage does nothing to attenuate the flow of poliutants
into receiving waters. This is probably why Ashton and Bhagwan (ibid:15) come to
the surprising conclusion that the provision of additional infrastructure to low-cost,
high-density urban developments {i.e. informal settlements) does not improve the
poliution problem, but may actually resuit in increased contamination of other area.
This may indeed be the case if conventional drainage methods are used. Thus, the
rapid removal of stormwater may not have all the intended benefits when applied to
informal setflements.
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Sites with favourable drainage prior fo development

Conventional drainage systems have been developed in first world countries where
planning practices are understood and adhered to. These planning practices have
drainage as a high priority before any use is made of an area. Sites with
unfavourable topography are either filled or graded to achieve a constant slope. This
ensures that a general ‘natural’ drainage to a common collection point will occur as
part of a drainage 'master plan’ independent of any additional drainage measures
implemented. It is very rare that drainage measures are retrofitted to existing
developments. it can be done, but is very expensive.

it is for this reason that when physical drainage infrastructure (kerbs, channels, inlets,
pipes) are designed, it is assumed that water will naturally find its way from the point
of rainfall 10 a road or other runoff collector via surface flow. The levels of these
collectors are designed below the surrounding ground level to facilitate this
movement, but between the collector and the point of rainfall the runoff is left to

follow whatever surface grade exists.

In informal settlements the situation is very different. The topography of the sites is
often highly unfavourable and residents generally make no altempt to shape the
ground surface before constructing dwellings. If the site is flat or in a depression, the
runoff follows the natural ground slope and ends up pooling in low spots around the
site. On steep slopes the water will be disturbed by the construction of dwellings and
might follow a new path that could flow into the dwellings. It is very difficult to address
these drainage problems with conventional drainage methods because there is no
drainage ‘'master plar’. This is the reason why roll-over upgrading has been popular
with engineers. Residents are moved temporarily off a site while the whole area is
graded to alleviate drainage problems before they move back again. This, however,
is often not a socially acceptable option and is not consistent with the principles of in-
situ upgrading outlined in Chapter 1.

In an in-situ upgrade it is not always possible, for space reasons, to construct roads
or drainage channels along the lowest area of a site. Even if this were possible, it
cannot be assumed that all the runoff for a site will find its way to this low point
because of the irregularity of the unshaped ground. Even with conventional drainage
systems constructed in-situ in an informal settiement, ponding and flooding will occur.
This problem highlights the need to consider runoff closer to its point of generation,
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and analyse what happens to it between this point of impact and its entry into a
drainage network.

Roads as primary drainage elements

Roads are used as primary drainage elements in conventional formal settlements for
the following reasons:

« Roads and road reserves make up a large portion of the public space on a
site

+ Roads are constructed before houses and it is therefore possible to design
and construct roads at levels below the existing area and at a grade sufficient
for transporting runoff

+ |t is cheaper to use the carrying and channelling capacity of a road surface
than to construct separate channeils and pipes

» Roads require their own drainage systems to protect the pavement structure
and it do not require major alterations {o enable them to carry stormwater
from elsewhere gs well

e The hardened surfaces on urban roads facilitate the fast removal of runoff

» The space taken up by water on a road does not affect the daily activities of
the users for most of the year

s it is easier, for construction and maintenance reasons, to install stormwater
pipes in the road reserve and thus it is logical for the inlet {o be on the road
edge where water can flow directly into the pipes

Most of these reasons make perfect economic sense for greenfield developments
where the site is correctly graded, roads are constructed prior to the dwellings and
conventional access standards are used with generous road widths and vehicular
access to every dwelling. In informal settlements these conditions do not exist; in
which case one must ask, “What happens if there are no roads?”. If there are no
roads, or if roads of minimal width are provided only to cerain areas in the
settlement, one must consider whether these are sufficient to collect all the runoff. If
the site is not graded, then will the stormwater find its way to the roads or access
ways that may be provided? Perhaps an altemnative primary collection mechanism
should be used instead? The constraints that are provided by in-situ upgrading at
least force one 1o think about the role of roads in the management of stormwater.
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4.6 MOTIVATION FOR A NEW APPROACH TO LOCAL DRAINAGE

To begin {o find solutions to the drainage problems in informal settlements, this thesis
has identified the causes of these problems and assessed the sitrengths and
weaknesses of the two dominant methods of stormwater management in the South
African context. A new approach is proposed by drawing elemenis from both of the
two approaches, but based on a more site-specific analysis of runoff characteristics.

The first task in solving any drainage problem is to undertake the basic assessment
of finding out where the water goes to when it rains. This may seem simplistic, but is
often overlooked. Rainfall over an area can fall onto one of three generalised types of
surface: roofs, permeable natural surfaces, and hardened impermeable surfaces,
Conventionally, the division has been belween permeable and impermeable areas,
but roof area has been added to this analysis because its position adds another
dimension to stormwater control (this will be elaborated on later). The critical issue
here is how water is directed onto and disposed of from these areas. The way that
the water behaves once it has hit these surfaces is quite different in each case;

Roofs are generally impermeable and should, in most cases, be sloped to facilitate
runoff, The rapid runoff from roofs can fall either onto a permeable or impermeable
surface area. Containment of this roof waler is also an oplion, but not widely
practiced in urban South Africa, and particularly not in informal settlements.

Water falling on permeable surfaces can do one of three things. It can infiltrate, it
can pond on the surface, or it can run off 1o the most convenient route (possibly
some form of rudimentary channel).

Impermeable surfaces can cause water to collect in a flat or depressed area, or
cause it to flow off or along the surface to the lowest local point. From there it can be
directed off the site, or it collects and backs up onto the site.

In order to motivate a new, site-specific approach to drainage, it is important to
analyse the exient to which each of these processes is likely {o take place. This will
be done by taking two local case studies of informal settlemenis and by calculating
the ratios of each of these three areas in terms of the tofal area of the site. A formal
low-cost housing development in the same geographical area will also be used to
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formal drainage systems, as well as reducing and retarding the flood peak. A further
advantage of hamessing runoff at this point is that it is relatively uncontaminated and
can either be used in the household (for non-potable uses) or discharged into the
ground without any threat of polluting groundwater.

SUDS have adopted the idea of roof management in the principle of source control,
but the concept of rainwater harvesting has been practiced for many centuries -
mainly for the purpose of supplementing water supply. It is only recently, in dense
urban areas, that this technique has been seen considered for reducing peak flow
(Parkinson, 2002), and rainwater harvesting is receiving renewed attention in the
water sector for use in developing countries. In conventional drainage systems, water
from roof gutters is channelled via downpipes into the piped stormwater system or
into sewers. The water is not used or attenuated, but added {o the total runoff from a
site.

There are four methods that are proposed for the management of roof runoff, each
with different costs involved. These are described below:

No intervention — diffuse runoff. {Fig. 4.24) This is the situation that occurs by default
if no action is taken to manage roof runoff. This option is not desirable because it
does not alter runoff patterns and can lead to inundation of the dwelling and ponding.
Diffuse runoff is, however, belter than a single stream of roof runoff that can cause
erosion and undermining of dwelling foundations. There are iwo methods of
promoting infiltration while reducing runocff and scouring from diffuse runoff. The first
is to construct a narrow concrete apron under the roof eaves so that water splashes
onto the surrounding ground. CSIR (2000:6.18) recommends an apron 1.5m wide to
avoid the runoff affecling the foundations. The second method is to construct an
infiltration trench under the length of the roof overhang and allow the roof runoff {o fall
directly onto the coarse filter material,

Gutter to socakaway. (Fig. 4.25) For this option a gutter is provided along the roof
edge with a downpipe on one side. The downpipe discharges the roof runoff directly
into a scakaway constructed next to the dwelling. This soakaway can also be used
for greywater discharge.

Gutter and channel. (Fig. 4.26) This option is the same as above, except that an
open channel (a gutter pipe, half a sewer pipe or a concrete channel) is provided
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Natural permeable surfaces

A note that must be made here is that not all natural surfaces are permeabile.
Experience has shown that much of the open ground in dense informal settlements is
compacted by pedestrian traffic to such a degree that it becomes impermeable. For
this reason many stormwater calculations assume these areas behave in the same
manner as hardened surfaces. If natural areas are intended to promote infiltration
they must be unirafficked, and may need to be broken up in upgraded areas. For
permeable surfaces it is important to separate sites into two types: those where the
groundwater table is high (say, between Om and 1m from the surface) and those
where it is low (>1m below the surface). These two cases have to be treated
differently because infiltration is not effective where the groundwater table is high.

Areas with a low waler table

in these areas infiltration should be promoted as far as possible by slowing the
velocity of the runoff. The basic philosophy of SUDS applies here with source control
being key to reducing runoff. Some of the SUDS techniques may not be appropriate
because of space constraints, but many of the devices described earlier can be used.
Soakaways should be used extensively on an individual dwelling basis to drain
greywater and water from around the dwelling. Residents can easily construct their
own soakaways out of cheap, readily-available material like builders rubble and
hessian. Surface ponding can be eliminated by directing runoff into swales alongside
access ways and infiltration basins in open areas, Grassing these features helps to
promote infiltration. In order to reduce the inconvenience of muddy areas, access
routes must remain unsaturated. This can be done by hardening these areas, or by
providing unlined channels alongside them. Unsurfaced access ways should not be
used as infiltration areas.

Areas with a high water table

This classification includes areas that have impermeable sub-strata or impermeable
soils that cause perched water tables and do not allow free drainage into the soil.
Most of the informal settiements on the Cape Flats are subject o the problems
caused by a high water table. As infiltration is not possible in saturated areas, an
alternative method of stormwater management has to be applied. The saturated
ground means that almost all of the rainfall is converted to surface runoff. One might
think that it is best to remove it as quickly and directly as possibie, but this results in
higher flood peaks and all the problems that have been encountered with
conventional drainage. The primary method of control on these areas should be on-
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site storage by means of retention and detention facilities. Storage does not reduce
the volume of water during a storm, but does significantly reduce the peak flow by
increasing the time of concentration. This counteracts the effects of channelling and
hardening (Kolsky, 1998).

The main constraint to implementing this type of on-site stormwater management is
that there may be insufficient space to do so. it is likely that with the high demand for
land, naturally low areas have been built upon or they have been filled up and then
built upon. Caimcross and Cuano (1880) warn that low-lying areas are important for
storing flood waters until it has time to drain away and should not be built upon. This
is reiterated by Koisky (1898:32), who states that

*..dand use changes which fill in large open areas that normally pond during
rains will...reduce the storage within the system, and thus concenirate runoff
discharge into a shorter interval at a higher flow.”

This shows that no matter what the demand for space, communities have to
recognise that some areas are required to handle stormwater and reduce the risks of
flooding. This designated land need not be one large pond and a trend is {o create
smaller, more frequent ponds, although Amold (2003) notes that large regional
retention facilities are preferable to numerous small ones from a maintenance point
of view. A more efficient method is to construct a multi-functional retention area that
can be used for other activities (e.g. a soccer field) during dry periods.

in New Rest, the water table is between Om and 0.3m from the surface for most of
the year and the area has had serious flooding problems. To deal with these
problems, the proposed upgrading design directs all surface flow along access ways
and earth channels into two small retention ponds situated near the main stormwater
outfall (Avenant, pers. comm.). As a result, approximately 25 dwellings have {o be
relocated, but as flooding is a common occurrence and a very real risk to residents,
they recognise the necessity to move. Similar problems have been experienced in
Madras, India, where many of the sites-and-services schemes were built in low-lying
water detention areas. One method of overcoming this was to dig part of the site
deeper into which they could divert the runoff, and then live on the rest of the site
(Tayler, pers. comm.}.
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On the other hand, a poor case has been made for the use of piped drainage in
informal settlements. It has been generally accepted that solids deposits (silt or solid
waste) is a huge problem in low-income areas and thus closed systems need
extensive maintenance to function as designed. Butler and Davies (2000:458)
believe that in most developing countries, conventional piped drainage is not an
option, unless it is part of a simplified system,

Thus, an argument is made for increasing the volume of surface flow that can be
accommeodated on access ways and eliminating the need to provide subsurface
drainage. This can be done by providing raised edges along hardened pedestrian
paths, as has done in Brazil (see Fig. 5.9), and by providing kerbs on road edges.
Kerbs increase road costs significantly, but this may be outweighed by savings on
drainage instaliation and maintenance costs. Road cross-sections and grades
required for transporting water are discussed in the next chapter. It is important that
the community know that the access ways are intended to carry stormwater. A case
where this was not apparent was in Joe Slovo Park. The gravel tracks on the flat site
had been constructed with the minimum slope required to carry runoff. After
construction of the tracks some of the residents cut perpendicular channels into the
road surface to drain their own dwellings (MacGregor, pers. comm.). This action
effectively counteracted any drainage function that the tracks could have performed
and resulted in neighbouring dwellings being flooded.

If movement routes have to act as drainage routes as well, then they have o be
surfaced to protect the pavement structure and to prevent erosion. Hardened
surfaces need not be impermeable, however, and SUDS have shown the effective
use of porous paving in a number of applications. The cost of these paving materials
may be a prohibitive factor, but this is something that requires further investigation.
Water ingress into the base layers of a road may be expensive to deal with, but for
lightly trafficked areas, such as pedestrian pathways, market areas and play areas, it
may not pose a problem. Porous paving can cerainly be used to promote infiltration
on other hardened surfaces such as market or recreation areas. Permeable
pavements are particularly relevant in areas with a low groundwater table.

Other methods

There are other methods of reducing the risks of localised flooding that are not
related fo the three surface area categories. The first of these is to raise the floor
level of the dwelling. A complementary measure to raising the site level is to locate
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This statement provides the framework for the relaxation of access standards in
informal settlement upgrades, but no specific design details are given. The guideline
remains vague and hence engineers have no technical basis on which to implement
a reduced standard of access. This chapter will examine whether providing only
pedestrian access to some dwellings is ‘adequate’ and will present case studies of
instances where this level of access has been successfully implemented.

Existing conditions in informal settlements

The prévious chapters have described the dense and irregular nature of informal
seftlements. Where access differs from the other services is that even in the most
basic, unserviced informal setllement an informal network of paths and tracks will
exist. These existing movement networks cannof be ignored, and should form the
starting point of any access upgrading in a settlement. The existing networks are
usually complex and, although often not deliberately created, they are highly
functional and communicate more about the access needs of the residents than any
social assessment or external analysis could. Payne (2001:11) observes that in
informal settlements:

“...the poor have created their own urban environments which reflect their
own social and cuftural priorities and are financed by various local methods.
Studies of these areas have demonstrated that they are invarably more
efficient in using land, more economjcally dynamic and more socially
responsive than areas developed according fo official norms.”

An externally imposed layout that ignores the existing roads and pathways will not
be the most efficient one. A common indicator of how efficient a movement network
is, is the Pedestrian Route Directness (PDR) ratio, which indicates how direct a path
between any two points in a setllement is by dividing the distance travelled by the
straight line distance (Randall and Baetz, 2001). An informal pathway will almost
always provide the most direct route given the existing layout of the dwellings. The
route could be made more direct by moving some dwellings, but under a policy of
minimum refocation (see Chapter 1), this is not often desirable. Turner {1980) finds
that the irregular layout that is a result of a minimum relocation policy is socially and
economically preferable to a reorganised regular layout. In many cases residents
agree to move their dwellings to improve road or pathway alignment, and this is

where some flexibility is introduced.
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valuable and this is reflected in the typically high densities of these seftlements. The
space required for vehicies is not available and the disruption caused by the creation
of wide reserves is inconsistent with the minimum relocation policy of an in-situ
upgrade. Cotton and Tayler (2000:4.129) state that a balance must be struck
between:

s desirable planning standards which may specify large access widths, thereby
taking up valuable land; and

« the need to adopt small plot sizes and high housing density to cope with the
demands for sheiter.

Caminos and Goethert (1978:274) point out:

“...the most frequent cases of land waste are in public streets. Comparé?ive
studies of urban areas indicate that, as a rule, the layout of old sections is
compact and economical in the use of public land when compared with
sections more recently developed”.

One of the major indicators of efficient allocation of space is the percentage of the
area used for roads. The percentage of the area used for access in informal
settlements can be as little as 5%, while greenfield developments may use as much
as 30% (Abbott et al, 2001:86). In the Philippines, some upgrading projects have
reduced the area used for movemen{ networks down to 20% (Kirke, 1984:239),
Payne (2001) reinforces that as much {and must be used for private use (i.e. housing
and informal trade) as possible, and this should ideally be above 80% of the total
area. “The most effective way of achieving a high proportion of land in private use is
fo design roads and rights of way to minimise the area of land required” (ibid:8).

in informal setflements it is known that private car ownership is very low. in Cape
Town, the figure for private car ownership in black households (unfortunately
equated with low-income groups) was 5% in 1994 (Van der Reis and Lombard,
1965), while Behrens (2002) states that only 3% of members of low-income
households (earning <R1800/month) have access to private vehicles. Where there is
little chance of a family owning a car, it may not be necessary to use valuable space
to provide access and parking for vehicles. Visitors may be able to park in main
roads or cul-de-sacs a short distance from the dwelling instead.
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if a conservative figure of 5% is taken as an estimate of the percentage of residents
in informal settlements that own cars, and even if this figure increases to 10% after
upgrading, this still means that the number of dwellings that need to be provided with
vehicular access is very low. |t is accepted that some type of formal access is
required in a seftiement for emergency vehicles, supply vehicles and taxis. When
these considerations, which are discussed below, are taken into account there is
almost ceriain to be access to 10% of the dwellings along these formal routes.
Therefore, the number of dwellings supplied with vehicular access will far outnumber
the actual number of households that own private vehicles. The roads may not pass
by the existing dwellings of car owners, but tenure in informal setflements is
sufficiently flexible to facilitate internal movement that will allow car owners 10 be
located along formal roads. This can take place through a process of negotiation. An
example of this is in the upgrading of Tamarutaca in Sao Paulo, Brazil. In this
project, 60% of the plots had vehicular access. An in-depth social study was
performed to determine which residents owned, or intended to own vehicles. These
residents were then allocated plots alongside the vehicle routes (Coelho, pers.
comm.).

The issue of community expectations of high levels of service is raised in all the
sections of this thesis, but is probably the most acute with access. This is because
roads are such a visible indicator of improvement in living conditions, and ‘blacktop’
surfaced roads are seen as the only accepfable standard (Wright, pers. comm.).
Political promises also raise these expectations as politicians wish to rally suppont
through providing a high level of service. In most cases the cost of providing
conventional surfaced roads is more than residents can afford, and thus funds are
sought from other sources. Qften pressure is put on authorities to provide these high
levels of service as part of the upgrading schemes.

However, the spatial consequence of high levels of access, mentioned above, may
be far more real to residents than a higher cost. The construction of more roads at a
higher standard means that more people have to relocate or leave the settlement
altogether. This was the reason why residents in the New Rest informal settlement in
Cape Town agreed to a lower standard of access for the proposed upgrading project
{Abbott, pers. comm.). In this case, vehicle access was only provided o within 50m
of every dweliing, while the rest of the setllement was serviced by pedestrian
pathways (see Fig. 4.20).
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The provision of communal skips is common in low-income areas in South Africa.
Residents are required to dump their waste in the container which is then collected
by a heavy vehicle. Pedestrian lanes will not affect the transport of waste by
residents, but the placement of the communal skips is important. The skips need to
be placed alongside access roads that are able to accommodate heavy vehicles and
should be within 100-150m of every household to encourage residents {o use them
(Behrens and Watson, 1896; Cotton and Franceys, 1981). it must be noted here that
communat skips are not a favourable option. They often overflow or are surrounded

by waste, which causes unpleasant odours and nuisance.

The third option refers to door-fo-door collection of black rubbish bags, which are
placed in compacting trucks or into large trailers. Pedestrian walkways will prevent
door-fo door collection with conventional waste compacting vehicles, but this option
is not excluded by because alternative vehicles can be used. Simple handcarts or
bicycle carls can be used {o collect and transfer the black bags to a central collection
point or {o a large compacting vehicle waiting at the nearest access street. In Rio de
Janeiro, Brazil, the state waste collection company, COMLURB, has developed
specialized “micro-tractor” waste collection vehicles to access the narrow alleyways
of the favelas. In addition {o this, some settlements have a small compactor on site to
reduce thé volume of waste (Cavallieri, pers. comm.}.

The fourth option of conventional “Otto Bins" is the only one excluded by pedestrian
pathways, as these need specialised compacting vehicles to lift and empty the bins.
With the exception of this option, there are still a variety of ways that solid waste can
be collected from informal areas provided with pedestrian pathways. There is scope
for community management of the collection as well as the development of

innovative technology.

Access for supplies and building materials

A possible motivation for providing a high standard of access in an informal
settlement upgrade is the need for access for supply vehicles, An upgrade is usually
associated with a simultaneous improvement in housing. Heavy housing materials
need to be delivered to the site and there is only a limited distance that one can
expect them to be carried. There are also many informal businesses situated within
the settlements and these need {o be stocked. It would seem reasonable o expect a
supply vehicle to be able to drive right up to the shop entrance.
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an important part in the spread of fire and flat, windy areas (like the Cape Flats) will
require more space for firebreaks than in other areas where the reserve width may
be narrower (CSIR, 2000). The case study in Duncan Village (Box 5.2) shows that
3m was specified as the minimum firebreak width. Cotton and Franceys (1591:48)
note that an access width of 3m gives an increased protection as a firebreak. The
8m width for the tracks that were implemented in Joe Slovo Park was chosen
empirically and based on the conventional minimum road reserve width (Van
Niekerk, pers. comm.). This width included the space considered necessary to
accommpodate services as part of a planned upgrading scheme. It has been shown
that these 8m-wide tracks have significantly reduced the spread of fire in the
settiement, but one cannot say whether these firebreaks are unnecessarily wide, The
wider the track, the less the chance of fire spreading, but this must be balanced
against the cost of providing wider reserves and the value of the land required to do
S0.

The approach to the upgrading of Joe Slovo Park is a very important departure from
conventional planning practice. it is the first known case in South Africa where
access ways sufficiently wide for vehicles were provided, but with vehicular access
not being the primary function of the corridors; in this case the primary function was
to act as a firebreak. It is felt that this is the first step in revising access standards
according to the most relevant and pressing needs of an area, and not simply
designing to accommodate motor vehicles or the uphold the planning status quo.

Width of pedestrian access ways

These routes are meant to exclude vehicular traffic and therefore only need to
accommodate services and the free passage of pedestrians and cyclists performing
daily activities. The discussion on implications for service delivery showed that a
width of 1.5m is generally the minimum required for water and sewer pipes as well as
sewer manhofes or drainage inlets. For the areas around the dwellings, only the
smallest diameter pipes will be required for water and sewerage (where provided).
The wider the pathways are made, the fewer junctions that are necessary in these
pipe networks and the cheaper the services are to construct.

For daily activities, the most restrictive design case is probably going to be two
pedestrians carrying large items passing each other. Alternatively one could consider
a cyclist passing a pedestrian carrying a large rubbish bag. Cotton and Franceys,
(1991:48) consider 1m (or 1.4m including a side drain) to be the minimum width for
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pedestrian pathways, but suggest that for two bicycles to pass or two people with
bags one requires 1.6m. Kirke {1984:2389) quotes a figure of 1.5m for the minimum
width. The South African standards for footways and bicycle paths are 1.5-2m and
1.5-3m respectively (CSIR, 2000:7.23). it has been noted that the pedestrian
pathways must also accommodate large items of furniture, such as a double bedora
cupboard. If small vehicles like hand carts or "micro-tractors” are used for solid waste

collection then these vehicles should also be accommodated.

As with the main access routes, the pedesirian pathways also fulfil the 'social
function of the movement network and thus should be variable in width with regular
widening of the hardened area. If pathways are greater than 2m in width there is a
likelihood that they will be used by vehicles to gain access to dwellings. This needs
to be prevented as heavy vehicles will damage the pathway structure. In addition to
the restricted width, vehicles can be excluded from the pathways by means of
bollards, kerbs or other barriers. it has been suggested that in denser settlements
the pedestrian access ways should be widened to allow small fire vehicles to get
within 30m of every dwelling. If this is the case, then the structure must be adapted
for this purpose, or all other traffic must be excluded by temporary bollards.

From this discussion it can be seen that a reasonable width for the pedestrian
access ways between dwellings and the main access routes in a settlement is
between 1.5 and 2.5m. The pathway width should be greater in places to
accommodate recreation, socialising and trade.
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5.5 DESIGN STANDARDS

Design standards refer to the technical and structural input into access way design,
These enable the travelled way 1o perform the function of transferring loads, resisting
erosion and facilitating run-off. In this section, design standards are discussed under
four headings: Geometry, Surfacing, Pavement Structure, and Access and Drainage.
Similar to the access standards mentioned in the previous chapter, the historical
design standards for roads have been based on accommodating the motor car, and
may therefore be unnecessarily high for situations of low traffic volumes. When
constructing roads, a trade-off is made between the capital cost of construction and
the operation and maintenance costs during the design life of a road. Risks are
involved with simplified and non-conservative designs, and the cosis associated with
these risks could be great. Because local authorities are largely responsible for the
maintenance risk of a pavement, they are likely to insist on high design standards.
The new Red Book acknowledges that:

“Standards have also been very conservative, with the use of low-risk
pavements with concomifant high construction cost. A shiff in emphasis has
occurred and service provision to the whole spectrum of development levels
now needs fo be considered.” (CSIR, 2000:8.1).

This section will therefore investigate the function that access ways in informal
settlements have to perform and then assess what design standards are appropriate
for this function. The design standards for access ways are based on the function
and location of the route, the vehicles expected to use the route, and the design life
of the pavement. it has been shown in the previous section that the dominant mode
of transport in informal setilements is walking. There is, however, the need {o
provide access {0 other types of transport in certain areas of the settlement and the
physical elements of these access ways must be able to accommodate these
vehicles. in the previous section, a three-tier road hierarchy was proposed, consisting
of primary access routes, main access routes, and pedestrian pathways. 1t is not felt
that it is necessary to discuss the design standards for the public transpor routes, as
the minimum requirements for these roads will generally conform to existing design
standards and aitemative standards will not be applicable. Only the main access
routes and the pedestrian pathways will be dealt with here, They will be discussed
separately under each of the four headings because of the very different load
conditions and design criteria for the two types of access way.
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5.6 GEOMETRY

As road width was considered in the previous section, only vertical and horizontal
alignment of the travelled way will be discussed under this heading. Horizontal and
vertical alignment are designed to compliment each other to provide improved safety
and appearance (Underwood, 1991.:223). The Red Book considers road curvature
(horizontal alignment) and road gradient (vertical alignment) the aspecis of road
design that have the greatest impact on the efficiency of service reticulation (water
supply, sewers, stormwater, eleciricity) (CSIR, 2000:5.1.12).

Vertical alignment

The two components of vertical alignment are vertical curvature and gradient.
Vertical curvature is concerned with road safety and the aesthetics of a route. For
short residential streets with low vehicle speeds the curvature is not a dominant
design input. The gradients of access ways are mainly concerned with drainage, but
there are also practical considerations like construction methods and the steepest
grades that motor vehicles can handie. These issues are discussed for the two types
of access way.

Main access routes

Most countries have some type of national guideline specifying the maximum and
minimum road gradients. In South Africa the new Red Book provides the most
current guidelines. In flat areas a road with sufficient crossfall or camber could have
a grade of 0%, but this is not recommended and as a general rule the preferred
minimum is 0.5% (CSIR, 2000:18). The minimum gradient for road edge channeis
(usually coinciding with road gradient) is specified as 0.4% in order to reduce
sediment deposition from runoff (ibid:6.15).

For residential streets the maximum recommended gradient is 12% and on sections
shorter than 50m the gradient could be increased to 16% (CSIR, 2000:7.17). it is
difficult to construct conventional roads with grades >12%. Steeper roads should be
constructed out of concrete, brick or interlocking road stones (ibid:7.18). Roads as
steep as 20% have been constructed in some residential areas, and as many
informal settlements are situated on steep slopes, it may be necessary to increase
the maximum slope permitted. If the road gradient causes the velocity of runoff in

roadside channels (where provided) to exceed 3m/s then design measures need {o
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Although cost effective in terms of capital cost, the chief characteristic that discounts
the use of gravel roads in upgrading projects is that they require constant
maintenance - a service that cannot be guaranteed in a low-income environment. it
has been shown in the previous chapter that movement routes are a very effeclive
means of transferring stormwater in dense urban areas. This is not possible with
unsurfaced access ways. Other problems are those of dust, erosion and siltation.
There is also a significant stigma placed on gravel roads associating them with an
inferior rural solution and it is likely urban community will resist the proposal of a
gravel road. 1t is therefore concluded that, unless they are temporary, or financial
constraints exclude all other options, access ways without a hardened surface are
unlikely to be appropriate for upgrading in urban areas. The remainder of this section
wili deal with the 'hardened’ surfacing options for the two types of access way.

Surfacing options for main access routes

‘Blacktop’ surfaces

The conventional surfacing for vehicular access routes in urban South Africa is some
kind of flexible ‘blackiop’ surface. This could be a 'spray and chip’, an asphalt, or a
slurry type surface. The details of the composition and construction of each of these
types of surface can be found in the literature (see CSRA, 1986, SANRAL, 1987,
SABITA, 1992, SABITA, 1994; COLAS, 2002), and only the advantages and
disadvantages of each type will be discussed here.

Spray and chip surfaces are relatively cheap and easy {o apply. They have a 6 to 10
year lifespan in residential areas (Cofton and Tayler, 2000:4.140). They are water
resistant and offer no contribution to the structural strength of the pavement. A
disadvantage for the use of single seal spray and chip surfaces for multi-use
residential access ways is that they produce a very rough surface. The access way is
intended to serve as an extension of the living/recreational area and hence a smooth
surface is desired. A double seal is better than a single seal, but asphalt or concrete
surfaces are most suitable for this purpose because of the smoother surface, but are
considerably more expensive. Asphalt is water resistant and adds structural strength
to the pavement. Recent guidelines have described methods of hand-laying asphait
in a labour-intensive process for the construction of minor roadways (SABITA, 1994).

Concrete surfaces
Concrete pavements (if constructed properly) are more durable than other types of
pavements. They are, however, 30-40% more expensive than conventional 'blacktop’
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Pavement options for main access routes

Granular bases

The Red Book and the TRH 4 Catalogue (for Category D, Class ES0.03) both
propose a low cost granular pavement consisting of a 125mm G7 subbase layer
followed by a 100mm G4 base layer and light bituminous surface treatment. This
would be laid on top of the G8-equivalent foundation material mentioned earlier.
Common practice on the Cape Flats is to place a 150mm layer of crushed base
directly onto the sandy in-situ material and cap it with a seal layer (Wright, pers.
comm.). The single light seal shown in both design guides has not proved effective in
wet regions like the South-west Cape, in which case a thin asphall is usually used.
For main access routes, granular pavements of this type are often likely to be the
least cost option, particularly if local materials can be used. Granular pavements,
however, are prone to damage by water ingress and drainage of the road surface
and subgrade needs {o be carefully considered.

Waterbound macadam bases

The second and third options from the Red Book example are waterbound macadam
bases placed on either granular (G7) or cemented gravel (C4) bases and capped
with a single seal. Waterbound macadam is an expensive material and requires
skilled workmanship for construction (Cotton and Tayler, 2000:4.156). Waterbound
macadam bases are only recommended for Category C roads in the TRH cataloguse.
Macadam pavements are less affected by water than granular pavements and should
be considered for wet regions. The macadam layer can be used as the travelled way
prior to the addition of the bituminous surfacing.

Cemented bases

The TRH 4 cemented base option for the given class road is a 126mm G7 base
fopped by a 125mm C4 base and a relevant surface material. This can be cheaper
than a granular base if a G6 material is used with 2% concrete (Wright, pers. comm.)

Concrete pavements

Portiand Cement Concrete (PCC) pavements are usually laid on a 100-150mm
hardening layer and are typically 100mm-thick when unreinforced. Perrie (2000)
recommends a minimum thickness of 130mm for low-volume access roads, but this
is a fairly conservative value. The minimum advisable thickness of the lightest
concrete pavements is 75mm (with or without reinforcing). A comprehensive guide to
the jointing and construction methods required for concrete pavements is given in
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delineation from the surrounding areas and the prevention of encroachment of
houses onto the access route. A brick on edge is a cheap option for doing this.

Pavement options for pedestrian pathways

For pedestrian pathways there is litle useful information in design guidelines and a
far more practical approach needs {0 be taken. From a structural perspective the
pedestrian pathways only need to be able to carry the loads imposed by pedestrians
and two-wheeled vehicles. Their design will therefore be governed by other factors,
including the necessities of carrying stormwater and to resisting the erosion caused
by runoff. The old Red Book States that “Erosion control shouid be the main criteria
in the design of tertiary ways.” (Department of National Housing, 1994.7.14). It is
often the case that the chosen surfacing (e.g., asphalt concrete, bricks) will provide
the required structural strength. As surfacing options have been described in the
previous section, they will not be repeated here. One note on concrete pedestrian
pathways is that the minimum advised thickness of 75mm will give more than enough
structural strength. it is possible to cast concrete pavements in-situ as thin as 50mm,

but they become very brittle at this thickness and require good founding layers.

Alternative construction methods

One of the risks of designing pavements for light vehicles is that the occasional
heavy vehicle is required for construction or other purposes and may cause the
pavement structure to fail. This situation is very likely in an upgrading project where
houses and services are being constructed incrementally over a long period. COLTO
(1996:62) warns that if many overloaded vehicles are expected, shallow pavement
structures should be avoided. Alternatively the pavement could be designed to cater
for these heavy vehicles during the construction phase and then remain ‘over-
designed’ for the light traffic loading during the rest of the design life of the pavement.
This may be seen as a waste of resources and an uneconomical solution. A possible
solution to this problem has been proposed by Wright (pers. comm.) in the form of a
2-stage cement stabilised road for use in the Western Cape, provided that the
houses and services are construcied during or shortly after the road construction.

This pavement construction method involves laying a shaped light gravel layer
(75mm) for construction vehicles to use while houses are being built. This gravel
layer can be used for approximately a year, and where the road fails, this material
can be supplemented and the gravel reinstated. Once the construction is complete,
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the gravel layer can be salvaged and mixed into the in-situ material. This mix must be
able to respond to stabilization (for example a clayey subgrade is uniikely to respond
to cement). Stabilizer is then added and the pavement is shaped and compacted to
produce a hard soil-cement pavement (150mm). The upper layer(s) as required can
then be added to meet the light pavement design. One problem with this method is
that of achieving the desired road levels; in order to make sure that the final road
level is below the surrounding dwellings, the roadway needs to be box cut and the
gravel placed at the bottom. This will channel water and destroy the gravel surface.
The level may therefore have to be set when the material is mixed, and some of the
in-situ material below the gravel removed. This is quite difficult in amongst
surrounding dwellings and with no place to stockpile. This method may also cause
problems with the communily as they may see the inferior gravel road as a
permanent measure and reject it

A second type of construction method for access roads in informal seitlements was
proposed for the New Rest Settlement in Cape Town (HHO, 2001). In this setllement
there was a problem of highly variable CBR values and unsuitable fill material in
certain areas of the site. A cost-effective construction method needed to deal with
this problem without having to remove and import large amounts of material. The
method proposed involves marking out the access routes and proofrolling the in-situ
material with a heavy roller. Where the material fails it will be removed and replaced,
The proofrolling will continue until suitable compaction is achieved. This material will
then be topped by a conventional granular pavement and an asphalt surface. This
method is suited to the area because no clayey material is present. The timing of this
type of construction is critical, especially in an area (like the Cape Flais) that has a
large water table fluctuation. The in-situ material may be suitable in dry seasons, but
fail easily in wet seasons, and the rolling during the dry season will fail to pick up all
the weak areas. For this reason the use of a temporary gravel layer for an extended
period of time, as proposed by Wright, may be more effective at identifying any weak
underlying material.

A final alternative construction method is an innovative, locally-developed pavement
system, called the Hyson cell (Figs. 5.18 and 5.19). For light block paving, Hyson
cells require a 150mm G7 foundation layer above ripped and compacted subgrade.
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Conclusion

Outline of this chapter
This thesis has aimed to explore the role and form of infrastructure in the upgrading
of South African informal settiements. Four objectives were identified in the

introduction. These were to:

« investigate the feasibility and potential benefit of treating each of the
infrastructure services separately,

e Provide a thorough review of all available technology and current approaches
for service provision in informal settlement upgrading;

« |(dentify the key issues for the design of each of the services in a South
African context; and

« Describe the conditions and constraints that are present in the upgrading
context.

The review of the service option available for the in-situ upgrading of informal
settlements was undertaken o address the lack of integrated knowledge in this field.
The main chapters have aimed to present all the available technical options and
approaches for each of the four major civil engineering-based services (water supply,
saniation, stormwalter drainage and roads/access routes). Within each chapter, the
key design issues, as well as the conditions and constraints for the success of that
particular service, were identified. Each chapter contains its own conclusions,
pertinent to the service in question. As a result, this chapter will limit itseif to a brief
summary of the central issues. However, where certain relationships between the
services emerge from the analysis, the significance of these will be examined in
greater detail.

The over-arching objective of this thesis, and the reason the review was underiaken
in this particular form, was to question the validity of 'Levels of Service’ (LOS) and
the conventional associations between packages of services. Whilst this type of
‘packaging’ may have the benefit of technical simplicity, and perhaps financial
optimisation, it imposes it own set of constraints on spatial form and can cause a
disruption of existing social and economic networks. This led to the hypothesis,
defined in the introduction, that it is beneficial to separate services from one another.
This hypothesis was tested by analysing each of the services individually according
to their fundamental objeclives. Only once this had been done, were their
relationships to the other services considered. This chapter will discuss the extent to
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which the hypothesis has been proven and outline the significant implications that
this has for service delivery in upgrading projects in South Africa.

Review of the individual chapters and their conclusions

The conclusions drawn from the analysis of each of the services illustrate clearly that
each service is driven by a set of individual concerns that differs significantly from the
other services. It was found that the constraints and the conditions for the success of
each service in an informal settlement context were different. It is these issues that
have shaped each of the chapters and their conclusions. To illusirate this, the focus
of each of the chapters is given below:

Sanitation

There are many options for sanitation provision, but no single ‘correct’ option. The
economic and physical conditions in informal settiements have the combined effect of
severely limiting the sanitation options that are actually feasible. This limited choice
has been shown to be dominated by socio-cultural acceptance and maintenance
requirements. There is occasionally conflict between the service desired/affordable at
a household level and the service that is most appropriate when physical constraints
and community benefits are considered.

Water supply

Water supply represents the most mature technology. The central issue here
revelves around the value placed upon water by the different parties. Hence the
critical elements centre on the consumer/supplier interface. Negotiations over this
interface involve securing payment for a level of service that is acceptable to
residents. The Free Basic Water policy is very important in this regard. The most
simple of supply systems involve community decisions, but higher levels of service
and improved technology result in a greater individual responsibility.

Drainage

Drainage concems the elimination of risk to informal settiement residents and is
linked to the site rather than to the people living on the site, which is the case for the
previous services. There are two levels of risk elimination. The first is the planning
issue of whether to upgrade or not. The second is the specific engineering
interventions that must be settlement-specific and tailored to cope with the

problematic conditions experienced in areas. This involves careful characterisation of
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settlements and focussed interventions, even managing some of the runoff at
household level.

Access

Access again has a very different focus to all of the previous services; sanitation and
water needs to be dealt with at the household level, whilst drainage needs are linked
to the sile. Access is a service that is community oriented. Hence it needs to be
looked at in the context of movement patterns and dominant modes of transport as
well as considering the social networks and economic livelihoods base of the
community. These are the issues that relate {o access standards. In addition there
are an entirely different set of site-specific, physical factors that need to be
considered when design standards are assessed. However, it is important that these
technical design factors do not dominate the social issues when movement networks
are planned. A general conclusion, for both access and design standards, is that
conventional standards should be re-evaluated according to the (mainly pedestrian)

priorities of this new planning context.

From these brief statements it is clear that each service has a completely different
underpinning. If only the most basic services are provided in a settlement (e.g. VIPs,
communal standpipes, unlined drainage channels and gravel tracks), the services
have very little interaction. If, however, one chose the highest level of services, where
services are designed primarily for user convenience rather than as suppliers of more
basic social and economic needs, then they start to become more interconnected.
This makes sense, since it explains why conventional greenfield planning uses
integrated service design. What stems from this is the realisation that a set of criteria
exists for the design and location of the most basic forms of each service that is not
affected by any other engineering service that may be provided. Examples of this are
the need for convenience, privacy and prestige in a sanitation system, the need for
multi-functional access routes, or the need for drainage interventions to address risk.
When higher levels of service are planned and designed, these criteria still apply,
and have to be considered before the relationships with other services. 1t is these
key criteria that have been identified here.

Links between individual services

It is acknowledged that at a practical level of design, costing and construction, it may
be useful to consider some of the services together {o increase efficiency and avoid
conflicts, By separating the services, however, this thesis has challenged the validity
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stormwater drains as well. Again this depends on the level of access provision in a
seftlement. A consequence of maintaining this connection between access and
drainage is that all access ways must be surfaced and shaped to carry runoff.

However, there are also a number of reasons to treat aspects of access and
drainage separately. The concept of 'source control’ advocated in the Drainage
chapter can be planned for irrespective of the road layout. The physical risk
associated with external runoff and the location of settlements also has to be dealt
with before drainage routes are planned. The standard of access to be provided is
also a parameter that can be determined without considering drainage. It is only
when design standards (i.e. pavement structure, surfacing and cross-section) are
considered that drainage becomes important. There are therefore a number of
connections between access and drainage, but also some fundamental features that

must be considered separately.

Discussion on the broader objectives of this thesis

The need to make conventional services cheaper for low-income areas was the
original motivation for developing a 1.OS matrix. Standards of service that had
become ‘acceptable’ were not affordable. The means of making things cheaper was
to work backwards from the standard high level of services and to reduce existing
technologies by using cheaper materials or finding more basic aliernatives. This,
however, is not the only way of developing more appropriate, low-cost services.

The method that has been used in this thesis works from a different hypothesis. It
takes each service in tum and returns to the basic principles underlying the provision
of that service by asking the question: "What is the fundamental objective of this
service and how can this be achieved?”, From this starting point, one may then take
this fundamental objective and compare it with (often high) existing standards. In this
way it becomes possible to find some compromise that will be both affordable and
acceptable to the users. There are two issues that emerge from this approach. The
first is that the fundamental objective may be defined by social or economic needs,
while the basic level of service fuifils technical requirements (as discussed earlier).
This distinction allows a different perspective. The second issue leads from this to
some exient, and deals with the additional technical convenience (or engineering
efficiency) embodied in a service, which has become something of an a priori
assumption.
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