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Abstract 
 
 

Many existing water supply systems, especially in developing countries, 

deteriorate and become out of use earlier than expected. This is mainly due to poor 

operation and maintenance. Consequently, this has led to the need to rehabilitate most 

of these systems.  

 

The aim of this thesis is to develop a methodology for rehabilitation of small water 

supply systems, with specific reference to Ressano Garcia, Mozambique. The main 

steps followed to achieve this aim have been to review previous research in the topic of 

rehabilitation, then to develop a first draft of the guidelines on small water supply 

system rehabilitation. Finally, a field trip to Ressano as a case-study chosen to test and 

assess the relevance of the guidelines previously created as well as to modify and 

improve them according to the results and data collected. 

 

When rehabilitating a water supply system, it is crucial to identify and understand 

the causes which have led to the need of rehabilitation and to recognize the problem, 

who this problem affects, how the problem can be solved, and what the preferred 

situation is. It is very important to analyse not only physical aspects such as damages 

in the infrastructures but also possible weakness in the social, operational, managerial, 

legal, financial, organizational and institutional structure.  

 

Results based on Ressano Garcia case study suggest that before repairing a 

water supply infrastructure itself, a stable and appropriate environment should be 

ensured. Actions such as the strengthening of the socio-economic structure and 

managerial structure amongst others, may need to be taken in order to improve the 

foundations in which the whole system rests upon. These actions as well as the whole 

project should be identified, analysed and agreed with and by the community. 
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1. INTRODUCTION 

1.1. Context. 
 

In developing countries, many existing water supply systems are defective or do 

not function at all (Sachs et al., 2004). It is common to find a substantial number of 

facilities out of order or functioning below expectations at any given time (Mukherjee 

and Van Wijk, 2003). A significant number of projects, including those in the water and 

sanitation sector, fail to deliver benefits to society over the long term (Carter et. al, 

1999).  

The main cause of these unsustainable services is their poor operation and 

maintenance (O&M). However, studies, reorganizations, and technical assistance to 

water and sanitation utilities have typically focussed on expansion and on increasing 

service levels, rather than in rehabilitating the existing ones. The pressure to provide 

services to more people is particularly intense in the water supply sector. As a result, 

new facilities receive higher priority, in terms of budgets and staffing, than O&M with 

consequent deterioration of pipes, machinery, and service (WB, 1994). 

In the recently past 4th World Water Forum (WWF) (2006a) this policy which 

allocates human and financial resources disproportionately to construction rather than 

O&M was also pointed out. This attitude is the consequence of demands placed on 

agency staff that is under pressure to deliver new construction projects to constituents. 

In addition, professional status becomes increasingly associated with large-scale 

design, the latest technologies, and construction activities. Promotions (and elections) 

may easily be decided on the basis of extending a new water or sewer line; they are 

rarely influenced by the fact that an existing water supply and sanitation system 

continues to function well, or by a reduction in unaccounted-for water (see appendix A 

for definitions of some concepts). Moreover, this description of professional incentives 

favouring new, large construction projects is also relevant to donor agencies and 

multilateral development banks. In most organizations, incentives are largely structured 

around the number and/or value of new projects, rather than around the performance 

or sustainability of existing initiatives. 

 

Although some projects (WB, 1994) started to take more seriously aspects like 

institutional development, rehabilitation of facilities, improvement of organizational 
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structures, institutional performance, operating procedures, and staff qualifications, 

there is a need of growing concern over the need to rehabilitate, replace and repair 

water supply systems. According with the European Commission (EC) guidelines 

(1998), optimal use of existing systems should be preferred to extension of new 

systems. 

 

In the 4th WWF (2006a) it was agreed that in order to meet the Millennium 

Development Goals (MDGs) for water and sanitation stated in the United Nations (UN) 

Millennium Declaration (2000), some specific interventions required are: adequate 

resources for extension, rehabilitation, and operation of water supply systems. 

 

1.2. General aim. 
 

The aim of this thesis is to develop a methodology for rehabilitation of small water 

supply systems, with specific reference to Ressano Garcia, Mozambique.  

 

1.3. Specific objectives. 
 

− A review of the literature on rehabilitation in water supply systems. 

− An assessment of the hardware and software. 

− Checklists and guidelines for rehabilitation created. 

− Checklists and guidelines for rehabilitation tested. 

 

In addition to this, a small piece of work was undertaken to evaluate the possible 

extension of the water supply network. 
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2. COUNTRY OVERVIEW. 

Mozambique is one of the poorest countries in the world, ranking 168 out of 177 

in UNDP’s Human Development Index, the lowest in the Southern African 

Development Community (Watkins et al., 2005). See appendix B for comparative 

socio-economic indicators of the country. 

 

The proportion of the population with access to an improved water source has 

decreased from 37.1% in 2001 to 35.7% in 2003, due mainly to a coverage decrease in 

the urban areas. The rural areas roughly maintained their situation but with only one in 

four people (26.4%) having access to drinkable water the living conditions are still very 

precarious. The distribution of population with access to safe water by provinces can 

be seen in the appendix C. 

 

2.1. Rural water supply in Mozambique. 
 

The rural water sector in Mozambique is mainly constituted of Small Water 

Supply Systems (SWSSs) which are defined as every public water supply system do 

not integrated in the group of the thirteen water supply systems of the cities of Maputo, 

Xai-Xai, Chókwe, Inhambane, Maxixe, Beira, Chimoio, Quelimane, Tete, Nampula, 

Nacala, Pemba and Lichinga (MPWH, 2006).  

The SWSSs are classified into 3 levels depending on their size and complexity or 

their level of requirements for their O&M and management (see appendix D). 

 

2.2. Water supply sector organization. 

2.2.1. Institutions and Organisms. 
 

Institutions and Organisms Area of Intervention Main Responsibilities 
Ministry of Public Works and 
Housing (MPWH)/ National 

Directorate of  Water (NDW) / 
Department of Rural Water 

Management, Planning, 
Investment, Promotion  

Regulation 

Define policies and objectives, set 
up tariffs, promote adequate 
strategies in order to attract 

private sector. 
 

Provincial Government 
 

General Supervision 
Coordinate and supervise the 
implementation of the different 
management models in each 

province. 
 

Provincial Water Forum 
 

Specific Supervision 
Coordinate the implementation of 
the different management models 
and study their extension needs 
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Institutions and Organisms Area of Intervention Main Responsibilities 

Provincial Directorate of 
Public Works Provincial Supervision 

Coordinate with District 
Government the extension of 

SWSS networks 
 

District Government 
 

Local Supervision 
Plan and Coordinate with the 
Operator, the extension of the 
SWSS networks and service 

levels 

District Regulator Committee Regulation Monitoring and assistance in tariff 
set up 

Operator Implementation SWSS management 
 

Source: MPWH, 2006 
 

Table 2.1. Institutions and Organisms of the water supply sector in Mozambique. 
 

The Provincial Water Forum and District Regulator Committee are new organisms 

that will be created in accordance with the expansion of the new Management models 

of SWSSs. 

 

2.2.2. Legal and Regulatory Framework. 
 

There are two main legal texts which regulate the water supply sector of 

Mozambique: the Water Law (1991) no16/91 and the National Water Policy no7/95 

(1995). The Water Law defines the objectives and principles of the general water 

policy, the water access modes, the users’ rights and obligations and the institutions 

and Organisms involved in the water system (Gazette of the Republic,1991). 

The National Water Policy defines the general principles common for all water 

sub-sectors, specific policies for each sub-sector and the objectives and key actions in 

order to achieve them. In relation to rural water supplies, the water policy establishes 

as its principle objective the provision of basic infrastructure for water supplies 

especially in rural areas, given special attention to the rehabilitation of SWSSs (Água, 

1997). 

 

In addition to these texts there are a couple of manuals focussed on the 

implementation of rural water supply projects: Manual of the Implementation of Rural 

Water Supply Projects (MPWH, 2001) and Manual of the Implementation of the Modes 

of Management of SWSSs (MPWH, 2006). The first manual defines the responsibilities 

and functions of all stakeholders in the rural water sector from national to community 

level (MPWH, 2001). The second manual is a tool for the experimentation in regime of 

transition of the new management modes for the SWSSs. The main objectives of this 
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manual is to allow the involvement of the private sector in the management of the 

SWSSs and to define a water supply functional system for the SWSSs in order to 

control effectively the activities of the operators and to give an incentive to the 

autonomous management (MPWH, 2006). 

 

2.3. Small Water Supply Systems management. 
 

The main objectives of the management of SWSSs are the transmission, storage, 

treatment and distribution of water for public consumption to national economic 

development for the well-being of the communities ensuring: water supply in 

accordance to consumers’ needs in terms of both quality and quantity, increase of the 

population coverage and adoption of tariff policies which reduce injustices of social 

water value. The responsibilities related with the management of the SWSSs will be 

decentralized at the user’s closest level (MPWH, 2006) 

 

The management of a SWSS consists of the activities described in the box below: 
 

Administrative: 
-Preparation and Implementation of ‘Activities Planning and Budget’ 
-Definition and establishment of commercial proceedings 
-Management of the human resources, users’ processes, water supply cuts off. 
-Identification and collection of illegal connections. 
 

Financial: 
-Suggest consumption and connection taxes. 
-Billing and water fees collection. 
-Daily support for financial issues such as balances, money in cash or user accounts.  
 

Technical: 
-Transmission, treatment and distribution of water. 
-Supply of chemical products, operational equipment, power, etc. 
-Fulfilment of quality indicators. 
-Monitoring, detection and control of water losses 
-Maintenance and rehabilitation of standpipes. 
 

Operational: 
- Routine, periodical and special O&M tasks.  

 
Source: MPWH, 2006 

 
Figure 2.1. Activities in which the management of a SWSS consist of. 
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2.4. Small Water Supply Systems financing. 
 

According to the Manual of the Implementation of Rural Water Supply Projects 

(MPWH, 2001) the investment for the rehabilitation and construction of SWSSs is 

exclusively the responsibility of the Government while the O&M and management costs 

are exclusively the responsibility of the water users through suitable water tariffs. The 

water tariffs will be periodically adjusted according to these costs in order to guarantee 

a regular and continuous operation of the system. 

The tariff set up will come from a previous technical and socioeconomic study 

suggested by the operator of the system. The NWD will review and define the tariffs 

and the operator will be in charge of their collection.  

 

2.5. Government policy and strategy. 
 

In the rural water supply the main water policies, adapted from the National Water 

Policy (Água, 1997) and Manual of the Implementation of the Modes of Management of 

SWSSs (2006), can be summarised as: 

− Coverage of basic needs, especially in rural communities and social groups of 

low incomes. 

− Minimum service level: a handpump with 500 people coverage and in a 

distance no longer than 500m, for an average consumption rate of 20l/pers/day. 

− Water as an economic and social good. In order to ensure the sustainability of 

the water supply services, the water cost will have to reflect its economic value. 

− The mobilization of financial resources is the responsibility of the Government 

and they will be addressed to ensure the economic development, to contribute 

to poverty relief and improvement of the public health. Private sectors, NGO’s 

and other organisations are welcome to invest as well. 

− Shifts in the role of the State who will become an adviser entity and regulator of 

the public water supply service. The private sector will be now in charge of the 

execution of the services and implementation of the related activities. 

− Participation of the beneficiaries in all stages of the project cycle in order to 

consider their needs and preferences when selecting a kind and level of 

service. 

− Strengthen and extension of the institutional capacity, mainly through the 

development of human resources at all level and especially at community level. 

 
                                                                                                                              Ada Gonzalez Albert, 2006 



7 

2.6. Mozambique case-study: Ressano Garcia. 
 

Vicente Berenguer-Llopis is a missionary who has been working and living in 

Mozambique for 40 years. Through contact initiated with my Spanish Supervisors 

regarding the water supply problems faced by the community of Ressano Garcia, this 

project was birthed.  

Ressano Garcia (Ressano), in Mozambique (see appendix E for location) is a 

settlement of 8000 people, which according to Moriarty et al. (2002) could be 

considered as a small town1. It is located in the border between South Africa and 

Mozambique and 90km far-off Maputo, the capital of the country. According to MPWH 

(2006), Ressano’s water supply system is classified as a SWSSs of Level III. The water 

supply system was rehabilitated at the end of 2003. This rehabilitation was financed by 

SASOL, a South African company2 and executed by Profuro International Lda., a 

Mozambican company located in Maputo. The main rehabilitation works consisted of 

the construction of a 150mm diameter pipe parallel to the old one from the Water 

Treatment Plant (WTP)  to the intermediate tanks in order to have two separate pipes: 

the new one for water transmission and the old one for distribution. Moreover, all the 

pumps were replaced, 53% of the total pipe length was replaced and two new public 

standpipes were built. The current water supply system showed in Figure 2.2. consists 

of a piped system where water transmission is made by pumping from the river 

Incomati, whose basin is shared by South Africa (63%) and Swaziland (6%), till the 

Water Treatment Plant (WTP) in a first stage. Once water is treated with chlorine and 

other chemical products, it is pumped again from the WTP to two intermediate storage 

tanks. From here it is pumped again to upper storage tanks. The water distribution is 

then made through a branched network by gravity from both intermediate and upper 

storage tanks until the points of collection. The service counts with three different types 

of connections for water collection: house connections, yard connections and public 

standpipes. The first two can be integrated in one group as private connections. 

 
                                                 
1 In Moriarty et al., (2002) African small towns are seen as transitional entities, defined as much by their 
dynamics of change and growth as by their institutions or infrastructure. 
 “Small towns are settlements that are sufficiently large and dense to benefit from the economies of scale 
offered by piped supply systems, but too small and dispersed to be efficiently managed by a conventional 
urban utility. They require formal management arrangements, a legal basis for ownership and 
management, and the ability to expand to meet the growing demand for water and sanitation.” (de Jong, 
2000. In: Moriarty et al., 2002). 
 
2 SASOL is a global energy company headquartered in Johannesburg, South Africa. SASOL paid for the 
rehabilitation of the water supply system of Ressano in compensation for the services that the company 
has in Mozambique such as the gas supply. 
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Each of the 4 neighbourhoods (Ciment, 4 de Outubro, Eduardo Mondlane and 25 

de Junho) in which the settlement is divided is differently supplied: Ciment is supplied 

with private connections. The neighbourhoods of 4 de Outubro and Eduardo Mondlane 

are supplied every two days alternatively by both systems, private connections and 

with 2 standpipes in each area. The 25 de Junho only has 21 private connections and 

most of its people has no water infrastructure at all.  
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3. LITERATURE REVIEW. 

There is very limited amount of material published related with rehabilitation of 

water supply systems as a general concept. Most of the documents are case-study 

related and this fact makes it more difficult to extract general conclusions. 

This chapter is divided into the sections which I considered most relevant for the 

aim of the thesis and for the topic studied itself. The literature review is mainly focussed 

on the causes and factors that lead a water supply system to be rehabilitated. There is 

also a brief review of some specific rehabilitation projects in developing countries. 

 

3.1. Definition. 
 

According to Brikké and Davis (1995) rehabilitation entails the correction of major 

defects and the replacement of equipment to enable a facility to function as originally 

intended. Rehabilitation of defective services is an economic alternative to investing in 

new project (Brikké and Bredero, 2003). Howard (2002) refers to rehabilitation as an 

appropriate response to poor water supply in circumstances where water quality is poor 

and represents a risk to public health. For him, rehabilitation can also be appropriate 

where public taps have a record of poor sustainability or where increases in access to 

piped water are unlikely to be realised in the short to medium term. 
Hueb (2002) made a strong case for O&M in defining rehabilitation as the 

extreme form of O&M which would have been postponed if regular maintenance would 

have had taken place. Closely linked with this is the concept of reactive maintenance, 

in opposition of preventive maintenance, defined as the maintenance needed where 

past routine maintenance has been insufficient, as well as after accidents (WB, 1994). 

 

However, from my point of view the definition of rehabilitation should be more 

precise and include the number of years or a more specific period in which a 

rehabilitation should be considered as normal (maybe 20-30 years depending on each 

specific infrastructure) or, on the other hand, when a rehabilitation is taken place in 

advance of the life-time for which the service was designed. Related with this concept 

is also missing a distinction between the rehabilitation of services after an emergency 

situation, a natural disaster or a post-conflict situation and when the rehabilitation takes 

place under non-extraordinary conditions. 
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In this thesis the concept of rehabilitation will refer to the latter and in a period of 

time shorter than the design-life of the service. 

 

3.2. Need to rehabilitate. Causes.   
 

Rehabilitation becomes necessary when it is no longer technically feasible or 

economically viable to maintain a facility in good working order (Brikké and Davis, 

1995). 

 

Rehabilitation should not be confined to replacing broken equipment or 

infrastructure. It is also important to look into the reasons why the system was not 

sustained and is in need of rehabilitation. When assessing the potential for 

rehabilitation, all the stakeholders need to study the reasons for the system’s 

breakdown, analyse the problems involved, and formulate recommendations for 

feasible alternatives to rehabilitate the system (Brikké and Davis, 1995; Brikké and 

Bredero, 2003). 

There are lots of causes which can lead to the rehabilitation of a system including 

poor management, lack of maintenance (especially preventive maintenance), lack of 

skilled personnel or poor-quality materials and equipment (Brikké and Bredero, 2003). 

Hueb (1999) argued that water supply systems frequently function intermittently due to 

deficient operation, lack of effective management, neglected maintenance, lack of 

clearly defined objectives and policies and high levels of leakage.  

According to WHO (2003), the failures which make systems stop operating are 

most often caused by inappropriate technology choice. There are serious difficulties 

with regard to the lack of spare parts, technical assistance and imported equipment 

(Hueb, 1999). Brikké and Bredero (2003) pointed out that the availability of spare parts 

should be one of the main factors to determine the suitability of a particular technology 

as the lack of spare parts may be a major constraint in the sustainability of water 

supplies and can even lead to the water supplies being abandoned. According to them, 

the community will need to know the cost of running their water-supply systems, and 

this will be determined partly by the demand for spare parts. Therefore, accessibility of 

spare parts for major rehabilitation or replacement can be at the local or regional level, 

or at the state capital. 
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For Brikké (2000), rehabilitation should not simply be a matter of repairing 

damaged infrastructure because the most common cause of failure is organizational. 

Lenton et al. (2005) emphasizes the fact that if the level of service installed is too 

expensive to be maintained by users, simply rehabilitating the existing infrastructure 

will result in another failure in the future. Poor system performance may also arise if the 

communities lack the human capacity and training to maintain the supply systems in 

good working order. 

 

Some of the most important aspects related to the rehabilitation of a water supply 

service are explained in more detail in the next points. 

 

3.3. Unaccounted-for water. 
 

The amount of water billed will always be smaller than the amount of water 

supplied. This difference refers to the unaccounted-for water (UFW). The components 

of UFW can be summarised in the table below: 

 

Physical Losses Leaking pipes and tanks 
Illegal connections 
Collection inefficiency 

 
UFW  

Administrative/Commercial Losses 

Billing inefficiency 
 

Source: Smet and van Wijk, 2002; Howard, 2002 
 

Table 3.1. Components of unaccounted-for water. 

High rates of unaccounted for water are common in many cities in developing 

countries, reaching extreme levels of more than 50% of the total water produced, 

representing critical water and financial losses (Batteson et al. 1998; Hueb, 1999; 

Wegelin-Schuringa, 1999; Smet and van Wijk, 2002). Of the total UFW, an estimated 

50% is caused by leakage, usually the result of either lack of maintenance or failure to 

replace aging systems (WB, 2000; Wegelin-Schuringa, 1999). The other 50% usually 

corresponds to administrative losses. A common feature of water distribution networks 

in developing countries is the high number of illegal connections (Batteson et al. 1998). 

In addition to the problem itself of the water losses there is another extra problem: the 

loss of an income opportunity. This income, if collected, could be used to pay for 

running costs and to build new facilities to meet the needs of more people (WHO, 
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2003). As Howard (2002) also pointed out, high rates of commercial losses may 

exacerbate discontinuity as funds are not re-invested in maintenance. 

As a consequence of both physical and administrative losses, piped water 

supplies often suffer from discontinuity. This cause many problems, including loss of 

pressure and contamination of the supply (Batteson et al., 1998). Moreover, 

discontinuity may also lead to use alternative sources less reliable or to reduce 

volumes of water collected with the consequential risk for health that this can involve 

(Howard, 2002). 

Under all circumstances described above, local authorities need to invest in the 

gradual rehabilitation of water supply systems with a particular focus on repairing 

leaking pipes, joints and valves and containing illegal water connections (Sachs et al., 

2004). According to Farley (2001), the rehabilitation policy carried out in each case as 

well as the condition of the infrastructure, can be one of the main reasons for the 

variation in leakage across the world. 

 

However, it is impossible to get zero leakage from a system (Batteson et al., 

1998). The level of UFW considered "normal" in well managed-systems is 10-15% 

(Rosegrant et al., 2002; CSIS, 2005). There is a point where the cost of leakage 

detection and control outweighs the benefit of locating and repairing the leaks. 

Experience with leakage control in the UK shows that it is difficult to get under a figure 

of 12% of water lost through leakage (Batteson et al., 1998). Repairing leaks is 

worthwhile only if the value of the water saved justifies the investment in new pipes, 

which may not be the case if plentiful, high-quality water is available nearby. In most 

developing countries the real consideration of fighting against UFW tends to start only 

when UFW levels exceed 20-30% (Smet and van Wijk, 2002).  

 

To a large extent, the level of UFW is an indicator of how well a utility is 

managed and its efficiency. The operator’s ability to reduce UFW may depend not only 

on its efforts to reduce leaks but also on the resources that the government makes 

available for rehabilitating pipelines (RFSTE, 2005). 
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3.4. Cost-recovery. 
 

There are two key points concerning financing of the rehabilitation of water supply 

systems: the identification of rehabilitation costs and the cost-recovery policy, this is, to 

what extent each of the stakeholders involved in the process will contribute or will cover 

these costs. 

 

Brikké and Davis (1995) included rehabilitation costs as part of the capital costs. 

In a later work, Brikké (2000) fine-tuned its definition and divided the costs into 3 

categories: investment costs (capital), operation and maintenance costs (recurrent) and 

future investment costs. He included construction for major rehabilitation, replacement 

and extension costs in the last group. However, in a more recent work (Brikké and 

Bredero, 2003) the authors refer to the major rehabilitation spare parts costs as running 

costs. Taken into account that the spare parts is normally a concept linked with the 

operation and maintenance process of the project, this could lead to a discussion about 

if these costs should be then included as investment or recurrent costs. 

 

Regarding the cost-recovery issue there is a large discussion about if 

rehabilitation costs should be entirely covered by the community or not. According to 

Moriarty (2002), the financing for new facilities and major rehabilitation or expansion of 

existing facilities is the biggest limiting factor to improving small water supplies. In 

addition, cost recovery is, in general, more easily implemented in new supplies than 

ones that need rehabilitation, especially when the communities have already paid part 

of the construction costs. Fonseca (2003) defined cost recovery as the matching of all 

costs related to providing a sustainable service with all the available sources of 

funding. The costs must therefore include all technical, human resources and 

institutional costs, considering not only the construction, but the lifetime, rehabilitation 

and extension of the water supply systems and all the elements that are necessary to 

provide longer term support to users. However, on the other hand, according with this 

definition, the cost-recovery can be done with the entire available source which 

includes not only the community itself but external agencies, private sectors or NGO’s. 

According to Fonseca’s study (2003) practice has shown that contributions by the 

users to O&M costs are reasonably easy to raise. However, contributions to capital, 

replacement and rehabilitation costs are more difficult. Even modest one-off 

contributions to capital costs have in some cases indebted communities to the extent 

that once the system is built, they cannot afford the maintenance costs. 
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On the other hand, Howard (2002) argued that communities should make 

contributions towards the costs of rehabilitation works. According to NETWAS (2001) 

cost-recovery refers to making users pay for O&M and only in some cases it can also 

refers to making users contribute to rehabilitation or even implementation of new 

systems. The WHO guidelines (2000) pointed out the importance of that the revenue 

raised covers O&M costs and generates capital for extension and rehabilitation of 

water supplies. For Brikké and Bredero (2003) the service operation, maintenance, 

rehabilitation, replacement and administrative costs should be covered at local level 

through user fees, or through alternative sustainable financial mechanisms.  

 

From the discussion above, it seems very difficult to establish a general rule for a 

rehabilitation cost-recovery policy. There are no magic rules and lots of elements and 

factors can interfere with the cost-recovery efficiency. Therefore, each system should 

be analysed individually in order to apply the cost-recovery system that best suits it.   

 

Another interesting point regarding cost-recovery is related with the quality of 

service delivered. According to WHO (2000 and 2003), users are unwilling to pay for 

poor services. This causes further deterioration in services because finance is not 

available for repairs and maintenance and costs are rarely recovered. This leads to a 

cycle where the fundamental problem is to set up priorities between cost-recovery 

improvement and service quality improvement. What should be first? Should tariffs be 

raised in order to improve service quality or should service quality be improved to allow 

increased revenue to be collected? From the water suppliers perspective, in order for 

them to raise the capital required to improve service quality, tariffs which reflect the 

cost of doing this need to be charged immediately. Once sufficient revenue is collected 

then service improvements can be implemented (WHO, 2000). However, if water users 

would be asked about this issue they would probably not agree with this policy. This 

does not seem to be a good business for them. Moreover, according to Schouten and 

Moriarty (2003) sometimes, people are not willing to pay even when the service is of 

high quality because all around the world people are used to low quality, unsafe but 

free supplies. Water is often considered as a gift (Brikké and Rojas, 2001 ; Schouten 

and Moriarty, 2003). Users of the service need to trust the system and those who 

manage it. They must feel that the financial system is fair and that the managers are 

honest. Therefore, if tariffs are raised without their agreement they will look for 
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alternative cheaper sources but unsafe, as most of the time they ignore the health risks 

that this implies. 

 

In any case, everybody seems to agree in the fact that cost-recovery is a 

complicated matter and that unless communities are fully involved in all the cost-

recovery process, it will have few possibilities to succeed. 

 

3.5. Rehabilitation experiences in developing countries. 
 

In Timor-Leste, a water supply rehabilitation project produced many outputs but 

sustainable operation and maintenance was in doubt as the Government had not yet (3 

years after the project implementation) reintroduced charges for water in urban areas. 

In rural areas, community management was weak due to the lack of viability of the 

community management model implemented which concerned some risks due to few 

resources available and little time for community training and inability of the 

government to back-up communities (Leonard et al, 2004).  

In Ayole, a village of Togo, where a previous government-installed community 

handpump had broken down, a rehabilitation project was accompanied by technician 

training, the formation of a committee responsible for raising funds for operation and 

maintenance and earmarked public funds at the district level for the provision of spare 

parts and extension services. The result was a well-functioning handpump and a 

community that, one year after its rehabilitation, successfully overcame a major failure 

of the pump (UNDP, 1988). 

In the rural regions of Khatlon and Sughd, Tajikistan, more than 100000 people 

improved their living standards through the rehabilitation of 19 rural drinking water 

supply systems. To strengthen the sustainability of the project, all stakeholders were 

actively involved in the project activities. To assist in collection fees, Water User 

Committees established received additional training and further development (ECHO, 

2004). 

Experiences of rehabilitation of water supply systems in developing countries 

show that improvements of the water infrastructures are relatively easy to reach but 

what seems to remain a challenge is to succeed in the rehabilitation of the managerial 

and operational aspects. Those rehabilitation experiences that have resulted 
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successful are those which have accompanied the infrastructure rehabilitation with 

community training in managerial aspects. Rehabilitation projects tend to focus too 

much on the physical part of the service because it is the one which provides quicker 

and more quantitative results. However, what can really make a difference between a 

sustainable and not sustainable service is usually the way in which the infrastructure is 

operated and managed not only the first 2 or 3 years but over a longer period. 

Therefore, training and capacity building need to be placed on top of the priorities for 

rehabilitation projects. 

 

3.6. Summary. 

Rehabilitation of water supply systems is a very complex issue which involves lots 

of factors from very different fields. The rehabilitation definition itself implies that a 

previous system or facility is not working correctly. This makes the task of rehabilitating 

a system even more difficult as there is a clear evidence that previous methodology 

has failed to deliver an expected benefit and this carries the difficulty that when a 

system has been already established some bad habits are too deeply assumed and 

sometimes it can be more difficult to change them than to start from scratch. 

The solution will require detailed analysis of the causes of failures and ways of 

improving or solve them in order to avoid another fail of the system. It is very important 

to analyse not only physical aspects but also possible weakness in the social, 

operational,  managerial, legal, financial, organizational and/or institutional structure. 

Rehabilitation does not only consist of repairing damaged infrastructures but also 

improvements of the social capital. 
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4. METHODOLOGY  

4.1. Literature review and field research preparation. 
 

The first step to achieve the aim of this thesis was to review previous research in 

the topic of rehabilitation of small water supply systems. The main sources for material 

collection were Cranfield University at Silsoe Library and online articles and journals. 

Some other information about the context of Mozambique was done by reading some 

books on the topic (books bought in bookshops), journals and on-line research. 

Moreover, previous information on the specific case studied was also collected by post 

and email from the missionary ahead of the rehabilitation project (Mr. Vicente 

Berenguer Llopis) and from my Spanish supervisors of the  Polytechnic University of 

Valencia by email and directly by holding meetings in Valencia. Professor Richard 

Carter was also consulted for advice on evaluation methodology, field research and 

community visits. 

 

4.2. Checklist and guidelines first draft. 
 

With all the above material collected, a first draft of the checklist and guidelines 

on small water supply systems rehabilitation was developed previous to the field trip 

and case-study application. 

 

4.3. Case-study: Ressano Garcia, Mozambique. 
 

A field trip to Ressano, in Mozambique, was taken during 6 weeks from June to 

mid-July 2006. This case study was used to test and assess the relevance of the 

checklist and guidelines previously created on water supply rehabilitation, as well as to 

modify and improve them according to the results and data collected. 

 

4.4. Data collection and analytical techniques. 
 

Being conscious of the importance of the community’s involvement and 

participation when dealing with community water supply projects, my strategy was 

focussed on the evaluation of two main areas: the water supply infrastructures and the 

socioeconomic aspects of the community which influence decisively in the 
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management and viability of the system. In order to assess them as well as to test the 

checklist and guidelines created, two kinds of data were collected: qualitative and 

quantitative. This data was collected through a series of activities, meetings and work 

mentioned below: 

 

 Evaluation and study of some documents provided by the missionary: 

− dossier of the previous rehabilitation works done by Profuro, which 

contained operational data about the pumps and pipes rehabilitated. 

− article appeared on the 27th of August of 2005 in a newspaper edited in 

Maputo called ‘Noticias’ about the water supply system of Ressano 

Garcia entitled: ‘The Water Supply System of Ressano Garcia does not 

satisfy’. 

− other dossiers and studies done by other organization focussed on 

general aspects of Ressano or actuations in Mozambique.  

 Evaluation in-situ of the whole water supply system, including all the 

components of the fed-gravity system. Evaluation carried out in collaboration of 

the technician in charge of the whole water system. He provided me some 

documents like the tariff system and some data regarding to water losses and 

he gave me information related with some characteristics of the system such 

as: age of pumps and pipes, cost of the last pump bought, tank storage 

capacity and main areas of leakage. He also explained me the main difficulties 

and failures of the system. 

 Data collection in the WTP of : 

− operation data of the elements like pumps and filters, by looking at the data 

plates. 

− water treated by taking notes of the readings of the water meter. Every day 

at 5:00 am an operator takes these readings. 

 Data collection in the Administration of : 

− census of Ressano. 

− number of private connexions and number of people supplied by 

standpipes. 

− water consumption, money collected, debts, power consumption, cost of the 

products for water treatment (chlorine, etc.) and salary of workers.  

 Data collection in the Hospital of Ressano: 

− water supply system of the Hospital. 
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− number of beds. 

− diarrhoea, dysentery and malaria cases. 

 Reading of local and national newspapers. 

 Visit to the cartographical Centre to acquire a map of the area studied. 

 Survey with a GPS of the area without water and where a possible extension of 

the water system would be located. 

 Reading of the water meters of the public standpipes. 

 Visit to the Secondary School which would ideally benefit from the water supply 

extension of the system. Data collection of current and future number of 

students and number of sanitation facilities. 

 Meeting in Maputo with the engineer in charge of the Planning and Control 

Office of the NDW. He explained me all the institutional and organizational 

aspect of the water system in Mozambique and he also provided me with some 

copies of the legal laws and policies of the country. 

 Visit to the National Library in Maputo to photocopy some important aspects of 

the Water Law included in the ‘Official Gazette of the Republic’.  

 Meeting with the 1st Secretary of the politic party FRELIMO based in Ressano 

Garcia, currently in the Government. 

 Individual meetings with each of the secretaries of the 4 neighbourhoods of 

Ressano.  

 Meeting with the Secretary of the Organização da Mulher Moçambicana (OMM) 

of Ressano, this is Organization of Mozambican Women. 

 Meeting with the Secretary of the Organização Da Juventude Moçambicana 

(OJM) of Ressano, this is Organization of Mozambican Youth. 

 Meeting with the Administrator of the district of Moamba, which is the district 

that Ressano belongs to. 

 Meeting with the Administrator of Ressano. 

 Meeting with the person in charge of Red-Cross in Ressano. 

 

The appendix F shows the timetable and a summary of the main meetings held.  

 

4.5. Desk study. 
 

It lasted about 6 weeks and consisted of two major activities. On one hand, 

analysis of data and all information collected focussed on the case study as well as the 
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design of the future extension after previous study of possible alternatives. On the 

other hand, creation of the final version of the checklist and guidelines for SWSSs 

rehabilitation in general.  

 

4.6. Constraints of the methodology. 
 

The meetings held with the secretaries of the neighbourhoods and of OMM and 

OJM, were also attended by the secretary of the politic party. This could have negative 

influence in the answers specially regarding those about visits made from the 

government or promises not accomplished. Moreover, the OMM and OJM belong to 

the politic party itself. Furthermore, I asked him permission to assist to one of their 

meetings and he did not allow me as he argued that they were going to discuss internal 

problems. However, I could not do them without him as he was the one who made the 

contacts and fixed the meetings. On the other hand, he was very useful as in most 

cases he had to translate from Shangana (local language) to Portuguese (official 

language).  
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5. RESULTS 

5.1. Context. 
 

According with the census of 2002 the official population of Ressano at that 

moment was of 7361 inhabitants (See appendix G). Taking into account the population 

registered for 1997 the annual population growth rate for this period was then 0.05%. 

However, this figure seems not very reliable since the annual population growth rate 

predicted in Mozambique from 2003 to 2015 is 1.8% and in most of African countries 

this rate is above 2% (Watkins et al., 2005). Moreover, when asking some residents of 

Ressano they said that the settlement does not stop growing and every year more than 

20 new houses are built. In order to predict the population for 2006 I will use the 

average of both rates, the official one for Ressano 0.05% and the one estimated for 

Mozambique 1.8%. This average rate is therefore 0.93%. Considering this growth rate, 

the current population of Ressano is then estimated as 7568 inhabitants with an 

average rate of 5.35 people/household and with a sex distribution of 53% of women 

and 47% of men. It is estimated that more than 60% of the population are children 

under 12 years old. 

 

The water supply system of Ressano was first built in 1967 but the age of the 

system and the damages caused by the floods of 2000 and 2001 led to the 

deterioration of the system and its need of rehabilitation at the end of 2003. However, 

although the rehabilitation cost was estimated in 1million of dollars, due to lack of funds 

it was only possible to collect US$400,000 and only a couple of years after its 

rehabilitation, the system does not satisfy community’s needs (see newspaper article in 

appendix H). 

 

The general health status of Ressano related with water-borne diseases has not 

suffered significant changes over the past 4 years despite the rehabilitation of the water 

supply system in 2003 (See appendix I). However, it can not be concluded that this 

rehabilitation has not reported any benefit to the community as experience shows that 

health outcomes are not appropriate as indicators of the impact of an specific 
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intervention, especially after the first years after the intervention (Cairncross 1991, 

2003)3. 

 

5.2. Ressano’s water supply figures. 
 

The system is currently benefiting around 685 families which represents only 50% 

of the total population of the Ressano (Table 5.1.). This means half of the population of 

Ressano lack any kind of water supply infrastructure. As a consequence of this most of 

them go to collect the water directly from the river with the risk health that this implies. 

The neighbourhood of 25 de Junho is the worst supplied and the lack of water affects 

95% of its population while the best covered neighbourhood is 4 de Outubro where 

61% of the population have access to some kind of water supply point. There is one 

primary school and a hospital with 21 beds which are also supplied through this gravity 

system. However, the Hospital has suffered water discontinuities in the past 2 years 

and currently it is being refurbished. 

 
Private Connections Public Standpipes 

Number of connections Domestic use 
 
 
Neighbourhood 

Domestic 
use 

Commercial & 
public use4

Industrial 
use5

Users covered 
(% of tot. pop) 

 
Number 

of 
standpipe 

Number of 
users 

covered (% 
of tot. pop.) 

No 
pp/tap 

 
Ciment 124 22 3 663 (9%) 0 0 0 
4 Outubro 227 6 1 1214 (16%) 2 342 (5%) 86 
E. Mondlane 85 1 0 455 (6%) 2 877 (12%) 220 
25 Junho 21 0 0 112 (1%) 0 0 0 
TOTAL 457 29 4 2444 (32%) 4 1219 (17%) - 

 

Table 5.1. Ressano water supply’s figures distributed by neighbourhoods and type of 
connections. 

 

According with the data collected during the field trip, the average consumption 

rate for domestic water from 2005 is around 89 l/pers/day for private connections (see 

figure 5.1.). Looking at the evolution for domestic water consumption shown in figure 

5.1. there a couple of patterns that should be emphasized. While March in 2005 

registered the highest consumption rate, the same month in 2006 had the lowest 

consumption rate. This is due to the fact that the water supply broke down for 12 days 

                                                 
3 This is due to three main reasons: 1) changes in the health status of a population are difficult to 
demonstrate; 2) the many intervening factors between an intervention and a health outcome, make it 
difficult to attribute the outcome to the intervention; 3) health indicators do not provide a useful insight into 
the reasons behind success or failure (Biran and Hagard, 2003). 
4 Commercial use: for shops, railway station, small trades, etc.  
Public use: for public parks, green areas, etc. 
5 Industrial use: for factories, industries, etc. 
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in this period, 11 of them were consecutive days (see appendix J for detailed 

information). Another surprising aspect is that the periods with less consumption 

correspond with summer months, which last from September to March, and when most 

of the raining takes place. Although data about disruption in water supply system were 

not available for most of this months, this could be due to an increase in the system 

failure due to pump obstructions by sand and stones when the river water level rises. In 

fact, since January 2006 till end of June an auxiliary pump had to substitute the main 

one in the river because it was obstructed by sand and stones (See photo in appendix 

P.1 and P.3). Although, the intake pump is protected with a wall of concrete (See photo 

in appendix P.2.), according to the technician in charge of the system, this wall instead 

of helping it contributes to the formation of swirls, especially during the raining season, 

because it is not long enough.  
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Figure 5.1. Evolution in the domestic consumption in private connections of 
Ressano. 

 

Despite the treatment of the water in the WTP its quality is doubtful due to lack of 

accuracy in the chlorine dosification, and it is preferable to boil and filter it before 

drinking. Although bottled water is sold in the local shops at 20 MTn/1.5l, its cost is 

only affordable for a few. 
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5.3. Unaccounted-for water. 
 

One of the main problems of the system is the high rate of UFW (see photos of 

leakages in appendix P.4 and P.5). The figure 5.2. below shows the UFW of some 

months as a percentage of the total water supplied every month. It is important to 

remark some aspects of the methodology used to estimate these values. First of all, 

the consumption in the standpipes was not registered since December 2004 due to the 

application of the one tariff system which does not depend on the amount of water 

collected. Therefore, during my stay, I took note of the meters of the standpipes and I 

calculated the average of the water daily supplied in every standpipe by distributing 

equally the differences in the water readings through the number of days between 

them. Moreover, I took into account that each standpipe only supplied water half of this 

period as they work every two days and lastly, I also considered that some months had 

water supply cuts (See appendix K for detailed calculation). The other important point 

to remark is that the water consumption of the Hospital is not considered because as 

the Ministry of Health pays for the water, they do not measure the amount consumed. 

In any case, this consumption will not make a big difference since according to the 

Hospital staff the water supply service in the past two years has been really poor. 
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Figure 5.2. Evolution in unaccounted-for water in Ressano’s water supply system. 

 

In conclusion, the estimated average rate of UFW is 42% of the total water 

supplied, which could drop maybe till 40% taking into account the hospital 
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consumption. This rate is relatively normal in developing countries where, in some 

systems, UFW can reach up to 60% of the total water supply (Batteson et al., 1998). 

However, this implies a poor quality of the service with constant discontinuities, 

water cut offs and low pressures. When the system breaks down most people go to the 

river to collect the water directly with the health risk that this carries on. Some others 

prefer to buy it for 10 MTn/25l to a couple of neighbours who have their own well; but 

this water is not drinkable. 

  

5.4. Cost-recovery. 
 

The current tariff system was set up in April 2004 and replaces the old system of 

one tariff of 50 MTn/month. According to Ressano’staff this tariff was established as a 

national policy. However, according with the engineer of the NDW the tariffs of each 

SWSS are locally decided. The problem is that as most of the staff of the SWSS lack 

managerial skills to make an adequate study of the suitable tariff, they normally adopt 

tariffs set up by water companies and assigned for other systems. 

 

For the private connections, there is a step raise tariff with progressively higher 

charges for higher bands of consumption (see appendix L). This led to the installation 

of water meters in the houses with private connections. The tariff for the public 

standpipes is a one tariff of 25 MTn/family/month. Therefore, the minimum amount paid 

per family to get some water is 25 MTn/month for public standpipes or 61.2 MTn/month 

for private connections. This represents respectively 2% and 4% of the mean monthly 

income per family, estimated by community residents in around 1,400 

MTn/family/month. This rate is inside the standard percentages commonly accepted 

which indicate that people should not have to pay more than  3% to 5% of their income 

for water and sanitation services (Brikké and Bredero, 2003; Brikké and Rojas, 2001). 

However, this result needs to be taken with caution as it only represents the 

expenditure in the water service without including the sanitation. 

 

The cost-recovery of the water system is very poor as it is highly indebted. In April 

2006 an extra pump was bought for the WTP to make it work in parallel with the 

existing one in order to cover better water demands. However, this pump which cost 

120,000 MTn. is still indebted since there are no funds to pay it and the supplier 

company is threatening to remove it. Furthermore, the staff working in the water O&M 
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and Administration have not been paid since March 2006, the system suffers frequent 

power cuts due to non payment of electricity bills and the monthly water fees collected 

are around 67% of the total water billed (data taken from average between February 

and March of 2005).  

 

Component Indebted amount up to May 2006 
Staff wages and salaries 36,093.45 MTn        (£729) 
Pump of 60m3/h 120,000.00 MTn     (£2,424) 
Electricity 302,095.44 MTn     (£6,103) 
Unpaid water fees 83,849.30 MTn     (£1,694) 
TOTAL 542,038.20 MTn   (£10,950) 

 
Table 5.2. Total indebted amount of the water supply system of Ressano 

up to May 2006. 
 

The figure 5.3. shows the evolution of the debt in concept of energy. The most 

worrying aspect is that the indebted amount has been increasing month by month 

almost since the beginning, which does not leave much hope for the recovering of the 

debt. In May 2006 the Administration even received a letter from Electricity of 

Mozambique which warned them that if they did not pay the part of the debt before the 

12th of May the electricity supply would be cut. The Administration had to ask some 

shops and houses to pay in advance their water fees in order to pay this debt but the 

money collected was not enough and the town was left without water for 1 week. 
 

Evolution of debts in concept of energy consumed in the WTP
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Figure 5.3. Evolution of debts in concept of energy in the WTP of Ressano. 
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In order to make a deeper analysis of the cost-recovery system, the O&M costs 

need to be estimated. In the Administration had available data about staff salaries and 

electricity bills. The treatment products of the WTP are covered by the Ministry of 

Public Works so they do cost nothing at local level. However, the running costs, which 

include basic O&M and administrative costs, should also include other components 

such as costs of minor repairs and replacements, amortisation, depreciation, water 

source protection and conservation or UFW. As the initial investment costs were 

unknown, in order to estimate all the running costs I have taken as a starting data the 

cost of the rehabilitation of 2003 in which US$400,000 was spent. According to Brikké 

(2000), replacement and extension costs of a water supply technology can be 

approximated as 25% of the running costs. Considering the costs of the rehabilitation 

works made in 2003 as replacement and extension costs, then from here the running 

costs can be calculated as the rehabilitation costs divided by 0.25. Taking the data 

available of water billed from March 2005 to May 20066 and estimating the running 

costs as explained above, some conclusions can be extracted in view of the results 

shown in figure 5.4. and table 5.3. 
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Figure 5.4. Cost-recovery expected in Ressano’s water supply system with the current 
tariff system and assuming that 100% of water fees were collected. 

 
                                                 
6 The water consumption rates for April 2006 were missing and therefore it has not been possible to 
measure the revenues for this month. 
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% of water fees collected from total water billed March 2005 – May 2006 
100% 90% 80% 70% 60% 

Running costs  (MTn) 1,449,311 1,449,311 1,449,311 1,449,311 1,449,311 
Revenues from water fees (MTn) 1,256,412 1,130,771 1,005,130 879,489 753,847 
Balance MTn (Revenues-Costs) -192,899 -318,540 -444,181 -569,822 -695,464 

 

Table 5.3. Total cost-recovery of Ressano’s water supply system from March 2005 to May 
2006 depending on the percentage of water fees collection. 

 
 
 

Analysing the data shown in figure 5.4. and table 5.3. it can be concluded that 

with the current cost-recovery policy of Ressano, even if all the users pay for all the 

water consumed, this is 100% of water fees collected, the system is not self-financing. 

In addition to this, taking into account that the percentage of water fees collection for 

the case study is around 67% of the total water billed, the running costs are not clearly 

recovered. For a rate of 67% of water fees collection and according with the results 

obtained, the estimated loss for the period between March 2005 to May 2006 is around 

600,000 MTn. In terms of monthly loss, the average loss is estimated as 42,900 

MTn/month. In order to make the system financially sustainable an increase of the 

water tariffs will be needed. The table 5.4. shows not only these tariffs increase 

depending on the rate of fees collection but also what implications these increases 

would have for family’s budgets. According with the results obtained, despite the 

increase in the water tariffs, the percentage of the monthly income destined to pay the 

basic water supply service (standpipe connection) would still be inside the standard 

rates previously mentioned7 even with non-fully water fees collection. In the case of a 

private connection a family would need to spend at least 5% of their monthly income to 

have water supply which might be quite a lot considering the normal rates and always 

bearing in mind that these rates are not only for water but also for sanitation.   

 

 

 

 

 

 

 

                                                 
7 It is commonly accepted that people should not have to pay more than 3% to 5% of their income for 
water and sanitation services (Bredero and Brikké, 2003; Brikké and Rojas, 2001) 
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% of water fees collected from total water billed  
March 2005 - May 2006 100% 90% 80% 70% 60% 

% of running costs recovered currently 87 78 69 61 52 
Tariff increase necessary to recover 100% of 
running costs (%) 15 28 44 65 92 
% of mean monthly income per family 
destined to pay standpipe connection with 
tariff increased 

2.06 2.29 2.57 2.94 3.43 

% of mean monthly income per family 
destined to pay minimum consumption with 
private connection with tariff increased 

5.04 5.60 6.30 7.20 8.40 

 
Table 5.4. Tariffs increase needed to recover 100% of running costs and consequences 

for Ressano family’s budget of Ressano.  
 

5.5. Management. 
 

There are no formal Water Users Committees in charge of the system. However, 

every neighbourhood has a secretary who is in charge to transmit community’s 

problems and needs to the local level. These secretaries are also in charge of the 

collection and distribution of the chlorine distributed for free (the Ministry of Health pays 

for it) in the Hospital for household treatment.  

A couple of controllers per standpipe check periodically that people are collecting 

the water legally.  

The staff in charge of the O&M of the water system (1 technician, 6 operators and 

1 guard) is mainly focussed on the WTP. Every day at 5:00 am they take note of the 

meter which shows the accumulated amount of water treated. They work in turns to 

cover 24 hours/day so that when one of the pumps stops working, an alarm warn them 

and they can fix the problem.  

In terms of administration work, when the water billing needs to be done a couple 

of external workers are contracted to make this particular job. Moreover, from January 

2006 two people are in the Administration to attend specifically water-related issues 

such as water bill payments. 

 

5.6. Extension. 
 

As previously mentioned, 95% of the people living in the neighbourhood of  25 de 

Junho lack access to any water supply infrastructure. Moreover, there is a Secondary 

School which was inaugurated last January 2006, which will need an improved water 

supply. In the same area a boarding school is planned to be built in a couple of years 
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time. Therefore, an extension of the current water supply system would be necessary 

to cover these demands. A scheme of the design suggested for a period of 20 years 

and characteristics of the components is shown in table 5.5 and figure 5.5. (For further 

detail see appendix M). The total pipe length needed is 2250 m for transmission pipes 

and 2010 m for distribution pipe. The distribution system for the neighbourhood 25 de 

Junho will consists of 5 standpipes with 4 taps per standpipe in order to cover 500 

people/standpipe and 125 people/tap.  

 

Due to the presence of stones from point 3 to the river, the transmission pipe has 

been diverted through another path from point A to B in order to cross this rocky area. 

Therefore, the pipe will have to cross the gully. The pipe materials could be galvanised 

steel for the transmission pipes due to high pressures and the gully crossed and PVC 

for the distribution main.  

 
Pump Power (KW) Hm (m) Q (m3/h)  Reservoir R1 R2 

P1 3.46 88 8.8  h (m) 2.5 1.5 
P2 2.58 65 8.8  R (m) 3 2 
P3 1.49 130 2.6  V (m3) 70 20 

a) Data required for pumps.                                                    b) Data required for reservoirs. 

 

Pipes D (mm) L (m) Q (l/s) 
A-B 50 720 2.42 
B-C 50 580 2.42 
C-S 30 950 0.70 
C-D 100 700 5.25 
D-E 100 200 4.20 
E-F 75 200 3.15 
F-G 50 200 2.10 
G-5 50 200 1.05 
S-H 75 510 2.13 

c) Data required for pipes. 

Table 5.5. Main characteristics of the elements for the extension of the water supply 
system of Ressano. 
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                                            Pi= pumpi                      Ri= reservoiri

Figure 5.5. Schematic representation of the extension of the water supply system of 
Ressano. 
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Scale:  1:27155                                                                       Source: National Geography Directorate, 1999 

           Transmission main                                                                   Distribution main 

Figure 5.6. Location of the water network extension of the water supply system of 
Ressano. 
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6. DISCUSSION 

 
Ressano’s current water service is poor. Despite its relatively recent rehabilitation 

at the end of 2003, the system does not cover the basic needs of the community. Many 

reasons seem to have contributed to this precarious situation. To analyse and 

understand these causes will be crucial to any futures improvement. The aim of this 

chapter is to dig into the question and try to discover the root of the problem. 

 

6.1. Water demand. 
 

The water demand has been always underestimated from the colonial time. When 

the system was built in 1967 only the Portuguese elite class had access to water. After 

the decolonization everybody started to claim its right to water but the system has 

never been extended. Nowadays, the official population growth does not correspond 

with the reality and this carries again an underestimation of future water needs. 

Moreover, the physical location of Ressano, in the border with South Africa, involves an 

extra population increase because lot of people who try to cross illegally the border are 

then repatriated and left in Ressano. Most of them stay in the town waiting for another 

chance. In addition to this, there is a huge company, Wenela, in charge of processing 

work permits for the mines in South Africa which represents an average monthly water 

consumption above 1000 m3.     

 
Moreover, there is a lack of regulation related with land planning. In a small town 

where half of the population lack any water supply infrastructure is hardly 

understandable that the local administration has just approved an expansion area of  

more than 300 houses. In addition to this, lots of houses are illegally built, without 

control, invading drainage channels and/or crossing pipes.  

 

6.2. Water losses. 
 
The factors influencing water losses are: 

- age of the system: despite the system was rehabilitated in 2003, half of the 

pipes are still the same ones and are almost 40 years old, critical age of a piped 

system. 
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- unprotected pipes: some pipes were not buried deep enough and they can be 

easily damaged (see photo in appendix P.6). 

- burnt pipes: the first step to build a house is to burn all the surrounded area. As 

most of the pipes are not buried, this means pipes are burnt with obvious water losses 

(see photo in appendix P.7.). 

- hanging pipes: some households have made their own connections from the 

house till the storage tanks and they have passed the pipes through gullies or trees. 

Hung pipes are more vulnerable to some climatic factors such as wind or rain. (see 

photo in appendix P.8.). 

- illegal connections: although the metered tariff was applied two years ago some 

houses were consuming water without paying for it, especially at the beginning of the 

new tariff system. The problem with illegal connections is that people do not report 

them because they are socially accepted and people ignore their negative 

consequences, not only in terms of physical water losses and funds but also that these 

undermine social and legal contracts, build disrespect for local government and destroy 

the hydraulics of the system, resulting in inefficiencies and poor services. (The Water 

Page, 2006). 

 

 

6. 3. Management. 
 

In terms of the water billing some managerial lacks are also obvious such as 

commercial tariffs charged as domestic, meter readings that instead of increase from 

one month to the other, decrease, illegal connections and changes in the number of 

connections from one month to the other without any logic. All these problems, carry 

out a great loss of revenues in a system where the lack of funds is one of its weakest 

points. 

Moreover, there is a complete misunderstanding of the roles played by the staff 

involved in the water management of the system, together with a lack of skills, 

knowledge and shared information. Just to quote an example it took me one month to 

find out who was paying for the products of the treatment: the technician of the water 

said the ones who knew about it were the administrative staff, in the Administration 

were not very sure if the MPWH was paying for it or the nuns, but in any case they said 

the one who knew it was the technician of the water. Luckily I could find a document in 
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the Administration which proved that the MPWH was the supplier (see appendix N to 

see this document).  

 

6. 4. Cost-recovery. 
 

As previously mentioned, some of the managerial lacks are translated into fund 

losses. However, the worst is that the system seems to have entered into a cycle 

where people is not happy about the quality of service provided and therefore they are 

not willing to pay, and this means less revenues and, therefore, the system can not be 

well operated and maintained. The key point is how to break this cycle and where. 

From my point of view, before rehabilitating or extending the system a thorough study 

about the cost-recovery policy should be done. All possibilities need to be taking into 

account, including the role of the private sector. However, in this specific case 

conditions and requirements should be stated specifically before any decision is taken 

as there are not many experiences in this field in the same area or district than 

Ressano. In any case, the tariff system should be studied again as soon as possible as 

not only the costs are not being recovered properly but the system has entered in an 

indebted dynamic which needs to be broken the sooner the better. It is very important 

when studying a cost-recovery policy to identify first of all which costs want to be 

recovered and then set up the tariffs that will recover them. As previously mentioned in 

the literature review, for a successful cost-recovery policy it is crucial to involve the 

communities in the process.   

 

6. 5. Summary. 
 

The aim of this thesis was to develop a methodology for SWSSs rehabilitation 

with specific application in Ressano Garcia (Mozambique). The case study chosen has 

turned out to be very useful because of the coincidence that the water supply system 

was recently rehabilitated. This helped me a lot to learn more aspects about what must 

and must not be done when rehabilitating a project as the case-study became a 

evaluation of the rehabilitation of the rehabilitated water supply system. I think this 

perspective has enriched the contents of the thesis and it has been a very important 

aspect to succeed in achieving the aim of the thesis. The figure 6.1. shows the 

guidelines developed. 
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GUIDELINES FOR WATER SUPPLY REHABILITATION  
 

The objective of these guidelines is to develop a strategy for water supply rehabilitation 
and to provide the user with some practical tools when evaluating the possibility of 
rehabilitate a water supply system. 
 

The guidelines consist of a series of steps to evaluate if the rehabilitation is really the best 
option or, contrary to this, it is preferable to build a completely new system.  
 

The guidelines are accompanied by a very useful checklist that will help the user to find 
out the causes that has lead to the deterioration of the system (See appendix O). Note 
that the checklist part A is especially useful for the step 1 of the guidelines and the part B 
for step 2. 

 
 

Step 1. Assessment of the current situation. 
 
Identify, study and understand the current situation (described as a negative). The main 
objective of this stage is to know and characterize the reality and its environment in order 
to set up the foundations of the future intervention.  
One of the main elements of this phase is the diagnosis which it will mainly consist of the 
analysis and interpretation of the current situation.  
 

 

REMEMBER: The state of the existing system or practices will affect the 
decision of whether replace, upgrade, rehabilitate or leave it as it is 
(Batteson, 1998). 
 

The assessment of the current situation will help to identify which is the problem or the 
necessity, who this problem is affecting to and which is the new situation wanted. 

 
 

Step 2. Analysis of the causes which has led to the deterioration or failure of the 
system. 

 
 

When evaluating a rehabilitation project it is crucial to understand the causes which have 
led to the need of rehabilitate the system.  
 

REMEMBER: Systems do not fail into disrepair without reason. When 
assessing the potential for rehabilitation the reasons for the system’s 
breakdown needs to be identified and analysed in order to formulate 
recommendations for feasible alternatives (Brikké and Bredero, 2003). 

 

 
It is very important to analyse not only physical aspects such as damages in the 
infrastructures but also possible weakness in the social, operational,  managerial, legal, 
financial, organizational and/or institutional structure. 
 

 

REMEMBER: In a rehabilitation process, not only the infrastructure 
itself may need to be rehabilitated but also some social, operational, 
managerial, legal, financial, organizational and/or institutional aspects. 

 
 
Step 3. Study of alternatives. 

 

The aim of this phase is to study what are the possible options available to improve the 
current situation.  
Between these alternatives might be the rehabilitation of the system or it might also be the 
construction of an entirely new system or facility from the beginning. In any case, there 
might be several possibilities and they must be presented and analysed from different 
points of view: economic, technical, managerial, operational, social and environmental. 
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 Step 4. Decision: is the service or facility going to be rehabilitated? 
 

The decision of whether the service will be rehabilitated or not and how, will depend on 
three key aspects: 

-possible alternatives 
-available resources 
-community’s priorities and/or needs.  

 
The analysis and feasibility study of these aspects from several points of view 
(economics, technical, social, environmental, etc) will lead to the correct decision. 
 
 

  

Possible alternatives 
(technology, 
operational, 

economic, etc.) 

 
Community’s 

priorities  
and/or  
needs 

Available 
resources:  

funds, social 
capital, skills, 
institutions,  
laws, etc. 

 Action 
selected 

Scope of the decision 
Adapted from Calabuig et al. (2005) 

 
REMEMBER: An economic alternative to investing in new water-
supply projects is to rehabilitate defective services but, the 
rehabilitation option must include analyses of the community’s 
preferences and needs, and of the capacity of the community to 
sustain the system (Brikké and Bredero, 2003). 

 
 
Summary 
To sum up, here it is a guidance of some questions that should be answered during the 
four stages. 

− What is the current situation?  
− What were the expected outputs when the service/facility was implemented?  
− What are the causes that have led to this situation?  
− When did the system start to fail? What was the environment at that time? 
− What are the main differences and lacks between the actual situation and the 

expected desirable situation?  
− Taking into account all the factors (economics, technical, social, environmental, 

available resources, community’s needs, etc.) involved in the system, what is the 
best way to improve the current situation? If the answer is to rehabilitate the 
system, then it will be necessary to assess which parts of the system can be 
reused, which ones should be changed and study if there is any part that will 
need to be extended. 
Figure 6.1. Guidelines for water supply rehabilitation. 
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7. CONCLUSIONS AND RECOMMENDATIONS. 

Rehabilitation does not only consist of replacing broken equipment or 

infrastructure, it consist of improving a service. At this point is very important to 

distinguish between constructing a water supply facility or providing a service. While 

the first one is an event which provides an once-off product essentially technical, the 

other is an on-going process which requires a great interaction and deal between 

consumers, providers, agencies involved and local authority (Abrams et al., 1998). 

 
More emphasis should be made on the institutional, managerial and operational 

aspects. Experience has shown that to build an infrastructure is relatively easy, but 

what remains a challenge is to maintain it not only 3 or 4 years, but over a longer 

period. If after so many years of providing water supply facilities, their duration over the 

time is still a challenge maybe what is really lacking is a wider perspective of the root of 

the problem. When rehabilitating a service we should bear in mind what this involves. 

Rehabilitation of something implies to improve something that has failed. Therefore, 

there is no point to fix something without knowing and understanding why it broke 

because it will just take some time before it breaks again. Regarding the concept of 

service, as previously defined, is not only about the infrastructure itself, it is about their 

management, their operation and maintenance, in summary everything related with its 

sustainability. If a sustainable service was provided, a rehabilitation of the service 

should not be necessary in any case, as with routinely operation and maintenance 

tasks, the service should last for the period of time that was designed for. 

 

The key to effective management of both resources and systems is the capacity 

(technical, institutional and financial) of local level organisations (government, 

community and private sector), (Moriarty et al., 2002). 

 

A good example of the effect of capacity development can be taken from recent 

experiences with a pilot project in Indonesia, where Water User Associations (WUAs) 

were empowered through capacity development and where appropriate regulatory 

changes were made (enabling environment). Also the local staff of the Irrigation 

Services were trained as “facilitators”. Where conventional rehabilitation projects 

traditionally have had an Economic Rate of Return (ERR) of 10-18%, an economic 

analysis showed that, when an enhanced capacity of the WUAs was realized, the ERR 
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rose to 30-40%. The conclusion seems to be that the social capital of the water sector 

is the “heart of the matter” while the works are the “vehicle” through which the capacity 

is built (WB, 2003; Luijendijk et al., 2005).  

As a general recommendation, I would suggest that when rehabilitating a service, 

before repairing the infrastructure itself, a stable and appropriate environment should 

be ensured. A previous study should be done in order to identify where the failures of 

the system are, why the system did not deliver the benefits expected and how the main 

problems can be solved. From here, some previous actions such as the strengthening 

of the social, economical and managerial structure may need to be taken in order to 

improve the foundations in which the whole system rests upon. It can be useful to set 

up some of these actions as minimum objectives to achieve as a pre-requirement 

before undertaking any infrastructure rehabilitation. These actions as well as the whole 

project should be identified, analysed and agreed with and by the community. 

To conclude, I would like to suggest some specific recommendations for the 

case-study of Ressano. See figure 7.1.  

 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For Ressano’s Administration, programme designers and managers:  
• Community should be involved from the outset, especially those primarily involved 

in collecting water like women. Therefore, it is important to set up meetings with 
them to check that their main needs and requirements are taking into account in the 
design and positioning of the rehabilitated and new pipes and standpipes. 

• Checking if the spare parts and other consumables required for running the system 
are locally available and their cost is affordable.  

• Training in both, physical maintenance of the piped system and in finance, book 
keeping, detection and containment of illegal connections and improve water fees 
collection. 

• Setting up of a water committee with representatives of each of the four 
neighbourhoods. A programme of preventative maintenance tasks and a schedule 
of tasks should be carried out daily, weekly, monthly, etc. The water committee will 
be also in charge of overseeing the collection of finances for maintenance.  

• The current tariff system should be reviewed very realistically in order to cover the 
running costs of the system but making it affordable for all users.  

• Setting up some kind of regulation and control for building houses including the 
identification of drainage channels and prohibition of building on them. 

• Existing and new organisations should be strengthened and created to help to 
mobilize the community. 

 
For the mission: 
• Continuing support and communication between the mission and the community as 

well as with the Administration. 
• On-going support of all actions described above, with specific focus on social 

aspects. 
• On-going monitoring and evaluation of the system in order to correct possible 

mistakes and to guarantee that the project is carried out correctly. 

Figure 7.1. Recommendations for future interventions in the SWSS of Ressano Garcia. 
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Appendix A. Definitions 
 
Hardware: in a water supply context, the hardware refers to the physical components 
of the system, this is the infrastructure components such as pipes, standpipes, taps, 
pumps, valves, etc. 
 
Operator: private entity of the functional water supply system (defined as all the 
conjunct of organisms and entities related with the water supply of a certain area). The 
operator is responsible of the provision of the public service through the management, 
in any of their modalities, of a certain SWSS (MPWH, 2006).  
 
Preventive maintenance: regular inspection and servicing to preserve assets and 
minimize breakdowns (Brikké and Davis, 1995). Preventive maintenance consists of 
the systematic routine actions needed to keep the system in good condition. It 
sometimes also includes minor repairs and replacement as dictated by the routine 
examination (SANICON, 2002). Preventive or routine maintenance, including leak 
detection, should be carried out continuously according to pre-established schedules, 
according to rational considerations such as the manufacturer's recommendations for 
servicing the equipment (WB, 1994)  

Reactive maintenance: Reactive maintenance normally occurs as a result of reported 
serious damage and the malfunctioning or breakdown of equipment (SANICON, 
2002).Reactive maintenance is needed where past routine maintenance has been 
insufficient, as well as after accidents and where plant is aging. All interventions need 
to be analyzed and the causes of malfunction or breakage recorded, so as to guide 
future procurement decisions and help in deciding whether part or all of a network or 
plant should be upgraded or replaced (WB, 1994).  

Software: in a water supply context, the software refers to the social, managerial, 
economic, cultural and political components of the system, such as community 
mobilization, promotion, education or training. 
 
Social capital: Social capital refers to the institutions, relationships, and norms that 
shape the quality and quantity of a society's social interactions. Increasing evidence 
shows that social cohesion is critical for societies to prosper economically and for 
development to be sustainable. Social capital is not just the sum of the institutions 
which underpin a society – it is the glue that holds them together (WB, 2002). 
 
Unaccounted-for water: The amount of water billed will always be smaller than the 
amount of water supplied. This difference refers to the unaccounted-for water (UFW). 
UFW has two components: physical losses and commercial or administrative losses. 
Physical losses refers to water being lost from leaking pipes and tanks or from 
treatment plants. Thus, leakage is a component of UFW. Commercial losses may result 
from billing inefficiency, where the number of bills produced or distributed to customers 
is less than the total number of customers recorded; collection inefficiency, where the 
numbers of bills for which revenue is collected is less than the total number of bills sent 
out; and illegal connections to the supply (Howard, 2002). 
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Appendix B. Comparative socio-economic indicators of Mozambique. 
 

 
Macroeconomic Indicators 

 

 
Source: WB, 2005 

 
Key development indicators 

 

 
Source: WB, 2005 
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Appendix C. Population with access to Safe Water (%) by Provinces, 2003. 
 
 
 
 
 

 
Source: WB, 2005 
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Appendix D. Classification of Small Water Supply Systems in 
Mozambique. 
 
 
 

Level Description 

Level I Water transport, storage and distribution through standpipes and a 
reduced number (< 50) of house and/or yard connections. 

Level II 
Water transport, storage and distribution through standpipes and a 
reduced number (> 50 and <150) of house and/or yard connections. 

Level III 
Water transport, storage and distribution through standpipes and a 
reduced number (>150 and could be even >500) of house and/or 
yard connections. 

 
Source: MPWH, 2006 
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Appendix E. Map of Mozambique. Location of Ressano Garcia. 
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Appendix F. Timetable and summary of main meetings hold during the 
field trip.  

 
Date and 
Location 

With Whom Remarks 

 
9th June 2006 

Mr Samuel Nathare 
1st Secretary of the politic party 
FRELIMO in Ressano 

Gave information about contact details of 
the Secretaries of each neighbourhood. 
Information as well about  Organizations 
located in Ressano: OMM and OJM 

 
14th June 2006 

Administrator of  Moamba 
District 

Gave information of budget spent in the 
rehabilitation of 2003 and some aspects 
regarding the Organizations in charge of the 
water supply system.  

 
14th June 2006 

Mr Jerónimo Mateus 
Administrator of Ressano 

Gave information about approximate 
number of private connections and some 
aspects related with the system 
management. 

 
21st June 2006 

Mr Vicente Chauque 
Secretary of neighbourhood ‘25 
de Junho’ 

People main needs are water as they have 
no water supply at all. According to him the 
best solution would be to pump water from 
the river till two storage tanks to distribute it 
later by gravity. 

 
22nd June 2006 

Mr Paulo Jamisse 
Secretary of neighbourhood ‘4 de 
Outubro’ 

The main problem is the water discontinuity. 
Water is supplied every two days and often 
is supplied at night. 

 
 

22nd June 2006 

Mr Jossai Macamo 
Secretary of neighbourhood 
‘Eduardo Mondlane’ 

The main problem is the water discontinuity 
and low water pressure. Water is supplied 
every two days and often is supplied at 
night. They have to wait  for a long time to 
fill the cans because water does not have 
enough pressure. 

 
 

23rd June 2006 

Ms Alia Luisa Joas Mabote 
Secretary of OMM, 
Organization of Mozambican 
Women 

Main worry is that women lose lot of time 
collecting and carrying water from 
standpipes. Sometimes they have to go and 
come back to the standpipes several times 
in the same day because there is no water 
when they arrive to the standpipes.  

 
3rd July 2006 

Mr Bento Moala 
Head of Planning and Control 
Office of the National Directorate 
of Water 

Gave information about institutional and 
organizational aspects of the water supply 
sector in Mozambique. Provided also legal 
texts and policies. 

 
 

5th July 2006 

Mr Nataniel Paulo Chemaur 
Secretary of neighbourhood 
‘Ciment’ 

Main worry is that water is not supplied 
24h/day. Many people do not want to pay 
for water because the meter registers water 
consumption but it does not go out with 
enough pressure. 

 
 

5th July 2006 

Mr Nataniel Paulo Chemaur 
Head of Red-Cross, Ressano 

Main worry is that people often goes to the 
river to collect water when the water supply 
is cut off. As an Organization their main 
areas of work are HIV prevention, hygiene 
promotion and health. 

 
7th July 2006 

Mr Justino Matipahue 
Managing Director of OJM, 
Organization of Mozambican 
Youth. 
 

The main task of the OJM is to mobilize 
youth and help them to educate them and 
help them to understand life and society. 
Their main worries are unemployment, lack 
of entertainment places and water shortage. 
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Appendix G. Census of Ressano Garcia, 2002. 

 

 

 

 

Source: Administration of Ressano Garcia. (Accessed June  2006) 
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Appendix H. Newspaper article on ‘Noticias’ 27 August 2005. 
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Appendix I. Comparative health indicators related with water-borne diseases 
for Ressano Garcia. 

 

 
DIARRHOEA DYSENTERY MALARIA 

2002 
0- 4 yrs 5-14 yrs ≥ 15 yrs Total Any age 0- 4 yrs ≥5 yrs Total 

JANUARY 17 20 30 67 14 301 975 1276 
FEBRUARY 10 7 36 53 6 321 1025 1346 
MARCH 16 4 24 44 11 300 1012 1312 
APRIL  16 18 26 60 23 310 1232 1542 
MAY 28 27 39 94 29 324 843 1167 
JUNE 7 10 11 28 22 173 694 867 
JULY 15 23 27 65 37 230 731 961 
AUGUST 11 16 29 56 10 205 577 782 
SETEMBER 17 27 60 104 13 285 819 1104 
OCTOBER 28 38 55 121 30 169 657 826 
NOVEMBER 30 10 70 110 44 110 526 636 
DECEMBER 15 28 41 84 13 137 423 560 

TOTAL cases in 2002 (% from total population) 886 (12.0%) 252 (3.4%)   12379 (168%)
AVERAGE of MONTHLY % from total population 1.0% 0.29%   14.0%

     

 
 
 
 
    

DIARRHOEA DYSENTERY MALARIA 
2003 

0- 4 yrs 5-14 yrs ≥ 15 yrs Total   0- 4 yrs ≥5 yrs Total 
JANUARY 25 33 47 105 17 180 707 887
FEBRUARY 15 24 37 76 11 183 553 736
MARCH 16 22 41 79 17 258 739 997
APRIL  43 69 156 268 22 313 1004 1317
MAY 22 33 52 107 13 250 798 1048
JUNE 11 24 34 69 11 221 852 1073
JULY 13 17 25 55 11 103 554 657
AUGUST 10 15 33 58 11 123 411 534
SETEMBER 13 19 40 72 13 154 635 789
OCTOBER 14 11 48 73 16 131 475 606
NOVEMBER 18 28 68 114 36 172 568 740
DECEMBER 17 18 55 90 19 167 531 698

TOTAL cases in 2003 (% from total population) 1166 (15.7%) 197 (2.7%)   10082 (136%)
AVERAGE of MONTHLY % from total population 1.3% 0.22%   11.3%
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DIARRHOEA DYSENTERY MALARIA 
2004 

0- 4 yrs 5-14 yrs ≥ 15 yrs Total   0- 4 yrs ≥5 yrs Total 
JANUARY 22 33 68 123 1 215 791 1006
FEBRUARY 16 23 40 79 14 168 731 899
MARCH 17 28 67 112 24 217 942 1159
APRIL  19 24 41 84 15 263 739 1002
MAY 16 21 42 79 19 163 602 765
JUNE 19 10 78 107 13 169 478 647
JULY 16 15 32 63 3 72 242 314
AUGUST 29 22 40 91 4 124 276 400
SETEMBER 24 8 66 98 2 115 484 599
OCTOBER 16 17 73 106 0 121 367 488
NOVEMBER 34 18 90 142 1 111 274 385
DECEMBER 23 27 76 126 2 101 390 491

TOTAL cases in 2004 (% from total population) 1210 (16.1%) 98 (1.3%)   8155 (109%)
AVERAGE of MONTHLY % from total population 1.3% 0.11%   9.1%
         

    
 
     

DIARRHOEA DYSENTERY MALARIA 
2005 

0- 4 yrs 5-14 yrs ≥ 15 yrs total   0- 4 yrs ≥5 yrs Total 
JANUARY 22 11 64 97 5 74 315 389
FEBRUARY 28 30 65 123 2 149 267 416
MARCH 19 21 26 66 2 121 348 469
APRIL  24 12 27 63 3 136 396 532
MAY 38 1 79 118 10 56 301 357
JUNE 37 13 76 (1dead) 126 4 46 88 134
JULY 45 17 69 131 7 17 59 76
AUGUST 49 19 94 162 30 43 107 150
SETEMBER 31 16 91 138 24 39 122 161
OCTOBER 27 23 65 115 31 33 94 127
NOVEMBER 26 32 73 131 21 28 87 115
DECEMBER 23 5 21 49 15 40 109 149

TOTAL cases in 2005 (% from total population) 1319 (17.4%) 154 (2%)   3075 (41%)
AVERAGE of MONTHLY % from total population 1.5% 0.17%   3.38%

 

Source: Weekly registry of the Epidemiologic Bulletin of the Hospital of Ressano Garcia Mod SIS-Co3. District of 
Moamba. Ministry of Health. 
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Appendix J. Summary of main data collected. 

 
 STANDPIPE READINGS 

 Standpipe 1 Standpipe 2 Standpipe 3 Standpipe 4 
Meter reading in m3 (Reading1) 
for 5/07/06 1902 1188 2726 2323 
Meter reading in m3 (Reading2) 
for 15/12/04 676 517 749 751 
Average of daily water supplied 
(m3) 4.32 2.37 6.97 5.54 

 
 

WATER TREATMENT PLANT READINGS 
 2005 2006 
 March April May June July January February March May June 
Day 1  

218220 241150 266399 
290733 

 436707 460212 473214 483853 
515218 

 
Day 15  229726 252730 278220  448600 464087 478699 490719 508708 
Day 28       472155    
Day 30  240481  289948      524123 
Day 31 217422  265662   459516  483112 514767  
 

 
2004 September October November December 

Number of private connections 492 488 491 489 
Water billed (m3) 6745 7878 - - 
Water supplied (m3) 11104 13261 21205 23900 
UFW (m3) 4359 5383 - - 
UFW (%) 39 41 - - 
Power consumption WTP (kw-h) 7207 11847 12057 13848 
Number of days without water 
(consecutives) 0 (0) 0 (0) 0 (0) 0 (0) 
Note: Due to missing data  in consumption figures of 25 de Junho for November 2004 and December 2004, 
some  other fields can not be completed  
 

2005 January February March April May June 
Number of private connections - 464 494 494 487 495 
Water billed (m3) - 5967 11015 11422 7729 8432 
Water supplied (m3) - - - 22930 25249 24334 
UFW (m3) - - - 11508 17520 15902 
UFW (%) - - - 50 69 65 
Power consumption WTP (kw-h) 12672 - 12372 16095 12688 13028 
Number of days without water 
(consecutives) - - - 0 (0) 0 (0) 0 (0) 

 
2005 July August Setember October November December 

Number of private connections 494 493 491 486 496 489 
Water billed (m3) 8536 8589 9180 7880 9131 6947 
Water supplied (m3) - - - - - - 
UFW (m3) - - - - - - 
UFW (%) - - - - - - 
Power consumption WTP (kw-h) 12929 14470 13853 14334 12585 15052 
Number of days without water 
(consecutives) - - - - - - 
Note: Due to missing data  either in consumption figures of some month or in register of WTP readings, some  
other fields can not be completed  
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2006 January February March April May June 

Number of private connections 480 482 480 - 488 480 
Water billed (m3) 8091 6376 3893 - 8112 8091 
Water supplied (m3) 23505 13002 10638 16155 15210 23505 
UFW (m3) 15414 6626 6746 - 7098 15414 
UFW (%) 66 51 63 - 47 66 
Power consumption WTP (kw-h) 12470 10271 11207 7531 16847 12470 
Number of days without water 
(consecutives) 0 2 (2) 12 (11) 0 (0) 3 (3) 0 (0) 

 
Note: Due to missing data  either in consumption figures of some month or in register of WTP readings, some  
other fields can not be completed  
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Appendix K. Methodology followed to calculate the UFW. 

 

1) Estimation of the water supplied in the standpipes. 

 Number of days between Reading1 and Reading2= 566 

 The water supply in the standpipes is every two days. Therefore, the number of 

days in which the fountains supplied water were 566/2=283. 

 The average of daily water supplied in each standpipe can be estimated as: 

 

283
ReRe 21 adingading −  

 

2) Calculation of the water consumed per month. 

 The water consumed per month can be calculated as follows: 

Water billed from private connections/month+No days per month/2x Average of daily water 

supply in standpip

∑
4

2

e  

 

3) Calculation of the UFW. 

 The UFW will be the difference between the readings taken in the WTP, this is the 

amount of water supplied, and the water consumed calculated as previously 

explained. 
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Appendix L. Tariff system applied in the SWSS of Ressano. 
 
 

Use m3 Tariff
 

Standpipe any 25.00 MTn
 

0 to 10 45.00 MTn
10 to 20 8.00 MTn/m3

20 to 30 9.70 MTn/m3Domestic 
  >30 11.20 MTn/m3

0-25 300.00 MTnCommercial 
>25 12.00 MTn/m3

0-50 600.00 MTnIndustrial 
>50 12.00 MTn/m3

  
Tax for renting meter 16.20 MTn
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Appendix M. Extension design methodology. 
 

1) Calculation of water demand in 20 years time: 
 

 Current units Units in 20 years Consumption rate 
(l/pers/d) 

Diary 
consumption (l/d) 

Domestic use  2075 2474 50 123701 
Secondary School 370 1300 30 39000 
Boarding School 0 80 140 11200 
 
Sources:  
Consumption standards adopted from UNESCO (2004). 
Data about current and future number of students for both Secondary and Boarding School provided by the 
head of the School and the person in charge of the Boarding School project. 
 
 

2) Calculation of the design capacities: 
 

Peak daily factor= 1.2  System Component Design capacity 
Peak hourly factor= 2.5  Water Source Peak day water demand 
Leakage percentage= 40%  Raw water main Peak day water demand 
  Treatment Plant Peak day water demand 
  Transmission main Peak day water demand 
  Distribution system Peak hour water demand 

 
  DOMESTIC USE SCHOOLS 

Q average day 123701 l/d 50200 l/d 
Q peak day 148441 l/d 60240 l/d 
Q peak day 1.72 l/s 0.70 l/s 

Q average hour on peak day 6185 l/h 2510 l/h 
Q peak hour 4.30 l/s 1.74 l/s 

Q peak hour i/leakage 5.25 l/s 2.13 l/s 
 
Sources:  
Peak factors and design capacity flows adopted from Smet and van Wijk (2002) and Twort et al. (2000). 
Leakage percentage taken from data collection in Ressano. 

 
 
3) Calculation of service reservoirs volumes. According with Smet and van Wijk (2002) 

this volume can be calculated as 25% to 40% of the peak day water demand and 
according with Twort et al. (2000) this percentage is 25%. Therefore in order to be in 
the security side and to avoid situations of discontinuity I will consider the higher 
percentage of 40%. 

 
 
4) Selection of diameter of pipes according with the requirements of velocity in pipes 

adopted from Smet and van Wijk (2002) and Twort et al. (2000):  
 
      Transmission pipes: 1≤ v (m/s) ≤2Distribution pipes: 0.5≤ v (m/s) ≤1 
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5) Calculation of friction head losses with Darcy-Weisbach formula: 
g

v
D
LH

2

2

λ=∆  

 
The procedure followed to obtain ∆H is draft here: 
 
 
 

D         
A
Qv =  

                        

           
ν
vD

=Re              ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−=

D
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7.3Re

51.2log21
λλ

         λ         
g
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D
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2

2
λ=∆     

5.1

6

)5.42(
10497

+
=

−

T
xν  

 
where: 
 
D= pipe diameter (m)v= mean velocity of the cross-section (m/s) 
A= cross-section (m2)ν = kinematic viscosity (m2/s) 
T= water temperature (oC) Re= Reynolds number 
λ=friction coefficientk= pipe wall absolute roughness (mm or m) 
L= pipe lengthg= gravity (9.81m/s2) 
 
The total head will be the static head plus the friction head loss. 
 
Assumptions:  
T= 10oC 
The design pipe materials are galvanised steel for transmission pipes and PVC for distribution pipes. According 
with the range of absolute roughness given for each material (galvanised steel: 0.06<K<0.3 and PVC: 
0.02<K<0.05) I have selected the most restrictive, this is, the highest in each case in order to be on the security 
side and also as a way to include with this possible local head losses. 
 
 
The results obtained are: 
 
 

WATER TRANSMISSION 
Sections Q  (l/s) D (mm) v (m/s) Re L(m) K (mm) λ ∆H (mwc) H (mwc) 

A-B 2.42 50 1.23 46950 720 0.3 0.03383 38 88 
B-C 2.42 50 1.23 46950 580 0.3 0.03383 30 65 
C-S 0.70 30 0.99 22589 950 0.3 0.04041 63 130 

 
 

WATER DISTRIBUTION 
Sections Q  (l/s) D (mm) v (m/s)  Re L(m) K (mm) λ ∆H (mwc) H (mwc) 

C-D 5.25 100 0.67 51023 700 0.05 0.02248 4 19 
D-E 4.20 100 0.53 40818 200 0.05 0.02338 1 8 
E-F 3.15 75 0.71 40817 200 0.05 0.02384 2 10 
F-G 2.10 50 1.07 40815 200 0.05 0.02473 6 16 
G-5 1.05 50 0.53 20404 200 0.05 0.02784 2 37 
S-H 2.13 75 0.64 36757 510 0.05 0.02428 3 73 
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6) Calculation of power required in each of the pumps: 
 

 
( )
η

ρ HHgQ
P s ∆+
=  

 
where:  
P=power required for pumping (Watts)Q= maximum pumping capacity (m3/s) 
Ρ= specific weight of water (1000 kg/m3) η= pumping efficiency 
Hs= static head (m) ∆H= head loss (mwc) 
 
Assumptions:  
η=60% (adopted from Smet and van Wijk, 2002) 
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Appendix N. Document for the acquirement of the WTP products. 
 
 

. 

 
                                                                                                                              Ada Gonzalez Albert, 2006 



68 

Appendix O. Checklists 

 

WATER SUPPLY REHABILITATION CHECKLIST 
 
Adapted from Batteson et al. (1998), Bolt and Fonseca (2001), Jossot (2002), Howard (2002) and Sphere 

Manual (2004) 
 
This checklist is divided into 2 parts: in the first one the questions refer to the current 

situation of the service and in the second part the questions refer to the conditions of the 
service when it was implemented and during the first months of running it. 

 
 
 
A) AT PRESENT TIME.  
 
1. General information 
 How many people do they live in the community? Disaggregate the data as far as 

possible by sex, age, disability etc. 
 What is the average ratio of number of people per households? 
 What is the monthly average income/household? 
 What is their main source of income: agriculture, trade, etc? Disaggregate the data 

as far as possible by sex and age. 
 What is the adult literature rate? 
 How many primary and secondary schools are there? How far are them? How many 

students are there in each? 
 What is the annual population growth rate? 
 What is the health status of the community members? Life expectancy at birth, 

cases of diarrhoea and dysentery and other water-related diseases, etc. 
 Try to draw a map of the area with the location of household, point of interests 

(markets, schools, health centre, church, etc.) and all possible water sources. 
 
 
2. Water supply 
 

2.1. Water sources and use 
 What is the story of the community’s water supply? 
 What is the current water source and who are the present users? 
 Are there alternative sources nearby? What is their quantity and quality? 
 Is the current water supply reliable during the whole year, including the dry season? 

And during the day? 
 Is the water source protected? If yes, is the masonry protecting the source 

damaged? 
 In the case of a surface source such as a river, do people use it for washing clothes, 

swimming, baths, etc? Has always been like that?  
 Can animals have access to the water source? Where do they drink? 
 What is the main use of water: domestic, commercial, irrigation, etc? 
 What is the water system used: piped, standpipes, etc? 
 If there are schools or health centre, what water source so they use? What kind of 

sanitation facilities do they have? How many? 
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2.2. Accessibility 
 Are water collection points close enough to where people live? What are the 

minimum and maximum distances to the nearest water point?  
 Are water collection points safe enough, especially for children and women? 

 
2.3. Quantity 

 How many private connections are currently working? How many of each use: 
domestic, commercial, industrial, etc.? 

 How many standpipes are there? 
 How many taps/standpipes? 
 What is the ratio number of people/tap? 
 How many is the estimated number of illegal connections? 
 How much water is available per person per day? What is the daily/weekly 

frequency of the water supply? 
 What is the average of water consumed/persona/day? 
 What is the peak of water consumed/persona/day? 
 Is the water available at the source sufficient for short-term and longer-term needs 

for all groups in the population? 
 What is the rate flow per tap or connection? 
 What is the pressure in the taps or connections? Is this the pressure expected? 
 For how long does a person have to wait for in the line at the collection points? Has 

it been always like that?  
 

3. Sanitation  
 What kind of sanitation facilities do the community have? How many of them? 
 What kind of sanitation facilities do the existing schools, health centres and other 

public services have? How many of them per service? 
 

4. Operation and maintenance. 
 Who is in charge of the operation and maintenance of the system? What is their 

formation or skills in O&M tasks? Are these skills the ones expected to develop a 
well O&M task? Did they receive any special training in O&M? If yes, for how long? 
What were the main contents of this training? 

 What kind of O&M tasks are done? How often? 
 How old is the system? 
 What is the age of the pumps and pipes or other elements of the water system? 

What are its operational data? What is its conservation state? 
 Do all the standpipes or connections work? If no, when did it stop working? What 

were the causes? 
 Do the pipes leak between the source and storage tanks? 
 Are the storage tanks cracked, damaged or leak? 
 Do any tapstands leak? 
 How much water is being lost? 
 Where is it being lost from? 
 Why is it being lost? 
 Has there been discontinuity in the last 10 days of any stand post or water point? If 

yes, what is the nearest alternative water source? Do interruptions in the piped 
system normally occur in higher locations? 

 What is the delay between damage and repair? 
 Is people satisfied with the quality of the water supply? (Do they like the taste, is it 

good for washing, etc). 
 Is the system with sufficiently high water pressure throughout the day? 
 Can the tank be cleaned easily? 
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 How often are pipelines and valves for exposure and leaks checked? 
 Are the pipes buried? If yes, how deep?  
 Spare parts are or can be easily available? 
 Could the system be easily extended if needed? 
 Is there anyone in charge of controlling that people collecting water at public points 

or standpipes have the right to collect it, for example checking if they have a 
collection card? 

 
 
5. Financing 
 What is the amount of water billed? 
 What is the amount of water supplied? 
 Which tariff is applied: flat, tariff per unit of water consumed, etc.? 
 Are the tariffs higher or lower than in larger villages, towns or cities? 
 Does everyone pay the same? 
 In general, is the community willing to pay?  
 How contributions fees collected are: metered connections, separate water supply 

fund of community taxes, etc? 
 When the fees are collected: monthly, every three months, etc? 
 Who collect the fees? 
 What do they do with bad payers? What are their main causes for not paying: no 

incomes, poor quality of service, etc.? 
 How many connections have been to be disconnected due to unpaid fees? 
 What are the recurrent costs of the system: staff, power, treatment products, etc? 
 Which costs are being covered: O&M, tools and spare parts, loan repayment, etc? 

Has always been like that? If not, explain earlier cost-recovery policy? 
 Which funds are being used to cover those costs: community taxes, external 

donation, etc? 
 How much debts have been accumulated in the past 2 years? 
 How much was the last investment? In what? 
 Is the system financially self-sufficient? 
 Is there a specific budget for rehabilitation works or O&M tasks at local or/and 

provincial or/and national level? 
 
 
6. Institutional and legal framework 
 What are the Institutions or/and Organisms in charge of the water at community, 

local, province and national level? 
 What kind of institutional support does the community receive? In which areas? 
 Who owns the system? Is it possible to privatize the system? What would the 

conditions be? Is there any experience in privatization in a settlement of similar size 
of the same district or province? 

 What are the current water laws or Policies?  
 What other NGO’s or organizations are working in the area? Is there any of them 

focussed on water aspects? If yes, what is their jobs or main activities? 
 Is the community organized in some way? Women Organizations? Youth? If yes, 

what are their main activities? How often do they meet? 
 
7. Management 
 Is the management of the system local, at district level? 
 Who is in charge of the management of the system? What is their formation or skills 

in management tasks? Are these skills the ones expected to develop a well 

 
                                                                                                                              Ada Gonzalez Albert, 2006 



71 

management of the system? What is the involvement level of the community in the 
management of the system? 

 What are the main management tasks done? How often? 
 What kind of records are kept: bills, water consumed, etc? 
 In which activities of the management of the water supply system are women 

involved? 
 Is there currently any Water Users Committee in charge of the water system?  
 If yes, what are their main functions? How often do they meet? What are their main 

worries or/and needs? 
 If no, have it ever been a WUC? If yes, when was it established? Why and when did 

it stop working?  
 Is there any possibility of privatize the management of the system? If yes, with which 

conditions? Is there any similar experience in settlements of similar size? What legal 
texts would be applicable? 

 
 

7. Level of satisfaction. 
Ask these questions to all the different agents involved in the water system: staff, 
users, women, external agency, members of committees, organizations and 
government, etc.  

 What is the level of satisfaction with the current water supply system? If the answer 
is not very positive, why and when do you think the system the system started to be 
less satisfactory. 

 Which are the strong and weak points?  
 What are the main worries and/or needs? 
 What are the most urgent measures that should be done to improve the quality of 

the water system?  
 Do you (agents) the system needs to be rehabilitated? Why? 

 
8. Similar experiences 
 How many systems around the studied area have been rehabilitated in the past 5 

years? Was this rehabilitation successful? Which were the strong and weak points? 
Describe the main aspects in which the rehabilitation consisted of, including 
infrastructures, training, management, etc. 
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B) BY THE TIME THE SYSTEM WAS IMPLEMENTED AND DURING ITS FIRST 
MONTHS* OF WORKING 

  
* The number of months to consider in this assess may vary depending on the 

system. The objective is to try to find out when the main failures of the system that leaded it 
to its need of rehabilitation started to appear and what this main causes are. 

 
1. General information 
 How many people did they live in the community? Disaggregate the data as far as 

possible by sex, age, disability etc. 
 What was the average ratio of number of people per households? 
 What was the monthly average income/household? 
 What was their main source of income: agriculture, trade, etc? Disaggregate the 

data as far as possible by sex and age. 
 What was the adult literature rate? 
 How many primary and secondary schools were there? How far were them? How 

many students were there in each? 
 What was the annual population growth rate? 
 What was the health status of the community members? Life expectancy at birth, 

cases of diarrhoea and dysentery and other water-related diseases, etc. 
 What was the main religion? What was the percentage of each religion? 
 Try to find a map of the area with the location of household, point of interests 

(markets, schools, health centre, church, etc.) and all possible water sources. 
 
 
2. Water supply 
 

2.1. Water sources and use 
 What water source were used and who were the users? 
 Were there alternative sources nearby? What was their quantity and quality? 
 What were the selection criteria to select the water source? Why the other 

alternative water sources were not used? Who did it take this decision? Was the 
community involved in this decision process? If yes, explain their main contributions 
and arguments and if they were finally taken into consideration in the final choice.   

 Was the water supply reliable during the whole year, including the dry season? And 
during the day? 

 Was the water source protected?  
 In the case of a surface source such as a river, did people used to use it for washing 

clothes, swimming, baths, etc?  
 Could animals have access to the water source? Where did they drink? 
 What was the main use of water: domestic, commercial, irrigation, etc? 
 What was the water system used: piped, standpipes, etc? 
 What were the selection criteria to select the water system? Why the other 

alternatives were rejected? Who did it chose this kind of technology? Was the 
community involved in this decision process? If yes, explain their main contributions 
and arguments and if they were finally taken into consideration in the final choice.  

 If there were schools or health centre, what water source so they use? What kind of 
sanitation facilities do they have? How many? 

 
 
2.2. Accessibility 

 Which was the design criteria to locate the water collection points: rate of number of 
people/tap and minimum and maximum distance/tap? 
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 Were water collection points safe enough, especially for children and women? 
 
2.3. Quantity 

 What consumption figures were taken when designing the system? 
 How many initial private connections did the system have? How many of each use: 

domestic, commercial, industrial, etc.? 
 How many standpipes were there? 
 How many taps/standpipes? 
 How many was the estimated number of illegal connections during the first months 

of the system running? 
 How much water was available per person per day? What was the daily/weekly 

frequency of the water supply? 
 What was the average of water consumed/persona/day? 
 What was the peak of water consumed/persona/day? 
 Was the water available at the source sufficient for short-term and longer-term 

needs for all groups in the population? 
 What was the rate flow per tap or connection? 
 What was the pressure in the taps or connections? Was this the pressure expected 

or designed? 
 For how long did a person have to wait for in the line at the collection points?  

 
3. Sanitation  
 What kind of sanitation facilities did the community have? How many of them? 
 What kind of sanitation facilities did the existing schools, health centres and other 

public services have? How many of them per service? 
 

4. Operation and maintenance. 
 Who was in charge of the operation and maintenance of the system? What was their 

formation or skills in O&M tasks? Were these skills the ones expected to develop a 
well O&M task? Did they receive any special training in O&M? If yes, who trained 
them? For how long? What were the main contents of this training? 

 What kind of O&M tasks were done during the first months of the system running? 
How often? 

 Did all the standpipes or connections work during the first months of use?  
 Did the pipes used to leak between the source and storage tanks? 
 Were the storage tanks cracked, damaged or leak during the first months of use? 
 Did any tapstands used to leak? 
 Did the system have discontinuities? If yes, how often? Where? 
 Was people satisfied with the quality of the water supply? (Did they like the taste, is 

it good for washing, etc). 
 Was the system with sufficiently high water pressure throughout the day? 
 Could the tank be cleaned easily? 
 How often were pipelines and valves for exposure and leaks checked? 
 Were the pipes buried? If yes, how deep?  
 Was the local availability of the spare parts taken into account when implementing 

the system? 
 Was there anyone in charge of controlling that people collecting water at public 

points or standpipes have the right to collect it, for example checking if they have a 
collection card? 
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5. Financing 
 Was the company in charge of the construction of the water infrastructure local? 
 How much did the system cost when it was constructed? Who did it pay for it? 
 What was the amount of water billed during the first months? 
 What was the amount of water supplied? 
 Which tariff was applied: flat, tariff per unit of water consumed, etc.? Who did set up 

this tariff system? When? Which criteria were used? Was the community involved in 
this process? 

 Were the tariffs higher or lower than in larger villages, towns or cities? 
 Did everyone pay the same? 
 In general, was the community willing to pay?  
 How were contributions fees collected: metered connections, separate water supply 

fund of community taxes, etc? 
 When were the fees collected: monthly, every three months, etc? 
 Who used to collect the fees? 
 What did they do with bad payers? What were their main causes for not paying: no 

incomes, poor quality of service, etc.? 
 How many connections had to be disconnected due to unpaid fees? 
 What were the recurrent costs of the system: staff, power, treatment products, etc? 
 Which costs were being covered: construction, O&M, tools and spare parts, loan 

repayment, etc?  
 Which funds were being used to cover those costs: community taxes, external 

donation, etc? 
 How much debt did the system accumulate in the first months? 
 Was the system financially self-sufficient in the first months? 
 
 
6. Institutional and legal framework 
 What were the Institutions or/and Organisms in charge of the water at community, 

local, province and national level? 
 What kind of institutional support did the community receive? In which areas? 
 Who owned the system?  
 Was a privatization of the system taken into account as a possible option? If yes, 

why what is rejected?  
 What were the existing water laws or policies?  
 What other NGO’s or organizations were working in the area? Was there any of 

them focussed on water aspects? If yes, what was their jobs or main activities? 
 Was the community organized in some way? Women Organizations? Youth? If yes, 

what were their main activities? How often did they meet? 
 
7. Management 
 Was the management of the system local, at district level? 
 Who was in charge of the management of the system? What was their formation or 

skills in management tasks? Were these skills the ones expected to develop a well 
management of the system? Did they receive any special training in management? 
If yes, for how long? What were the main contents of this training? 

 What was the involvement level of the community in the management of the 
system? 

 What were the main management tasks done? How often? 
 What kind of records were kept: bills, water consumed, etc? 
 In which activities of the management of the water supply system were women 

involved? 
 Was there any Water Users Committee in charge of the water system?  
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 If yes, when was it created? What were their main functions? How often did they 
meet? What were  their main worries or/and needs? 

 Was the possibility of privatize the management of the system taken into account? If 
yes, why did it not succeed? 

 
 

7. Level of satisfaction. 
Ask these questions to all the different agents who were involved in the water system 
during its implementation and first months of running: staff, users, women, external 
agency, members of committees, organizations and government, etc.  

 What was the level of satisfaction with the existing water supply system?  
 Which were the strong and weak points?  
 What were the main worries and/or needs of the different agents at that moment? 
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Appendix P. Photos. 
 

 
 

1) Auxiliary pump operating while the main pump in the river was broken down 
(January-May 2006) 

 
 

 
 

2) Protection wall of main river pump. 
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3) Main river pump being repaired. 
 

 
4) Leaking pipe. 
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5) Water losses. 
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6) Pipe not buried, unprotected. 
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7) Pipe burnt. 

 
 

 
8) Hanging pipes. 
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