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ABSTRACT

The study sought to examine the effect of technology on water supply projects' sustainability in Dodoma region as a case study in Tanzania. Six specific objectives were used to guide this study. To determine the effect of Hand drilled bores holes, to determine the effect of machine drilled bore holes, to determine the effect of Upgraded family wells on water supply projects sustainability, to determine the effect of mechanized pumps on water supply projects sustainability, to determine the effect of rain water harvesting and to determine the effect of gravity systems on water supply projects sustainability. The study was quantitative and used Dodoma region as a case study. A multi-stage sampling was used to sample 184 respondents who provided data through structured questionnaires. The study found that all dependent variables (hand drilled bore holes, machine drilled bore holes, machine pumps, upgraded family wells, rain water harvest and gravity) were found positively, statistically and significantly related to water supply projects sustainability. The study recommends that the use of hand-drilled bores holes should be improved. The government either by itself or using International NGOs and other donors should keenly support the project. The upgraded family wells are mostly used in Mtwara where literary each house has its well hence other regions like Dodoma should be asked to adopt such technology.  The government should encourage and support the use of mechanized pumps.  It is advised that there should be huge government – community based project intended to harvest rain water and built large water reserves for cattle, agriculture and domestic use

Keywords: Water Technology, Water Supply, Sustainable Project, Technology.
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CHAPTER ONE

INTRODUCTION

1.1 Chapter Overview 
Background of the study, statement of the problem and specific objectives are explained in chapter one. Furthermore research questions, study significance, and study report organization are all covered in this chapter.

1.2 Background of the Study 
Safe water is essential for human life; necessary for drinking, cooking, sanitation and hygiene. It is estimated that over 1.1 billion of the world’s most impoverished people lack access to safe water (Matta, & Kumar, 2017). The health effects caused by a lack of clean water are grim. Approximately 3.8 million people die every year from a lack of clean water, including the deaths of 6,000 children every day (Raimi, Adedotun, Emmanuel & Anu, 2019). Besides the attributed negative health effects, studies show that a lack of safe water directly contributes to the perpetuation of underdevelopment for many countries. A lack of safe water has been linked to lower literacy rates, an oppression of women‟s and children’s rights, the hindrance of local businesses, increased mortality of HIV/AIDS victims   and the exacerbation of violent conflicts. All of these effects have been shown to stymie national development (Haddison, Julius & Kagina, 2020).

Rural water supply policies in many developing nations are inadequately defined, and public sector implementation agencies have a poor track record. Donors and implementation organizations are circumventing governments to define their own regulations and rules for their initiatives, exacerbating the problem (World Bank, 1998). According to the 2010 Water Aid Global Sustainability Framework, sustainability is defined as whether WASH services and hygienic practices continue to work and provide benefits over time, with no time restriction on those services, behavior changes, or outcomes (Jones, 2013). 
In other words, WaterAid (2020) defined sustainability as the long-term advantages obtained from ongoing use of water supply, sanitation, and hygiene practices. According to Kimera, Smet, Olschewski and Parker (2013), the social, skills and know-how, economic, environmental, legal, institutional, and organizational technology aspects of rural water supply are all evaluated. On the basis of technological evaluation, the buyer/user would like to have products that can meet their needs. It went on to say that if performance, design life, quality, and ease of operation and maintenance requirements aren't reached, a technology may be rejected, or users may refuse to pay for it. Improving the long-term viability of rural water supplies provides a number of benefits, including maintaining the availability of a service that is critical to improving health, lowering the strain of transporting water over long distances, and allowing users to live a dignified life (Mathewos, 2016).
Consumers may be more willing to pay for technology if it increases their social status, according to Smet, et al., (2013). Today, community financial responsibility for their systems is intimately tied to sustainability, which, if accomplished, will allow limited resources from the government and donors to be directed specifically to areas with insufficient water supply. The odds of attaining the Millennium Development Goals of reducing the proportion of people without access to safe water to 80% by 2025 will be seriously impacted unless water supply project sustainability levels can be significantly improved (Anadon, Chan, Harley, Matus, Moon, Murthy & Clark, 2016). The strain of failure is not limited to community-based water projects. 
Despite the critical role of water in the economy and massive investment around the world, many of these projects lack long-term viability (Siegrist, Bowman, Mervine, & Southam, 2020). According to many research, a large proportion of initiatives in developing nations, especially those in the water and sanitation sector, fail to provide long-term benefits to society (Carter, et al., 1999). In Tanzania, for example, approximately 30% of rural water schemes are not working effectively (Arvidson and Nordström, 2006). A variety of variables have been blamed for such failures. A large part of the reason for this failure is a lack of awareness of sustainability issues, players' interests, and power dynamics (Carter et al., 1999, Kamanzi, 2007).
Today, sustainability is inextricably linked to communities adopting financial responsibility for their systems, which, if achieved, will allow limited resources from the government and donors to be directed especially to areas with inadequate water supplies. Unless water supply project sustainability can be considerably improved, the chances of meeting the Millennium Development Goals of halving the number of people without access to safe water by 2015 would be severely harmed (Siegrist, Bowman, Mervine, & Southam, 2020). The strain of failure is not limited to community-based water projects. Despite the critical role of water in the economy and massive investment around the world, many of these projects lack long-term viability (Baumann, 2005).

According to many research, a large proportion of initiatives in developing nations, especially those in the water and sanitation sector, fail to provide long-term benefits to society (Carter et al., 1999). For example, nearly 30% of rural water projects in Tanzania are not running effectively (Komakech, Kwezi, & Ali, 2020). A variety of variables have been blamed for such failures. A large part of the reason for this failure is a lack of awareness of sustainability issues, players' interests, and power dynamics (Carter et al., 1999, Kamanzi, 2007).
Previous research has attempted to assess several other components of rural water supply sustainability, such as control strategies, configurability rates, and economic   aspects of the Maintenance and Operation and user fees (finance and revenue collection), actor's power and interest matrix; and that these affect sustainability. Other variables, according to Taylor (2009), such as the continued use of traditional water sources, ineffective cost recovery measures, and a dislike for the water from the improved source also contribute to the erosion of sustainability. However, none of the studies mentioned above have focused on how a particular technology can improve sustainability. As a result, there are insufficient grounds in the water sector to address the issue of using appropriate and inexpensive technologies that are low cost, easy to maintain, simple to use, and easily available as one of the responses to the problem of sustainability (Massoud, Tarhini & Nasr, 2009)
The ramifications of technology selection for rural water supply projects, as well as the technical impact on project sustainability, must be considered. Not all rural water distribution areas, according to Baumann (2003), may require the same technology. Other locations in underdeveloped countries, for example, may require the following solutions for rural water supply technologies. In this study, hand drilled boreholes were compared to simple hand-operated boreholes, machine drilled boreholes- borehole depths range from about 25 to 80 meters in the basement and limestones formations, upgraded family wells- the boreholes are lined with fired bricks, with well heads encircled by a concrete apron and water run-off, mechanized pumps – diesel engine with mono pump, rain water harvesting- rainwater is a method of collecting rainwater
Nonetheless, the aforesaid plans have an impact on technology affordability in terms of building costs, maintenance costs, and staff capabilities and core competencies. As a result, sustainability refers to long-term advantages; there is no temporal limit on the continuous services, behavior changes, or outcomes (WaterAid, 2012). To put it another way, sustainability is an aspect with which we should be concerned. There is a link between water supply technologies (an independent variable) and the project's long-term viability (dependent variable).
1.3  Statement of the Problem 

(NAWAPO, 2002) demands that water projects be owned by the people who are benefit from them. According to Paul (2011), if the beneficiaries are fully involved in the process of finding and selecting (from a variety of options) the most appropriate and inexpensive water supply technology, there is a good probability that project ownership and hence sustainability will be enhanced. Furthermore, Based on an analysis of a rural water supply project circle, WaterAid's Sustainability Framework (2010) showed that public participation are very important and should be observed in reality, especially where there are low technical options and resources. According to Sara and Katzi (1998) and Harvey et al., (2009), community involvement in community-managed water sources is necessary (2004). According to Hodgkin (1994), beneficiaries will eventually disown the projects, posing a threat to their long-term sustainability, if communities are not adequately represented in the design process, are not well educated on the technical know-how of technologies and their selection, and are limited to the interests and powers of facilitators/donors. 
According to Paul (2011), the WSDP was established on the assumption that 48 percent of rural water delivery schemes would be hand pumps, based on an examination of phase I of the WSDP. However, a review of the investments slated for the program's final two years (2010–2012) showed that 26 villages (5.1 percent) chose hand pumps, 270 villages (53.4 percent) chose pumps, and 210 villages (41.5 percent) chose gravity schemes. The analysis highlighted the value of conducting surveys prior to choosing the type of technology, the number of villages or projects, and the budgetary allocation for the technology chosen by highlighting a number of flaws in the WSDP design.
The paper went on to say that due to topographical and geological variances, the same technique cannot be used in every place. Hand pumped technology, for example, in semi-arid locations like Dodoma and Singida is unreliable since it only works during the rainy season and becomes inoperable during the dry season. Specifically, the current study   examined the consequences of technology selection for rural water delivery projects, as well as the technological impact on the projects' long-term viability. This research also looked at decision-making processes in relation to specific technologies, as well as the long-term repercussions of those decisions once the projects have been handed over to the communities.

1.4 Research Objectives

The study has two objectives, the general objective and specific objectives.
1.4.1 General Objective

The overall goal of this research is to determine the impact of technology on the long-term viability of rural water supply projects in Tanzania's Mpwapwa and Chamwino districts in Dodoma region
1.4.2 Specific Objectives 

i.  To determine the effect of Hand drilled bores holes  on water supply projects sustainability

ii. To determine the effect of machine drilled bore holes on water supply projects sustainability

iii. To determine the effect of Upgraded family wells on water supply projects sustainability

iv. To determine the effect of mechanized pumps on water supply projects sustainability

v. To determine the effect of rain water harvesting on water supply projects sustainability

vi. To determine the effect of gravity systems on water supply projects sustainability

1.4.3 Hypotheses
i. Hand drilled bores holes has a positive relationship effect on water supply projects sustainability

ii. Machine drilled bore holes has a positive relationship effect on water supply projects sustainability

iii. Upgraded family wells has a positive relationship effect on water supply projects sustainability

iv. Mechanized pumps has a positive relationship effect on water supply projects sustainability

v. Rain water harvesting has a positive relationship effect on water supply projects sustainability

vi. Gravity systems has a positive relationship effect on water supply projects sustainability
1.5 Significance of the Study

This research is important for the rural water sector, particularly in terms of developing water supplies. The study identified important barriers to project sustainability caused by a specific technology and, as a result, make recommendations for a more practical approach to rural water supply sustainability. The method is expected to complement Tanzania's National Water Policy, which emphasizes addressing sustainability through improved water supply service functionality. A consistent water supply can enhance the lives of rural residents; for example, having better water supply services within 400 meters will lower the risk of water-borne infections while also freeing up time and energy for other business endeavours. This is in keeping with the Millennium Development Goal of halving the world's impoverished by 2015 by providing access to secure health services. The study has provided concrete statistics on the impact of participatory technology choices on sustainability for both academics and practitioners in the rural water sector.
 1.6 Scope 

The research focused solely on the consequences of the chosen technology for the long-term viability of rural water supply projects. Other aspects of sustainability have not been covered. The research was being limited to the Chamwino and Mpwapwa district in Tanzania's Dodoma Region.
 1.7 Organization of the Study 
The proposal is divided into three sections. The first chapter introduces and contextualizes the study, while the second chapter focuses on a theoretical and empirical examination of relevant literature. The study was driven by the research technique described in Chapter Three, which focused solely on the Chamwino district in Tanzania's Dodoma Region.  
CHAPTER TWO

LITERTAURE REVIEW

2.1 Chapter Overview  
This chapter provides a review of many concepts and ideas connected to the study objectives' issue. It also includes conceptual arguments from several writers in order to provide a thorough grasp of the research. Theoretical analysis, empirical analysis, research gap, and conceptual framework are discussed.
2.2. Definition of Concepts 
Key definitions are provided as operational definition for key concepts in this study
2.2.1 Water Technology
 The Water Technology industry, according to Garrido, Corominas, Cortés, Rosso, and Poch (2020), delivers high-quality water. . As a result, the demand on the living environment is kept to a minimum. . The total volume of water on the planet does not change. What changes is the quality and availability of the product. The water or hydrological cycle is a mechanism that constantly recycles water. Hydrologists investigate the chemical and physical properties of water, as well as its flow above and below earth. 
The water sector has been undergoing the fourth revolution, which entails developing water conservation techniques and moving toward shutting water loops. Our ability to turn our urban and ground wastewater, storm water, and other possible hydraulic sources into a reliable and sustainable water supply should not rely solely on imported water to meet our water needs.
2.2.2 Hand drilled Bores Holes - Contrasted with Simple Hand – operated
Several drilling technologies that rely on human energy to build a borehole and complete a water supply are referred to as manual drilling. In regions where the rocks are soft and the groundwater is shallow, the various procedures can be applied. Drilling by hand can offer clean drinking water (Ralp, Johnson, Toivonen, Makeev, & Newman, 2006). The equipment is easily transportable to hard-to-reach or underserved communities that would normally be left behind. Households, businesses, and governments like the cheaper prices compared to machine drilling. Drilling by hand also creates jobs in the area.
2.2.3 Machine drilled Bore Holes
Brehole depths vary from about 25 to 80 meters in the basement and sedimentary formations. Several drilling technologies that rely on human energy to build a borehole and complete a water supply are referred to as manual drilling. In regions where the rocks are soft and the groundwater is shallow, the various procedures can be applied. Drilling by hand can offer clean drinking water (Ralp, Johnson, Toivonen, Makeev, & Newman, 2006). The equipment is easily transportable to hard-to-reach or underserved communities that would normally be left behind. Households, businesses, and governments like the cheaper prices compared to machine drilling. Drilling by hand also creates jobs in the area.
2.2.4 Upgraded Family Wells- the Wells are lined with Fired Bricks, with well heads surrounded by a Concrete Apron and Water Run- Off 
The Upgraded Family Well is a natural progression of a technique that has long been utilized in traditional medicine. Mazengia, Chidavaenzi, Bradley, Jere, Nhandara, Chigunduru, and Murahwa, according to Mazengia, Chidavaenzi, Bradley, Jere, Nhandara, Chigunduru and Murahwa (2002). In rural regions, the procedures of lining a well with bricks, providing a better apron and water run-off, and installing a windlass and tin top are already frequently employed.
2.2.5 Mechanized Pumps – Diesel Engine with Mono Pump 
According to Colenbrander and van der Heijden (2013). Water-lifting devices such as mechanised pumps are used to withdraw water from surface water sources, groundwater sources, and reservoirs, as well as to pump water into distribution systems. Various power sources can be used to power mechanized pumps (e.g. electricity, solar energy, fuels, wind energy, animals, and gravity). Installation, operation, and maintenance are capital intensive, necessitate a high level of technical expertise, and rely on the availability of replacement parts, fuel, and lubrication, among other things. Most mechanised pumps, on the other hand, have extremely high performance and can thus be used to suit and optimize urban or big rural water supply systems. However, the power source and pump type chosen have a number of ramifications that should be carefully evaluated before to installation.
2.2.6 Rain Water Harvesting - Rain Water Harvesting is a way of Collecting Rain Water from Surfaces that do not allow Water to Soak or Penetrate the Soil 
Ward, Memon, and Butler are three authors who have collaborated on a project (2012). Given that water efficiency is becoming increasingly important. Texans must utilize water responsibly due to the state's rising population and limited supplies of groundwater and surface water. Rainwater harvesting, an innovative way to capturing rainfall that everyone may use, can assist them.
2.2.7 Gravity Systems – the Main Sources is spring which delivers Water at Domestic Water points or Public Kiosk, Yard Tap, House Connection
Jordan is a beautiful country (1984) Gravity is used to carry water from a source to a consumer via a pipe network in gravity water systems. Bringing water closer to people saves time, effort, and risk – especially for women and girls – and protects water from contamination during transport.

2.2.8 Sustainability

Sustainability is a cross concept that stems from the idea of long-term development. The sustainability definition used in this study is taken from WaterAid's sustainability framework (2010), which states that sustainability is defined as whether WASH services and good hygiene practices continue to work and provide benefits over time. Those ongoing treatments, behavioural changes, and consequences have no time limit. In other words, in the current context, sustainability refers to the long-term benefits gained through continuing access to water, sanitation services, and hygiene practices (WaterAid Sustainability framework, 2010).
2.2.9 Rural Water Supply 

Rural programs, according to the Ministry of Water and Sanitation in Tanzania, are an all-encompassing approach that includes rural water supply and sanitation (WSSR 2014). They mostly pertain to the provision of clean and safe water in rural regions, as well as the promotion of improved hygiene and sanitation through LGAs. The programs are divided into two parts: managerial support and water infrastructure investments (Equity report 2011).

2.2.10 Water Supply Technology

 WASH tech (2013) defines technology as "a single component or a set of technical components utilized to achieve a given goal." The WASH tech document goes on to clarify that technologies can function as stand-alone components or as part of a larger system. The term "technology" can also refer to a product that is made up of both technical and marketing components.
2.3 Review of Theories 

 Theory of Modernization Community-based water initiatives, for example, are designed as solutions to address identified development issues. As a result, modernization theory was thoroughly studied in order to explain why progress fails. Scholars of modernization begin by assuming that undeveloped countries do not experience progress because indigenous institutions are ill-equipped to fully exploit capitalism's benefits (Goldman, 2005). The term "modernization theory" refers to a body of theory that gained popularity in the 1950s and 1960s in relation to comprehending issues of economic development and in developing strategies to aid in the economic and social transitions in developing nations.
Analyses of regional development have been influenced by modernization theories. These theories look at how various forms of economic and social organization and economic and social life first emerged in Europe and then spread to other parts of the world. On the same development path, all areas are occasionally thought to occupy different positions. The stages of (neo-American) productivity expansion recognized by Rostow: traditional society; the circumstances for take-off; take-off; the drive to maturity; and the age of high mass consumption provide a post-World War II example. Neoliberal globalization and development models are current examples. According to all of these accounts, less developed regions are merely travelling along a single development path that the most advanced capitalist economies in the world have already mapped out.
Between the 1950s and the 1980s, new interest in (internal) imperialism and colonialism as well as the development of theories of dependency and global systems led to the emergence of a more critical set of perspectives. All of these models disputed the notion that all regions took the same developmental paths. The fundamental tenet of these approaches was that the effects of less developed regions' dependence on economically developed and industrialized regions—rather than the internal conditions in those regions—were what led to relative under-development.

Criticizing modernization theorists, Sassen (1999) stated that the failure of development in the form of modernity is due to a failure to accept the reality that so-called "old" or "traditional" civilizations might contribute knowledge to the contemporary world. As previously stated, the simplest approach of directing development aid to impoverished areas is to build a case from community-based water projects (Mansuri & Rao, 2003). These types of assistance are offered as remedies to community water crisis without the communities' participation in determining the type of intervention required. 
Sara and Katz (1998) stated that in order to create an environment conducive to project sustainability, end users should be able to choose their interventions and commit resources to those interventions. The technique of channelling development aid without full participation of the project's end users is problematic since it excludes indigenous institutions and local expertise. Local communities find it difficult to entirely abandon their previous ways, which makes it difficult for them to fully participate in project activities, resulting in unsustainable outcomes.
The three theories can be condensed down to impartially examining just the effects of the technology option on the sustainability of community/rural water sources in accordance with Goldman (2005), Mansuri and Rao (2003), Rondonelli (2000), Sara and Katz (1998), and Sassen (1999). Dependency and modernization theorists claim that the theories helped determine whether the type of technology that was actually used (as a response) was the best option for satisfying the needs of the community and how external events contributed to poor sustainable development when location information was not respected.
2.3.1 Theories of Sustainable Water Aid

One of the biggest problems for rural developing nations has always been the lack of access to clean water. Millions of people have died as a result of this problem, and many countries have experienced underdevelopment. The developed world has always understood how important it is to give these developing countries water assistance. However, this water assistance has had only modest success in addressing this crisis and offering long-term water solutions (Douglas, 2010).

2.4 Empirical Review  
The empirical review took a line of reviewing worldwide context review, African Context review and Tanzania context review.

2.4.1 World Wide Context Review 

Deep hole drilling was explored by Biermann, Bleicher, Heisel, Klocke, Möhring, and Shih (2018). Deep hole drilling procedures are important in metal-cutting machining technologies because of their technological advantages and the variety of application fields they can be used in, such as the automotive and aerospace industries. It is frequently incorrectly referred to as a niche technique, despite its application in both large and individual production. The principles of deep hole drilling, such as asymmetrical cutting edge design and cooling lubrication with high pressure and high volume flow are discussed, as well as their impact on the deep hole drilling process. 
The distinction between traditional deep hole drilling methods and standard short drilling methods is illustrated. Investigations into the machining of modern work piece materials, as well as the development of unique solutions for nearly impossible production jobs, are given. New deep hole drilling methods related to them enable the creation of complicated and individual components while also broadening the range of applications.

Using cutting-edge tool solutions, Felinks, Rinschede, Biermann, Stangier, Tillmann, Fuß, and Abrahams (2022) studied deep hole drilling of austenitic steel. These tests' results show that using a micro finishing technique to change the axial run-in chamfer's geometry results in better bore hole quality. Additionally, the effect of cooling lubricant and guide pad coating on the profound hole frilling procedure was examined. Utilizing both a conventional steel boring bar and a cutting-edge carbon fiber reinforced plastic (CFRP) boring bar, the machining of austenitic steel (AISI 304) is studied. The research is significant because it offers state-of-the-art water harvesting technology. On the other hand, it disregards those with limited means who cannot afford such technology.
DeBusk and Hunt conducted research on rainwater harvesting (2014). The process of gathering rainwater that lands on a roof and moving it to a storage location for later use is known as rainwater harvesting. Rainwater harvesting (RWH) system is made up of a variety of parts and procedures, including a catchment surface, conveyance system, pre-storage filtration, storage container, pump, post-storage filtration/ treatment, and post-storage distribution system. In the majority of systems, raindrops land on the roof, are caught by gutters, and are then piped to the storage container. 
To keep silt, leaves, and debris out of the storage container, pre-storage filtration is frequently used. The water is then transported to the storage container via a piping network. RWH was prevalent from the Middle Ages to the late 1900s in Italy, South America, some parts of Africa, Jordan, India, and other parts of Asia (Radhakrishna 2003; Abdulla and Al-Shareef 2009; In many places, including Australia, Germany, China, and the United States, the 20th and 21st centuries have brought population increase, climate change, and worsening water supply shortages (Coombes & Al-Shareef 2009).
This article provides a survey of the literature on rainwater use in buildings in Brazil. It concentrates on the economic, environmental, and social consequences. Rainwater harvesting legislation, including places that have made the practice mandatory, was also evaluated. The literature evaluation was based on a search approach that utilized protocols to locate and choose papers related to the main topic, which was rainwater harvesting in buildings. 
The investigation site (buildings), the intervention (rainwater gathering), and the intended outcome were all described in the protocols (influence on the potable water consumption). Despite the fact that water availability varies across the country, it was determined that utilising rainwater in buildings in Brazil has a significant potential for saving potable water. Finally, in order to improve rainwater management, financial investments in experimental research and innovative technologies were identified.
Frisvold, Sanchez, Gollehon, Megdal, and Brown (2018) investigated gravity-flow irrigation using Yuma, Arizona as a case study. Gravity-flow irrigation is frequently dismissed as being ineffective. However, there are some situations where gravity-flow irrigation can be extremely important for highly profitable and productive agriculture. In this article from a perspective, the publications on the profitability and effectiveness of gravity systems is reviewed. The history of irrigation systems in Yuma, Arizona, one of the most prosperous agricultural districts in the United States, is then covered. Yuma agriculture has undergone a significant transformation from perennial and summer-focused crop production to multi-crop systems centered on high-value vegetable crops in the winter. This transformation has been made possible by extensive changes in irrigation technologies, production methods, and investments in irrigation infrastructure.

These developments have improved irrigation effectiveness and contributed to overall water conservation. Return flows, which were once thought to be a sign of system inefficiency, now offer the Colorado River Delta ecosystem crucial environmental services. The history of Yuma demonstrates the importance of examining irrigation systems from a system-wide perspective and the potential for innovative gravity-flow systems to be both productive and water-conserving.
2.4.2 African Context Review 

Morgan and Chimbunde (2019) conducted research in Zimbabwe on upgrading family wells. In Zimbabwe, by combining indigenous bucket and windlass technologies into family well upgrades, sustainable programs based on these techniques have thrived. Work on improving the design of traditional wells has revealed that lining the well with bricks, adding a strong concrete apron and a water run-off around the well head, installing a hygienic bucket and windlass, and installing a raised collar and tin lid on the well cover-slab can all result in significant improvements in water quality.
According to Colenbrander and van Koppen, groundwater irrigation by subsistence farmers using motorized pumps has significantly increased in Zambia (2013). This study examines the import motor pump supply chain, which is a crucial but previously ignored adoption factor. Farmers face a number of difficulties, such as a highly concentrated supply chain and financing resources in urban hubs, a lack of price information (pumps of the same make and model can cost very different amounts), a lack of knowledge and training regarding proper use and maintenance, and a lack of financing options. 

The Zambia National Farmers Union appears to be in the best position to remove these impediments. The findings reveal that the supply chain need 502 Colenbrander and van Koppen (2013) more developed methods for dealing with water constraints, so that any smallholder in Zambia who wishes to obtain a motorized pump can do so and utilize the pump sustainably. Zambia's irrigation expansion would be accelerated as a result of this. The pump supply chain is essentially underdeveloped in that items and services are provided centrally. In addition, the supply chain is weak since information is concentrated in the hands of a few. 
The most apparent example is pump prices, which vary greatly, yet even NGOs and MFIs, let alone farmers, are unaware of the differences. Zed in Lusaka and a few other cities, although many smallholders live outside of those areas. The procedures for duty waiver and VAT zero rating are well understood by large import and retail enterprises, as well as the ZRA and customs clearance agents. Even during this investigation, however, it appeared that obtaining that information was challenging. Duty waiver and VAT zero rating is not (or only partially) known to smaller retail shops and MFIs that deal with agricultural loans.
Marks, Komives, and Davis (2014) looked at community involvement and water supply environmental sustainability: scientific proof from hand pump projects in rural Ghana (2014). They investigate the extent to which various forms of community participation account for variation in hand pump sustainability using data gathered from 200 rural communities in Ghana. The data sources include household surveys, engineering reviews of water sites, and interviews with water committees and village leaders. The sustainability of hand pumps is positively correlated with the extent of community participation in project design, but not with the depth of participation. If all other factors remain constant, household members' engagement in management-related decisions improves hand pump sustainability, but it is jeopardized when households are in charge of technical decisions.

2.4.3 Tanzania Context Review 

 Mwanga (2018) investigated the long-term viability of neighbourhood drilled well initiatives in two districts of Tanzania's Dodoma Region. The sample of households was chosen via systematic sampling. Eight focus group talks and key informant interviews were used in a cross-sectional research approach. A structured questionnaire was given to 400 home heads as part of the study. Descriptive analysis was employed on quantitative data, and nonparametric tests were utilized to look for correlations between variables. 
The findings revealed that the projects were started from the top down by external players and then handed over to communities without adequate social preparation. There was no evidence of important stakeholders participating fully in the project cycle, particularly in decision-making. It was discovered that social considerations have a greater impact on the long-term viability of drilled well projects than economic or environmental issues. Based on the findings, it can be inferred that critical phases were overlooked during the initiation process.
Chumbula, (2016) studied on the study was conducted to examine the factors for sustainability of water projects in Iringa Chumbula, (2016) investigated the elements that influence the long-term viability of water projects in Tanzania's Iringa District. The study should look into the water source protection strategies used in the study area, as well as the participation of stakeholders at various stages of water project development, institutional arrangements for water project management, and socio-economic and environmental factors that influence water project sustainability. For data collection, 180 respondents in three villages were given a home questionnaire. For data collection, 180 respondents in three villages were given a home questionnaire. 
Discussions with ordinary water customers and water attendants were added to this. As qualitative analytical tools, descriptive statistical procedures such as frequencies and percentages were applied. For quantitative data, a logistic regression model was employed to determine the elements that contributed to project success or failure. Only two independent factors, project maintenance per year and meetings held per year, were determined to be significant at   according to the results. According to the findings, the positive signs linked to the calculated coefficients of the factors indicate that the higher the values of these variables, the greater the inclination to maintain water supply sustainability. The study is excellent at explaining water sustainability, but it falls short of explaining the issue of recipients' participation.
2.5 Research Gap

 According to Taylor (2009), the WSDP was a significant step forward for Tanzania's water sector. It has raised funding for rural water delivery from TZS 19 billion in 2005/6 to TZS 93 billion in 2008/9, and for the first time made money available nationwide. According to the JMP (2010), the country's water supply coverage is 53%. According to the WPM (2014), the country's functioning rate was 54 percent. According to the WSSR (2014), the current sector budget commitment is USD billion 1.4. Despite actors' strong commitment to supporting the sector, the industry's long-term viability is limited by its functionality (54 percent). As a result, continued investment could result in a significant loss. Previous studies have addressed sustainability issues and demonstrated the interplay between multiple parties and their roles in achieving sustainability. 
Victor (2014), for example, demonstrated how the sustainability of rural water supply in Dodoma (Kongwa and Kondoa districts) would be severely harmed if the powerless local players were not considered in determining the design and type of technology utilized for their projects. He also emphasized the need of community participation in technology selection and its implications for project sustainability. However, the study could not find a link between technology selection and long-term sustainability. Other districts in the Dodoma region were not included in the study. 
As a result, it is past time to address the problem of how water supply technology choices contribute to rural water supply un-sustainability, in order to close the knowledge gap and inform actors and decision-makers about their investments. The goal is to achieve the MDG target of improving health and, as a result, the economic livelihoods of rural people by 80% by 2025.
2.6 Conceptual Framework
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Figure 2.1: Conceptual Framework 
 2.7 Theoretical Framework 
A conceptual framework is a descriptive outline description of the variables to be researched and their imagined relationships. Sustainability is considered as a multi-criteria phenomenon examined on six dimensions (technology, economy, social, environmental, skills, and institutions/organizations), according to WASH tech (2013). These criteria are then split down into elements and sub factors, which are then employed at the most basic level to explain sustainability in three categories: sustainable, non-sustainable, and unsustainable, depending on project functioning and backstopping continuity (continuous capacity building). There is a link between water supply technologies (an independent variable) and the project's long-term viability (dependent variable). 
External help, on the other hand, can have an impact on project sustainability if it occurs at the start of the project. In this study, the independent variable (technological choice) is anticipated to be a variable that influences rural water supply sustainability, as well as affordability and appropriateness as significant factors of technological choice. When the project is operational, technology scalability can be realized. The causal relationship depicted in the conceptual framework is not direct; rather, it is a complicated causal relationship with both direct and indirect causal links. Sustainability (dependent variable) is, in general, a function of technology selection and its interaction with physical project facilities, software facilities, and the environment. 
CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Chapter Overview 

The methods and tools used to collect and analyze information on how technologies affect water delivery projects' long-term viability are covered in this chapter. The chapter is divided into eight sections. Prior to presenting the research approach and design, the research philosophy is discussed. The discussion of data collection, analysis, and ethical issues concludes. 
3.2 Research Philosophy  
The study took a positivist approach to research. The arguments in this section reflect the fact that the quantitative advantages of soft skills on projects are being studied. Individual behavior can be utilized to investigate soft skills, with managers' reactions to specific events varying depending on their soft skill level. Similarly, the information acquired on the soft skills application   revealed object views. The study is restricted to a method of data gathering and analysis that is objective. Quantitative statistical analysis, such as regression analysis, was also disclosed by the data (Tubey, Rotich & Bengat, 2015)

3.3 Research Approach

 Data was gathered using pre-determined study objectives and questions that are all driven by a theoretical framework. According to Arghode (2012), the quantitative technology is used because it strengthens validity, offers a more comprehensive and thorough picture of the study phenomena, and can be applied to correct for errors, draw more robust inferences, and answer a variety of research questions. Statistical, theoretic, or mathematical analysis of data gathered through surveys, questionnaires, and polls, as well as the use of computing tools to alter previously collected statistical data, are the main focuses of quantitative research methods.
3.4 Research Design and Strategy

Research design refers to the investigation's conceptual framework (De Vaus, 2001). It is asserted that the study design resolves a logical problem (Yin, 1989). The goal of a research design is to ensure that the evidence gathered enables the researcher to respond to the research question as precisely as is practical (Vaus, 2001). This research study used a cross-sectional research design to gather timely, pertinent data on the topic. In order to test hypotheses, this technique enables the collection of data at a single point in time and the establishment of relationships between variables (Bailey, 1998).
 3.4 .1 Area of the Study

 The research was taken place in the Dodoma district in Tanzania's central region. The study area was purposefully chosen since it is located in a semi-arid zone typified by dry soil and low rainfall, and thus faces a serious 31 water deficit. The demand for water in this region is extremely high, as a lack of it has a significant influence on agricultural and other productive activities, resulting to ongoing financial distress and food shortages in many places. Poverty in the research area may also be a factor in the failure of water projects. Dodoma now has a 46 percent functioning rate (WPM 2012). To address the problem of water scarcity, the Tanzanian government and development partners have been spending heavily in the design and implementation of community-based water projects in Dodoma. A case study technique was adopted because there are several community-based water projects in the study area. The study uses a purposive sample of two districts in Dodoma (Mpwapwa and Chamwino). The choice is chosen with care so that one of the districts has a high project functionality rate and the other has a low project functionality rate.
3.4.2 Population of the Study 
The study only looked at a small fraction of the people in the two areas. Thirty (30) water supply projects were scheduled to be inspected, with a total of 200 people expected to participate. Each water station must serve 250 people, according to Tanzania's National Water Policy of 2002. In this case, the project areas' total representative population would be 7,500 persons (i.e. 30*250)
3.4.3 Sample and Sampling Techniques

In 2006, Water Aid Tanzania undertook a survey to map all of Central Tanzania's water sites. The map was used as a sampling frame for the districts that were chosen. A thorough review of community-based programs in each of the assessed districts of Kongwa, Kondoa, Manyoni, and Singida Urban revealed several substantial gaps. As a result, the researcher worked with District Water Engineers to create a sampling frame (DWEs). 30 community-based water projects were chosen at random from the sampling period. Bailey (1994) proposed that to present any population, a sample of at least 30 units is statistically significant. A stratified sample of 15 Mpwapwa projects and 15 Chamwino projects was taken.Sample size was established using the Slovene’s formula below;
Slovene’s formula (as suggested by Magigi, (2015)
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Where n = sample size 

Z = Standard normal deviate,

Set at 1.645 corresponding to 90% confidence level 

p = proportion in the target population estimate to have a particular characteristic; 10%. q = 1.0 – P q = 0.9 d = degree of accuracy desired, set at .05 or .02. (Chosen 0.0364) Therefore, using the above formula, the sample size is 184.

The research scientist and the DWEs were able to determine the following types of respondents with the goal of gathering opinions from those involved in the two main financial operations that the societies were engaged in, namely agricultural production and cattle keeping: two households in each village. Primary schools as well as a dispensary or health center, the two most impacted village-level social service organizations, were also invited to comment. Four households per village were created by combining the responses from all the respondents in this section.
Table 3.1: Represents the Whole Sample Distribution of Respondents
	RESPONDENT/ DISTRICT
	MPWAPWA
	CHAMWINO 
	TOTAL 

	Households
	60
	60
	12

	Water users Committees
	15
	15
	30

	Village government
	15
	13
	30

	Non Governmental organization
	1
	1
	1

	District Water Engineer’s office
	1
	1
	1

	TOTAL
	92
	92
	184


Source: Mpwapwa and Chamwino Water Engineer Offices (2022)

For the purpose of selecting the study sample, the researchers used multi-stage sampling approaches. The method enabled the researcher to use random sampling after determining the groups, as well as multi-stage sampling indefinitely to break down groups and subgroups into smaller groups, until the researcher attained the desired kind or size of groups (Magigi, 2015). The process began at the district and ended with the identification of water users and their committees through community-based water initiatives. 
The method was discovered to be useful for investigating vast and diverse populations (Fowler, 1993). The extraction methods were used to determine which projects were chosen. The study used stratification sampling to investigate different sorts of projects. Based on the project extraction method, two strata were created: manual extraction (Hand-Pump) and mechanized/engine extraction (Diesel engine, Electrical pump, Solar system and windmill). The project stratification was based on a conversation with District Water Engineers (DWEs) about the common extraction methods used throughout the study area.
3.4.4 Variables and Measurement 
The study focused on two primary variables: technology choice as an independent variable and rural water supply sustainability as a dependent variable. There are two levels of sustainability: sustainable and non-sustainable. However, during data collecting, the study discovered certain other elements that are thought to have an impact on sustainability. These included community participation at various levels, consideration of other technological options that may have existed prior 38 to the decision on the current one, project functionality, institutional capacity to successfully run the project, mode of operation, and linkage with external support (Fayers & Hand, 2002).
3.5 Data Collection

Questionnaires were used to obtain primary data for the study.   Some items were repeated in some of the questionnaires to provide for varied perspectives depending on the respondent type.

3.5.1 Primary Data Collection 
Only primary information gathered would be used in this project. Primary data is information that researchers have gathered directly from primary sources. Primary data are the most fundamental data that can be obtained in this process, making data collection one of the most crucial aspects and the cornerstone of statistical research. In other words, data are the basis of all statistical methods, and primary data are the most fundamental of all data. Since primary data is typically obtained directly from the source of the data and is thought to be the best type of data in research, primary data is used (Hox, & Boeije, 2005)
3.5.2 Tool Used to Collect Data  
Questionnaires were used to collect data for this research. A semi-structured questionnaire was used. A questionnaire is a research tool that consists of a series of questions, each with a set of possible responses, printed or typed in a certain order on a form used to collect information from respondents in a specific order. Closed-ended and open-ended questions were included in the questionnaires, which were used to collect quantitative and qualitative data for the study. Closed-ended questionnaires limited respondents to specific answers in order to obtain quantitative information on the magnitude of the issues under study. Open-ended questions allowed respondents to express themselves because they were using their own words, whereas closed-ended questions limited respondents to specific answers in order to obtain quantitative information on the magnitude of the issues under study (Rowley, 2014).
Questionnaires are one of the most often used and useful tools for gathering data by asking specific questions about the topic under investigation. Researcher supplied extensive information about the 23 studies before to administering the surveys. The researcher stressed the objective of the study, its significance, and how it would benefit them and others in the explanation. Researchers also stressed the importance of secrecy, the flexibility to answer just the questions they felt comfortable answering, and the right to resign from the study at any moment without penalty.

5.6 Data analysis

 Statistical Package for Social Science (SPSS) version 25 was used to sort, code, summarize, and analyze quantitative data gathered through surveys. The findings, including the socio-economic characteristics of respondents, were determined, described, and presented using descriptive statistics such as frequency and percentages. In the six hypotheses, a regression model, especially multiple linear regressions, was utilized to investigate the link between three predictors of technical effects on water supply project sustainability. Many linear regression analysis, as defined by Yin (2003), is a method for determining the linear connection between a dependent variable and two or more (multiple) independent variables or predictors.
3.7 Regression Model 
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3.8 Regression Assumptions 

To see if the variable items are in excellent form, regression assumption testing was utilized. Some of these include Linearity, Normality, Outlier Assumption, Homoskedasticity Assumption, and Multicollinearity Assumption.
3.8.1 Assumption of Linearity

The relationship between the independent variables must be linear in order to do regression. For each increment of the predictor, the mean value of the outcome variables follows a straight line. P-P graphs on how they lie along the diagonal line are used to test this claim.
3.8.2 Normality Assumption

In linear regression, the residuals (differences between observed and predicted values) are assumed to be regularly distributed. The histogram is a way for determining whether something is normal or not. It should provide a bell-shaped residual distribution with a mean near to 0 and a standard deviation close to 1, suggesting that the residuals are appropriately distributed.

3.8.3 Outlier Assumption

Outliers in regression are defined as residual values that are outside the range of 3 in the histogram. According to Tabachnick and Fidell (2007), any value outside of the |3| requirement is an outlier. Skewed parameter estimations, such as the mean, are typically caused by outliers. Outliers can also skew the sum squares to provide the illusion of being an outlier. The standard error is frequently calculated using sum squares. As a result, if the sum square is skewed, the standard error was almost certainly be skewed as well. As a result, the confidence interval is calculated. A case value that has been recognized can only be corrected by deleting it.

3.8.4 Homoskedasticity Assumption
The variance of the error term is assumed to be comparable across the values of the independent variables in the regression. A scatter plot of standardized residuals against projected values must be provided if points are distributed rectangularly in a comparable manner across all independent variable values. The data is homoskedastic if the scatter plots reveal a cone-shaped pattern.
3.8.5 Multicollinearity Assumption
The assumption behind multiple regressions is that the data is not multicollinearity and that the independent variables are not significantly linked. Multicollinearity was tested using the Variance Inflation Factor (VIF) values. If you have a problem with multicollinearity, one way is to identify the variables that cause it and then remove them using the VIF mean cuff threshold of 5. (Craney & Surles, 2002).
3.9 Data cleaning and Processing 
3.9.1 Pilot Study Results 

To establish how well the scales were understood by the respondents, a pilot study was required. The survey involved a total of 20 persons from OUT. Each of them was handed a questionnaire to fill out. All completed surveys were then double-checked. The data was imported into SPSS and preliminary findings were evaluated. According to the results, the tool performed admirably. This was the situation since the tools were confirmed scales. Following the pilot study, it was suggested that demographic aspects be placed at the bottom of the page to increase the possibility of respondents providing a correct response before supplying biographic data.
3.9.2 Error Check
The accuracy of all information provided by the respondents in questionnaires was double-checked. The data was then double-checked by a second experienced expert, who double-checked the data set as well as the quality of the questionnaire to confirm that all data was entered correctly. Errors were found and corrected. More descriptive statistical error checks was done to detect items that were outside the scale response range. All scales, for example, varied from 1 to 5.
3.9.3 Missing Data 

SPSS Missing Value Analysis (MVA) was used to find the missing data. Because both the manager's competency variables items and project success should be fewer than 5%, imputation was done using Excel.
 3.10 Validity 

The term "validity" relates to how well the variables in the study are accurately represented by the data. To put it another way, how trustworthy and relevant is the data in terms of the results? The external validity of the research instrument (questionnaire) was maintained through pre-testing of the research instruments. Before moving on to the actual field activity, a pilot test was conducted on the same research equipment with a separate but homogeneous sample of 15 respondents. Content, structural, and scale validity comments was generated by the pretest and incorporated into data gathering methods. To ensure that data validity is maintained, the Content Validity Index (CVI) was be employed.
3.11 Reliability 

The extent to which a phenomenon's measurement yields a steady and consistent result is referred to as reliability (Taherdoost, 2016). Reliability also heavily depends on repeatability. Reliability testing is important because it pertains to the consistency of a measuring instrument's components. Because it has to do with the parts of a measuring instrument's consistency, reliability testing is crucial. Testing for reliability is crucial because it relates to the consistency of a measuring instrument's parts. For instance, a scale or test is considered reliable if it yields the same result after repeated measurements under the same circumstances. This study measured scale reliability using Cronbach's alpha. Data generalizability is evaluated objectively using Cronbach's alpha, a reliability coefficient. It was decided what the ideal cutting off value should be. 7.
Table 3.2: Reliability Test Cornbrash’s Alpha Scores Variable Results 
	S/N
	VARIABLE
	NO. OF ITEMS
	CRONBARCH’S ALPHA 

	1
	HDBH
	16
	.732

	2
	MDBH
	16
	.941

	3
	UPFWELL
	16
	.775

	4
	MECHUPU
	16
	.886

	5
	RAINWAT
	14
	.703

	6
	GRAVSYS
	11
	.829

	7
	WSPS
	12
	.922


NOTES: HDBH = Hand Drilled Bore Holes, MDBH = Machine Drilled Bore Holes,   UPFWELL = Upgraded Family Wells,   MECHUPU = Mechanized Pumps,   RAINWAT   = Rain Water Harvesting, GRAVSYS = Gravity Systems and WSPS = Rain Water Harvesting
Source: Data Analysis 2022
3.12 Ethical Consideration

The study was conducted in accordance with the university's ethics and protocols, and ethical approval was granted. Participants in the survey had the option of accepting (or declining) to participate at their discretion. Participants could withdraw or stop taking the survey at any point if they were uncomfortable, with no repercussions. During and after the survey, the researcher maintained anonymity and protected the identity of participants. The researcher also discussed the benefits and importance of answering questions honestly throughout the distribution of the questionnaire. This survey was conducted purely to gather data, and all information gathered was be kept private and not shared with any third parties.
CHAPTER FOUR

FINDINGS AND DISCUSSION

4.1 Overview

The findings on effects of technology on water supply projects sustainability in Tanzania: case study of Dodoma region are presented and discussed in this chapter.   The following six specific objectives were pursued: (i) to determine the effect of Hand drilled bores holes  on water supply projects sustainability, (ii) to determine the effect of machine drilled bore holes on water supply projects sustainability, (iii) to determine the effect of Upgraded family wells on water supply projects sustainability, (iv) to determine the effect of mechanized pumps on water supply projects sustainability, (v) to determine the effect of rain water harvesting on water supply projects sustainability and (vi) to determine the effect of gravity systems on water supply projects sustainability. 
The sample characteristics are described in Section 4.2, and the study variables descriptive are described in Section 4.3, which is based on indicators. The reliability and correlation among study constructs are shown in Section 4.4. In Section 4.5, the regression findings are presented, 4.6 presents the ranking of water technology used and lastly is the discussion in Section 4.7.

4.2 Sample Description 

Four demographic variables were involved, namely gender, age, marital status education level and experience in projects (Table 4.1).  Female constituted the majority of all respondents. They are nearly more than a half leaving men trailing behind almost 40%.  Respondent’s 41 – 50 age groups were the majority by comprising more than 40% all participants. These were followed by 31 – 40 age group who constituted 1/3rd of all participants. The lowest score  age group was 51 – 60 who clocked 1/3rd of all participants followed by the youngest and oldest groups who constituted equal score of nearly 16%. 
Table 4.1: Sample Description 

	S/N
	
	Frequency
	%
	Mean
	Std. Dev.

	1
	Gender 
	
	
	1.5761
	.49553

	
	Male
	78
	42.4
	
	

	
	Female
	106
	57.6
	
	

	
	
	
	
	
	

	2
	Age
	
	
	2.4837
	.88691

	
	21 – 30
	29
	15.8
	
	

	
	31 – 40
	57
	31.0
	
	

	
	41- 50
	78
	42.4
	
	

	
	51- 60
	20
	10.9
	
	

	
	60 and Above
	29
	15.8
	
	

	
	
	
	
	
	

	
	Marital Status 
	
	
	1.2989
	.47078

	
	Married
	130
	70.7
	
	

	
	Single
	53
	28.8
	
	

	
	Others
	1
	.5
	
	

	
	
	
	
	
	

	3
	Education Level
	
	
	1.8859
	1.05220

	
	Primary 
	84
	45.7
	
	

	
	Secondary 
	61
	33.2
	
	

	
	Diploma 
	20
	10.9
	
	

	
	Bachelor 
	14
	7.6
	
	

	
	Masters
	5
	2.7
	
	

	
	
	
	
	
	

	4
	Experience  in Projects 
	
	
	2.5435
	.89824

	
	0-5
	19
	10.3
	
	

	
	6-10
	78
	42.4
	
	

	
	11-15
	55
	29.9
	
	

	
	16-20
	32
	17.4
	
	

	
	20 and Above
	19
	10.3
	
	


Source: Field Data 2022
4.3 Descriptive Statistics Results 

Six independent variables were analyzed. The descriptive included Minimum, maximum, mean and standard deviations were analyzed. The independent variables analyzed were; hand drilled bores holes, machine drilled bore holes, upgraded family wells, mechanized pumps, rain water harvesting, gravity systems, and the dependent variable was water supply projects sustainability

4.3.1 Descriptive Statistics Results for the Effect of Hand Drilled Bores Holes on Water Supply Projects Sustainability

Descriptive statistics (mean, standard deviation, minimum, and maximum scores) were computed for the effect of Hand Drilled Bores Holes scale (Table 4.2).  The results show that hand drilled bores holes- are cheaper to construct scored highest (M =   3.9239, S.D. = 1.15691) followed by the choice of hand drilled bores holes- is because it is sustainable (M = 3.7391, SD = 1.05447). The least way through which the effect of hand drilled bores holes were described is hand drilled bores holes-  water technology was experts choice (M = 3.1630, SD = 1.28273) followed by Hand drilled bores holes does not need frequent maintenance (M = 3.2228, SD = 1.24984)
Table 4.2: Descriptive Statistics Results for the Effect of Hand Drilled Bores Holes on Water Supply Projects Sustainability
	
	Minimum
	Maximum
	Mean
	Std. Deviation

	Hand drilled bores holes- are cheaper to construct
	1.00
	5.00
	3.9239
	1.15691

	Hand drilled bores holes- produce water more than any water technology
	1.00
	5.00
	3.5978
	1.16469

	Hand drilled bores holes- tend last long more than any other water technology
	1.00
	5.00
	3.4022
	1.15999

	Hand drilled bores holes- are favourite as compared to other water technology
	1.00
	5.00
	3.2989
	1.22933

	The decision to get the Hand drilled bores holes- was the community idea
	1.00
	5.00
	3.4348
	1.22188

	Hand drilled bores holes-  water technology was experts choice
	1.00
	5.00
	3.1630
	1.28273

	Hand drilled bores holes- community was led to choose it
	1.00
	5.00
	3.6522
	1.20504

	Hand drilled bores holes- water project it does meet the community needs
	1.00
	5.00
	3.5978
	1.13137

	Hand drilled bores holes- is the technology that can be used by every house
	1.00
	5.00
	3.3967
	1.16422

	Hand drilled bores holes- is  a long life water project
	1.00
	5.00
	3.7283
	1.17444

	If asked about Hand drilled bores holes- I will recommend to other users
	1.00
	5.00
	3.6033
	1.23704

	The choice of Hand drilled bores holes- is because it is sustainable
	1.00
	5.00
	3.7391
	1.05447

	Time spent for water collection using Hand drilled bores holes is shorter than any other water technology
	1.00
	5.00
	3.6848
	1.10567

	Hand drilled bores holes does not need frequent maintenance
	1.00
	5.00
	3.2228
	1.24984

	The government do allocate money resource for maintenance of water projects available at your district
	1.00
	5.00
	3.3315
	1.28203


N = 184
Source: Data Analysis, 2022
4.3.2 Descriptive Statistics Results for the the Effect of Machine Drilled Bore Holes on Water Supply Projects Sustainability

Descriptive statistics (mean, standard deviation, minimum, and maximum scores) were computed for the effect of machine drilled bore holes scale (Table 4.3).  Time spent for water collection using machine drilled bore holes is shorter than any other water technology scored highest (M = 3.8750, S.D. = 1.05096) followed by machine drilled bore holes water project it does meet the community needs (M = 3.7446, SD = 1.09892). The least way through which the effect of machine drilled bore holes were described the decision to get the Hand drilled bores holes- was the community idea (M = 3.3152, SD = 1.20499) followed by machine drilled bore holes produce water more than any water technology (M = 3.3261, SD = 1.23349)
Table 4.3: Descriptive Statistics Results for the Effect of Machine Drilled Bore Holes on Water Supply Projects Sustainability
	
	Minimum
	Maximum
	Mean
	Std. Deviation

	Machine drilled bore holes are cheaper to construct
	1.00
	5.00
	3.2772
	1.23001

	Machine drilled bore holes produce water more than any water technology
	1.00
	5.00
	3.3261
	1.23349

	Machine drilled bore holes tend last long more than any other water technology
	1.00
	5.00
	3.3587
	1.29380

	Machine drilled bore holes are favourite as compared to other water technology
	1.00
	5.00
	3.3641
	1.19791

	The decision to get the Hand drilled bores holes- was the community idea
	1.00
	5.00
	3.3152
	1.20499

	Machine drilled bore holes water technology was experts choice
	1.00
	5.00
	3.6522
	1.14457

	Machine drilled bore holes community was led to choose it
	1.00
	5.00
	3.6522
	1.11556

	Machine drilled bore holes water project it does meet the community needs
	1.00
	5.00
	3.7446
	1.09892

	Machine drilled bore holes is the technology that can be used by every house
	1.00
	5.00
	3.3750
	1.29548

	Machine drilled bore holes is  a long life water project
	1.00
	5.00
	3.8043
	.96653

	If asked about Machine drilled bore holes I will recommend to other users
	1.00
	5.00
	3.4620
	1.26261

	The choice of Machine drilled bore holes is because it is sustainable
	1.00
	5.00
	3.5272
	1.10603

	Time spent for water collection using Machine drilled bore holes is shorter than any other water technology
	1.00
	5.00
	3.8750
	1.05096

	Machine drilled bore holes does not need frequent maintenance
	1.00
	43.00
	3.6848
	3.20324

	The government do allocate money resource for maintenance of Machine drilled bore holes available at your district
	1.00
	5.00
	3.4130
	1.20701

	The government does provide training for Machine drilled bore holes at this district
	1.00
	5.00
	3.6793
	1.15962


N = 184

Source: Data Analysis, 2022
4.3.3 Descriptive Statistics Results for the Effect of Upgraded Family Wells on Water Supply Projects Sustainability

Descriptive statistics (mean, standard deviation, minimum, and maximum scores) were computed for the effect of upgraded family wells scale (Table 4.4).  Upgraded family wells are favorite as compared to other water technology scored highest (M = 3.7880, S.D. = 1.22527) followed by Upgraded family wells does not need frequent maintenance (M = 3.7717, SD = 1.27269). The least way through which the effect of upgraded family wells were described the is the Upgraded family wells the community was led to choose it (M = 3.3696, SD = 1.26937) followed by Upgraded family wells produce water more than any water technology (M = 3.4022, SD = 1.19251)
Table 4.4: Descriptive Statistics Results for the Effect of Upgraded Family Wells on Water Supply Projects Sustainability

	
	Minimum
	Maximum
	Mean
	Std. Deviation

	Upgraded family wells are cheaper to construct
	1.00
	5.00
	3.6467
	1.19662

	Upgraded family wells produce water more than any water technology
	1.00
	5.00
	3.4022
	1.19251

	Upgraded family wells tend last long more than any other water technology
	1.00
	5.00
	3.4674
	1.20519

	Upgraded family wells are favourite as compared to other water technology
	1.00
	5.00
	3.7880
	1.22527

	The decision to get the Upgraded family wells was the community idea
	1.00
	5.00
	3.5000
	1.27609

	Upgraded family wells water technology was experts choice
	1.00
	5.00
	3.6033
	1.15479

	Upgraded family wells the community was led to choose it
	1.00
	5.00
	3.3696
	1.26937

	Upgraded family wells water project it does meet the community needs
	1.00
	5.00
	3.5217
	1.14975

	Upgraded family wells is the technology that can be used by every house
	1.00
	5.00
	3.6141
	1.20926

	Upgraded family wells is  a long life water project
	1.00
	5.00
	3.5054
	1.22362

	If asked about Upgraded family wells I will recommend to other users
	1.00
	5.00
	3.7120
	1.10571

	The choice of Upgraded family wells is because it is sustainable
	1.00
	5.00
	3.4565
	1.20030

	Time spent for water collection using Upgraded family wells is shorter than any other water technology
	1.00
	5.00
	3.5761
	1.23460

	Upgraded family wells does not need frequent maintenance
	1.00
	5.00
	3.7717
	1.27269

	The government do allocate money resource for maintenance of Upgraded family wells available at your district
	1.00
	5.00
	3.5272
	1.27580

	The government does provide training for Upgraded family wells at this district
	1.00
	5.00
	3.4239
	1.15218


N = 184

Source: Data Analysis, 2022
4.3.4 Descriptive Statistics Results for the Effect of Mechanized Pumps on Water Supply Projects Sustainability

Descriptive statistics (mean, standard deviation, minimum, and maximum scores) were computed for the Effect of Mechanized Pumps scale (Table 4.5).  Mechanized pumps does not need frequent maintenance scored highest (M = 3.8967, S.D. = 1.05333) followed by the government do allocate money resource for maintenance of Mechanized pumps available at your district (M = 3.8859, SD = 1.10291). The least way through which the effect of mechanized pumps were described is the Mechanized pumps produce water more than any water technology (M = 3.5000, SD = 1.26318) and Mechanized pumps water technology was experts choice ( M = 3.5000, SD = 1.25885)  followed by Mechanized pumps are favorite as compared to other water technology (M = 3.5054, SD = 1.23694)
Table 4.5: Descriptive Statistics Results for the Effect of Mechanized Pumps on Water Supply Projects Sustainability

	
	Minimum

	Maximum

	Mean

	Std. Deviation


	Mechanized pumps wells are cheaper to construct
	1.00
	5.00
	3.5163
	1.21905

	Mechanized pumps produce water more than any water technology
	1.00
	5.00
	3.5000
	1.26318

	Mechanized pumps tend last long more than any other water technology
	1.00
	5.00
	3.6359
	1.13706

	Mechanized pumps are favorite as compared to other water technology
	1.00
	5.00
	3.5054
	1.23694

	The decision to get the Mechanized pumps was the community idea
	1.00
	5.00
	3.6304
	1.24766

	Mechanized pumps water technology was experts choice
	1.00
	5.00
	3.5000
	1.25885

	Mechanized pumps the community was led to choose it
	1.00
	5.00
	3.7663
	1.04790

	Mechanized pumps water project it does meet the community needs
	1.00
	5.00
	3.6685
	1.14705

	Mechanized pumps is the technology that can be used by every house
	1.00
	5.00
	3.5761
	1.17099

	Mechanized pumps is  a long life water project
	1.00
	5.00
	3.7011
	1.07266

	If asked about Mechanized pumps I will recommend to other users

	1.00
	5.00
	3.6902
	1.13884

	The choice of Mechanized pumps is because it is sustainable

	1.00
	5.00
	3.6685
	1.19374

	Time spent for water collection using Mechanized pumps is shorter than any other water technology
	1.00
	5.00
	3.7120
	1.17751

	Mechanized pumps does not need frequent maintenance

	1.00
	5.00
	3.8967
	1.05333

	The government do allocate money resource for maintenance of Mechanized pumps available at your district

	1.00
	5.00
	3.8859
	1.10291

	The government does provide training for Mechanized pumps at this district

	1.00
	5.00
	3.5978
	1.24189


N = 184
Source: Data Analysis, 2022
4.3.5 Descriptive Statistics Results for the the Effect of Rain Water Harvesting on Water Supply Projects Sustainability 

Descriptive statistics (mean, standard deviation, minimum, and maximum scores) were computed for the effect of rain water harvesting scale (Table 4.6).  Rain water harvesting tend last long more than any other water technology scored highest (M = 3.7935, S.D. = 1.09183) followed by the decision to remain using the rain water harvesting is preference of the community (M = 3.7228, SD = 1.12319). The least way through which effect of rain water harvesting were described is The government do allocate money resource for maintenance of rain water harvesting available at your district (M = 2.9837, SD = 1.23905) followed by The government does provide training for Rain water harvesting at this district (M = 3.1304, SD = 1.30336). 
Table 4.6: Descriptive Statistics Results for the the Effect of Rain Water Harvesting on Water Supply Projects Sustainability

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Rain water harvesting is cheaper Water resource
	184
	1.00
	5.00
	3.7174
	1.18576

	Rain water harvesting produce water more than any water technology
	184
	1.00
	5.00
	3.6793
	1.18294

	Rain water harvesting tend last long more than any other water technology
	184
	1.00
	5.00
	3.7935
	1.09183

	Rain water harvesting are favorite as compared to other water technology
	184
	1.00
	5.00
	3.6576
	1.12456

	The decision to remain using  the Rain water harvesting  is preference of the community
	184
	1.00
	5.00
	3.7228
	1.12319

	Rain water harvesting water preference is the most choice of the community
	184
	1.00
	5.00
	3.6793
	1.19672

	Rain water harvesting it does meet the community needs
	184
	1.00
	5.00
	3.4511
	1.22711

	Rain water harvesting   can be used by every house sufficiently
	184
	1.00
	5.00
	3.4728
	1.27151

	If asked about depending only on Rain water harvesting I will recommend to other users
	184
	1.00
	5.00
	3.4783
	1.24995

	The choice of Rain water harvesting is because it is sustainable
	184
	1.00
	5.00
	3.4565
	1.13958

	Time spent for water collection using Rain water harvesting is shorter than any other water technology
	184
	1.00
	5.00
	3.1413
	1.28106

	Rain water harvesting does not need frequent maintenance
	184
	1.00
	5.00
	3.2826
	1.16718

	The government do allocate money resource for maintenance of Rain water harvesting available at your district
	184
	1.00
	5.00
	2.9837
	1.23905

	The government does provide training for Rain water harvesting at this district
	184
	1.00
	5.00
	3.1304
	1.30336


N = 184

Source: Data Analysis, 2022
4.3.6 Descriptive Statistics Results for the Effect of Gravity Systems on Water Supply Projects Sustainability

Descriptive statistics (mean, standard deviation, minimum, and maximum scores) were computed for the effect of gravity systems scale (Table 4.7). The choice of gravity systems is because it is sustainable scored highest (M = 3.7011, S.D. = 1.15602) followed by Gravity systems are favorite as compared to other water technology (M = 3.6848, SD = 1.13493). The least way through which the effect of gravity systems scale were described is gravity systems produce water more than any water technology (M = 3.3261, SD = 1.12700) followed by gravity systems does not need frequent maintenance (M = 3.3533, SD = 1.22817). 
Table 4.7: Descriptive Statistics Results for the the Effect of Gravity Systems on Water Supply Projects Sustainability

	
	Minimum
	Maximum
	Mean
	Std. Deviation

	Gravity systems is cheaper Water resource
	1.00
	5.00
	3.5543
	1.14390

	Gravity systems produce water more than any water technology
	1.00
	5.00
	3.3261
	1.12700

	Gravity systems harvesting tend last long more than any other water technology
	1.00
	5.00
	3.5978
	1.17403

	Gravity systems are favourite as compared to other water technology
	1.00
	5.00
	3.6848
	1.13493

	Gravity systems water preference is the most choice of the community
	1.00
	5.00
	3.6087
	1.10098

	Gravity systems can be used by every house sufficiently
	1.00
	5.00
	3.6739
	1.12700

	If asked about depending only on Gravity systems I will recommend to other users
	1.00
	5.00
	3.5652
	1.10443

	The choice of Gravity systems is because it is sustainable
	1.00
	5.00
	3.7011
	1.15602

	Time spent for water collection using Gravity systems is shorter than any other water technology
	1.00
	5.00
	3.5380
	1.25827

	Gravity systems does not need frequent maintenance
	1.00
	5.00
	3.3533
	1.22817

	The government does provide training for Gravity systems at this district
	1.00
	5.00
	3.4511
	1.20464


N = 184

Source: Data Analysis, 2022
4.3.7 Descriptive Statistics Results for the Water Supply Projects Sustainability Dependent Variable 

Descriptive statistics (mean, standard deviation, minimum, and maximum scores) were computed for water supply projects Sustainability scale (Table 4.8). The government do allocate money resource for maintenance of water projects available at in our district scored highest (M = 3.7120, S.D. = 1.15407) followed by There is frequent maintenance of water sources (bore hole wells, pipes etc.) (M = 3.7011, SD = 1.15129). The least way through which water supply projects Sustainability were described is The government normally  decide for the construction of water project in villages (M = 3.2283, SD = 1.29820)  followed by All water sources are established by the government (M = 3.3804, SD = 11.30021) and Villages  have water committees for water projects maintenance ( M =  3.3804 ,  SD =   1.30859)
Table 4.8: Descriptive Statistics Results for the the Water Supply Projects Sustainability Variable

	
	Minimum
	Maximum
	Mean
	Std. Deviation

	All water sources are established by the government
	1.00
	5.00
	3.3804
	1.30021

	The community is involved of any water projects established by the government
	1.00
	5.00
	3.4239
	1.22571

	The government normally  decide for the construction of water project in villages
	1.00
	5.00
	3.2283
	1.29820

	Villages  have water committees for water projects maintenance
	1.00
	5.00
	3.3804
	1.30859

	Water is easily accessed in this district
	1.00
	5.00
	3.4565
	1.22285

	The government have plans for creating awareness on water management at village levels
	1.00
	5.00
	3.5598
	1.24870

	People take care of the water projects developed at their area
	1.00
	5.00
	3.5815
	1.22981

	The government do allocate money resource for maintenance of water projects available at in our  district
	1.00
	5.00
	3.7120
	1.15407

	Normally the government do conduct  training for water management for water users
	1.00
	5.00
	3.4837
	1.24565

	The community contribute either in cash or in kind during implementation of water projects
	1.00
	5.00
	3.3696
	1.28648

	The leadership of water projects in villages is excellent
	1.00
	5.00
	3.5543
	1.16754

	There is frequent maintenance of water sources (bore hole wells, pipes etc)
	1.00
	5.00
	3.7011
	1.15129


N = 184

Source: Data Analysis, 2022
4.3.8 Descriptive Statistics Results for Ranking of Water Sources According to the Technology Used 

Participants were asked to rank the water sources based on technology table 4.9. Upgraded family wells were found to have highest score nearly ¼ of all other sources. It was followed by mechanized pumps which score nearly 1/5th of all listed sources of water based on used technology. Hand drilled bores holes were found to least favourite  by just scoring only 6 % followed by gravity systems which scored just 1/10th of all sources of water based on technology. 
Table 4.9: Descriptive Statistics Results for Ranking of Water Sources According to the Technology Used 

	Source of Water
	Frequency
	Percent

	
	Hand drilled bores holes
	11
	6.0

	
	Machine Drilled Holes
	27
	14.7

	
	Upgraded family wells
	45
	24.5

	
	Mechanized pumps
	38
	20.7

	
	Rainwater harvesting
	42
	22.8

	
	Gravity systems
	21
	11.4

	
	Total
	184
	100.0


N = 184

Source: Data Analysis, 2022
4.4 Variable Descriptive Statistics, Reliability and Correlation Analysis Results 

Descriptive statistics were computed for the Independent variables, all scored moderate effect. Effects of technology independent variables means score were based on   the cut-off points suggested in Albdour & Altaraweh (2014), adjusted to 7-point rating levels. Results (Table 4.10) indicated that hand drilled bores holes mean score was moderate (M = 3.5177, S.D = .37401). Machine drilled bore holes mean score was as well moderate (M = 3.5319, SD = .43212), upgraded family wells effect was found moderate (M = 3.5554, SD = .35849),   mechanized pumps was found to be moderate (M 3.6532, SD = 3.6532).  Rain water harvesting (M = 3.4748, SD = .40818). Lastly gravity systems mean score was also moderate (M = 3.5504, SD = .45921).
The dependent variable Water Supply Projects Sustainability was found to have moderate mean scores (M = 3.486, SD = .44095) Using (Cohen, 1988) cut off for correlation, the correlations between pairs of individual dimensions of the independent variables were between .003and .167 indicating a low and significant correlation.  Hand drilled bores holes   was found significantly positively correlated with the water supply projects sustainability (r = .045**, p < .01). Machine drilled bore holes was found significantly positively correlated with the water supply projects sustainability (r = .003***, p < .001). Upgraded family wells was found significantly positively correlated with the water supply projects sustainability (r = .040*, p < .05). 
Mechanized pumps were found significantly positively correlated with the water. Scale test for reliability analysis was carried out to determine the internal consistency of the measurements scales. Cronbach’s alphas (Table 4.11) in the diagonal show good internal consistency for all variables tested for reliability. Hand drilled bores holes (.732),   Machine drilled bore holes (.941),   Upgraded family wells (.775),   Mechanized pumps (.886),   Rain water harvesting (.703),   Gravity systems (.829), Water supply projects sustainability (.922)  (George and Mallery, 2014).

Table 4.10: Variable Descriptive Statistics, Reliability and Correlation Analysis Results 

	
	MEAN 
	STD.DEV

	HDBH
	Pearson Correlation
	3.5177
	.37401
	.732

	MDBH
	Pearson Correlation
	3.5319
	.43212
	.088
	.941

	UPFWELL
	Pearson Correlation
	3.5554
	.35849
	.004
	.085
	.775

	MECHUPU
	Pearson Correlation
	3.6532
	.37963
	.015
	.063
	.117
	.886

	RAINWAT
	Pearson Correlation
	3.4748
	.40818
	.008
	.016
	.002*
	.129
	.703

	GRAVSYS
	Pearson Correlation
	3.5504
	.45921
	.023
	-.095
	.053
	.008
	.271**
	.829

	WSPS
	Pearson Correlation
	3.4860
	.44095
	.045**
	.003***
	.040*
	.011*
	.021***
	.114*
	.922


*p < 0.05 (two – tailed), **p < 0.01 (two – tailed) ***p < 0.001 (two – tailed)

NOTES: HDBH = Hand Drilled Bore Holes, MDBH = Machine Drilled Bore Holes,   UPFWELL = Upgraded Family Wells, MECHUPU = Mechanized Pumps,   RAINWAT   = Rain Water Harvesting, GRAVSYS = Gravity Systems and WSPS = Rain Water Harvesting
Source: Data Analysis 2022
4.5 Multiple Regression Analysis

The multiple regression analysis was carried out to estimate the effect of charismatic leadership style (independent variables) on loans board employees’ performance (dependent variable). Results are presented in Tables 4.11 - 4.12.  Table 4.11 presents a summary of the model in which the item of interest is the R2 statistics, which is .59. This suggests effects of technology accounts for 59% of the variation in water supply projects sustainability.
Table 4.11: Model Summary 
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.242a
	.059
	.027
	.43502

	a. Predictors: (Constant), GRAVSYS, MECHUPU, HDBH, MDBH, UPFWELL, RAINWAT

	b. Dependent Variable: WSPS


*p < 0.05 (two – tailed), **p < 0.01 (two – tailed) ***p < 0.001 (two – tailed)

NOTES: HDBH = Hand Drilled Bore Holes, MDBH = Machine Drilled Bore Holes,   UPFWELL = Upgraded Family Wells,  MECHUPU = Mechanized Pumps,   RAINWAT   = Rain Water Harvesting, GRAVSYS = Gravity Systems and WSPS = Rain Water Harvesting
Source: Data Analysis 2022
Table 4.12 presents the analysis of variance (ANOVA) results. It is also known as model fit results.  Of interest in this table are the F-statistics and its associated sig. value. The results show that the F-statistics is F (1,184) = 1.838, p < 0.001). The results indicate that the model’s hypothesis that the effects of technology on water supply projects sustainability “model has the power to predict water supply projects sustainability from technological effects” is accepted.  They therefore suggest that the model has power to predict water supply projects sustainability is significantly related to effects of technology. 
Table 4.12: Anova Results
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	2.087
	6
	.348
	1.838***
	.000

	
	Residual
	33.495
	177
	.189
	
	

	
	Total
	35.582
	183
	
	
	

	a. Dependent Variable: WSPS

	b. Predictors: (Constant), GRAVSYS, MECHUPU, HDBH, MDBH, UPFWELL, RAINWAT


*p < 0.05 (two – tailed), **p < 0.01 (two – tailed) ***p < 0.001 (two – tailed)

NOTES: HDBH = Hand Drilled Bore Holes, MDBH = Machine Drilled Bore Holes,   UPFWELL = Upgraded Family Wells,   MECHUPU = Mechanized Pumps,   RAINWAT   = Rain Water Harvesting, GRAVSYS = Gravity Systems and WSPS = Rain Water Harvesting
Source: Data Analysis, 2022
Table 4.13 presents the results on the coefficients of the regression model. The coefficients results show that effects of technology positively predict water supply sustainability.  Water supply sustainability was positively, statistically and statistically significantly, related to Hand drilled bores holes (b = .038***, p < .001). Water supply sustainability was positively, statistically and statistically significantly, related to Machine drilled bore holes (b = .047**, p < .01).  Water supply sustainability was positively, statistically and   significantly, related Machine drilled bore holes  (b = .039***, p < .001). Water supply sustainability was positively, statistically and   significantly, related to Mechanized pumps (b = .211*p < .05). 
Water supply sustainability was positively, statistically and significantly, related to Rain water harvesting (b = .142***p, < .001) and lastly Water supply sustainability was positively, statistically and significantly, related to Gravity systems (b = .146,*   p < .05). Multicollinieality statistics Table 4.14 show tolerance figures ranging from .866 to .969 while Variance Inflation factors (VIFs) ranged from 1.032 to 1.098. These figures suggest that multicollinieality not suspected amongst the independent variables. Field (2005) suggests that multicollinieality would be suspected is tolerance figures are below 0.10 or if VIF statistics are 10.0 or higher.
Table 4.13: Regression Model Results
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Tolerance
	VIF

	1
	(Constant)
	2.796
	.677
	
	4.128
	.000
	
	

	
	HDBH
	.038***
	.087
	.032
	.432
	.011
	.969
	1.032

	
	MDBH
	.047**
	.076
	.046
	.615
	.000
	.958
	1.044

	
	UPFWELL
	.039***
	.092
	.032
	.422
	.000
	.945
	1.058

	
	MECHUPU
	.211*
	.086
	.182
	2.451
	.015
	.968
	1.033

	
	RAINWAT
	.142***
	.085
	.131
	-1.677
	.000
	.866
	1.155

	
	GRAVSYS
	.146*
	.073
	.152
	1.990
	.048
	.911
	1.098

	a. Dependent Variable: WSPS


*p < 0.05 (two – tailed), **p < 0.01 (two – tailed) ***p < 0.001 (two – tailed)

NOTES: HDBH = Hand Drilled Bore Holes, MDBH = Machine Drilled Bore Holes,   UPFWELL = Upgraded Family Wells,  MECHUPU = Mechanized Pumps,   RAINWAT   = Rain Water Harvesting, GRAVSYS = Gravity Systems and WSPS = Rain Water Harvesting
Source: Data Analysis, 2022
4.6 Outliers, Normality, Linearity and Homoscedasticity Regression Assumptions Testing Results for Ethics

The distribution of residuals is represented by a bell-shaped curve in the histogram (figure 4.1). (Mean is close to 0 and SD close to 1, evidencing of a normal distribution of residuals). In addition, residuals plot along the diagonal line, as seen in Figure 4.2. Present the evidence of no presence of outliers. As a result, there isn't much departure from the usual. The histogram (Figure 4.1) reveals that no residual values are outside   |3|, cutoff, indicating that there are no outliers. Any value outside the cutoff of |3|, according to Tabachnick and Fidell (2007), is an anomaly.
The diagonal dots in Figure 4.3 are speeded up along the diagonal line, indicating that the data is linear hence no evidence of outliers. The case residual dots are dispersed rectangularly about zero (0) in Figure 4.3, implying homoscedacististy (equality of variance). As a result, there is no reason to suspect heteroscedasticity (unequal variance in the data). 
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Figure 4.1: Histogram

Source: Data Analysis (2022)
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Figure 4.2: Normal P-Plots for the Standardized Residual Variables

Source: Data Analysis (2022)
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Figure 4.3: Scatter plot for the Standardized residual for Variables

Source: Data Analysis (2022)

4.7 Discussion of the Findings 

The goal of the study was to see how HR soft skills affected project performance. The hypothesis for analysis was tested using regression analysis. The discussion elaborates the findings information as created by data analysis and compares or contrasts the current findings with what has been discovered in prior relevant studies, all while focusing on the study objectives. Each finding's contribution is displayed. As a result, a comprehensive and in-depth understanding of the influence of managers' soft skills on project success can be gained.

 4.7.1 The Effect of Hand Drilled Bores Holes on Water Supply Projects Sustainability

Hand drilled bores holes was found statistically positive and significantly related to Water supply sustainability. The finding is supported by Chumbula, (2016) who found that the the hand drilled holes are most liked by women living in villages because they make water supply sustainable.  He explained excellently at explaining water sustainability, but it falls short of explaining the issue of recipients' participation on the choice of technology. Additionally, Martnez-Santos, Martn-Loeches, Daz-Alcaide, and Danert (2020) discovered that manual drilling loosely falls under the category of appropriate technologies because there are various levels at which end users may decide to handle tasks independently or depend on outside help. 
Experience has shown that beginners can pick up the skill of manually drilling boreholes, especially in favorable hydrogeological conditions. This is one of the main reasons why the technology has been adopted by people and communities worldwide, resulting in the drilling of hundreds of thousands of boreholes without the direct guidance of experts. According to Ziervogel (2019), manual drilling could help achieve several of the Sustainable Development Goals, including Goal 6: "Ensure access to water and sanitation for all." This is especially likely to occur if the private sector adopts manual drilling (if there is a market willing to pay). 
Additionally, Komives and Davis (2014) discovered that the sustainability of hand pumps was positively correlated with the level of community participation in project design but not with the breadth of participation.  When households are in charge of technical decisions, hand pump sustainability is increased, provided that all other variables remain constant. However, when households are not in charge of technical decisions, hand pump sustainability is compromised. Therefore, owning a manually drilled borehole can result in significant changes to the dynamics of individuals, families, and communities because water plays a part in everyone's life. According to Gray (2017), in situations where manual drilling is supported by outside organizations, taking cultural considerations into account is essential to ensuring a smooth social transition. 
When households are in charge of technical decisions, hand pump sustainability is increased, provided that all other variables remain constant. However, when households are not in charge of technical decisions, hand pump sustainability is compromised. Therefore, owning a manually drilled borehole can result in significant changes to the dynamics of individuals, families, and communities because water plays a part in everyone's life. According to Gray (2017), in situations where manual drilling is supported by outside organizations, taking cultural considerations into account is essential to ensuring a smooth social transition.
4.7.2 The Effect of Machine Drilled Bore Holes on Water Supply Projects Sustainability

Machine drilled bore holes was found statistically positive and significantly related to Water supply sustainability. The finding is supported by Colenbrander and van Koppen (2013) found machine or motorised drilled bore holes are mostly preferred. In Zambia who wishes to obtain a motorized pump can do so and utilize the pump sustainably. Zambia's irrigation expansion would be accelerated as a result of this. The pump supply chain is essentially underdeveloped in that items and services are provided centrally. The distribution network is also weak because knowledge is focussed in the hands of only a small number of people. In line with the aforementioned findings, Danert, Adekile, and Canuto (2020) discovered that RWSN's dual-track initiative on drilling professionalism and manual drilling has: developed a comprehensive suite of materials, had a significant outreach, directly engaged with hundreds, and indirectly reached thousands, of professionals in the water supply sector. This was done at a cost of approximately USD 750 million over a 16-year period. 
The project included dedicated partnerships, consistent leadership, and innovation at every turn. The initiative supported a number of results and some impacts that were independently verified. They are widely used because they make water supply sustainable. However, they also found that in many poor countries like African countries Drilled water holes have a supervision with UNICEF programming.  Many countries have not met the requirement for professional, independent and rigorous field supervision and quality assurance arrangements   despite the code of good practice. Bain, Cronk, Hossain, Bonjour, Onda, Wright,  and Bartram(2014) gives other side effect of machine drilled water holes is that they are long term investment where huge amount of money is required. Even though it may seem like a significant upfront expense, with proper maintenance and low running or ongoing costs over the course of that time, a properly constructed water borehole should last you at least ten to fifteen years.
4.7.3 The Effect of Upgraded Family Wells on Water Supply Projects Sustainability

Upgraded family wells were found statistically positive and significantly related to Water supply sustainability. The result is validated by Water and sanitation provision is not only a goal in and of themselves, but also a component of a plan to end poverty. In rural areas, household-level water supplies, like UFWs, can be crucial to achieving this larger goal. A UFW can produce high-value horticultural crops and meet domestic and productive needs. While increasing maintenance needs, the addition of a simple water lifting device to a UFW or to a nearby well dedicated to water for productive purposes greatly expands the area that a family can comfortably water and increases the potential for income, frequently to levels comparable with incomes on conventional, formal irrigation schemes. A well with a bucket makes it possible for a family to get by; one with a pump enables it to escape poverty. 
A government organization can install one borehole with much less work, education, and time than, say, twenty-five family wells, which placed another restriction on the expansion of the family wells. Additionally, Kilungo, Powers, Arnold, Whelan, Paterson, and Young (2018) discovered that some water-sector leaders were hesitant to advocate for UFWs because the external funds are provided for individual families rather than the benefit of the entire community. There is no logic in favouring one but not the other, as this is precisely the same situation as for latrine construction. In fact, from the perspective of the external support organization, it is less expensive per person to support a family well program than a borehole and hand pump program. This is partially due to the fact that the owner bears the majority of the UFW's expenses.
4.7.4 The Effect of Mechanized Pumps on Water Supply Projects Sustainability

Mechanized pumps were found statistically positive and significantly related to Water supply sustainability. The study is supported by Kamali and Niksokhan (2017), who discovered that many useful technologies have developed recently and that human powered pumps have been aggressively promoted. However, the use of mechanized pumps can be appropriate for large community water supplies, urban drinking water systems, and in agriculture, which require high performance water supply (ROARK et al. 1989). Hand pumps may not be as suitable as mechanical pumps. Additionally Priyan (2021) found that one mechanized system could support one healthcare clinic with multiple taps within the clinic property, or a system could support an entire community, with pipes covering miles of ground and serving the community, a school and a healthcare clinic. This project brings clean water to approx. 1000 people on average
4.7.5 The Effect of Rain Water Harvesting on Water Supply Projects Sustainability 

Rain water harvesting was found statistically positive and significantly related to Water supply sustainability. Mwanga (2018) found that the projects were started from the top down by external players and then handed over to communities without adequate social preparation. There was no evidence of important stakeholders participating fully in the project cycle, particularly in decision-making. It was discovered that social considerations have a greater impact on the long-term viability of drilled well projects than economic or environmental issues. Based on the findings, it can be inferred that critical phases were overlooked during the initiation process. 
DeBusk and Hunt (2014) also state that the protocols included descriptions of the investigation site (buildings), the intervention (rainwater collection), and the intended outcome (influence on the potable water consumption). The use of rainwater in buildings in Brazil has been found to have a significant potential for saving potable water, despite the fact that there are different water availability levels throughout the nation. Finally, it was determined that financial investments in cutting-edge technologies and experimental research were necessary to improve rainwater management.
However, according to Morgan and Chimbunde (2019), work on improving the design of traditional wells has shown that adding a brick lining, a strong concrete apron, a water run-off around the well head, a hygienic bucket and windlass, and a raised collar and tin lid on the well cover-slab can all lead to notable improvements in water quality. This makes rainwater superior because it is more often drawn into the sea through streams and rivers than it is used for irrigation or domestic purposes. However to counter this, Colenbrander and van Koppen (2013) found that Subsistence farmer’s groundwater irrigation with motorized pumps has increased significantly in Zambia, this is an innovation of Technology of how to harvest and use technology on rain water. 
4.7.6 The Effect of Gravity Systems on Water Supply Projects Sustainability

Gravity systems were found statistically positive and significantly related to Water supply sustainability. According to Frisvold, Sanchez, Gollehon, Megdal, and Brown (2018), Yuma agriculture has undergone a significant transformation from perennial and summer-focused crop production to multi-crop systems centered on high-value vegetable crops in the winter. This transformation has been made possible by significant advancements in irrigation technologies of gravity systems. Gravity water is now used more frequently as a result of changes in production methods and investments in irrigation infrastructure. These developments have improved irrigation effectiveness and contributed to overall water conservation. Return flows, once thought to be a sign of system inefficiency, now play a crucial role in the ecosystem support of the Colorado River Delta. 
The history of Yuma demonstrates the importance of examining irrigation systems from a system-wide perspective and the potential for innovative gravity-flow systems to be both productive and water-conserving. The findings of a study by Morever Rooks, Tenorio, Gohil, Yu, Estrada-Mendez, Bardales, and Richardson (2018) demonstrate the usefulness of EPANET as a tool for simulating CWS operation in a water distribution system.  . EPA SWMM was challenging to use but effective for IWS modelling. Maintaining CWS in the system is the ideal scenario for ensuring equality of service across the distribution network. SWMM can be used to model technical solutions for a more equitable distribution under IWS conditions if this is not possible.
4.7.7 Ranking of Water Sources According to the Technology Used 

This study found that hand drilled bores holes were found to the most preferred by participants. Reasons give n is that they very handy during drought. They sustain the village communities. However still the technology they are using is not modern one. They need to be improved to attain the current quality. Secondly preference was machine drilled water holes. These are much more mechanized, they bring more water although little bit expensive however machine drilled water holes technology is revolutionizing the rural water supply. The least item in ranking was gravity system. This technology is not well known in Tanzania especially in Dodoma region  This is followed by rain water. People take rain water from granted as gift from God. There is nothing done on it from preservation. They see rain water just to wet the land and make vegetation for cattle feeding. Most rain water is left running down streams to the sea or lakes. 
CHAPTER FIVE

SUMMARY, CONCLUSION, RECOOMENDATIONS

5.1 Overview 

The chapter presents summary, implications, conclusion and recommendations. Further limitations and suggestions for further studies are suggested 

5.2 Summary of the Main Findings

Six independent variables were analysed emanating from water technology effects on water supply projects sustainability. 

5.2.1 Hand Drilled Bores Holes

 The hand drilled bores holes were analysed its effects on water supply project sustainability. The study found that hand drilled bores holes was, positive, statistically and significantly related to water supply project suitability.  Although not without flaws, the results of manually drilled boreholes have shown to be a chance for social and economic development. Accessibility, appropriate geology and hydrogeology, and a lack of options are the main factors influencing the expansion of manual drilling. The accessibility of technical know-how and equipment is the only requirement, whether in an urban or rural setting. Due to an unreliable or nonexistent piped water supply, many wealthier households in urban and peri-urban areas of developing countries are making investments in their own water supplies. Due to the significant cost savings compared to mechanized boreholes, communities and development projects in rural areas are investing in manual boreholes.
5.2.2 Machine Drilled Holes
The sustainability of the water supply project was found to be positively, statistically, and significantly related to the variable of machine drilled holes. Single households, smaller rural communities, and more urban areas can all affordably obtain water from drilled wells. The basic idea is to drill a hole into a body of groundwater, and then use a manual or motorized pump to remove the infiltrating water. Quick construction and a variety of straightforward drilling techniques that work in most geological conditions are available. Although drilled wells are less likely to contaminate groundwater than dug wells are, proper construction and well protection are essential to the long-term effectiveness of a local water management system. The rate of abstraction needs to be carefully monitored because it could have an impact on the environment and lead to saltwater intrusion (only in coastal areas). Too much draft could even cause wells to dry up.
 5.2.3 Upgraded Family

The study found that upgraded family well variable was positively, statistically and significantly to water supply project sustainability. Upgraded family wells are very useful and water supply is found within homes. While some of these wells were properly protected, the majority were either poorly or not at all protected and prone to becoming highly contaminated. This was caused in part by rainwater runoff, but it was also a result of contaminated ropes and buckets being reintroduced into the well after being left at the well head in unhygienic conditions. Many of them were hazardous, especially for kids, as they had scant or no lining and little to no protection at the well head. These family-owned backyard wells were not listed on any inventory of rural water sources, possibly because they were seen as a health risk rather than a benefit.
5.2.4 Mechanized Pumps

The statistical analysis revealed a significant and positive relationship between mechanized pumps and the long-term viability of water supply projects. Pumping devices known as mechanized pumps are used to withdraw water from reservoirs, groundwater sources, and surface water sources as well as pump water into water distribution systems. Mechanized pumps can be powered by a variety of sources. Installation, operation, and maintenance are capital-intensive, demand a high level of technical expertise, and depend on the availability of spare parts, fuel, lubricant, etc. as a limiting factor. However, the majority of mechanized pumps have very high performance, making them ideal for use in large rural or urban water supply systems. However, the power source and pump type that are selected have many implications that should be carefully considered before being put into practice.

5.2.5 Rain Water Harvesting

The study found that rain water harvesting variable was positive, statistically and significantly related to water supplyThe need for efficient water use is growing. Residents of Dodoma must use water responsibly due to the nation's expanding population and limited groundwater and surface water resources. They can benefit from rainwater harvesting as a cutting-edge strategy that anyone can use to collect precipitation. Landscaping is the best use for rainwater that has been collected. 
In many Texas communities, landscape irrigation accounts for 40–60% of all water use during the hottest months of the year. Everyone wins if the demand for a finite natural resource can be decreased. Utilizing water management techniques, rainwater harvesting increases the amount of rainwater that is collected on a site. Most often, people think of a rainwater harvesting system as a water container. Even though container systems are common ways to collect water, some landscaping techniques can also increase the amount of rainwater that is retained on the site. However, rainwater harvesting is not commonly practiced in Dodoma or the entire nation.
5.2.6 Gravity Systems
The study found that gravity system is positively, statistically and significantly related to water supply project sustainability. It's not always easy to collect water from natural water sources. Water is moved by gravity through a network of pipes in gravity water systems from the source to the user. Water can be brought closer to people, reducing time, effort, and risk—especially for women and girls—while also being protected during transportation to avoid contamination. Despite being a new technology, it has not yet been put to use in Dodoma. Additionally, it is based on the landscape's topography. Except for Kondoa and Mpwapwa, the Dodoma region is mostly flat; therefore, gravity can be used there. Consequently, there needs to be community education and training on its use.

5.3 Conclusion

In addition to other factors like beneficiaries' participation in all project phases, community institutions' ability to cover O&M costs, the project's mode of operation and connection to outside assistance, the community's sense of ownership and level of satisfaction, and the affordability of service due to the applied technology and its applicability to all groups of people, sustainability was primarily assessed in terms of functionality status. All of these elements played a part in 82 the projects' functional levels in relation to the selected water supply technology. In the end, these variables were applied to create a correlation between the level of sustainability and the kind of water supply technology. The study's findings can be summarized as follows: There is a very strong correlation between the type of water supply technology chosen and sustainability of the projects, and weak community participation in the selection of the particular technologies became a key determinant of the projects' poor functionality and, consequently, their unsustainable nature.

5.4 Recommendations

 Based on the finding, the study recommends that even the use hand drilled bores holes should be improved. The modern technology can help to drill them dipper and also there should be protection of the bore holes from cattle. More less the government should empower people in order to drill more many holes. the government  and community partnership should be intensified so as make these hand holes bore holes to be sustainable. Secondly machine drilled bores was found to be positive, statistically significantly related to water supply project suitability. Therefore, the study advice that the government either by itself or using International NGOs and other donors should keenly support the project. The project is more reliable in providing water abundantly all year around. Only that community participation is vital so as they feel they own the project hence protect and guide it. 
Additional to that, the study found that Upgraded family wells variable was positive, statistically significant to water supply project sustainable. Therefore it is advised that community if they own such well should report to the authorities so as to get help to modernize them, like treating water and even expanding their wells. Once registered, they can even supply water to other people in the community. The upgraded family wells are mostly used in Mtwara where literary each house have its own well hence other regions like Dodoma should be asked to adopt such technology 
Regarding mechanized pumps variable, the study found that the variables were positively, statistically and significantly related to water supply project sustainability. Therefore, the study recommends that hardly this technology is used in Dodoma. Therefore the government should encourage and support the use of mechanized pumps. This is much more advanced technology, more expensive, it provides more water and it can sustain larger population. Therefore, once machine pumps are used they can help even for modern agriculture for irrigation farms hence help people out of chronic poverty. 
For the case of rainwater harvesting, it was found as well positively statistically and significantly related to water supply project sustainability. In actual sense this is crudely done at Dodoma community. Only using buckets and dishes to tap rain water of which only lasts a day or two. It is advised that there should be huge government – community based project intended to harvest rain water and built large water reserves for cattle, agriculture and domestic use. Most of rainy water in Dodoma is lost without a trace, just down flowing to the sea. 
Last variable was gravity system whereby it was found to be positive, statistically and significantly related to water supply project sustainable. The technology is hardly used in Dodoma and most of the areas in Tanzania. Hence the study advises that that of project should be spread in the whole country rather than depending on traditional ways of water supply. 
5.5 Limitation of the Study 

According to the context and goals of the actors using technology, sustainable development is a contradictory phenomenon with varying interpretations and meanings to various actors. The water supply technology was chosen for this study based on the sustainability indicators matrix, which was then used to measure sustainability and evaluate project functionality. Water is essential for human growth. As a result, conducting a study on water projects is linked to a number of expectations from the projects' end users. 
One must exercise caution to avoid giving false information in their responses. In this case, the researcher was required to give a succinct justification and outline of the study's objectives. The researcher faces a very difficult challenge in researching community-based water projects in a variety of geographical settings. Multi-stage sampling techniques were used to create strata of various projects in order to study the various project types that were available in the study area in detail. Additionally, a simple random sampling strategy was used to choose the study project.
5.6 Suggestions for Further Studies 

 The researcher would like to propose additional research on other sustainability indicators, such as the effects on the environment, the capabilities of community water supply institutions, and the financial effects of unsustainable water supply services. Other indicators include the social effects of the 87 services and how well outside assistance can increase the ability of the legal community organizations to improve the sustainability of rural water supply. The results of the research should lead to suggestions that can help the rural water supply sub sector make wise investments.
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APPENDICES

My name is Francis Bwire. I am carrying out research entitled “the effects of technology on water supply projects sustainability in Tanzania: case study of Dodoma region.” in fulfilment of the award of PhD degree of The Open University of Tanzania. Hereunder is a questionnaire which I would like you to fill up.  While filling up this questionnaire, please encircle the rating number {1, 2, 3, 4, or 5} that represents your excellent level of agreement with each statement where 1 = strongly Disagree 2 = Disagree 3 = Neither Disagree nor Agree 4 = Agree 5 = Strongly Agree. 
Please note that, the information you provide will be kept confidential and will only be used for this research and that no attempt will be made to disclose your identity. 

                                                 Thank you in advance
.

PART A: DEMOGRAPHIC INFORMATION

Please put a tick ( to the right response in the space provided below each item

	a) 
	Age
	(1)18 – 29 
	(2) 30 - 39
	(3) 40 – 49 
	(4) 50 – 59
	(5) 60 and above

	
	
	
	
	
	
	

	b) 
	Gender
	(1)Male
	(2)Female
	
	
	

	
	
	
	
	
	
	

	d) 
	Education level 
	1.Certificate
	2.Diploma
	3.Degree
	4.Masters
	5.PhD

	
	
	
	
	
	
	

	e) 
	Experience in Water Project Works
	(1) Less than 5 years
	(2)6 –10 years
	(3)11-15 years
	(4)16-20 years
	(5)Above 20 years

	
	
	
	
	
	
	


 PART B INDEPENDENT VARIABLES- WATER TECHNOLOGIES 
 The effect of Hand drilled bores holes on water supply projects sustainability

	S/N
	Statement 
	SCORE

	1
	Hand drilled bores holes- are cheaper to construct
	1
	2
	3
	4
	5

	2
	Hand drilled bores holes- produce water more than any water technology
	1
	2
	3
	4
	5

	3
	Hand drilled bores holes- tend last long more than any other water technology
	1
	2
	3
	4
	5

	4
	Hand drilled bores holes- are favourite as compared to other water technology 
	1
	2
	3
	4
	5

	5
	The decision to get the Hand drilled bores holes- was the community idea 
	1
	2
	3
	4
	5

	6
	Hand drilled bores holes-  water technology was experts choice 
	1
	2
	3
	4
	5

	7
	Hand drilled bores holes- community was led to choose it
	1
	2
	3
	4
	5

	8
	Hand drilled bores holes- water project it does meet the community needs
	1
	2
	3
	4
	5

	9
	Hand drilled bores holes- is the technology that can be used by every house 
	1
	2
	3
	4
	5

	10
	Hand drilled bores holes- is  a long life water project 
	1
	2
	3
	4
	5

	11
	If asked about Hand drilled bores holes- I will recommend to other users 
	1
	2
	3
	4
	5

	12
	The choice of Hand drilled bores holes- is because it is sustainable 
	1
	2
	3
	4
	5

	13
	Time spent for water collection using Hand drilled bores holes is shorter than any other water technology 
	1
	2
	3
	4
	5

	14
	Hand drilled bores holes does not need frequent maintenance 
	1
	2
	3
	4
	5

	15
	The government do allocate money resource for maintenance of water projects available at your district
	1
	2
	3
	4
	5

	16
	The government does provide training for water management at this district 
	1
	2
	3
	4
	5


The effect of machine drilled bore holes on water supply projects sustainability

	S/N
	Statement 
	SCORE

	1
	Machine drilled bore holes are cheaper to construct
	1
	2
	3
	4
	5

	2
	Machine drilled bore holes produce water more than any water technology
	1
	2
	3
	4
	5

	3
	Machine drilled bore holes tend last long more than any other water technology
	1
	2
	3
	4
	5

	4
	Machine drilled bore holes are favourite as compared to other water technology 
	1
	2
	3
	4
	5

	5
	The decision to get the Hand drilled bores holes- was the community idea 
	1
	2
	3
	4
	5

	6
	Machine drilled bore holes water technology was experts choice 
	1
	2
	3
	4
	5

	7
	Machine drilled bore holes community was led to choose it
	1
	2
	3
	4
	5

	8
	Machine drilled bore holes water project it does meet the community needs
	1
	2
	3
	4
	5

	9
	Machine drilled bore holes is the technology that can be used by every house 
	1
	2
	3
	4
	5

	10
	Machine drilled bore holes is  a long life water project 
	1
	2
	3
	4
	5

	11
	If asked about Machine drilled bore holes I will recommend to other users 
	1
	2
	3
	4
	5

	12
	The choice of Machine drilled bore holes is because it is sustainable 
	1
	2
	3
	4
	5

	13
	Time spent for water collection using Machine drilled bore holes is shorter than any other water technology 
	1
	2
	3
	4
	5

	14
	Machine drilled bore holes does not need frequent maintenance 
	1
	2
	3
	4
	5

	15
	The government do allocate money resource for maintenance of Machine drilled bore holes available at your district
	1
	2
	3
	4
	5

	16
	The government does provide training for Machine drilled bore holes at this district 
	1
	2
	3
	4
	5


The effect of Upgraded family wells on water supply projects sustainability

	S/N
	Statement 
	SCORE

	1
	Upgraded family wells are cheaper to construct
	1
	2
	3
	4
	5

	2
	Upgraded family wells produce water more than any water technology
	1
	2
	3
	4
	5

	3
	Upgraded family wells tend last long more than any other water technology
	1
	2
	3
	4
	5

	4
	Upgraded family wells are favourite as compared to other water technology 
	1
	2
	3
	4
	5

	5
	The decision to get the Upgraded family wells was the community idea 
	1
	2
	3
	4
	5

	6
	Upgraded family wells water technology was experts choice 
	1
	2
	3
	4
	5

	7
	Upgraded family wells the community was led to choose it
	1
	2
	3
	4
	5

	8
	Upgraded family wells water project it does meet the community needs
	1
	2
	3
	4
	5

	9
	Upgraded family wells is the technology that can be used by every house 
	1
	2
	3
	4
	5

	10
	Upgraded family wells is  a long life water project 
	1
	2
	3
	4
	5

	11
	If asked about Upgraded family wells I will recommend to other users 
	1
	2
	3
	4
	5

	12
	The choice of Upgraded family wells is because it is sustainable 
	1
	2
	3
	4
	5

	13
	Time spent for water collection using Upgraded family wells is shorter than any other water technology 
	1
	2
	3
	4
	5

	14
	Upgraded family wells does not need frequent maintenance 
	1
	2
	3
	4
	5

	15
	The government do allocate money resource for maintenance of Upgraded family wells available at your district
	1
	2
	3
	4
	5

	16
	The government does provide training for Upgraded family wells at this district 
	1
	2
	3
	4
	5


The effect of Mechanized pumps on water supply projects sustainability

	 S/N
	Statement 
	SCORE

	1
	Mechanized pumps wells are cheaper to construct
	1
	2
	3
	4
	5

	2
	Mechanized pumps produce water more than any water technology
	1
	2
	3
	4
	5

	3
	Mechanized pumps tend last long more than any other water technology
	1
	2
	3
	4
	5

	4
	Mechanized pumps are favourite as compared to other water technology 
	1
	2
	3
	4
	5

	5
	The decision to get the Mechanized pumps was the community idea 
	1
	2
	3
	4
	5

	6
	Mechanized pumps water technology was experts choice 
	1
	2
	3
	4
	5

	7
	Mechanized pumps the community was led to choose it
	1
	2
	3
	4
	5

	8
	Mechanized pumps water project it does meet the community needs
	1
	2
	3
	4
	5

	9
	Mechanized pumps is the technology that can be used by every house 
	1
	2
	3
	4
	5

	10
	Mechanized pumps is  a long life water project 
	1
	2
	3
	4
	5

	11
	If asked about Mechanized pumps I will recommend to other users 
	1
	2
	3
	4
	5

	12
	The choice of Mechanized pumps is because it is sustainable 
	1
	2
	3
	4
	5

	13
	Time spent for water collection using Mechanized pumps is shorter than any other water technology 
	1
	2
	3
	4
	5

	14
	Mechanized pumps does not need frequent maintenance 
	1
	2
	3
	4
	5

	15
	The government do allocate money resource for maintenance of Mechanized pumps available at your district
	1
	2
	3
	4
	5

	16
	The government does provide training for Mechanized pumps at this district 
	1
	2
	3
	4
	5


The effect of rain water harvesting on water supply projects sustainability

	S/N
	Statement 
	SCORE

	1
	Rain water harvesting is cheaper Water resource 
	1
	2
	3
	4
	5

	2
	Rain water harvesting produce water more than any water technology
	1
	2
	3
	4
	5

	3
	Rain water harvesting tend last long more than any other water technology
	1
	2
	3
	4
	5

	4
	Rain water harvesting are favourite as compared to other water technology 
	1
	2
	3
	4
	5

	5
	The decision to remain using  the Rain water harvesting  is preference of the community 
	1
	2
	3
	4
	5

	6
	Rain water harvesting water preference is the most choice of the community 
	1
	2
	3
	4
	5

	7
	Rain water harvesting it does meet the community needs
	1
	2
	3
	4
	5

	8
	Rain water harvesting   can be used by every house sufficiently 
	1
	2
	3
	4
	5

	9
	If asked about depending only on Rain water harvesting I will recommend to other users 
	1
	2
	3
	4
	5

	10
	The choice of Rain water harvesting is because it is sustainable 
	1
	2
	3
	4
	5

	11
	Time spent for water collection using Rain water harvesting is shorter than any other water technology 
	1
	2
	3
	4
	5

	12
	Rain water harvesting does not need frequent maintenance 
	1
	2
	3
	4
	5

	13
	The government do allocate money resource for maintenance of Rain water harvesting available at your district
	1
	2
	3
	4
	5

	14
	The government does provide training for Rain water harvesting at this district 
	1
	2
	3
	4
	5


The effect of Gravity systems on water supply projects sustainability

	 
	  
	SD
	D
	N
	A
	SA

	1
	Gravity systems is cheaper Water resource 
	1
	2
	3
	4
	5

	2
	Gravity systems produce water more than any water technology
	1
	2
	3
	4
	5

	3
	Gravity systems harvesting tend last long more than any other water technology
	1
	2
	3
	4
	5

	4
	Gravity systems are favourite as compared to other water technology 
	1
	2
	3
	4
	5

	5
	Gravity systems water preference is the most choice of the community 
	1
	2
	3
	4
	5

	6
	Gravity systems can be used by every house sufficiently 
	1
	2
	3
	4
	5

	7
	If asked about depending only on Gravity systems I will recommend to other users 
	1
	2
	3
	4
	5

	8
	The choice of Gravity systems is because it is sustainable 
	1
	2
	3
	4
	5

	9
	Time spent for water collection using Gravity systems is shorter than any other water technology 
	1
	2
	3
	4
	5

	10
	Gravity systems does not need frequent maintenance 
	1
	2
	3
	4
	5

	11
	The government does provide training for Gravity systems at this district 
	1
	2
	3
	4
	5


PART C – DEPENDENT VARIABLE 

Water supply projects sustainability

	S/N
	Statement 
	SCORE

	1
	All water sources are established by the government 
	1
	2
	3
	4
	5

	2
	The community is involved of any water projects established by the government 
	1
	2
	3
	4
	5

	3
	The government normally  decide for the construction of water project in villages 
	1
	2
	3
	4
	5

	4
	Villages  have water committees for water projects maintenance 
	1
	2
	3
	4
	5

	5
	Water is easily accessed in this district 
	1
	2
	3
	4
	5

	6
	The government have plans for creating awareness on water management at village levels
	1
	2
	3
	4
	5

	7
	People take care of the water projects developed at their area
	1
	2
	3
	4
	5

	8
	The government do allocate money resource for maintenance of water projects available at in our  district
	1
	2
	3
	4
	5

	9
	Normally the government do conduct  training for water management for water users
	1
	2
	3
	4
	5

	10
	The community contribute either in cash or in kind during implementation of water projects
	1
	2
	3
	4
	5

	11
	The leadership of water projects in villages is excellent 
	1
	2
	3
	4
	5

	12
	There is frequent maintenance of water sources (abore hole wells, pipes etc)
	1
	2
	3
	4
	5


Rank the following water sources according to the technology used 

	s/n
	Technology used 
	Rank 

	
	Hand drilled bores holes
	

	
	Machine Drilled Holes
	

	
	Upgraded family wells
	

	
	Mechanized pumps
	

	
	Rainwater harvesting
	

	
	Gravity systems
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