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ABSTRACT 

 

Small-scale water infrastructure (SWI) is any hardware that is used by rural communities to 

supply water for domestic, agricultural and rural development. SWI, such as boreholes, hand-

pumps, windmills and sand dams, can enhance the livelihoods of rural communities when fully 

functional. SWI, which is dysfunctional or functions sub-optimally, interferes with the 

improvement of rural livelihood, because an insufficient amount of water is provided to rural 

communities. There are SWI that cater for only one water use and are called a Single Use System 

(SUS) and those that cater for more than one water use are called Multiple Use Systems (MUS), 

which are more sustainable. Yet SWI still fail in rural communities, which has led to this study 

that assesses the performance of SWI in Nebo Plateau. 

 

An assessment of the performance of SWI provides relevant stakeholders with information that 

can be used to make decisions concerning new development or rehabilitation of SWI. This will 

include information regarding failure of the SWI that is influenced by performance driving 

factors such as; maintenance, ownership of SWI, water use from SWI and institutional 

arrangements, which are necessary to inform decision-makers. Therefore, the study will 

investigate the location, type, status, performance of SWI, and causes of its failure. 

 

Literature concerning the performance of SWI has been explored in this document, resulting in a 

research proposal, to assess SWI performance in Nebo Plateau, Sekhukhune district. The 

performance of SWI can be looked at from various angles, such as technical, health, economic, 

social and environmental assessment. The study will look at the technical and social performance 

assessment of SWI, which will be done using the condition assessment component that has been 

adopted from the Rietveld et al, (2008) technical tool. Furthermore the study will look at the 

relationship that exists between different MUS water use levels and the satisfaction level of the 

rural communities in Nebo Plateau. The SWI management practices will be investigated to 

propose alternatives or improvements in Nebo Plateau that are relevant to the area. This will 

benefit rural communities to better manage the available SWI, improving their livelihoods. 
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1. INTRODUCTION 

 

There is a growing scarcity of water in the world, with the demand for water use surpassing that 

of sustainable water use (Postel, 2000). In sub-Saharan Africa at least 44% of the population do 

not have a good quality, reliable and accessible water source (MacDonald et al, 2008; cited by 

Ghiglier and Carletti, 2010). An estimated 84% of this 44% of the sub-Saharan Africa population 

live in rural communities that rely on small-scale water infrastructure (SWI) to supply water 

(MacDonald, 2008; cited by Ghiglier and Carletti, 2010). These SWI are sometimes 

dysfunctional or performing sub-optimally. The poor performance of SWI in rural communities 

can be related to contributing factors, such as, lack of maintenance practices by Water Service 

Providers (WSP) or rural communities, the depletion of ground water, climate change, the 

sedimentation of rivers, causing low or no flow at all, and the increases in water pollution (Postel, 

2000). This results in rural communities resorting to available water sources that are untreated, 

which poses health risks such as water borne diseases (Mackintosh and Colvin, 2003; Madrigal et 

al., 2011). Gleick (2002), estimated that by the year 2020 about 135 million people will have died 

in the world, due to water-related diseases from untreated water sources. Therefore, in order to 

prevent this from happening, strategies should be put in place to implement cost-effective 

solutions for the management and operation of existing SWI (Rietveld et al., 2008). By 

implementing these solutions, communities using the SWI will fully benefit from the services 

that it provides, as well as the improvement of their livelihood.  

 

SWI can be referred to as technologies or hardware that are used by rural communities to convey 

water for domestic, agricultural and rural development and include SWI such as, boreholes, 

windmills, small reservoirs, smallholder irrigation schemes, wells and sand dams. These are SWI 

that are used for either single use service (SUS) or multiple use services (MUS). These SWI exist 

in the rural communities and tend to be poorly managed, as water resources planning and 

management poses a major challenge for rural communities (Sawunyama et al., 2006). This 

results in rural communities struggling to access water for domestic, livestock watering and 

irrigation. Projects investing in new water supply systems use the top-down approach, giving 

special priority to delivering quantities of water and increasing its availability (Rietveld et al., 
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2008). Less attention is given to SWI that are used to supply water to the rural communities, 

where lack of maintenance results in poor performance in the long-run (Rietveld et al., 2008). 

This, in turn causes dysfunction and failure of SWI, which rural communities depend on to 

achieve their day-to-day activities that improve their food securing  and income.. 

 

As part of the eight Millennium Development Goals (MDGs), water is believed to be one of the 

crucial contributors to the alleviation of poverty in the world, where the aim is to halve the 

number of people without safe drinking water by 2015 (United Nations, 2000;Sachs, 2005).  The 

MDGs are shown in Table 1.1, with a brief explanation on how improved water and sanitation 

services through fully functional SWI can contribute to poverty alleviation. In respect of the 

MDGs, it has been noted that Republic of South Africa (RSA) has made substantial progress 

through investing in water and sanitation projects, however despite this, poor sanitary conditions 

affect social and economic progress (Rietveld et al., 2008). Therefore, if WSP would pay more 

attention to the performance of SWI, while implementing monitoring strategies and to investigate 

the condition of the SWI from time to time, a significant improvement would be seen in SWI. 

 

This literature review focuses on the performance of SWI in the rural communities and looks at 

the issues or factors that cause the failure of the SWI used by rural communities. Special attention 

is given to the operation and maintenance of SWI, which may possibly cause the failure of the 

SWI, leading to them not fully benefitting the rural communities concerned. There are five 

chapters in this document. Chapter 2 gives the definition, categorization and significance of SWI 

to rural communities and further explains the design, operation and management problems 

associated with SWI, which make them dysfunctional. In addition, Chapter 2 describes indicators 

that are used to measure the performance of SWI and performance assessment approaches of 

SWI.  Chapter 3 consists of the discussion of the literature and the conclusions, which are 

reached. Chapter 4 contains the details of a proposal for the assessment of the performance SWI 

for multiple uses in Nebo Plateau, Sekhukhune District, South Africa. 
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Table 1.1 Millennium Development Goals (MDGs) and the contribution of improved water and sanitation through SWI (adapted 

from Faal et al., 2009) 

 

Millennium 

Development Goals 

Improved water and sanitation 

contributions to the MDGs 

Potential contribution 

level of SWI improved 

performance. 

  Role of SWI in achieving MDGs  Examples of SWI that play a role 

in achieving MDGs. 

Eradicate extreme 

poverty and hunger 

Access to water can improve 

food security and lead to water-

based income-generation 

Significant SWI supply water for agricultural activities, 

where harvest can be consumed or sold for 

household income.  

Small reservoirs, treadle pumps, 

family drip kits and rainwater water 

harvesting. 

Achieve universal 

primary education 

Better systems means children 

can attend school with time saved 

and are healthier 

Moderate Well maintained SWI will provide sufficient 

quantity of water reducing water collection time 

for children to have time to go school in the 

morning.  

Hand-pumps, tube wells and 

windmills 

Promote gender 

equality & 

empowerment ot 

women 

Better designed systems leads to 

time saving for productive 

activities and improved health 

and security 

Significant SWI properly maintained are not prone to 

frequent breakdowns leading to better food 

production ensuring food security for rural 

communities and empower women. 

All small-scale water infrastructures 

(to be mentioned in Chapter 2). 

Reduced child 

mortality 

Better access to safe water leads 

to health and nutrition for 

children and mothers 

Significant Well functioning SWI ensure that rural 

communities do not resort to unsafe drinking 

water. 

Hand-pumps, tube wells and 

windmills 

Improved maternal 

health 

Reduced stress on expectant 

mother by providing better and 

safer access to water for a range 

of uses 

Moderate By ensuring good performance of nearby SWI it 

will reduce walking distance to look for 

alternative sources of water. 

Windmill and boreholes 

Combat disease By providing adequate quantity 

and quality of water for drinking, 

hygiene and food production 

Significant Improved SWI performance will provide rural 

communities with good quality (safe) and 

quantity of water. 

Small reservoirs, treadle pumps, 

family drip kits, rainwater water 

harvesting, hand-pumps, tube wells 

and windmills 

Ensure environmental 

sustainability 

By improving the management of 

natural resources and matching 

systems design to demand 

Significant Better designed and performing SWI proved 

community with sufficient water which will 

protect other natural recourses such as wet lands 

from been abused by communities. 

All small-scale water infrastructures 

(to be discussed in Chapter 2). 

Develop a global 

partnership for 

development 

Though making links between 

sector and sharing experiences 

Low Through various water activities performed by 

rural communities. 

All small-scale water infrastructures 

(to be covered in Chapter 2). 
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2. SMALL-SCALE WATER INFRASTRUCTURE 

 

2.1 Performance and Rural Livelihoods 

 

Hak-su (2006), defines water infrastructure, “as a stock of facilities and installations needed to 

develop and manage water resources, including the delivery, treatment, supply and distribution of 

water to its users, as well as for the collection, removal, treatment and disposal of sewage and 

wastewater”. This definition refers to all infrastructures, both urban and rural, that handle water 

for all purposes. Therefore, for the context of this study, the definition by Senzanje et al. (2012) 

is preferred, as it defines rural small-scale water infrastructure as “any technical hardware that is 

used by farmers in managing water resources for both domestic and agricultural use, and is 

operated on a small-scale, as well as by smallholder farmers”. The definition is based mainly on 

where the SWI is located, whether in a rural community or commercial set-up. Senzanje et al. 

(2012) choose to use “Small-scale” in order to define the water infrastructure that is in a rural 

community. This definition does not consider the size of the water infrastructure, but where the 

water infrastructure is located and how it is used. Figures 2.1, give a graphic representation of 

some of the SWI that are used by rural communities for various activities, which enhance their 

livelihoods.  

Categorization of SWI in terms of their uses by rural communities for domestic, agricultural and 

rural development (brick making, cultural events and schools) use, is shown in Figure 2.2. SWI 

are used to supply water to rural communities by means of the various methods mentioned in the 

Senzanje et al. (2012) definition of SWI. An understanding of the status and performance of the 

SWI is necessary to better manage them, in order to continue supplying rural communities with 

good quality and an adequate quantity of water. This water acquired from SWI can be used by 

rural communities for activities that improve their livelihoods (Adank, 2006). Income can be 

generated through agricultural activities, such as the irrigation of crops, where the crops 

harvested by the small-scale farmer can be sold to community members or nearby markets. 

Another use in terms of the categorization of SWI, is domestic water use, where water is used for 

activities, such as bathing, cooking and cleaning, and rural development water is used for 

recreation or development, such as building houses, clay pots and brick-making. 
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(a) Hand-pump used by rural community (b) Community windmill used for irrigation and 

livestock watering 

(c) Small reservoir used by community for drinking and 

livestock watering 

(d) Small-dam used to store water 

Figure 2.1 Types of SWI used by rural communities 
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Figure 2.2 Categorized SWI in terms of uses (adapted from Senzanje et al., 2012) 

 

 It has been noted that 75% of rural communities rely on agricultural activities, as it is the largest 

economic activity (De Regt, 2005), although SWI used for agricultural activities are functioning 

poorly (Denison and Manona, 2007). Improved water productivity in rural communities can help 

feed the growing rural population (Rockstrom et al., 2003). As illustrated in Table 2.1, 62% of 

the fresh water available in RSA is allocated to agricultural water use, where the agricultural 

sector employs 11% of the rural communities (in RSA) and agriculture contributes 4% of the 

Gross Domestic Product (GDP) of RSA (WGDSA, 2009; DWAF, 2004; cited by Juana et al., 

2011).  Table 2.1, shows South Africa’s water use by sector. 
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Table 2.1 Water resource allocation per water user group (after WGDSA, 2009; DWAF, 2004; 

cited by Juana et al., 2011) 

Water user/sector Proportion of 

water allocation 

(%) 

Share of GDP 

(%) 

Employment 

(%) 

Agriculture 62.0 4 11 

Domestic 

urban 

rural 

27.0 

23.0 

4.0 

  

Industrial 3.5 23 19 

Afforestation 3.0 N/A N/A 

Mining 2.5 8 7 

Power generation 2.0 N/A N/A 

N/A= Not Available 

 

Clearly the proportion of water allocated to agriculture and domestic uses is higher than that of 

industrial water use. Therefore, with improved SWI performance rural communities can 

efficiently use water for agricultural and domestic purposes. In addition, it is necessary to identify 

and understand what SWI are available, to perform these activities and to move towards 

achieving the MDGs. 

 

2.2 Management of Rural Small-scale Water Infrastructure. 

 

Mann (2003) states that Southern Africa is “polluted” with hand-pumps that are breaking down. 

In addition to that, she further explains that simply drilling a borehole and equipping it does not 

mean the job is done, considerations such as whether the technology used is appropriate for the 

rural communities needs to be assessed. There are important issues, such as the availability of 

spare parts locally, skills to repair the hand-pump in the community, government strategies or 

policies in terms of management of SWI and financial contribution to manage minor breakdowns 

by the rural communities (Mann, 2003). These considerations will help to make newly-developed 

SWI successful in rural communities. The training of rural community members in the operation 

and management will ensure that regular maintenance is done by community members, were 
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SWI will operate according to its intended function. A study done by Manyena et al. (2006) in 

the rural communities of Zimbabwe indicated that SWI, such as hand pumps frequently 

breakdown. Some hand pumps do not function for up to six months, while some are neglected or 

unattended for a period of up to five years. This indicates that rural communities may sometimes 

neglect SWI, based on their condition, while not reporting them to relevant water service 

provider (WSP).  Underlying issues that can affect the performance of SWI, such as the quality of 

water and cultural issues can also play a role in the failure of SWI. 

 

SWI that exist in rural communities and informal peri-urban settlements of South Africa are 

designed to supply 25 litres per capita per day, with an additional 10% allowance for losses (Still, 

undated).  Legislative standards in South Africa state that, rural communities should have at least 

20 to 30 litres per person per day of good quality water within 200 m of all households. In 

Section 9(1) and 73(1) of the Water Services Act (WSA), a description of the basic level of water 

supply is given. In some parts of South Africa, such as the Sekhukhune District in the Limpopo 

Province an assessment of water was done using the standard mentioned in the WSA and it was 

found that at least 46.9% of the population receive water below basic Reconstruction 

Development Plan (RDP) level and only 8.3% had full access (IDP, 2008). Table 2.2 clearly 

indicates that more work need to be done to ensure that rural communities in the Sekhukhune 

District and other parts of South Africa receive water that is in line with the WSA. This can be 

done by having SWI that are functioning well and managed appropriately. 

 

Table 2.2 Water access in Sekhukhune (after IDP, 2008) 

Municipality Below Basic RDP level Basic Access Intermediate 

Access 

Full access 

Tanker Borehole Natural Other Unspecified Public tap On site Inside dwelling 

Fetakgomo 108 1069 5580 79  8202 1319 856 

Makhuduthamaga 318 4533 21832 692 295 14178 5112 2997 

Tubatse 397 4504 13459 1054 320 17734 2552 2515 

Groblersdal 3076 4798 10019 461 445 13069 5687 4790 

Marble Hall 306 2257 4457 234 108 4225 4861 2962 

Sekhukhune 4205 17161  2520 1289 57408 19531 14120 

Households below basic 

RDP level (%) 

46.9 33.5 11.3 8.3 
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A study reported by Mokgope and Butterworth, (2001) stated that the designing of SWI, such as 

hand-pumps and small reticulation stand pipes in Sand River Catchment in RSA is mostly based 

on providing rural communities with water for basic human needs, such as drinking, cooking and 

bathing. In reality, rural communities tend to use the SWI for more activities than they are 

actually designed for, such as agricultural and rural development. This extents pressure on the 

SWI used, which will lead to SWI failing to meet rural community needs. Mokgope and 

Butterworth, (2001) also found that in some rural communities of the Sand River Catchment, 

water committees were established to manage SWI existing in the communities, while all major 

repairs to SWI was seen as the responsibility of the Department of Water Affairs (DWA). Water 

committees would collect R5 from each rural community member every month. If these 

strategies were to be extended to other rural communities, many of the SWI would not fail to 

provide water for the intended purpose. 

 

The development and rehabilitation of SWI is expensive and in order to harness the full potential 

of the SWI, such as irrigation systems, boreholes and small dams, WSP need to have a better 

understanding of the condition and performance of the SWI (van Koppen et al., 2006; Foster et 

al., 2000). This will allow them to better manage the SWI that is available to improve service 

delivery in rural communities. When looking at assessments and indicators, it is noted that SWI 

are deteriorating faster than planned (Boshoff, 2009). The deterioration of this infrastructure is 

blamed on the lack of maintenance, the lack of skilled technical staff and the inability of 

municipalities to invest in the operation and maintenance of the SWI (Boshoff, 2009). An 

assessment was done by the South Africa Institute of Civil Engineering (SAICE) (Makhethu, 

2011), where certain pressing issues regarding water infrastructure in RSA were outlined. Some 

of the issues that were reviewed in the SAICE Infrastructure Report Card (Makhethu, 2011), 

which have led to the failure and deterioration of water infrastructure are as follows: 

(a) most water infrastructures are deteriorating, due to age, 

(b) there is lack of sufficient maintenance of the aging water infrastructure, 

(c) lack of funding for maintenance, 

(d) large dams are experiencing water holding capacity problems, which require 

refurbishment, 

(e) farm-dams are deteriorating, due to insufficient maintenance and rapid sedimentation , 
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(f) emphasis is placed on the quantity of water and not the quality, making water services 

unsustainable,  

(g) the leaking of water pipes causes water wastage, and 

(h) unskilled water services personnel and officials. 

 

It has been noticed that water infrastructure has been significantly deteriorating or experiencing 

dysfunctionality since 2006, while improved water infrastructure in a country indicates prosperity 

(Makhethu, 2011). This illustrate that the failure and lack of functioning SWI in rural 

communities has an effect on the growth of the economy. This also puts a strain on the economy 

of the rural community as agriculture plays a vital role in sustaining the rural economy and 

cannot function without SWI that are providing sufficient water for irrigation and other farm 

related activities.  Agriculture helps sustain the growing rural population. Therefore, investments 

should be made into funding the management of SWI, as well as WSP officials that are 

responsible for the day-to-day maintenance of the SWI. The focus should be on supplying a 

sufficient amount of good quality water to rural communities, rather than just supplying them 

with increased quantity of water, which can lead to the overloading of SWI.  

 

Securing Water to Enhance Local Livelihoods (SWELL) is one of the initiatives of the 

Association for Water and Rural Development AWARD, a NGO that is working in 

Bushbuckridge, RSA (Cousins, 2008), that focuses on bringing together all rural communities, 

SWI designers, WSP and relevant stakeholders to debate about how SWI can be changed to 

provide multiple water uses for rural communities beyond the basic water supply. Issues, such as 

operation and maintenance, which affected poor performance of SWI, were raised in the 

discussions, and also the disintegrated WSP, NGOs and other stakeholders that are responsible 

for SWI failure shown in Figure 2.3. 
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Figure 2.3 Range of stakeholders in water supply provision in Bushbuckridge (after Cousins et 

al., 2008) 

 

The stakeholders that are shown in Figure 2.3, where found to be disintegrated and were not 

communicating with each other at all levels from top to bottom. There was confusion regarding 

who was responsible for the maintenance of SWI in the rural communities. The rural 

communities were left confused and without proper functioning SWI, that meet their daily water 

requirements to sustain their life. A significant number of problems were noticed in ward 16 of 

Bushbuckridge that resulted in rural communities not having access to water for their daily 

activities. This was blamed on issues that are shown in Figure 2.4, which causes the rural 

communities to lack water. 

In an attempt to solve problems that developed in Ward 16, six strategies were developed which 

addressed the SWI management issues. These strategies involved investing in SWI for domestic 

and agricultural water use, and rainwater harvesting technologies and exploring measures to solve 

the problem of who is responsible for maintenance, while looking at emergency measures to 

supply water during breakdown of SWI and droughts. The main finding of the SWELL initiative 

was that rural communities that received reliable water that cater for multiple water uses had a 

significant increase in economic activities (Cousins et al., 2008).  An increase in these economic 

activities helped rural communities to acquire income, to secure food in the household and other 

needs that sustain their life.  
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Figure 2.4 Example of problem tree developed for Ward 16, Bushbuckridge, RSA (sourced from 

Cousins et al., 2008) 

. 

 

The different entities involved in the management of small reservoirs in Zimbabwe are shown in 

Figure 2.5. A similar setup to Figure 2.5 can be found in the RSA, with the rural community 

members responsible for the day-to-day operation and management and less responsibility, as the 

institutes move further from the small reservoir circle. Community development fora would fall 

in the second inner circle, as they are actively involved in the community development and 

addres issues that arise in the community. The ward committees, local government and 

department of agriculture fall in the third inner circle, as they are involved in developing the 

plans for the SWI and the water for community gardens, irrigation and livestock. 
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Figure 2.5 Venn diagram of management of small reservoirs in Zimbabwe (sourced from; 

Senzanje et al., 2008) 

 

In the context of Zimbabwe this will be Non-Governmental Organization (NGO), Rural District 

Council (RDC) and Agricultural Research and Extension Services (AREX). The RDC is the 

district council allocated for a certain District, where every project or any other interventions are 

approved by them before implementation and they monitor activities within the district. The 

AREX offer agricultural services, such as irrigation development and advice in agronomic 

practices. The Department of Water Affairs (DWA), which acts the same as Zimbabwe National 

Water Authority (ZINWA), would fall in the outer last circle, as they have moved all 

responsibility for SWI management and operation to local government, with Catchment 

Management Agency CMA falling slightly out of the circle as they are not known by rural 

communities. The District Development Fund (DDF) in Zimbabwe are involved in rural 

infrastructure development for communities (Senzanje et al., 2008).  
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2.3 Single Use Service (SUS) vs Multiple Use Service (MUS) of Small-scale Water 

Infrastructure. 

 

The single-use approach of SWI for water development and management of rural water supply 

does not only supply rural communities with insufficient water, but restricts the use of SWI for 

other uses (Williams and Carriger, 2006). In reality people tend to use SWI intended for single-

use for different purposes, such as domestic, agricultural and rural development, which can exert 

pressure on the SWI and the service it is providing to the rural community (Adank, 2006). The 

SUS force the water users to use SWI that only meet a small portion of their needs, which leads 

to the SWI being neglected and affects their operation and management. When the operation and 

management of the SWI is neglected it leads to their failure. The lack of access to a continuous 

supply of water through failure of SWI arising from single-use approach in rural communities 

may cause problems in terms of rural community not being able to perform activities that bring 

about improvement of their livelihoods (Katsi et al., 2007). This can cause problems to WSP that 

are responsible for management of SWI. Adank (2006) adds that, in return it can lead to poor cost 

recovery mechanisms and constraint to self-supply. Therefore, there is a need to change SWI that 

are currently in rural communities to supply water for two or more water uses rather than just 

one. Adapting to this approach will require change in SWI that are SUS in rural communities.  

 

 The multiple-use approach for water development and management provides an opportunity to 

fast track towards the MDGs. Multiple use approach involves, the assessment of different water 

uses in the rural community, investigating the water sources that exists - from rain water to piped 

water to wastewater and synchronising water quality, quantity and reliability to various needs of 

the rural communities (Williams and Carriger, 2006). Multiple use services (MUS) are defined 

by van Koppen et al. (2006), as a “participatory, integrated and poverty-reduction focused 

approach in poor rural and peri-urban areas, which takes peoples multiple water needs as a 

starting point to providing integrated services, moving beyond the conventional sectorial barriers 

of the domestic and productive sector”. MUS take into account rural water needs when planning 

to design or rehabilitate SWI, where this kind of approach is believed to be more sustainable, 

than that of single-use approach (van Koppen et al., 2006).  
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Multiple uses occur at different levels, which are household or homestead, water system, 

community and catchment level (FAO, 2009). These multiple uses levels can be utilised in many 

different ways to meet rural community needs, such as that shown in Table 2.3. MUS focus 

mainly on the first three levels, which are household, water system and community level. The 

catchment level is considered to be under Integrated Water Resources Management (IWRM). The 

IWRM approach involves the coordination of water resources in different sectors for different 

multiple uses (FAO, 2009). 

 

Table 2.3 Different MUS levels (FAO, 2009) 

Level of MUS Description of level Examples of 

SWI 

Household or homestead level Involves the use of water for domestic use and 

small-scale productive uses (backyard 

gardens, livestock and micro-enterprise) 

Hand-pumps, 

small 

reservoirs and 

shallow wells 

Water system level Involves SWI, which water is used for 

different purposes along its course. 

Conveyance 

canal 

Community level Involves overlapping different SWI, which 

provide water for different uses within the 

community 

Hand-pumps, 

irrigation 

systems and 

small 

reservoirs. 

 

The multiple use approach can be achieved by changing the current SWI that supply rural 

communities with water intended for single use. This can be done through the adaptation of 

current irrigation and domestic SWI to multiple water uses in rural communities. The adaptation 

of irrigation SWI can involve, for example; supply of water for household uses and bathing, 

construction of steps in canals for laundry and bathing, the addition of pipes to supply water to 

rural community when irrigation system is not irrigating and adding a place for livestock 

watering (Williams and Carriger, 2006).  SWI used for domestic water activities can be adapted 

by adding, livestock drinking troughs to supply points, storage tanks to supply water for multiple 

water uses and micro-irrigation systems (Williams and Carriger, 2006). SWI that are used for 

rainwater harvesting can also be adopted to meet rural communities multiple water use. The 
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change of SWI to MUS will improve the rural communities livelihoods as all their water needs 

will be met, subject to the source having an adequate water supply. This will prevent rural 

communities from using water sources that are untreated, also advancing to achieving the MDGs. 

 

2.4 Small-scale Water Infrastructure Performance Indicators and Measures 

 

Researchers, academics and practitioners have investigated new approaches that are rapid and 

more reliable to assess the performance of water supply infrastructure (Kuscu, 2009). These 

approaches are mainly focused on urban water supply systems and looking at assessing 

performance by the amount of water lost in an urban water distribution system. Less attention is 

given to SWI that are used in the rural communities as only a few tools exist to measure their 

performance. The American Water Works Research Foundation (AWWRF) did a study to 

develop water infrastructure performance indicators (Alegre, 1999).  The study was undertaken 

for water distribution systems to assess performance and performance benchmarking for water 

utilities. The objective was to develop water system performance criteria to evaluate water supply 

system, which will result in understanding the overall condition of the water system. Three 

performance criteria were established from the study; adequacy, dependability and efficiency. 

Alegre, (1999) defines the three criteria as follows; adequacy, as the ability of a SWI to deliver a 

certain quality and quantity of water to the consumer; dependability measures the ability of the 

system to continually supply water to the consumer, and finally efficiency refers to how 

effectively the water is supplied.  The study still did not address rural SWI, such as hand-pumps, 

boreholes and windmills, but can be used to assess the performance of rural water reticulation 

systems. The criteria used in AWWRF study are similar to those used by Rietveld et al. (2008) 

technical tool in RSA. 

 

The Health, Environment, Social, Economic and Technical (HESET) tool kit is used to assess the 

health, environmental, economic and technical aspects of SWI. Rietveld et al. (2008) chose two 

technical indicators to assess the performance of SWI in RSA, and these are; reliability and 

durability, whereas Ashley et al. (2004) defined reliability, as the ability of the SWI to make 
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available and distribute water supplied. In response to readily available information concerning 

SWI in RSA, reliability was split into three criteria, which are availability, capacity and 

continuity. These were easily measurable and could be acquired from the field. Durability was 

converted or renamed to be condition as it also allowed it to be easily observed and measured in 

the field with a four-tier bench-marking scheme (bad, fair, sufficient, good). The technical tool by 

Rietveld et al. (2008) was only adapted to suit stand pipes in rural communities but still leaving 

out other SWI, such as hand-pumps, windmills and boreholes (equipped and not equipped) and 

small reservoirs. The tool can be modified to suit other SWI that were not considered.  

 

When comparing the AWWRF performance indicators with the Rietveld et al. (2008) technical 

tool, the three indicators from AWWRF match with the three sub-divisions of reliability in the 

technical tool. Adequacy and availability all refer to the supply of a certain quality and quantity 

of water to a community. Dependability and continuity refers to the ability of SWI to 

continuously supply of water without any interruptions, when needed. Efficiency and capacity 

refers to how the SWI effectively supplies water to the rural community. The three indicators 

from the AWWRF help to give the overall condition of the SWI, which is not the case in Rietveld 

et al. (2008) technical tool. The technical tool has condition as an indicator on its own, which 

results in four indicators. Both Rietveld et al. (2008) and AWWRF methods are social and 

technical, due to the fact that they involve using interviews to get information, and also 

measurable parameters. They all consider the condition of the SWI, as a driving factor of 

performance. A comparison of the AWWRF and Rietveld et al. (2008) performance measure 

criteria are shown in Figure 2.6. 
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Figure 2.6 Comparison of performance indicators (adapted from; Rietveld et al., 2008 and 

Alegre, 1999) 

 

 

2.4.1 Condition assessment 

 

Rietveld et al. (2008) states that, the condition of the SWI reveals a lot in terms of its expected 

period of life. They further add that by doing a condition assessment, critical external factors, 

which play a major role in the overall condition of the SWI, can be picked up. This can be done 

by assessing certain components of the SWI such as pipes, pumps, reservoir, stand-pipes and 

hand-pumps. The assessment will help in finding the causes of failure, if that particular SWI is 

not functioning due to its physical condition. 
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Information can be collected using a template which will help in feeding to the index 

developed by Rietveld et al. (2008) to assess condition of rural household stand pipes as 

follows: 

														����� � �	��
��� � ����������� � ����
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 is the condition of the pump; 

 Nwp,total is the total number of water points in the community; 

 Ntap,good, Nplatform,good, Nsupport,good, Nsec, good  these are the numbers of taps,      

platforms, supports and secondary connections in good condition, and 

δi are weighing factors for the sub-indices, where Σδi = 1. 

From the above index that was used by Rietveld et al. (2008), it is possible to modify this to suit 

MUS SWI that will be assessed in the study area. The index was designed to take values from 0 

to 1, with any values below 0.5 meaning that SWI is poorly performing and is in a bad condition, 

values in the range of 0.5 and 0.75 means the SWI is dysfunctional but still meeting some of 

community needs and values above 0.75 means that the SWI is in good condition.  

Stephenson et al. (2001) proposed a simple condition assessment method that would rank the 

condition of SWI in five rankings, which can be used to measure performance. Using the 

Stephenson et al. (2001) method, current SWI effective life and condition can be compared. This 

can help WSP to make informed decisions to better look after available SWI and replace if 

necessary. Table 2.4 shows the ranking that can help make informed decisions concerning 

maintenance and replacement of SWI. By using this ranking WSP (both formal and informal) can 
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be able to improve the performance of SWI in rural communities, as proper maintenance will be 

done when necessary  

 

 

Table 2.4  Ranking of asset condition (after Stephenson et al., 2001) 

Rank Description of condition Maintenance requirement 

1 Perfect/excellent condition 

 

Only normal maintenance required 

2 Minor defects only 

 

Minor maintenance required (5%) 

3 Backlog maintenance required 

 

Significant maintenance required (10 - 20%) 

4 Requires major renewal 

 

Significant renewal/upgrade required (20 - 

40%) 

5 Asset unserviceable 

 

Over 50% of asset requires replacement 

 

Ranking the SWI can result in a graph, such as that in Figure 2.7, which can be used to track 

condition and performance of SWI throughout their effective live. By adding an exponential 

growth curve representing maintains cost in the graph represented by Figure 2.7, it can show the 

relationship that existed between SWI condition and maintenance cost through their useful life 

which can help to make informed decisions when it comes to cost of maintenance and 

replacement. Table 2.4 and Figure 2.7 can be used to support the Rietveld et al. (2008), condition 

assessment in terms SWI condition and effective life. With proper in depth study of SWI, a useful 

life concept can be developed in a particular region which can help make informed decision on 

the type of SWI to invest in for future reference. 



21 

 

 

In support of the Rietveld et al. (2008) and Stephenson et al. (2001) condition performance 

assessment, gamma statistics can be used to measure the level of association between satisfactory 

level in terms of its benefit to rural communities and different levels of multiple use. Gamma 

statistics are used to estimate monotonic relationship between two X and Y variables that are 

different (Wood, 2008). It indicates the degree of association between two variables that are 

monotonic weather they are strongly or weakly associated. This type of statistic helps to make 

informed decisions on one variable by looking at the others depending on their association. 

Therefore, these type of statistics will be adopted in the methodology to measure the level of 

association between satisfactory level in terms of SWI benefit to rural communities and different 

levels of multiple uses. 

Figure 2.7 Typical condition decay curve for infrastructure assets (sourced from Stephenson et 

al., 2001) 
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3. DISCUSSION AND CONCLUSION 

 

There is growing scarcity of water affecting rural communities were alternative sustainable 

water resource management need to be implemented to manage SWI, such as hand-pump, 

windmill, irrigation systems and small reservoirs used to supply water. Implementing 

strategies or practices that bring about improvement of performance of SWI requires informed 

decisions by knowing the current location, type, status and causes of failure of the SWI.  

Information on performance of these SWI will inform WSP, investors, rural communities and 

relevant stakeholders to invest in development, rehabilitation and maintenance. With 46% of 

rural communities in Sekhukhune receiving water below the RDP level as per WSA (IDP, 

2008), it is evident that SWI in that area are performing poorly. This poor performance 

deprives rural communities to benefit from SWI to perform activities, such as domestic, 

agricultural and rural development. From the factors, such as the sedimentation of farm dams, 

lack of funding for maintenance, lack of skilled WSP, water losses from dysfunctional or sub-

optimal water infrastructure and there is a need to replace the current aged water 

infrastructure (both urban and rural).  

The maintenance of SWI in rural communities is poor, as WSP do not assess their 

performance and repair dysfunctional on a regular basis. These dysfunctional SWI eventually 

break-down, where rural communities will resort to other alternative water sources that are 

not safe for drinking. By so doing, rural communities face health risks that may result in 

death. Therefore, regular maintenance of SWI can improve the performance, to provide safe 

drinking water.  In an effort to improving maintenance issues, WSP should undergo training 

that will put them in a position to tackle the challenges arising from rural communities.. The 

knowledge of the effective life of the SWI is important, as WSP can put funds aside to replace 

SWI, when it has reached the end of its useful life. The SWI that are used for single use can 

be replaced with multiple use services. 

 

Multiple use approach supplies rural communities with water that can be used for two or more 

water uses (Van Koppen et al., 2006). They are said in the literature to be less prone to 

negligence, vandalism and rural communities are willing to maintain them, but MUS SWI are 

in poor condition in rural communities. MUS SWI were designed to replace SUS SWI that are 

not fit for rural communities, as they do not provide this communities with water that will 



23 

 

satisfy their daily water activities. A proper investigation of the relationship that exists 

between rural communities rating of performance of SWI and their water uses may help to 

understand the causes of failure of SUS and MUS SWI.  

 

It is believed by many researchers that water is the main contributor to fast tracking the eight 

MDGs in improving the livelihood of rural communities, while halving the number of people 

without safe drinking water by 2015 (Sachs, 2005; United Nations, 2000). Therefore, 

investing, maintaining and developing of SWI will contribute significantly to achieving these 

eight MDGs. 

 

The gaps that have been noticed throughout the literature were that there is not enough 

information that exists from SWI designers concerning failure of SWI. Most interventions are 

always reported successful, but still see rural communities having no accesses to water 

because of SWI that are not functioning. The NGOs, WSP, SWI designers and private sector 

are also not reporting their actual failures on the ground and not providing information on the 

effective life of most SWI that exist in rural communities as observed. Information on current 

SWI status is also not available within the literature. Therefore, with this study that will be 

done in Nebo Plateau, it help address the problems that are associated with dysfunctional or 

sub-optimally performing SWI. These will be SWI used for MUS, such as boreholes 

(equipped and unequipped), small reservoirs, shallow well, small-scale irrigation systems and 

windmills. Investigation of the type, location and current condition of SWI will be done also 

looking at how the existing SWI are benefiting the communities. Further, an investigation of 

causes of failure and review of management models that are practiced to manage SWI will be 

done through interviews and physical observation. All this information will help to propose 

management models that are relevant in managing SWI in Nebo Plateau and understanding 

their performance, which can be used to inform investors, future SWI designers, government, 

NGOs relevant stakeholders and interested parties of the current status of SWI in the area for 

future development.  
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4. PROJECT PROPOSAL 

 

4.1 Problem Statement 

 

The Limpopo basin is prone to frequent droughts and receives rainfall mainly during October 

and November making agricultural production very risky. Additionally, the reduced access to 

water infrastructure makes agriculture practices difficult for communities in the rural 

Limpopo basin (Ncube et al., 2010). This results in low yields, food insecurity and high 

poverty levels. Poor rural communities require water for both domestic and productive use, 

thus better access to reliable water supply will provide a wide range of opportunities for rural 

development and improved livelihoods (Cousins et al., undated) 

 

Literature indicates that many SWI still operate poorly (Denison and Manona, 2007), despite 

interventions that government, NGOs and other water management institutes have initiated. 

Several reasons for the poor performance have been suggested, such as problems with 

management of SWI. This has resulted in the SWI being mishandled, neglected and the users 

resorting to other water sources that are not safe for use in terms of quality, and not 

sustainable in terms of quantity. 

 

SWI exist around the Limpopo basin and little information is known about them in terms of 

the type, location, status and performance.  Information on the type, status, category in terms 

of use is not readily available to help understand how these SWI are functioning and helping 

the communities of Limpopo basin. How these SWI are managed in the basin is not 

documented but it is clear that they are not properly managed. The lack of clarity regarding 

ownership, and undefined roles or responsibilities for the operation and maintenance of the 

SWI. The poor management has a direct impact on the performance of these SWI, which in 

turn leads to failure to meet the service provision requirement of the rural communities.  

This study will seek to establish the types of SWI and their location in Nebo Plateau assess 

their status and performance towards meeting the intended requirements (service provision) of 

the rural communities and small-scale farmers of Nebo Plateau. This will give an indication of 

where and how to improve operation and management for the improvement of the livelihoods 
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of rural people of Nebo Plateau through proper development and rehabilitation of existing 

SWI. 

 

4.2  Research Objectives 

 

 

The main objective of this study is to evaluate the performance of rural small-scale water 

infrastructure (SWI) for multiple uses in Nebo Plateau, Limpopo river basin. This objective 

can be divided into the following components. 

 

 

1. To document the existing SWI in Nebo Plateau in terms of types, location and 

status. 

2. To assess the performance of SWI in Nebo Plateau (with respect to intended 

function) 

3. To investigate the causes of failure or sub-optimal performance of selected 

SWI in Nebo Plateau 

4. To develop/propose operation and management models to maximise SWI 

benefits  to Nebo Plateau rural community 

 

 

 

4.3 Justification 

 

Williams and Carriger (2006) state that  systems that cater for multiple uses are more likely to 

be sustainable, because users benefit more from them, have a greater stake in them and are 

more willing and better able to pay for them.  The management and maintenance problems are 

addressed, as MUS SWI hold greater value to rural communities. Yet in rural communities 

SWI are not performing to benefit them. Proper investigation of SWI performance is 

necessary as they improve rural community livelihood through water uses, such as domestic, 

agricultural and rural development. The performance assessment will assist NGOs, WSP, 
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relevant stakeholders and rural communities in making correct decisions, when it comes to 

investing, rehabilitating and replacement of SWI.  

 

Not enough literature is available on the performance and sustainability of water supply 

infrastructures (van Koppen et al., 2006), although the performance of SWI is the key to 

adequately fulfilling the water needs of the rural communities for multiple uses. The 

assessment of the performance of SWI, does not necessarily mean that it will immediately 

solve the unreliability and insufficient water supply of the rural communities. The assessment 

will lead to the identification of the status of existing SWI and possible causes of failure. This 

will later on guide in the planning of strategies that can be used to improve the performance of 

these SWI. Improved performance of SWI in rural communities can improve their livelihood 

through better quality and quantity to water. This will contribute to improving their health, as 

clean water will be available and enough quantity of water will provide water for their day-to-

day activities, such as domestic, agricultural and rural development water uses. Through 

agricultural water uses, income can be generated from sales of crops and livestock which will 

contribute to their economy and food security. These will result in enhanced rural livelihood, 

while contributing to MDGs. 

 

 

4.4 Proposed Methodology 

 

The study will be undertaken in Nebo Plateau of Sekhukhune district in Limpopo province, 

due to its current water problems, and the lack of information on the status, location and 

causes of failure of SWI.  

Objective 1: To document the existing SWI in Nebo Plateau in terms of types, location and 

status or condition 

Methodology 1: A desktop study of existing literature, consultation with key persons and 

relevant departments will be carried out. This will assist to identify the SWI in terms of type, 

the development history, usage, responsibilities for operation and maintenance. Ground 

truthing will then be done, though field visits, observations and logging (by GPS) the actual 

operation and management of SWI and physically assessing its status. 
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Objective 2: To assess the performance of SWI in Nebo Plateau (with respect to intended 

function for the particular SWI). 

Methodology 2: Consultations with community members and farmers on their view of the 

performance of the SWI and if it meets their needs with respect to the intended function. 

Physical observation and rating of the SWI in terms of its performance and how it meets the 

community needs, with a ranking of one to five will be done. A modified template developed 

by CPWF project L2 team will be used to collect data on the SWI performance. 

 

A modified condition assessment from Rietveld et al. (2008) combined with Stephenson et al. 

(2001) method will be used, where the index will be modified to suit SWI, such as boreholes, 

windmills, hand-pumps, small irrigation systems and small reservoirs that are used in Nebo 

Plateau. The modified condition assessment adopted from Rietveld et al. (2008) is as follows: 
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Where:    

����� = Overall condition assessment index 

01�,�.�2 = Number of top, middle and support component of SWI in good condition  

0�73,����� = Number of SWI available in the community 

.3 = are weighing factors for the sub-indices, where Σσi = 1. 

 

In the case where a SWI do not have a top, middle and support as represented by	01�,�.�2, 

therefore, the overall condition of SWI such as small reservoir will be used. Therefore, using 

the values from Equation 4.1, the performance of SWI in terms of its benefit to rural 

community can be determined using the modified Stephenson et al. (2001) condition ranking, 

shown in Table 4.1. 
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Table 4.1 Ranking of SWI condition assessment and community needs 

Rank Index Assessment result 

1 0.91 - 1.0 SWI in excellent condition and meeting all communities 

needs 

2 0.81 - 90.0 SWI with minor defects meeting communities needs above 

satisfactory level 

3 0.71 - 80.0 SWIs with backlog maintenance required meeting some of 

the community needs 

4 0.51 - 70.0 SWI that require major renewal meeting minimum 

community needs 

5 0.0 - 0.5 Bad performing SWI that do not meet community needs 

 

 

Gamma statistics will be used to estimate the monotonic relationship between two X 

(condition of SWI) and Y (MUS levels) variables that are different (Wood, 2008). Gamma 

statistics indicates the degree of association between two variables that are monotonic wether 

they are strongly or weakly associated. This type of statistic assists in making informed 

decisions on two different variables depended on their association. Gamma statistics will be 

used to measure the level of association between satisfactory level in terms of its benefit to 

rural communities and different levels of multiple use SWI using indices from Woods (2008), 

as follows; 

8 � 9:;

9<;
          

 (4.2) 

Where: 

γ = Gamma statistic 

C = Number of agreements pairs 

D = Number of disagreements pairs. 

 

No modification will be done on the above equations, as it will be based on the opinions of 

respondents from the survey, which is to be conducted using a template. Community 
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members will be questioned about the condition of the SWI and rate it with a scale of good, 

average and bad which will be the Y variable. The X variable will constitute of the different 

levels of MUS water uses which are, as follows; multiple use (domestic, irrigation and 

livestock), domestic and irrigation, domestic and livestock, and domestic only. This will than 

help to determine the relationship that exist between the X and Y variable.  A index of -1 to 0 

means weak association, therefore variables are not dependent on each other, were 0 to 1 

means strong association, there variables are depended.  

 

Objective 3: To investigate the causes of failure of selected SWI in Nebo Plateau. 

Methodology 3: A physical field assessment of status and the causes of failure of the SWI 

shall be undertaken. The consultations with relevant stakeholders, government departments 

and NGOs will be done through this study to document and analyse factors that led to the 

failure or sub-optimal performance. This will be done in a form of an interview, where 

questions will be asked about their past and present experiences concerning SWI failure and 

success. These will constitute of challenges that they encounter during development of new 

SWI, maintenance, rehabilitation and replacement. 

 

Objective 4: To develop/propose operation and management models to maximise SWI 

benefits to Nebo rural community. 

Methodology 4: A review of existing approaches that the Nebo plateau communities use for 

operation and maintenance of SWI will be executed and preferred approaches based on the 

availability of resources and skills in the communities shall be carried out. Current and past 

water management approaches used by communities will be assessed during interviews with 

relevant stakeholders and rural communities of Nebo. The available communication platforms 

of Nebo to local government and ward committees will also be reviewed to assess lack of 

maintenance of current SWI and lack of knowledge of current status of SWI by local 

government. This will create an opportunity to propose new approaches to management of 

SWI in the rural community of Nebo.  
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4.5 Resources Required, Deliverables and Work Plan 

 

The estimated resources required for this project are below in Table 4.2: The research is fully 

funded by the Challenge Program on Food and Water (CPWF). 

 

Table 4.2  Resources required for the project 

 

 

Below are the main deliverables of the project: 

• Present a paper at a suitable conference  

• Final MSc Thesis 

• Journal article 

  

Resource Unit cost Total Costs Source 

Field assistance 150 per day R4500 ARC – CPWF 

Travel 3 per km R30000 ARC – CPWF 

Accommodation 400 R12000 ARC – CPWF 

Statistics technical assistance R2000 R2000 ARC – CPWF 

GPS R1600 R1600 ARC – CPWF 

GRAND TOTAL: R50100 ARC – CPWF 
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The summary of timeframes for this research is presented in Table 4.2 

Table 4.3  Timeframes for the project 

 August2012 Sept 2012 Oct 2012 Nov2012 Dec 2012 Jan 2013 Feb2013 March 2013 

Objective 1         

Desktop study         

Stakeholder 

consultation 

        

Field work         

Objective 2         

Physical 

assessment 

        

Consultation         

Objective 3         

Community & 

farmers survey 

using Template 

        

Objective 4         

Review of 

existing O & M 

        

Data analysis         

Review of 

literature 

        

Final MSc. 

Thesis 

Document 
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