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ABSTRACT 

 

Small-scale water infrastructures (SWIs) play an important role in improving rural livelihoods 

through the provision of water for domestic use, crop production, livestock watering and other 

services. Despite their important use, a high level of SWI breakdowns have been reported in 

several studies and these systems remain in a state of disrepair for prolonged periods. The 

unavailability of sustainable rehabilitation models, to provide guidelines or frameworks to rural 

water management entities, responsible for carrying out suitable maintenance, is one of the major 

reasons for system unsustainability. Primarily, it has been found that the absence of suitable 

socio-economic and techno-institutional structures detract from the sustainable management of 

rural SWIs. Rural SWIs present unique challenges in that a number of issues are not so obvious, 

for example, ownership and maintenance roles and responsibilities are not clearly defined. In 

trying to deal with this problem, this study seeks contribute to the development of sustainable 

rehabilitation models, which will serve as a decision support tool for the operation, maintenance 

and rehabilitation of SWIs. The models will be developed specifically for the type of water 

infrastructure available at rural level and to suit the type of socio-institutional structures which 

exist or that could be set up in these areas.   

These models will be developed, based on a modification of the Asset Management Programme 

approach, with the key components being socio-institutional, technical and financial issues 

associated with the management of SWIs. Other key features of the models are ease of use, 

adoptability, robustness and simplicity. 
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1. INTRODUCTION 

 

Sustainable access to potable water is limited globally, constituting an estimated 780 million 

people without sustainable access to potable water (Peter and Nkambule, 2012). The poor rural 

dwellers in Sub-Saharan Africa (SSA) that lack access to potable water constitute 70 to 80% of 

the SSA population (Hoko and Hertle, 2006; MacDonald and Calow, 2008). Through various 

government and donor-funded projects, small-scale water infrastructures (SWIs) were developed 

as a way to increase access to potable water in rural areas (Hazelton, 1994; Waughray et al., 

1997; Peter and Nkambule, 2012). Groundwater resources are the main source of water for about 

90% of the SWIs developed in SSA. Hand-pumps, engine-driven pumps and windmill-driven 

pumps are common borehole equipping practices in rural water infrastructure. SWIs provide 

water for various uses, including domestic and nondomestic and are primarily developed to 

improve rural livelihoods (Sullivan and Sibanda, 2010).  

Some studies concluded that, to ensure full coverage and reliability of SSA rural water supply, 

the expansion of SWI development is necessary (Hazelton, 1994; Waughray et al., 1997). Others 

argued that, to ensure a reliable rural water supply, the maintenance and rehabilitation of the 

present infrastructure should not be neglected (Ariaratnam et al., 2002). Most existing SWIs 

have been shown not to fulfil their designed potential and others are unsustainable (Harvey, 

2007; Jiyane and Senzanje, 2010). An estimated 35% of SSA rural SWIs are out of operation and 

an unknown percentage is performing below expected levels of service (LOS) at any given time 

(Hoko and Hertle, 2006). Hoko and Hertle (2006) reported 15 to 25% of rural SWIs to have been 

broken down in various districts of Zimbabwe. Similarly, in Mali, about 90% of the SWI failed 

during the first year of operation. Sambo (2013) reported 45% of SWI failure in the Nebo 

Plateau, Limpopo Province, South Africa, over and above to 50% SWI failure reported by 

Hazelton (1994) in other regions of the Limpopo Province. The possible causes of SWI failures 

or underperformances include increased water demand, neglect, misuse, mismanagement or the 

ageing of infrastructure (Senzanje et al., 2013). In most cases, neglect and misuse appear to be 

the main causes of SWI failure and underperformance. 
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Underperforming and dysfunctional SWIs are a major limiting factor to socio-economic 

development in SSA rural areas (Parker et al., 2008). SWI failure and poor performance 

undermine rural livelihood improvement, as SWIs provide water used for economic benefits. 

SWIs remain in disrepair after breaking down, leaving more people without access to potable 

water.  As a result, the need for SWI rehabilitation is growing, particularly in regions where 

SWIs are the only source of water supply. 

To ensure an ongoing operation of SWI, a suitable maintenance and rehabilitation strategy is 

necessary. Several studies (Al-Barqawi and Zayed, 2006; Karra, 1984) have contributed to the 

development of rehabilitation strategies for urban water supply infrastructure, while neglecting 

small-scale rural infrastructure. Step-by-step rehabilitation guidelines for medium and large-scale 

infrastructures are available for the parties responsible for water supply systems management. 

Development of rehabilitation models for rural SWIs is vital, due to the increasing rate of failure 

and deterioration of the SWI. The main objective of this study is to develop rehabilitation models 

for rural SWIs, in order to ensure their ongoing operation and thus the improvement of rural 

livelihoods.  Rehabilitation models will be significantly important to policy-makers, water users, 

design engineers, local municipalities and anyone involved in rural water management.  

1.1 What is Small-scale Water Infrastructure (SWI)? 

Small-scale water infrastructure is defined as any hardware that provides water at a smaller 

spatial scale, particularly to rural dwellers (Senzanje et al., 2012). SWI are also described as 

improved water supply systems, irrespective of the scale at which they are operated (WHO, 

2000). Certain requirements need to be met for a water supply system to be considered an 

improved water system. Those requirements include: (a) providing at least 20 liters per capita per 

day from a protected source and (b) the system should be within one kilometer of the point of 

water consumption (WHO, 2000). SWIs are operated on a small-scale, due to the size of the 

population they serve and the infeasibility of operating a large-scale water infrastructure. 

According to Sullivan and Sibanda, (2010) “the term small-scale often refers to the scale of 

economic investment, as well as the physical size of the operation”. SWI comprise, small 

reservoirs, small weirs and coffer dams, boreholes, tube wells, shallow wells, wind wills, sand 

dams, small irrigation schemes, irrigated or food security gardens, rainwater harvesting, soil and 

water conservation works, treadle pumps, buckets and cans used for irrigation and family drip 
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kits (Senzanje et al., 2012). Figure 1.1 displays typical types of SWIs commonly found in rural 

Africa. 

 

Figure 1.1 Rope and washer pump-equipped borehole (L) and windmill-equipped borehole (R) 

(Harvey et al., 2003; Senzanje et al., 2012) 

1.2 What are Rehabilitation and Rehabilitation Models?  

From available literature, the term “rehabilitation” is not well-defined. However, the Oxford 

Dictionary meaning of rehabilitation is the restoration of something to its useful place in society. 

Senzanje et al. (2013) defined it as a reconstruction of an infrastructure focusing on returning it 

to its original state, at times disregarding changed objectives or service provision. Therefore, in 

the context of SWI, rehabilitation only applies to existing rural water infrastructures. The 

rehabilitation of any form of infrastructure should ensure that the system operates to the level 

similar to when it was built (Karaa, 1984; Šelih et al., 2008). Urban infrastructure rehabilitation 

models or frameworks were developed through several research studies (Karaa, 1984; Abraham 

and Gillani, 1999; Davis, 2000; Al-Barqawi and Zayed, 2006). Rehabilitation models are 

designed to inform the water manager’s decision regarding timing for undertaking rehabilitation, 

repairs, renovations or the total replacement of the water infrastructure (Ammar et al., 2012). In 

simple terms, rehabilitation models are well-structured frameworks used for decision-making 

regarding water infrastructure. Rehabilitation model users include: water managers, design 

engineers, water service providers, water users and anyone involved in rural water management.  
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2. OVERVIEW OF RURAL WATER DEMAND AND SUPPLY AND 

WATER INFRASTRUCTURE 

2.1  Sources of Water Supply in Rural Africa 

Rural water supply has become a challenge in many developing countries, particularly in Africa 

and Asia (Hofkes et al., 1983). Traditional water supply systems in developing countries, such as 

large dams with large water distribution systems, are often developed for urban centres, for 

economic reasons and the large number of people to be served by such systems (Hofkes et al., 

1983). Large water infrastructures are rare in rural areas because of the low feasibility of 

developing them and the difficulty or impossibility of collecting water charges for the operation 

and maintenance for such systems (Pacey, 1976; Hofkes et al., 1983). Traditionally, rural 

dwellers collect water directly from rivers, lakes, wells and other open water bodies, and that 

water is generally consumed without any form of treatment. Water collected from the above-

mentioned water sources is often not suitable for human consumption and poses the risk of 

waterborne diseases, especially for children (Pacey, 1976). In addition, rural water demands are 

growing with the growing need for food production, to ensure food security in these areas 

(Harvey and Reed, 2004; Sullivan and Sibanda, 2010). 

The establishment of rural SWIs have increased the number of people with access to safe 

drinking water (Sutton, 2004; Peter and Nkambule, 2012; Shonsey and Gierke, 2012). Currently, 

groundwater resources-sourced SWIs serve approximately 75% of the rural areas in Africa 

(Harvey and Reed, 2004; Venot et al., 2011; Shonsey and Gierke, 2012). The hand pump-

equipped borehole is a widely adopted type of SWI throughout Africa, which is currently 

estimated at 250 000 (Rural Water Supply Network (RWSN), 2004). This is as a result of their 

ease of operation for a rural setup and their low maintenance requirements (Hoko and Hertle, 

2006; Shonsey and Gierke, 2012). Table 2.1 displays the sources of rural water supply in the 

Limpopo Basin countries. Figures for South Africa and Zimbabwe were not presented in the 

study conducted by Sutton (2004). However, in South Africa, Hazelton (1994) reported a total of 

4123 registered boreholes in the Limpopo Province, with 1520, 849, 137 and 294 being hand 

pump-equipped, engine-powered, electric-powered and windmill-equipped pumps, respectively. 

Both engine-equipped and electric-powered pumps are connected to the standpipes on the streets 

or lanes of the villages. From the data above, it can be deduced that hand pump-equipped 
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boreholes serve a large percentage of the rural population in rural Limpopo, followed by engine 

pump-equipped and windmill pump-equipped boreholes. Most, if not all, windmill pump-

equipped boreholes were developed for use on farms for irrigation and livestock watering 

purposes. In summary, SWIs have replaced the traditional sources of water in most rural areas 

and has increased the number of people with access to potable water. Although SWIs do not 

always produce water of good quality, in most areas they are the dominant sources of potable 

water. 

In summary, SWIs are commonly used to meet the increasing water demand in the rural areas of 

SSA countries. Therefore, attention needs to be paid to their maintenance and rehabilitation. 

 

Table 2.1  The percentage of SWI throughout the Limpopo Basin countries (Sutton, 2004) 
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(CIA/UNICEF 

2003) 

Population drinking from 

 

 

 

 

Wells and 

springs (%) 

 

 

 

 

Standpipes 

(%) 

 

 

Borehole 

equipped 

with pump 

(%) 

 

 

 

 

Protected 

well (%) 

Botswana 1,770,000 - 17 57.40 7.90 

Mozambique 18,200,000 34.3 13.60 - 12.50 

 

2.2 Importance of Small-scale Water Infrastructure on Rural Livelihoods 

Rain-fed agriculture remains the dominant source of food production in various regions of the 

world (Woyessa et al., 2006), especially in SSA, where 97% of the agricultural land is under 

rain-fed agriculture (Rockström et al., 2002; Sullivan and Sibanda, 2010). Due to low, erratic 
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and unreliable rainfall in the SSA region, there is a growing need for irrigation to meet the food 

demand, especially in rural areas. In the Limpopo Basin, irrigated agriculture forms only a small 

portion of the land use, as illustrated in Figure 2.1.  

 

Figure 2.1 Land use or land cover in the Limpopo Basin (Sullivan and Sibanda, 2010) 

Irrigation water for that small portion of land under irrigated agriculture comes from 

groundwater resources. Irrigation water drawn from SWIs offers a great opportunity for 

improving the livelihood of the rural poor in such areas (Shah et al., 2000). Hand pump-equipped 

boreholes have played a significant role in providing water for irrigation and domestic activities 

in different parts of the world. Most SSA community-based projects, aimed at improving food 

production have managed to improve their food production through irrigation with water from 

the SWI. Some of these projects include the Zimbabwe Dams and Gardens Project (Burns and 

Suji, 2007), the primary aim of which was to prevent and alleviate famine in the two drought-

prone districts of Masvingo Province, Zimbabwe. Similar projects are available in other rural 

areas throughout the world. 

Not only does the SWI provide irrigation water for smallholder farmers to improve their 

productivity, but, as mentioned earlier, they are a primary source of drinking water for most rural 

dwellers (Hazelton, 1994; Sutton, 2004). In areas where these systems are unavailable, or out of 

operation, access to safe drinking water is a major challenge. Moreover, MacDonald and Calow 

(2009) pointed out that improving the reliability of water supply is fundamental to eliminating 

poverty. Parker et al. (2008), however, argue that there is a need for further research on the 



 
 
  

7 
 

impact of infrastructure on poverty. In summary, SWIs play an important role in providing water 

for the productive and non-productive use of rural dwellers. From the limited literature, one can 

deduce that there is a direct link between the availability of SWIs and the improvement of rural 

livelihoods. According to Pacey (1976), the poor rural communities of Southern Asia have 

benefited greatly from SWIs, especially the hand pump-equipped boreholes. 

2.3 Performance of Small-scale Water Infrastructure 

Several studies have reported a high level of unsustainability of existing SWIs in different 

regions (Pacey, 1986; Smoley, 1992; Hazelton, 1994; Harvey, 2004; Harvey, 2007; Sambo, 

2013; Senzanje et al., 2013). Some SWIs become operational seasonally owning to lower water 

yield by aquifers, especially during the dry season. The increase in population has put a lot of 

pressure on the SWIs and they tend to fail frequently (Peter and Nkambule, 2012; Senzanje et 

al., 2013). After the SWI has failed is it often left unrepaired for a long period of time (Figure 

2.2).  

 

Figure 2.2  A typical SWI that has been out of operation for a significant period of time in the Nebo  

 Plateau  (Source: Sambo, 2013) 

Substantial literature exists on SWI performance, particularly in SSA rural areas. However, there 

are mixed conclusions about the causes of SWI failure and their poor performance.  Some of the 

reasons for SWI failure reported in various studies include: neglect, poor institutional structures, 
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misuse, increasing demands and others (Hazelton, 1994; Senzanje et al., 2013). Pacey (1976) and 

Smoley (1992) pointed out that the problem often lies with the operation and management, not 

the infrastructure itself. According to Harvey and Reed (2004) the primary reason for SWI 

failure is that inadequate attention is paid to the operation and maintenance of SWIs. Others 

studies argue that most of the SWI are unsustainable, mainly because they were poorly designed 

(Harvey, 2004).  

A well-designed structure is likely to function within the expected limit, as per manufacture’s 

lifespan description. In general, despite the usefulness of rural SWIs, their performance remains 

poor and most of them are normally out of operation. This translates to an increased lack of 

access to safe drinking water for rural dwellers and decreases food production (Sullivan and 

Sibanda, 2010). As a result, SWIs do not serve the purpose for which they were designed and 

installed for. Having discussed the role and importance of SWI to rural communities and their 

performance, Chapter 3 discusses the need for SWI rehabilitation and available rehabilitation 

options. 
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3. THE NEED FOR REHABILITATION AND REHABILITATION 

MODELS IN SMALL-SCALE WATER INFRASTRUCTURE 

This chapter discusses the necessity or need for SWI rehabilitation and how rehabilitation 

models could assist in carrying out sustainable SWI rehabilitation. As stated in previous 

chapters, SWIs play an important role in rural communities and their ongoing operation is 

important to those benefiting directly or indirectly from them. Therefore, it has become 

important to rehabilitate these important infrastructures, to ensure they function to their full 

potential.  

In general, water infrastructures require regular maintenance and rehabilitation, to ensure that 

they meet their desired level of service (Englhardt et al., 2000) and rural SWIs are no different. 

Any infrastructural system has a given lifespan and is likely to fail toward the end of this 

lifecycle. Harsh environmental conditions, ageing, overuse, misuse and other factors, could cause 

the infrastructure to experience catastrophic failure early in its lifecycle. In addition, each 

component of the infrastructural system also has a useful life and at some point in the lifecycle of 

the infrastructure, it will fall into disrepair, irrespective of how the SWI is operated. Certain 

components are more durable than others, but they all have the potential to fail completely at 

some point. The whole system will suffer catastrophic failure at a certain point. Therefore, 

emergency, periodic and corrective maintenance are required to ensure that the SWI performs 

within the expected limit (Šelih et al., 2008). 

In order to carry out the sustainable rehabilitation of any infrastructural system, suitable 

rehabilitation guidelines or models are necessary (Karra, 1984; Al-Barqawi and Zayed, 2006; 

Senzanje et al., 2013). As discussed in Section 1.2, rehabilitation models serve as decision 

support tools, to assist those involved in infrastructure management as to when to maintain, 

repair or replace the infrastructure. These models are available for specific types of infrastructure 

at different spatial scales. From the available literature, various rehabilitation models for water 

infrastructure as well as their scale of application have been discussed. Most rehabilitation 

models are developed specifically for urban infrastructure while neglecting rural infrastructure. 

Models or frameworks that exist for SWIs are those developed for smallholder irrigation 

schemes (Denison and Manona, 2007). Generally, rehabilitation models focus mainly on the 

financial and technical component of the rehabilitation process. In developing rehabilitation 
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models for multiple use rural water infrastructures it is necessary to pay attention to the key 

components of the urban and irrigation rehabilitation models. Urban infrastructural systems are 

operated on a large scale, therefore it is costly to rehabilitate the whole system at the same time. 

As a result, prioritization models have been developed to ensure that rehabilitation is carried out 

in the parts of the system where it is needed the most. For example, for water distributing system, 

the main lines and the purification plant take priority as far as maintenance and rehabilitation are 

concerned. Table 3.1 summarizes various decision support models as found in the literature 

(Sutton, 2004). A large portion of the models presented in Table 3.1 require that the system be 

replaced and the cost of replacing an infrastructure is usually high. Therefore, it is important to 

assess the capacity, in terms of financial support of the responsible institution, before a model is 

developed. 

The optimization of rehabilitation costs is a major concern for most water managers, thus most 

models are based on the Whole-Life Cost Approach (WLCA), which determines the cost of 

owning the infrastructure (Karra, 1984; Englhardt et al., 2000; Al-Barqawi and Zayed, 2006). 

However, for rural SWIs, the models cannot only focus on the financial issue associated with 

rehabilitation, but the socio-institutional and technical issues also come into play. A common 

principle in infrastructure rehabilitation models is that infrastructure is considered as an asset and 

models are designed for asset managers and owners. However, these models cannot be applied 

universally, since they are and have to be site-specific or infrastructure-type dependent. Hence, 

the common use of Asset Management Program (AMP) approaches in model development (Šelih 

et al., 2008). This approach takes into account various factors, which might affect the 

rehabilitation process (Figure 3.1). It also incorporates the WLCA, which is the key parameter in 

most rehabilitation models. AMP is adaptable to various management procedures and therefore it 

can be used in the development of SWI rehabilitation models. Figure 3.1 presents the basic 

components of the AMP.  

In summary, the poor performance of SWIs has led to an increasing need for appropriate 

rehabilitation strategies or models, in order to ensure the optimum functioning of the SWIs. The 

current SWI management approaches have shown to be of a reactive nature and do not work 

well. Therefore, the development of rehabilitation models which match the requirements of the 

individual infrastructure and the institution managing such an infrastructure, will be useful for 
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carrying out sustainable SWI rehabilitation. The AMP appears to be an appropriate approach 

which can be adopted in rural water infrastructure management, due to its multipart nature. 

Table 3.1 Rehabilitation models for urban water infrastructures (adapted from Sutton, 

  2004) 

Model Type Method used to determine 

the economic efficiency 

Rehabilitation action 

General guide 

 

Optimization 

 

Prioritization 

 

Regression 

 

Regression 

 

Probability model 

Replacement 

 

Replacement 

 

Replacement 

 

 

 

 

 

 

 

Figure 3.1 Basic components of the Asset Management Progamme (Senzanje et al., 2013)
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4. REQUIREMENTS FOR THE SUSTAINABLE REHABILITATION 

OF SMALL-SCALE WATER INFRASTRUCTURE 

In order to ensure the sustainability of service provision by SWIs, managers should consider all 

aspects which could lead the SWI into disrepair. The sustainability of SWIs appears to be a 

matter of socio-institutional, technical and financial issues (Waughray et al., 1997; Hoko and 

Hertle, 2006; Šelih et al., 2008). According to Sahely et al. (2005) a system is considered 

sustainable if it provides a service (s) efficiently, in a cost-effective manner and if it reduces 

environmental impacts in the present and in the future and such services maintain public health 

and welfare. In other words, a sustainable SWI should provide water at the expected level of 

service at a minimum cost of operation and maintenance in the present and moving into the 

future. The sustainability of these systems is largely affected by their frequent breakdowns, the 

unavailability of funds and the lack of socio-institutional structures required in carrying out the 

rehabilitation work (Waughray et al., 1997). Although most studies have focused primarily on 

the economic and technical issues, with little attention paid to socio-institutional issues, all these 

factors appear to be equally important. Various factors affecting the sustainability of SWIs, as 

identified from literature, are discussed in detail in the following sub-sections. These factors will 

become the building blocks of a sustainable rehabilitation model. 

4.1 Socio-institutional Issues 

There is often a question of “who is responsible for maintenance and rehabilitation of rural 

SWIs” when it comes to SWI rehabilitation. Previous studies have concluded that it is the 

responsibility of SWI users to maintain and rehabilitate SWI (Hazelton, 1994; Waughray et al., 

1997; Hoko and Hertle, 2006). However, in most cases, SWI users await the government, NGO 

or organization which installed the SWI, to rehabilitate the SWI after they have broken down 

(Waughray et al., 1997). In addition, often there is no clear agreement between the government 

and the NGO and the users with regard to who is responsible for SWI operation, maintenance 

and rehabilitation. Studies have shown that rural dwellers have little interest in the management 

of their own water point, despite the benefits gained from these systems (Pacey, 1976; Waughray 

et al., 1997). In other areas, instead of rehabilitating the SWI, the SWI users often opt for other 
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unsustainable sources of water. However, Hazelton (1994) argues that SWI users should take full 

responsibility for SWI management because they appreciate the benefits gained from these 

systems.  

Previous studies (Waughray et al., 1997; Hoko and Hertle, 2006) have revealed that the 

existence of socio-institutional structures for managing the SWIs is effective in ensuring their 

appropriate operation, maintenance and rehabilitation of the SWI. Government institutions and 

NGOs offer financial support towards SWI installation and in some cases, even towards 

maintenance and rehabilitation (Hoko and Hertle, 2006). In South Africa, government support 

towards rural SWIs comes through the Department of Water Affairs (DWA) and sometimes 

through provincial Departments of Agriculture. SWIs have been shown to be more sustainable in 

areas where socio-institutional structures exist at a community level, rather than at the national 

and municipal level (Hazelton, 1994; Waughray et al., 1997). The study carried out by Hoko and 

Hertle (2006) in Zimbabwe has shown that in communities where Water Point Committees 

(WPCs) were established, a large percentage of the SWI were operational. WPC is an 

institutional structure often established by a group of water-point or SWI users for the purposes 

of SWI management (Waughray et al., 1997; Hoko and Hertle, 2006). In summary, the existence 

of socio-institutional structures for SWI management has a positive effect on the sustainability of 

these systems. Therefore, the establishment of strong institutional structures is vital for 

improving the performance and sustainability of these systems and should thus be central in the 

development of rehabilitation models. 

4.2 Technical Issues  

Major common technical problems and their impacts for rural SWIs or any water infrastructure 

are presented in Figure 4.1. This information is drawn from the results of various studies on SWI 

performance carried out throughout Africa, Asia and India (Pacey, 1976; Karra, 1984; Hazelton, 

1994). However, it is not always clear which SWI components are more susceptible to failure. 

Pacey (1976) identified the three most common SWI components which are susceptible to failure 

in hand pump-equipped boreholes. These include the hinge pins on which the handle pivots as 

well as wear out of the leather washer in the cylinder and a pump coupling rod. Little research 

has been done on technical failures of the engine-equipped boreholes.  
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In the Limpopo Province, one of the major technical issues discovered by Hazelton (1994) is the 

poor quality of water from SWIs, mainly due to corrosion. Theft, vandalization and missing of 

SWI components are a major problem for SWI structural sustainability (Sambo, 2013; Senzanje 

et al., 2013). Most of these systems were inherited from the 1980s and new technologies have 

been developed over time, thus making it difficult to find spare parts. Consequently, the scarcity 

of spare parts for most SWIs is a limiting factor to SWI maintenance and hence their 

sustainability (Hazelton, 1994; Waughray et al., 1997; Hoko and Hertle, 2006).  

 

Figure 4.1 Small-scale water infrastructure major technical problems and their impacts 

(Karra, 1984). 

The identification of the main components of the infrastructure and their lifespan could serve as 

a good guide for planning the repair and replacement of those components before they 

experience catastrophic failure. Similarly, keeping a record of the components and their 

frequency of failure can provide room for better management of the infrastructure. In summary, 

incorporating the management of technical issues associated with infrastructure in the 

rehabilitation models, will improve the technical sustainability of the system.  

4.3 Financial Issues 

Finances are a major concern in infrastructure operation and maintenance as well as 

rehabilitation, as there are often insufficient funds to carrying them out (Karra, 1984; Harvey, 
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2007). The cost of managing the urban infrastructure is often known and appropriate budget 

allocations for operation and maintenance (O & M) can be made (Karra, 1984). With regard to 

rural SWIs, often the actual costs of O & M and rehabilitation are unknown and this makes the 

budgeting process difficult. Rural SWIs remain in disrepair during the process of collecting 

funds and budgeting for the rehabilitation work. Harvey (2007) proposed that, in determining the 

real cost of owning the SWI, both direct and indirect O & M costs and the rehabilitation and 

expansion costs need to be considered.  

In addition, the cost of owning and operating the tools or equipment used in carrying out 

maintenance should be taken into account. Such equipment requires a stored in a safe place and 

be maintained on regular basis. Table 4.1 presents the estimated costs of O & M of the 

commonly-used SWIs in SSA and South Africa (India Mark II handpump-equipped boreholes) 

and this can change based on the state of the economy. 

Table 4.1  Example of recurrent O & M components cost for the India Mark II hand pump  

  (Harvey, 2007) 

 

 

Component 

Estimated frequency 

of replacement, f 

(year) 

 

Unit Cost, U 

(US$) 

 

Annual cost, U/f  

(US$/yr) 

Axle bearing  3 6.00 2.00 

Chain  3 3.60 1.20 

Cup leather  2 1.00 0.50 

Food valve 3 6.00 2.00 

Handle axle 3 7.50 2.50 

M12 (10 nut) 1 1.50 1.50 

M12 (50 nut) 1 1.50 1.50 

O-ring seal 2 1.60 0.80 

Piston valve rubber 2 1.00 0.50 

Total annual cost of 

components, C 

  17.50 

NB: This is based on data from Ghana. Parameters f and U will depend on the local economy, 

 quality and age of the infrastructure, usage pressure and environmental conditions.  

 

The estimated cost can serve as a good guideline for the asset manager in making informed 

decisions with regard to preventive maintenance arrangements, as well as repairs and 

rehabilitation. The WLCC of the system should be known, to guide water managers to make 

appropriate rehabilitation plans for the SWI (Harvey, 2007). 
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In summary, the knowledge of the expected O & M and rehabilitation costs is imperative for an 

appropriate planning of the maintenance and rehabilitation of the SWIs. Moreover, this can also 

be useful for guiding the fund raising mechanisms aimed at raising funds for SWI maintenance 

and rehabilitation. One of the key elements of the rehabilitation models is to make sure this 

information is available to the SWI managers or anyone responsible for maintenance and 

rehabilitation.  

4.4 Requirements for the Execution of Sustainable Rehabilitation of Small-scale Water 

Infrastructure in Rural Areas 

An important aspect or stage of the rehabilitation process is the implementation of the 

rehabilitation strategy or plan. This section discusses some of the critical issues relating to the 

undertaking of the sustainable rehabilitation strategy for SWIs in rural areas. These issues are 

discussed in detail in the following sub-sections  

4.4.1 System operation rules 

Day-to-day operations of an infrastructure system have a direct influence on its sustainability. 

Pacey (1976) mentioned that even the best technology is less likely to be sustainable if its day-to-

day operation is poor. In the context of SWI operation, often the daily amount of water a 

borehole can yield is unknown. If water demands are significantly higher than the water supply, 

the system is more likely to experience frequent failures. However, if the daily water supply is 

known, even though it might change seasonally, SWI users could make turns for water collection 

to avoid the misuse of the SWI. A typical example could be that of a rural community in 

Zimbabwe, where a hand hump-equipped borehole is kept locked and only operated during 

certain hours of the day (Waughray et al., 1997). This has been shown to be sustainable, 

although this is largely dependent on the social dynamics of the community. In rural areas, such 

operation rules are often not written down and therefore they can be altered easily without 

noticing or realizing it. Simple operation rules are necessary for ensuring the sustainable running 

of the SWIs and minimizing the frequency of SWI failure. It is also important that SWI users 

adhere to the operation rules set for their SWI. Ideally these system operation rules should be 

user friendly as they are aimed at sustainably operating the SWI. 
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4.4.2 Maintenance strategy 

In most rural areas, an emergency maintenance strategy or reactive maintenance approach has 

been widely adopted, where maintenance is only carried out when the system has experienced 

catastrophic failure (Waughray et al., 1997). This usually leaves SWIs in disrepair for a long 

period and the cost of maintenance is usually high. This type of management approach is referred 

to as a reactive management approach. Figure 4.2 presents the change in performance with time 

for different maintenance, rehabilitation and repair scenarios (Šelih et al., 2008). From Figure 4.2 

it can be deduced that the performance of the system drops with time and preventive and 

corrective maintenance are important for ensuring a better performance of the system. This is a 

proactive management approach, wherein the system is maintained before it experiences 

catastrophic failure. 

 

Figure 4.2 Change of performance with time for different maintenance, rehabilitation and   

  repair scenarios (Šelih et al., 2008). 

A proactive management approach is widely adopted for large road and water infrastructure and 

it has been shown not to prolong the repair period and minimize the maintenance costs (Šelih et 

al., 2008). The approach might be suitable for rural water infrastructure, which remains in a state 

of disrepair for a long period and has a negative impact on the rural livelihoods. A good 

maintenance strategy needs to be in place to ensure the sustainability of any infrastructure. Rural 



 
 
  

18 
 

water managers could adopt a proactive management approach so as to prevent long delays 

before SWIs can be rehabilitated. Therefore, proactive management approach should be 

incorporated in the rehabilitation models.  

4.4.3 Funding mechanisms  

As mentioned in Section 4.3, finances are a limiting factor for successful SWI rehabilitation. 

Therefore, identifying a reliable source of finance for rehabilitation forms an important part of 

the rehabilitation process. Generally, it is evident that governments and SWI users do not have 

readily available funds for O&M and the rehabilitation of rural SWIs (Hazelton, 1994; Waughray 

et al., 1997).  NGOs, on the other hand, seem to have no budget for O & M and the rehabilitation 

of SWIs, even though in some cases the rural dweller waits for them to repair the broken SWIs 

(Hazelton, 1994).   

Pacey (1976) reveals that rural dwellers believe water is a free natural resource like air, 

therefore, it should not be paid for. Hence, the willingness to pay for O & M and the 

rehabilitation of the SWIs is extremely low. In areas where the SWIs have been shown to be 

more sustainable, funds have been raised through the Water Point Committee (WPC) for the 

maintenance of the infrastructural system. As discussed in Section 4.3, knowing the cost of 

owning and operating the system is critical. This will help to guide the funding mechanisms and 

also to help support institutions (government and NGOs) in deciding how much to contribute to 

the SWI rehabilitation. Good funding mechanisms can help in speeding up the process of 

rehabilitating the SWIs after they have broken down. Typical funding mechanisms for rural SWI 

include: beneficiary contributions, NGO direct support and direct or indirect government 

budgets.  

Harvey (2007) developed equations for determining the amount each household should 

contribute, to ensure appropriate SWIs operation and maintenance. These are based on the 

estimated costs of owning and operating the system, which were mentioned in Section 4.3. 

Annual cost of maintenance (M) is given by Equation 4.1 

                                                                                                                                                      

Where, C = cost of components, and L = labor and transport costs   
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Equation 4.2 is used to determine the annuity (A), which is defined as the amount required each 

year to enable future replacement cost. 

  
 

      
                                                                                                                                               

Where, R = current replacement cost, AF = annuity factor, n = the expected life span of the 

infrastructure and r = interest rate in the local economy. AF is a function of both n and r.  

Harvey (2007) went further to determine the contribution the community or water users can 

make to finance the SWI maintenance and rehabilitation in a sustainable manner. This is as 

expressed in Equation 4.3 below:  

     [
   

 
]                                                                                                                                          

Where, H = annual household tariff, M = annual cost of maintenance and N = number of 

households, 1.2 = 20% contingency factor to account for unforeseen eventualities. 

The unavailability of funds to carry out rehabilitation work when the infrastructure breaks down 

has often led to systems remaining in disrepair for a long period of time. This has forced water 

managers to adopt the reactive management approach, where rehabilitation funds are only 

collected after the system has failed completely. This leaves water users with no water during the 

process when funds are being collected and arrangements to repair the systems are made. 

Incorporating the funding mechanism, as proposed by Harvey (2007), in the SWI rehabilitation 

models, will encourage a proactive management approach of the SWIs. This is more likely to 

improve the reliability of the SWIs and ensures a continuous supply of water for the users.  
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5. DISCUSSION AND CONCLUSION 

SWIs offer a great opportunity for rural socio-economic development, through provision of 

water for a wide range of activities in different parts of the world, particularly, in SSA. Most 

SSA countries have managed to improve the reliability of rural water supply through 

development of the SWI. The importance of SWIs in rural areas cannot be overemphasized. 

However, their poor performance and high rate of failure is a major challenge faced by both 

managers and users.  Moreover, SWIs are left in the state of disrepair after they have broken 

down, leaving most rural dwellers with limited or no access to water.  

To ensure a reliable supply of rural water, timely maintenance and rehabilitation of SWI is 

necessary. It appears that there is no regular maintenance and rehabilitation of SWIs, hence they 

experience catastrophic failure. Reasons for this include: unavailability of institutional structures 

for carrying out the maintenance and rehabilitation, poor arrangements of such structures and 

unavailability of operation, maintenance and rehabilitation funds. Decision support tools such as 

rehabilitation models are necessary for carrying out timely maintenance and rehabilitation of any 

infrastructural system.  Such decision support tools need to be tailored to suit specific rural 

conditions so that they are sustainable. 

In conclusion, the ongoing operation of SWIs is necessary for meeting the rural water demand 

and the improvement of rural livelihoods. Therefore, taking into account that the infrastructural 

systems deteriorate over time, an ongoing maintenance of the SWI is necessary to keep the 

system running. Features of these models should be specific for the type of institutional structure 

existing in rural areas. Furthermore, models should be made user friendly and converted to the 

local language if necessary.  

The aim of this study is to develop models for sustainable rehabilitation of small-scale water 

infrastructure in rural areas through a case study in the Nebo Plateau, Limpopo Province, South 

Africa. These models will serve as decision support tool for water managers, design engineers, 

municipalities, water service providers or any party involved or interested in water management. 

The three key components of the rehabilitation models derived from available literature are 

technical, socio-institutional and financial issues. 
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6. RESEARCH PROPOSAL 

 

6.1 Problem Statement and Justification  

As part of meeting the Millennium Development Goals (MDGs), substantial amounts of money 

and other resources have been invested to develop rural SWIs, to the neglect of their operation, 

maintenance and rehabilitation (Shah et al., 2000). The overall aim is to increase the number of 

people with sustainable access to potable water, particularly in rural areas (Peter and Nkambule, 

2012). Studies have shown that the availability of these systems plays an important role in the 

livelihoods of the rural poor (Sullivan and Sibanda, 2010). However, an increasing number of 

breakdowns and poor performance leave most of the people they serve with no water. Generally, 

a substantial proportion of SWI are dysfunctional and those that are functional, perform below 

their expected level. A high level of SWI unsustainability is reported in several local (Hazelton, 

1994; Senzanje et al., 2013) and international studies (Waughray et al., 1997; Harvey et al., 

2004; Hoko and Hertle, 2006). These studies established that SWIs are not being rehabilitated 

after experiencing failure. This poses a question that, ‘if SWIs play an important role in rural 

socio-economic development, why are they not being rehabilitated on time?” 

It is evident that the current operation and maintenance (O&M) and rehabilitation strategies used 

in SWI management are not suitable to ensure their ongoing operation. Studies have shown that, 

in order to undertake the successful rehabilitation of any infrastructural system, a suitable 

rehabilitation strategy is required (Sægrov et al., 1999; Šelih et al., 2008). Rehabilitation 

strategies have been widely developed to assist infrastructure managers to carry out a successful 

operation, maintenance and rehabilitation of the infrastructure at hand. Such tools are often not 

available for rural water managers. Differences in management procedures and the scale of 

operation make it hard for rural water managers to adopt those rehabilitation models which have 

been designed specifically for large urban infrastructure. One of the main differences is that 

urban water supply is managed by a water utility which collects water tariffs from users every 

month, while water supply systems in rural areas are often managed by the communities or 

municipalities. Moreover, most of the urban infrastructure models were developed solely for life-

cycle cost minimization (LCCM) (Frangopol and Liu, 2005), whereas in a rural setup, a model 
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should start by addressing issues relating to the ownership of the SWI and identifying 

responsible individuals to carry out rehabilitation.   

This study seeks to develop rehabilitation models for the sustainable maintenance and 

rehabilitation of rural SWIs. Due to the lack of monitoring, the lower level of education and the 

unaffordability of sophisticated decision-making programs in rural areas, it is essential that SWI 

rehabilitation models are simple, easy to apply, yet robust and adaptable to the conditions 

existing in the specific rural areas. The models can be evaluated using the sustainability 

indicators, which relate to socio-institutional, financial and technical issues. From these studies, 

recommendations have been made with regard to what can be done to ensure the sustainability of 

SWIs.  

6.2 Research Objective 

The aim of this study is to develop rehabilitation models for sustainable SWI rehabilitation in 

rural areas, with an emphasis on hand pump-equipped and engine pump-equipped boreholes. 

6.2.1 Specific objectives 

(a) To identify and quantify (parameterize) the requirements for the sustainable 

rehabilitation of small-scale water infrastructure (SWI) in rural areas. 

(b) To assess the requirements for sustainable rehabilitation of SWI in the Nebo Plateau, 

Limpopo Basin. 

(c) To develop and validate the rehabilitation models for sustainable rehabilitation of 

SWIs  

6.3 Proposed Methodology 

Description of the Study Area and Sampling Criteria 

The study will be conducted in the rural communities of the Makhuduthamaga local municipality 

(Figure 6.1), a smallholder farming area in the Limpopo Province with a total area of 2097 km
2
. 

The study area was chosen for various reasons including: (a) SWIs are a main source of water 

supply in the area, (b) earlier studies reported a high level of SWI unsustainability and (c) earlier 

studies have identified possible causes of SWI failure. According to the Department of Water 

Affairs (DWA) records, about 1491 SWIs are unevenly distributed over 137 Makhuduthamaga 

rural communities. 
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Figure 6.1 Map of the study area  

 

As indicated in DWA records, SWIs were tested after installation. Some were successful while 

others were not and only those which were declared successful will be selected for this study. 

During a site visit, operational and non-operational SWIs were identified as a further selection 

criteria. Two types of commonly-used SWI in the study area, hand pump-equipped and engine 

pump-equipped or electric pump-equipped boreholes, are to be studied. Based on the above-

mentioned criteria, a total of 15 communities scattered around Makhuduthamaga will be 

sampled, where nine had hand pump-equipped and six had engine pump-equipped or electric 

pump-equipped boreholes. From each selected community, some had one and others two SWIs 

which were tested successful. The Methodology for the Participatory Assessment (MPA) 

sampling strategy will be used to select the number of respondents; however it will be adjusted to 

suit the conditions on the ground. The distance from the water point will be used to determine the 

number of respondents to be sampled for each SWI. The distance is categorized into three 
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classes, namely, the people living in close proximity to the SWI, those living an intermediate 

distance from the SWI and those living further away from the SWI. 

An ethical clearance will be obtained for the University of KwaZulu-Natal to be able to 

administer questionnaires to SWI users. Questionnaires will be administered to a total of 9 

respondents per water-point. Target respondents are SWI users of ages from 21 and above. 

Objective 1:  To identify and quantify (parameterize) the requirements for sustainable 

rehabilitation of small-scale water infrastructure (SWI) in rural areas. 

Methodology 1:  

A literature review will be conducted to identify the conclusions and recommendations made for 

the possible procedures for sustainable SWI rehabilitation. From these conclusions and 

recommendations, a matrix of possible requirements for sustainable SWI rehabilitation will be 

compiled. Furthermore, a questionnaire will be administered to the SWI users and common 

features for the SWI will be identified, which have shown to be sustainable in the study area. 

These commonalties will then be added to the matrix to make a full matrix of requirements for 

sustainable rehabilitation. Information on the matrix will be categorized into four groups, 

namely, service provision, technical, financial and socio-institutional issues. 

Objective 2:   To assess the requirements for sustainable rehabilitation of SWI in the Nebo 

Plateau, Limpopo Basin. 

Methodology 2 

The matrix developed in Objective 1 will be used as a baseline to evaluate the requirements for 

sustainable rehabilitation in the study area. This will be achieved by running commands using 

SPSS 12.0 statistical software. The criteria will be as follows, if ≥ 50% of SWI characteristics 

match the requirements, as stipulated in the matrix, the SWI will be considered sustainable. If 

not, the SWI will be considered unsustainable. There is a need to establish some baseline to 

which the data will be compared and this baseline will be established, as discussed below. 

Socio-institutional structures  

SWIs are assets which are valuable to the communities they serve and they require a manager or 

a management structure. The most important stage in developing rehabilitation models is to 

identify the SWI owner or manager. Questionnaires will be administered to water users, with the 

intention of identifying the owner of the SWIs. The same questionnaires with be administered to 
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other stakeholders e.g. government officials, Water User Associates (WUA) and the NGOs, to 

eliminated the bias. The completion of this step will help in identifying the appropriate potential 

user of the rehabilitation models. 

Infrastructure structural sustainability  

As per sustainability definition given by Sahely et al. (2005), a sustainable water infrastructure 

should meet both current and future water demands with regard to water quantity and water 

quality. This means that SWIs should meet the expected level of service (LOS). Data on LOS for 

SWIs is not readily available and the LOS has a high spatial and temporal variation. The first 

step in assessing the structural sustainability will be to develop the minimum LOS of each of the 

three types of SWIs. The proposed method to achieve this is to use the 25 liters per day person, 

as stipulated in the NWA (1998), as a benchmark or minimum LOS for SWIs. Data on the 

number of people depending on the SWI for water supply will be collected and this will be an 

indicator of the LOS.  

Therefore, a daily LOS can be expressed by Equation 6.1 below: 

                                                                                                                                                  

Where, DLOS = daily minimum LOS, 25 (a constant), the number of liter required per person 

per day and N = the number of people depending on SWI for water. 

In terms of, water quality the procedure used by Hazelton (1994) will be followed. Data on the 

history of interventions made on the SWIs and their frequency will be collected through the 

questionnaires. This information will be useful for the assessment of the structural sustainability 

of the SWI.  

Financial support   

The cost of owning the system will be determined using the commonly-used method, the life-

cycle cost analysis approach (LCCA), which is expressed by Equation 6.2 below: 

                                                                              

Where CET = expected total cost, CT = initial design/construction cost, CPM = expected cost of 

performing inspection, CINS = cost of institutional support, CREP = expected cost of repair and CF 

= expected cost of failure.  



 
 
  

26 
 

The components in Equation 6.2 will be determined following the procedure used by Harvey 

(2007) is expressed by Equation 4.1, 4.2 and 4.3.   

Objective 3  To develop and validate the rehabilitation models for sustainable rehabilitation of 

SWIs (based on outcomes from Specific Objectives One and Objective Two). 

Methodology 3:  

Soft system methodology (SSM) and system dynamic approaches will be used to develop a 

rehabilitation model. SSM is described as systematic approach for solving real-world problems. 

This approach is based on seven stages which range from problem definition to models 

development. Features or building blocks of the rehabilitation model (s) are as displayed in 

Figure 6.2.  

 

Figure 6.2 Components of the rehabilitation models 

 

In general, to achieve the objectives of this study, qualitative data will be collected from the 

communities at the study area and the collected data will be analyzed using the MPA method. 

Based on the outcomes of Objective 1 and 2, rehabilitation models will be developed, following 

the AMP framework. 
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6.4 Resources Required, Deliverables and Work Plan 

Table 6.1 Required resources and their estimated price. 

Resource Estimated Amount (R)  

Travel  

 

PMB to Limpopo R 2500 return 

Traveling in the field R 450 per day  

DSA 

15 days @ R103 per day (UKZN rates) 

R1545 

Water Sampling device and GPS 

 

Hired at no cost 

Field assistants 

3 field assistants @ R174 per day for 15 days 

R 7830 
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Table 6.2 Timeframe for the project 
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