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The Constitution of the Republic of South Africa states that all citizens have a right to access adequate
food and water. However, water services provision has remained one of the biggest challenges faced by
most municipalities. The Umzinto water supply system under the auspices of the Ugu District
Municipality (Ugu DM) was selected as the study area to evaluate the water supply interruption
frequency. Data range for the study was from 01 November 2015 to 31 December 2019. The highest
number of interruptions was experienced in Umzinto town, Uswani, Amangamazi and Amandawe areas.
The infrastructure was outdated and needed to be replaced as a matter of urgency. Other interventions
that needed to be implemented were recommended included consumer awareness programme,
consumer enumeration and connection, billing and collection and routine maintenance. The lack of
planned maintenance for some of the infrastructure had led to it deteriorating to a level where it had
become too expensive to maintain and repair, but the only sustainable solution was replacement.

Key words: Water supply, access, water services provision, interruptions, aged infrastructure, operations and

maintenance, sustainable, municipalities, spatial and temporal trends, Umzinto Water Supply System.

INTRODUCTION

The water supply interruptions as reported by the
consumers and recorded in the fault management system
during the study period were evaluated and plotted on the
GIS. This exercise comprised all the system failures,
frequency of the failures, causes of the failures, how they
were resolved and the short-term and long-term
solutions. The information on all the system failures was
obtained from the fault management system. An analysis

of the cause of each failure and how it was resolved was
obtained from the job cards. Depending on the cause of
the failure, short-term and the long-term solutions were
developed. The specific objective of this study was to
evaluate the interruption frequency analysis for the
Umzinto Water Supply System.

Access to potable water is a crucial issue globally;
however, the goal to provide water for all has not been
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completely realized so far (Grady et al., 2014; Lester and
Rhiney, 2018). Grady et al. (2014) noted that there were
restrictions in both developed and developing countries,
which might not be the same, but could be grouped
according to social, technical and political criteria. These
groupings of limitations were experienced in many
developing countries resulting in challenges in ensuring
that people had access to uninterrupted supply of safe
water (Nganyanyuka et al., 2014). Developing countries
faced barriers in the design, implementation and the
Operation and Maintenance (O&M) phases, while
developed countries faced issues related to ageing
infrastructure and water availability (Parlikad and Jafari,
2016).

The main aim of the O&M exercise is to ensure
efficiency, effectiveness and sustainability of water supply
system. Ducrot (2017) agreed with these findings and
noted that consumers in developing countries had started
managing the water supply on their own. This study
further identified sustainability of water supply
infrastructure as the key challenge experienced by rural
water supplies in developing countries. A progress report
provided by Statistics South Africa (2015) for the
Millennium Development Goal (MDG) on water supply
indicated that 89.1% of the people had access to better
water services in 2005. Whilst it was appreciated that
considerable effort had been made in improving access
and reducing backlogs, the maintenance of existing
infrastructure still fell behind in terms of priority
(Rodriguez et al., 2012; Yazdandoost and Izadi, 2018).

This lack of maintenance was of great concern
because there were positive returns in investing in
infrastructure maintenance, such as an increased lifespan
of infrastructure, water use efficiency and customer
satisfaction (Mwanza and Mbohwa, 2016). For any
country to get these returns and achieve its economic
growth target and a reduction in poverty, it was important
for water infrastructure to receive adequate maintenance
for sustainability (Furlong et al., 2017; Pryke and Allen,
2018). On the other hand, although new systems might
need to be built to cater for a growing population and a
change in income patterns, the deteriorating infrastructure
would require refurbishment to maintain levels of service
(Wang et al., 2017).

Successful government institutions allocated sufficient
budgetary funding to keep infrastructure preventatively
maintained (CSIR, 2007; Kuo and Cheng, 2018). These
institutions had also retained skilled staff and trained new
personnel. However, Van Zyl (2014) and Yazdandoost
and Izadi (2018) noted with concern that municipalities
generally had not managed their assets effectively due to
growing demands in the quantity, capacity and quality of
infrastructure services and the deterioration of existing
infrastructure. Note (2017) reported that consumers were
often provided with limited resources because water
services could deteriorate gradually over time without

them noticing. Water infrastructure, specifically, could
operate without adequate maintenance but once it
reached its life expectancy period, huge amounts of
money were required for replacement (Note, 2017).

Within the study area, the Ugu DM experienced
numerous water supply interruptions over time for various
reasons. Ageing infrastructure and inadequate budget to
replace this infrastructure were identified by the
municipality as the two main reasons for these supply
interruptions (Ugu District Municipality, 2019). Therefore,
there was an urgent need for a framework that would
assist the municipalites with the O&M of the
infrastructure to avoid such incidences. Each municipality
operated and maintained its infrastructure according to its
O&M plan and maintenance policy but others did not
identify the need to prioritize O&M until the infrastructure
collapsed.

Magombo (2017) recommended a maintenance,
renewal and replacement of infrastructure programme to
ensure minimal water losses. Water had been referred to
as being among the most mismanaged resources and
posed a huge challenge for environmental and
agricultural administrators as well as water managers
(Molobela and Sinha, 2011; Smetanova et al., 2018).
According to Meissner et al. (2018), South Africa was
currently faced with water supply challenges with huge
backlogs in water service delivery. Also, the existing
infrastructure was ageing and needed replacement whilst
there was inadequate budget to address those
challenges. Koop and van Leeuwen (2015) concurred
that the renewal of ageing water supply infrastructure
was a global problem impeded by escalating costs.
Substantial funds needed to be invested in the
continuous rehabilitation of the water supply system.

Nafziger and Koo (2015) agreed that the refurbishment
costs and the capital funding required for the
improvement and development of infrastructure was very
high, and for these amounts to be met, service fees and
rates needed to be increased. In order to achieve this,
decision-making in water infrastructure had to be
characterized by a rational, cost/benefit-driven approach
(de Graaf and van der Brugge, 2010; Dong et al., 2018).
This was supported by Opresnik and Taisch (2015) who
stated that infrastructure investment was one of the
important practices that had to be adopted by
government and that projects with uncertainties should
be rejected. According to Hui et al. (2018), the planning
for infrastructure should be motivated by financial
benefits and costs as well.

Table 1 indicates the countries, which have complied
with the MDG goal for potable water and sanitation. Out
of the 192 countries that were surveyed for the potable
water target, only 60% had reached the MDG target while
16% were on target to reach the goal. Some 2% of the
countries had made insufficient progress and 20% were
not on target to achieve the MDG goal. In terms of the
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Table 1. Number of countries in comparison in respect of the MDG goal for potable water and sanitation

Variable Potable water Sanitation Potable water and sanitation
Reached target 116 77 56

On target to reach the goal 31 29 30

Progress insufficient 5 10 -

Not on target to achieve the goal 40 69 20

Source: WHO/UNICEF (2014).

sanitation targets, 42% of the surveyed countries had
reached the MDG target and 16% were on target to reach
the MDG goal. Some 5% of the countries had insufficient
sanitation targets and 37% were not on target to reach
the sanitation goal. While the SDGs took over from the
MDGs, the MDGs are still important because they reflect
the commitment shown by leaders of different countries
to fight hunger, poverty, illiteracy, disease, environmental
degradation and discrimination against women.

There was a need for substantial investment to
refurbish the existing infrastructure in order for them to
conform to strict health and environmental guidelines and
to sustain service quality (Hukka and Katko, 2015;
Bostick et al., 2018). This meant that in order to ensure
operational efficiency, infrastructure needed to be built,
maintained and upgraded to meet the demands at any
given time. The other options that were available to
ensure water security were human capacity building,
public participation, good governance, government
awareness and promotion of water conservation and
water re-use (Rodda et al., 2016).

However, the aforementioned options were not without
challenges as the prevailing infrastructure operations
lacked management, particularly the growing demand
which was not managed, rendering the operations
inefficient and unsustainable (Roelich et al., 2015; Wei et
al., 2018). Nonetheless, for long-term sustainability to be
achieved, infrastructure needed to be operated in such a
manner that it would be able to provide essential service
delivery with minimal resources (Hui et al., 2018). Long-
term sustainability was defined by Pardo-Bosch and
Aguado (2016) as having adequate supply to meet the
prevailing demand while ensuring that future generations
would also meet their own needs. Even then, for a
system to be sustainable it still had to possess some
integrity (Leclert et al., 2016).

Study area

This paper reports on a study that was done to evaluate
the service interruption frequency for the Umzinto Water
Supply Scheme (UWSS), which is a potable water
system that is situated in the Middle South Coast of Kwa-
Zulu Natal (KZN) Province, South Africa. The Middle

South Coast region extends along the Indian Ocean
coastal strip from Mkomazi River southwards to the
Umtwalume River. This region falls under the Umdoni
Local Municipality (Umdoni LM), which is one of the local
municipalities under Ugu District Municipality (Ugu DM) (

Figure 1). This paper focused on all the areas that are
supplied by the Umzinto Water Supply System as shown
in Figure 2. According to the information from Statistics
SA, the different areas that are supplied by the UWSS
had approximately 57,740 people. This means that there
were about 57740 people who were receiving water from
the system either through private connections, public
standpipes or illegal connections. All these people
needed to be taken into consideration because they were
using water from the system.

Water quality

The Umzinto WTW received water from the Umzinto Dam
and EJ Smith Dam. The EJ Smith Dam had experienced
a number of water quality failures. This was due to high
Escherichia coli counts, which were an indication of
sewage pollution. Two possible sources of pollution were
identified as the wastewater pump station and solid
waste, which was not well managed at the informal
settlements, and both sources were situated above the
dam. Despite these threats, the final water quality was
always maintained within the South African National
Standard (SANS 241:2015) guidelines resulting in the
water being safe to drink. There was a high risk of
turbidity in some  reservoirs due to inadequate cleaning.
Sediments that had settled in the reservoir floor were
disturbed during peak periods leading to increased turbidi
ty. However, the final water quality was still within the
SANS 241:2015 standards.

Water availability in the Umzinto Water Supply
System

The Umzinto WTW could produce up to 12 Ml/day;
however, the demand in this system was always above
the available supply.

Figure 3 shows the average daily demand (ADD), peak
daily demand (PDD) and annual
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Figure 1. Ugu DM with Umdoni Local Municipality and Umzinto Water Scheme.

average daily demand (AADD) for the Umzinto Water
Scheme. All these figures indicated that the treatment
works was operating above its capacity especially during
peak periods. Operating the treatment works above
capacity had a negative impact on the water quality,
infrastructure, system pressure and flow. The system was
also expected to operate for more hours than it was
designed to, in order to keep up with the demand. This
was putting considerable strain on the infrastructure, and
as a result, more chemicals had to be used in the
treatment process. Occasionally, the South Coast
Pipeline (SCP) boosted the Umzinto WTW with 3.5
Ml/day of treated water. From the SCP the water was
pumped at Ellingham pump station to the Umzinto WTW.

LITERATURE REVIEW
Water supply

A study by Samir et al. (2017) emphasized that there was
a global interest in studying the causes of leakage in
water distribution systems (WDSs) and increased
education on the importance of reducing the amount of
leakage. This study noted that pressure management, by
means of installing pressure reduction valves, had been

successful in reducing leakage in WDSs. According to
Martinez-Santos (2017), reliability in terms of water
supply was another important factor that needed to be
ensured. A number of issues contributed to the water
supply being unreliable including ageing infrastructure
and the infrastructure being situated away from urban
centres, which were not easily accessible. A study by
Mikovits et al. (2018) argued that major cities had been
experiencing a growing urbanization trend, which had led
to the rapid development of urban infrastructure such as
water supply and wastewater systems. This study further
stated that these systems were outdated and needed to
be refurbished to prevent failure incidents in the future.
Whilst this was indeed the case, some municipalities
were experiencing an economic decline, which had
resulted in a decreased tax base for sourcing
maintenance funds. This had occurred mostly in cases
where residential units had been demolished in a city,
which had left the operations of the wastewater system
and the provision of water at risk.

Water supply interruption

Water supply interruptions were mostly triggered by
leakages in the distribution network or might also be due
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Figure 2. Umzinto water supply system areas.

to water scarcity. These interruptions might decrease in
the rainy season due to the improved availability of
surface water for the WTW. They directly affected
consumers and Molinos-Senante and Sala-Garrido
(2017) recommended that consumers should be
compensated accordingly. However, the study also noted
that some water managers had implemented
compensation policies despite the difficulty in determining
the price of compensation to consumers. On the other
hand, it had to be noted that water service providers
supplied drinking water in monopoly administrations,
leaving consumers with very little choice as they did not
have any options if they were not satisfied with the
service. However, Roibas et al. (2018) suggested that the

option of using a rationing method should be selected
provided that the influence on consumer satisfaction
during the implementation of the rationing plan was taken
into consideration.

Some rationing systems could be described as
deviations in terms of time taken for water availability but
this did not change the planned consumer budget. On the
other hand, Breyer et al. (2018) noted that water
consumption could be limited by restricting outdoor water
usage to address this problem. Subsequent to this, the
assessment of the effect of limiting consumption was
encouraged in order to develop a reliable rationing
scheme. However, some approaches that were
implemented to manage water usage, such as supply



140 Int. J. Water Res. Environ. Eng.

20000
15000 |-® Umzinto WW Demands - Average Daily/Pea.k D.a.ilw%nualAverage Daily Qemands (KL/day) e
16000 : o’“..“. e, 0%% 0" AL LY '
14000 AL T - Al = nd S _ T % ea 0000000
- [— ]
mc-olrIlFwa_ﬂ.ﬂaﬂm mtﬁkilr.
E 100C0
= 80C0
=
- 60C0
-
f 4000
:
Z 2000
0
Jan-|Feb-|Mar|Apr-|May|Jun-| Jul- | Aug|Sep- Oct-| Nov Dec-{Jan- Feb- Mar Apr- May Jun-| Jul- | Aug |Sep- Oct-|Nov Dec- lan-|Feb- Mar|Apr-May|lun- Jul- |Aug Sep-/Oct-Nov|Dec-
17 |17 |-17| 17 (17| 17 |17 |17 17 |17 |-17| 17 |18 | 18 |-18| 18 |-18| 18 | 18 |-18| 18 | 18 |-18 18 (19 |19 |-19|19 (-19| 19|19 |-19(19 |19 |-19| 19
1 ADD 1326127313171334135613001328136614281456150215341461146215061517129014661494136614071425140913 391463148914 3714 358153913501299124012 41131912 731283
ssses PDD 184715441571145515721563148814841542164716281729167817561772182117071568172416181575184715881541172516851714168618431701157014701523151515301529
AADD 13771389140314191434142914471456145714551452144514281428143014251413143914729141314021389138013691368
== = Plant Capacity (12000 KL) 120012001200120012001200120012001200120012001200120012001200120012001200120012001200120012 00120012 00120012 00120012 00120012001200120012 0012001200

Figure 3. Umzinto WTW Demands - Average Daily/Peak Daily/Annual Average Daily Demands (KL/day).

Source: Umgeni Water files.

cuts, were not simple to assess as they did not
have an impact on the planned consumer budget.

Wang and Davies (2018) reported that the
characteristics of water supply safety improvement
included water charges, the quality of drinking
water, disruption to supply, water supply pressure
and water supply service. Consumers did not
have a problem paying more than usual to
improve the water supply pressure, reduce water
supply interruptions and improve water supply
service. This was because consumers wanted a
reliable water service where the supply was
continuous and there was adequate pressure. An
uninterrupted water supply coincided with reduced
spread of waterborne disease in the higher-risk
parts of the population (Adane et al., 2017).

Intermittent water supply (IWS)

The O&M of the WDS was important for
sustainable development, ensuring that there was
no interruption in the supply of services and also
to reduce water losses (Morais and de Almeida,
2007). Research by Brocklehurst and Slaymaker
(2015) indicated that for water quality not to be
compromised, the households should have a
continuous supply of treated water accompanied
by improved sanitation services. In support of this,
findings by Roushdy and Sicvcrdiin (2016)
suggested that the IWS options were controlling
the health impacts that were being noted as a
result of discrepancies in the water quality. These
water supply interruptions could be reduced by

the technical renewal of pipelines, replacement of
old infrastructure, leak detection, pressure
management in the network, proper design and
construction and operation of the water supply
system (Pietrucha-Urbanik, 2015).

According to Molinos-Senante and Sala-
Garrido (2017), good quality service to customers
was critical and therefore the prevention of
unplanned interruptions required more investment.
Notwithstanding this, Erickson et al. (2017) stated
that unplanned interruptions could lead to IWS.
Adane et al. (2017) noted that IWS might increase
domestic water storage times, threaten hygiene
practices and spread waterborne diseases.
Because IWS caused considerable inconvenience
to customers, Molinos-Senante and Sala-Garrido



(2017) recommended that they should be compensated
accordingly; however, it was not easy to estimate the
compensation fee payable to customers.

According to Del Saz-Salazar et al. (2016), water
resources conservation was essential in order to attain
sustainable development. Sustainable development was
defined by Trudeau et al. (2018) as an uninterrupted
provision of service, not merely access to service.
However, due to water scarcity, rationing was sometimes
implemented. While that might be the case, the
implementation of a rationing strategy should be done
based on the impact that the rationing plan had on
consumer welfare (Roibas et al., 2018). Water rationing
sometimes had a negative impact on the health of
consumers. This was reported by Taylor et al. (2018) who
stated that intermittent water was often contaminated and
the contaminants were flushed into customers’ homes
when the system became pressurized.

According to Ercumen et al. (2015), intermittent
distribution of piped water might lead to waterborne
diseases caused by infection in the pipelines. Some
countries which faced water scarcity problems
implemented IWS policies as a way of controlling and
conserving their natural resources (Agathokleous et al.,
2017). On the other hand, the execution of such policies
affected the performance of the system during the
operation phase. Pihljak (2014) reported that during the
operation stage, the gap between production and
demand might cause an IWS provision in the system.
While some consumers might receive an uninterrupted
supply, others might experience intermittent supply or
even an absence of water (Alda-Vidal et al., 2018).

Leakage management in a water distribution system

Leakage was one of the critical matters to be managed in
order to enhance the effectiveness and efficiency of a
WDS and to ensure that there was a continuous supply.
A study by Xu et al. (2014) noted that water leakage was
a waste of resources and substantial socioeconomic
expenses were also incurred due to leakage. The
improvement of leakage detection skills through pipe
maintenance and pressure management could assist in
reducing the leakages in a WDS. According to a study by
Mutikanga (2012), reducing leakages in a WDS could
lead to improved system performance, increased lifespan
of assets and a saving of water resources. If not
addressed, all these issues could lead to an interrupted
supply of services.

Berardi et al. (2015) recommended water pressure
management as an efficient and effective way to cut the
leakage in a WDS and identified it as the main technique
to stop background leakage which could not be detected
by leakage detection methods. The management of
pressure to the ideal levels of service ina WDS was
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critical in ensuring a satisfactory and effective water
supply to consumers. A study by Lambert and Thornton
(2011) revealed that pressure management had been
used to control losses from supply networks for many
years but researchers had now taken this further to
explore how the frequency of pipe bursts changed with
pressure.

The various benefits of pressure management,
according to Lambert and Fantozzi (2010), were the
reduction of water losses, improved customer service due
to better service reliability, fewer water supply stoppages,
decreased number of interruptions of water supply,
prolonged lifespan of infrastructure, reduced consumption
from pressure-related usages and rescheduling of
infrastructure refurbishment and development. While the
pipe network might have been designed and installed to
meet the needs of difficult situations, leakages could not
be avoided in a pipeline throughout the lifespan of a
system (Abdulshaheed et al., 2017). On the other hand,
Di Nardo et al. (2018) reported that the network could be
simplified by developing District Metered Areas (DMAS)
so that pressure management and leak detection could
be done quickly and easily thus reducing the water
supply interruption period. Findings by Kiling et al. (2018)
concluded that operating factors such as aged pipes,
high pressure and constant water interruptions were the
cause of pipe breakdowns.

Ageing infrastructure

For any country to achieve its target around economic
growth and a reduction in poverty, it was important for
water infrastructure to have adequate capacity and
receive adequate maintenance for sustainability (Dadson
et al.,, 2017). Most of the current water and wastewater
infrastructure was of varying ages and in varying
conditions, while most were simply too old. Old age was
one of the reasons for infrastructure breaking down more
often thus causing supply interruptions. Hukka and Katko
(2015) reported that by 2012, there was an 85% access
to potable water in urban areas and 53% access in rural
areas, due to efficiency and operational problems, the
real access figures were lower.

Al-Bargawi and Zayed (2008), in research that looked
at infrastructure management, reported that the pace of
deterioration of the main pipes in a WDS was influenced
by environmental, operational and physical factors.
Physical factors were the pipe material, age and wall
thickness; environmental factors included soil type, soil
humidity, ground water presence and climate and the
operational factors were pressure leakage and breakage.
All these factors could lead to IWS if they were not
managed well. Deteriorating pipes could lead to ageing
infrastructure which, according to Parlikad and Jafari
(2016) required an increase in the amount of investment
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Figure 4. Water Supply Interruptions in Umzinto system from November 2015 to December

2019.

in upgrade and maintenance in order to ensure a
continuous supply.

While this was a critical matter, Schlachter et al. (2011)
raised concerns in a paper that looked at key challenges
and strategies for local government that access to
funding for water infrastructure was very difficult. On the
other hand, Madumo (2015) advised that when there was
inadequate funding, local government could not provide
services because the ability to deliver constant and
regular services became compromised. Since government
could not offer the required funding to invest in increasing
infrastructure  needs, Nafziger and Koo (2015)
recommended that municipalities should consider
engaging the private sector for funding.

Water infrastructure funding

According to Rajé (2017), barriers to local financing of
infrastructure were related to the nature of the projects
available for investment, which often failed to meet the
financing requirements of investors and a lack of
available capital related to financial market conditions.
Water projects were often difficult to fund because there
was no guarantee of return on investment. Further to this,
the residents needed to be educated to receive the
development and ensure that the services were paid for.
Musyoki and Gakuu (2018) reported that majority of the
projects implementation has been unsuccessful due to a
number of reasons like insufficient finances, poor
conditions of infrastructure, political influence, poor
technology and lack of community participation.

A study by Kodongo and Ojah (2016) revealed that a
country could take part in accelerated and shared growth
by investing in infrastructure. This was supported by
Copeland et al. (2016) who provided strategic options,
taking into consideration the budgets associated with
funding water infrastructure. This study provided the
options of developing a trust fund for water infrastructure,
development of a state infrastructure bank or the lifting of

limitations on private action bonds for projects that are
related to water infrastructure.

The water industry was dealing with organizational and
financial problems that had existed for far too long,
resulting in a lack of funding and poor service delivery
(Kolker et al., 2016). On the other hand, the absence of
technical and financial competences had resulted in
reduced revenue collections, high losses, substantial
operating costs, lack of sound management and
weakened operating effectiveness and had restricted the
industry’s capacity to obtain alternative funding sources
(Arezki et al., 2017).

While the inadequate distribution of financial resources
was known to be a challenge in developing countries, the
replacement of water infrastructure involved huge capital
investment from the government (See and Ma, 2018). As
various developing countries dealt with excessive
financial limitations, it was a challenge for them to obtain
a reliable source of funding, leading to underinvestment
of key infrastructure (Rillo and Ali, 2018). Consequently,
the current economic climate needed to be analyzed by
investigating the barriers and challenges in municipal
finance and the new sources of municipal finance that
had to be obtained to promote greater infrastructure
investment.

MATERIALS AND METHODS

The water supply failures as reported by the consumers and
recorded in the fault management system per system were
analyzed using the water supply scheme zones. This analysis
included all the system failures, the frequency of the failures, the
causes of the failures, how they were resolved, and both the short-
term and permanent solutions. An analysis of the causes of the
failures and how they were resolved was obtained from the job
cards. From this information short-term and permanent solutions
were developed. This was done by locating the position of the
failures, and the frequency and the causes of these failures.

shows the number of interruptions that were recorded by the
municipality during the period from November 2015 to December
2019. The Ugu DM implemented a fault management



system from November 2015 and that was where all the data was
obtained. The system that was used before November 2015
crashed, losing all the data.

Each incident in the system was analyzed and compared with the
job card to determine the cause of these interruptions. The job
cards had recorded the details of what the field team found on the
ground, how they managed to resolve the problem and the material
used to fix the problem. An analysis into the exact positions of the
failures was also done in order to determine where the system had
experienced challenges. It was noted from the analysis that the
failures had occurred at the same locations. From the analysis, it
became evident that the biggest cause of the interruptions had
been the ageing infrastructure that needed to be replaced. This
made sense considering that the majority of the infrastructure in the
system was more than 30 years old. The replacement of the
infrastructure needed a huge capital injection that the municipality
did not have available.

An analysis was done using the information from the job cards to
determine the solutions to the system failures. The system was also
assessed for any planned maintenance of the infrastructure. This
was done by analyzing the operations and maintenance plans to
determine if they had been implemented accordingly. This was
because planned maintenance could have prevented infrastructure
failure, which had resulted in the interruption of the supply.

RESULTS AND DISCUSSION
Aging infrastructure

From the results, it was evident that most of the water
supply interruptions were caused by ageing infrastructure
that needed to be replaced. Most of the pipes in the
system were more than 30 years old and were breaking
frequently. The municipality needed to roll out an ageing
infrastructure replacement programme that would include
pipes, valves, standpipes and pumps but this would need
huge capital investment. Overhauling old water
infrastructure would ensure that future generations were
supplied with safe clean water. Ageing infrastructure
accounted for most of the water wastage through leaking
pipes and pipe bursts. Augmenting infrastructure and
refurbishing aged and obsolete infrastructure could result
in better service delivery to customers across the system.

Table 2 shows a comprehensive breakdown of the
supply interruptions in relation to the type of failure,
cause of the failure and solution to the problem. The
majority of the interruptions were caused by ageing
infrastructure, which had been neglected over the past 25
years, and the effects of drought had exacerbated this. The
rainfall patterns for South Africa show that the amount of
rain received has decreased over the years, negatively
affecting the water supply. The decrease in the available
water supply decreases the chances of meeting the water
demand.

SCADA and telemetry system

The faulty SCADA and telemetry system was also one of
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the causes of the water interruptions because it was
impossible to remotely monitor the whole network without
this system in place. The telemetry and SCADA system
comprised data loggers connected to the infrastructure,
sensors and centralization software. It was used to
control and manage the system remotely. With this
system, the network was managed better, and the
operation of its devices could be optimized. The benefits
of this system were savings in energy and swift leak
detection. The benefit attained from remote monitoring
and by alerting the personnel on standby duty to any
automatic alarms would be improved service supplied to
the consumers.

Standard repair procedure

There was also a need for a standard operating
procedure (SOP) for the repairs of infrastructure. A
number of complaints on quality of water were received
per month despite the fact that the production of the
treatment plant complied with SANS 241 standards. The
common cause for this complaint was failure to flush the
system after repairing a breakage. The other challenge
that was noticeable in the complaints was that the
interruptions were reoccurring in the same section of the
pipe. The maintenance team was not releasing the air
lock in the system after resolving an interruption before
the water started filling up the system and this had
caused some of these recorded interruptions. The system
operators were supposed to follow these basic
procedures.

There was another category of failure where the
interruption of the supply lasted for a long period of time.
It had been noted that this category was usually caused
by the maintenance team not following standard
procedure when opening and closing valves in the
system. In several instances there had been no proper
handover between the teams in the field. A team would
close the valve while resolving an interruption and when
the next team came on duty they would take days to
identify the problem. Sometimes a valve that was meant
to be kept closed would be left open, allowing the water
to flow along the wrong pipeline route. When the
researcher was studying the job cards it was noted that
this was happening quite often.

The other challenge noted was that there was no
documented operating procedure for the system. This
meant that each system operator on duty operated the
system in a different way. This meant that the trouble
shooting exercise during system failures took much
longer than it should have. The system had critical points
that needed to be considered in the event of a failure but
these finer points were not fully understood by all the
members of the maintenance teams. Ideally, there should
have been a documented systematic operational
procedure for the system.
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Table 2. Detailed breakdown of the supply interruptions in the Umzinto water supply system.

Type of failure

Cause of failure

Solution

Burst pipes

Leaking pipes
Leaking Meter/Faulty Meter/Meter Change
Activation of services
Standpipe leaking
Reservoir level low
No water

Low water pressure
Reservoir overflow
Water dirty out of taps
Valve failure

Other

Pump station faulty
Illegal connections

Ageing infrastructure

Ageing infrastructure

Ageing infrastructure

Faulty or non-existence of telemetry system
Ageing infrastructure/vandalism
Unforeseen burst/leak in the system

Burst pipe

Burst pipe

Faulty level control valve

Inadequate flushing after repair

Ageing infrastructure

System unbalanced and needing physical balancing
Mechanical and electrical faults

Illegal connection to the municipal system

Replacement of infrastructure

Replacement of infrastructure

Replacement of infrastructure

Installation of the SCADA (Supervisory Control and Data Acquisition) and telemetry system
Consumer awareness campaigns

Replacement of infrastructure

Replacement of infrastructure

Replacement of infrastructure

Flushing of the system after repair

Replacement of infrastructure

Installation of the SCADA and telemetry system

Regular maintenance of infrastructure

Legalise the connections and register the customer details in the billing system

Mechanical and electrical faults

Mechanical and electrical faults were also
occurring frequently. This was because most of
the pumps were old and had not been maintained
on a regular basis. According to the maintenance
plan, each running pump was supposed to have a
standby pump in case of a breakdown but most
pump stations did not have these standby pumps.
The pumps were running 24/7 until they failed and
the teams would start looking for replacements
after failure. Although this was part of the
maintenance plan it was not included during the
budget process. For example, there was nho
dedicated budget for the Umzinto system; the
budget was lumped together with other systems
and was insufficient. The budget allocated for
maintenance was less than the required budget to
ensure adequate O&M. It was also discovered
that the operational budget was the first to be cut
when the municipality faced financial difficulties.

lllegal connections

lllegal connections were another challenge faced
by Ugu DM. The system was found to have leaks
due to illegal connections that were not properly
connected to the system. The municipality did not
have a solution to this challenge. The most
common form of illegal connection identified in the
rural areas was where the residents extended
their connections from a single standpipe
connection. In urban areas where there were
private connections, residents had bypassed the
meter and some had removed the meter. This
meant that the system would always experience a
higher demand than it should, thus putting strain
on the whole system.

Replacement of AC pipes

As a rural municipality, Ugu DM was faced with

the challenge of reducing the huge backlog whilst
replacing the ageing infrastructure. The problem
with the ageing infrastructure was that once it
began breaking down, repairing it time and again
did not solve the problem as it continued to break
down until it was replaced. For instance, from the
schematic drawing it was clear that the system
still had old Asbestos Cement (AC) pipes. Once
this type of pipe started breaking, it did not stop so
the whole length of the pipe would have to be
replaced. AC pipes were mostly used when the
system was built approximately 30 years ago. The
water infrastructure from the treatment plant to
Umzinto CBD was installed over 30 years ago and
was one of the first water systems constructed in
Umdoni Local Municipality. This infrastructure had
reached its lifespan. Moreover, the AC pipes were
brittle, and the frequency of interruptions was
exacerbated by the extreme weather conditions,
particularly because of expansion and contraction.
Figure 6 to 8 show the exact positions of each
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BIGUEE 5. Frequency of water supply interruptions in the Umzinto system in each month of 2016.

interruption in the Umzinto supply system during
the years 2016, 2017, 2018 and 2019, respectively.
The spatial trends show that the interruptions
were repeatedly taking place around the same

positions. These failures left residents and
businesses around the Umzinto without water.
Ugu DM is a tourist destination, which would have
been very busy during the school holiday seasons.

The temporal trends show the behavior of the
system during the various seasons of the year.
January was a busy month although many people
started going back to their respective areas mid-
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Figure 6. Frequency of water supply interruptions in the Umzinto system in each month of 2017.

January when the schools were opening, but the
interruptions were high around Umzinto town.
February and March saw the interruptions starting
to go down because these are off-season months.

In April, the interruptions started going up again
with the system under pressure due to increased
demands as a result of the school holidays and
holidaymakers visiting the area.
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The demand decreased in May resulting in
reduced interruptions but when the winter season
started in June, the interruptions started going up
again with the system under a lot of pressure.
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Figure 7. Frequency of water supply interruptions in the Umzinto system in each month of 2018.
The other cause for high interruptions in winter had a high number of interruptions because the interruptions.

was that there was inadequate rain to supply the
system and the operations team had to balance
the system supply by applying water shedding
resulting in interruptions. All the summer months

demand was very high due to the increased
number of people in the area. The system had old
pipes which caused interruptions more often when
put under pressure resulting in water supply

Figure 5 shows that the area that experienced a
high number of interruptions throughout the whole
year was Umzinto town. Umzinto town shows a
high number of interruptions in the whole twelve
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Figure 8. Frequency of water supply interruptions in the Umzinto system in each month of 2019.

months. This is because the infrastructure at of
January is usually very busy in Umzinto system
because the most holidaymakers start leaving in
the third week of January 2016.

Umzinto twon is old and therefore very fragile.
In the month of January 2016, most interruptions
were experienced in Amandawe, Umzinto town,

Amangamazi and Uswani areas. There were also
high interruptions experienced in Hazelwood the
most number of interruptions followed by
Amandawe, Uswani and Amangamazi areas. In
April 2016, the during the month of January. The
beginning.

In February 2016, most interruptions were

experienced in Umzinto town and Amangamazi
areas followed by Amandawe, Hazelwood and
Uswani areas. March 2016 saw Umzinto town with
highest number of interruptions was experienced
in Uswani, Amangamazi and Amandawe areas.
Mafithini and Hazelwood areas also experienced
a high number of interruptions, during this month.



In May 2016, Umzinto town experienced the highest
number of interruptions followed by Uswani, Amangamazi,
Shayamoya and Amandawe areas.

In June 2016, there were high number of interruptions
experienced in Umzinto town, Uswani, Amangamazi and
Amandawe areas followed by the Shayamoya area.
During the month of July 2016, the highest number of
interruptions in the system was in Umzinto town followed
by Uswani, Amangamazi and Amandawe areas. During
the August 2016 period, the highest interruptions in the
system were in Umzinto town. In September 2016, the
highest interruptions were experienced in Umzinto town,
Uswani, Amangamazi and Amandawe areas. In October
2016, there were high interruptions in Umzinto town and
Amandawe areas while in November 2016, the most
interruptions were experienced in Umzinto town, Uswani,
Amangamazi, Mafithini and Amandawe areas. In
December 2016, the highest interruptions were in
Umzinto town, Uswani, Amangamazi and Amadawe
areas.

Figure 6 shows the frequency of the water supply
interruptions that were experienced in the Umzinto
system in each month of 2017. In January 2017, the most
interruptions were experienced in Umzinto town, Uswani,
Amangamazi and Umgwempisi areas. In February 2017,
the highest interruptions in the system were in Umzinto
town, Uswani and Amangamazi areas. In March 2017,
there were high interruptions at Umzinto town and
Uswani area while in April 2017, the highest interruptions
were in Uswani and Amangamazi areas. In May 2017,
the most interruptions were experienced in Uswani and
Amangamazi areas.

In June 2017, the highest interruptions were in Uswani,
Amangamazi and Esperanza areas. In July 2017, the
highest interruptions were in Umzinto town and Mafithini
areas. In August and September 2017, the highest
interruptions were in Umzinto town, Uswani, Amangamazi
and Amandawe areas. October and November 2017, saw
the highest interruptions experienced in Umzinto town
while December 2017, had the highest interruptions
experienced in Umzinto town, Uswani, Amangamazi and
Amandawe areas.

Figure 7 shows the frequency of the water supply
interruptions that were experienced in the Umzinto
system in each month of 2018. In January 2018, the most
interruptions were experienced in Uswani, Amangamazi
and Umzinto town. In February 2018, the most
interruptions were experienced in Uswani, Amangamazi,
Umzinto town, Amandawe and Umgwempisi. In March
2018, the highest interruptions were experienced in
Umzinto town and Amandawe areas. In April and May
2018, the highest interruptions were experienced in
Umzinto town.

In June 2018, the most interruptions were experienced
in Umzinto town, Uswani and Esperanza areas. In July
2018, the most interruptions were experienced in Uswani,
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Mafithini, Umzinto town and Amandawe areas. In August
2018, the most interruptions were experienced in Uswani,
Amangamazi, Umzinto town and Amandawe areas. In
September 2018, the most interruptions were experienced
in Uswani, Amangamazi and Umzinto town. In October
and November 2018, the most interruptions were
experienced in Amangamazi, Umzinto town and
Amandawe areas. In December 2018, the most
interruptions were experienced in Uswani, Amangamazi,
Umzinto town and Amandawe areas.

Figure 8 shows the frequency of the water supply
interruptions that were experienced in the Umzinto
system in each month of 2019. In January 2019, the most
interruptions were experienced in Umzinto town, which
has industries that are busy during the holiday season. In
February 2019, the most interruptions were experienced
in Uswani and Umzinto town. In March 2019, the most
interruptions were experienced in Uswani, Amangamazi
and Umzinto town. In April 2019, the most interruptions
were experienced in Amangamazi, Esperanza, Umzinto
town and Amandawe areas, while in May 2019, the most
interruptions were experienced in Uswani, Amangamazi
and Umzinto town.

During the month of June 2019, the most interruptions
were experienced in Uswani, Amangamazi, Esperanza
and Umzinto town. In July 2019, the most interruptions
were experienced in Amangamazi, Esperanza and
Umzinto town. In August 2019, the most interruptions
were experienced in Uswani, Amangamazi, Umzinto town
and Amandawe areas. In September 2019, the most
interruptions were experienced in Uswani, Umzinto town
and Amandawe areas. In October 2019, the most
interruptions were experienced in Uswani, and Umzinto
town. In November 2019, the most interruptions were
experienced in Uswani, Amangamazi and Umzinto town
while December 2019, saw the most interruptions
experienced in Uswani, Umzinto town and Amandawe
areas.

The areas with the highest number of interruptions
were Umzinto town, Amandawe, Uswani and
Amangamazi areas. These areas had the highest number
of interruptions throughout the year. The infrastructure in
these areas was old and needed to be replaced as a
matter of urgency. Most of the pipelines were more than
30 years old and the system had experienced varying
pressure in these areas. There was thus an urgent need
for the ageing infrastructure in these areas to be
replaced. The lack of planned maintenance for this
infrastructure had led to it deteriorating to a level where it
had become too expensive to maintain and repair and the
only sustainable solution was thus replacement.

There was a dire need for a replacement programme,
which would include the upgrading of the ageing
pipelines. The old AC pipes could be replaced with a
uPVC (plastic) pipeline which had proved to be more
suited to the local soil conditions. In areas where the AC
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Figure 9. Comparison of the water supply interruptions in Umzinto, Uswani, Amangamazi and Amandawe areas.

pipes had been replaced, the number of interruptions had
significantly decreased. Spot fixing only acted as a band-
aid to the infrastructure problem and was not a
sustainable solution; replacement would be the best
solution in most cases.

Over and above the aged infrastructure, the other
challenge with Amandawe, Uswani and Amangamazini
areas was that they had inadequate storage. This meant
that after each system failure, these areas would take a
long time to recover, leaving the community frustrated
and calling the municipality reporting water challenges,
which explained the high number of complaints during
those times. The solution for these areas would be to
construct reservoirs to create storage. It was noted that
the spatial and temporal trends had been almost the
same for the four years of the study.

It was also noted that the municipality did not undertake
planned maintenance but only did reactive maintenance.
Planned maintenance is sometimes referred to as
preventive maintenance and it is a form of regular
maintenance undertaken on infrastructure to avoid
breakdowns. This meant that if this routine maintenance
was inadequate, the infrastructure was likely to

experience interruptions. The municipality urgently
needed to start implementing planned maintenance to
increase the lifespan of the infrastructure. Due to a lack
of planned maintenance, the municipality spent
unnecessary time dealing with the consequences of
system failures instead of managing production.

Planned maintenance would also assist the municipality
to avoid incurring costs when operations were
interrupted. This was because it is far more cost effective
to keep the system in operating condition than to do
major replacements as minor failures could lead to major
malfunctioning. The other challenge was that without
preventive maintenance the infrastructure operated at a
reduced rate of efficiency until it broke down completely.
During these breakdowns, operations would come to a
standstill and the employee costs become unnecessarily
high.

Figure 9 shows the comparison of the water supply
interruptions in  Umzinto, Uswani, Amangamazi and
Amandawe areas, which are the areas with the most
number of interruptions. The comparison was done
between the two years, 2017 and 2018. Overall, 2017
had more interruptions in these areas that the ones



experienced in 2018. These four areas experienced the
highest number of interruptions in all seasons of the year.
January in both years experienced very high interruptions
in all four areas. There was a slight decrease in numbers
in February in the other areas but Umzinto remained
high. March saw a further decrease especially in
Amangamazi area more than the others. April saw an
increase again for both years but there was a steep
increase in Amangamazi area especially in 2017.
Amandawe area experienced the lowest interruptions in
both years during the month of May and June. These
were the winter months and the schools were still open.

Umzinto had the highest number of interruptions in both
years from July to October. July is a holiday month and
often experiences high water demands due to
holidaymakers in the area. With the increased demands,
the system experienced high pressures, which the fragile
infrastructure could not handle and started giving up.
August to September is very hot in the South Coast and
usually see high water usage thus putting pressure on
the already fragile system. This indicates that there is a
huge demand for water conservation awareness to the
consumers. There was a decrease in the numbers for
Uswani and Amangamazi in the month of November for
both years but there was an increase again in December,
which is the busiest month in the system.

Conclusion

The spatial maps developed using the information from
the fault management system of the municipality, showed
that the interruptions were generally taking place in all
parts of the supply system, but more frequently in
Umzinto town, Uswani, Amangamazi and Amandawe
areas than the other areas. This showed that there were
weaknesses in the system and specifically in the areas
where there were frequent failures, resulting in supply
interruptions. The municipality needs to develop a plan to
reduce the failures in the system thus ensuring an
uninterrupted supply of water to the people. The plan
should address the ageing infrastructure, standard repair
procedure, illegal connections and high flow pressure.

Although there was a need for the replacement of
ageing infrastructure in the system, some solutions to the
bigger problem did not require capital investments. These
included consumer awareness programme, consumer
enumeration and connection, billing and collection and
routine maintenance. These were some of the
interventions, which were needed in the system to
improve the supply. Well-informed consumers are always
an advantage to the municipality because they improve
water use efficiency and the revenue collection.

The spatial and temporal trends show that there are
areas, which should be given priority during the
interventions.  Although  the interruptions  were
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experienced throughout the year, but the summer period,
which is October to January, experienced very high
numbers of interruptions as compared to the rest of the
year. The month of June, which is, the beginning of the
winter holidays also experienced high numbers of
interruptions in the system. The areas with high numbers
of interruptions during the whole study period were
Umzinto town, Amandawe, Uswani and Amangamazi.
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