KNOW-WHAT, KNOW-WHEN AND KNOW-HOW
“An Application for Guiding Operation, Maintenance, and Troubleshooting Water Pump Problems in Water Supply Projects in Tanzania”
Leah Marwa*1, Subira Munishi1, Tulinave B. Mwamila2
1 Department of Water Resources Engineering, University of Dar es Salaam, Tanzania.
2 Research and Consultancy of Water Institute, Tanzania.
*Corresponding Author
1. INTRODUCTION
Tanzania has experienced its share of frequent water supply projects failures during their operations, subsequently losing its revenues annually. This is mainly attributed to the failure of the pumping system. While a lot of investment is spent on establishing new water supply projects especially in rural areas, little attention is paid to functioning of these systems, leading to abandonment of most projects. 
[bookmark: _GoBack]The Government of Tanzania, through the MoW is implementing the WSDP where access to safe water is targeted to increase up to 85% in rural areas by 2021, the efforts that call for water related interventions that will ensure sustainability of water projects. Currently, various water pump troubleshooting guides from different water pump suppliers exist online. These guides have been of much help in the general determination and fixing of water pump problems. However the solution that exists are general and sometimes when applied, you might find that the problem still exists or the pump may operate for sometime then the problem re occurs again. 
This particular study therefore addresses the highlighted challenges by developing a guiding tool (an application) for detecting early signs of failures in water pumping system.  This would be the first attempt in Tanzania to develop such a tool. This study integrates a database of previous diagnostics, knowledge and expertise formerly used to address similar water pump problems from the pump manufacturers and/or suppliers with the solution obtained from the site experience where the water pump problems have been encountered. These two together will be used to develop an application which will guide the pump operators and engineers to address the symptoms of the problems immediately as they appear. 
2. MATERIAL AND METHODS
This study was conducted in Rural Water Supply and Sanitation Authorities (RUWASA) located at several regions in Tanzania where the geographical locations of these authorities support supply of water services by pumping scheme. A comprehensive literature review was conducted on aspects related to water pumps in rural water supply projects in Tanzania. Questionnaires were prepared and distributed to investigate the phenomena under study with water sector stakeholders (district and regional managers) and pump experts respectively. Informal discussion with pump professionals was also conducted to establish valuable information regarding water pumps. A site visit to some of the rural water authorities in Pwani, Morogoro (Morogoro DC, Mvomero, Gairo) and Tanga region as well as pump suppliers was done to get acquainted with the water pump technology and to get input on water pumps from the experts.
A pilot study involving representatives from each of the two sample groups was undertaken to sort out potentially confusing questions. Questions were modified on the basis of pilot study. The order of the questions was organized to facilitate the respondents’ responses and repetitive questions were removed. This study required the officials who are knowledgeable about the water pumps in water supply projects hence a convenient sampling method was used. This method involved survey of the professionals who were readily available to participate in the study. Questionnaires were then shared online and the responses downloaded for further analysis. Data cleaning was done in order to determine inaccurate, incomplete, or unreasonable data and then the quality was improved through correction of detected errors and omissions. After data cleaning, the data was transferred into the Microsoft word document for further analysis. 
Data analysis method used involved qualitative procedure. The collected data was analyzed qualitatively using content analysis method based on analysis of meanings and implications derived from respondent information and comparing similar responses from each respondent in order to come up with the common reasonable information to be communicated. 
The data obtained was analyzed then accordingly the water pumps problems were defined, their symptoms, causes were determined and recommendations for solution to eliminate the causes were given. A Web and Mobile based android application was developed in Android studio (programming platform) to assist in operation, maintenance, and troubleshooting water pump problems.
3. RESULTS 
Centrifugal pump both surface and submersible pumps, were identified as common type of water pumps encountered in rural water projects. This is due to the reasons that most of rural water supply sources are either boreholes which require pumps for water extraction and surface water which require pumps to push water to the storage or distribution units. The common water pump problems identified in this study were excessive power consumption (82%), seal leakage (53%), no or low flow (41%), no or low pressure (35%), excessive noise or vibration (24%). 
The collected information on water pump problems acted as a baseline for the development of this application. The application has been designed to access internet connection in the user device and shared in different mobile sharing platform such as whatsapp, bluetooth and email. 
Mobile app user’s signup (register) to this app using the email and password credentials of their choice. Once signed up, the users will continue to login and perform different roles either as a troubleshooter or contributor to the system. The user may access the application to troubleshoot any water related water pump problem by adding into the app details required then submitting. Also water pump professionals may also access the app to contribute to it about any water pump challenges or problems that they have encountered in their daily activities and successful solutions that they used to address such challenge.
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Figure 1: Snapshot of the mobile app once signed up
By clicking troubleshoot button the user enters necessary information then click search button to command the app to troubleshoot. At the bottom on the right hand side the user can choose to click a button which will direct him/her to a WhatsApp group where a user may chat live with pump professionals for further assistance. This enables sharing of information and will be an easy way of getting assistance in a fastest way despite ones location. 
Also by clicking contribute button, one may add information from experience to this app about any pump problem encountered and then submit. 
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Figure 2: Snapshot of the mobile app once Troubleshooting/Contributing
This application has a database that stores and keep record of all the users. The operator only has access to this database. He/she monitors the application and may choose to delete any information which is of no importance that may have been added into the system. All reported information is saved to cloud server automatically and updated after every second.

4. CONCLUSION AND RECOMMENDATION
The traditional measure of water access suggests that no one should have to carry the water for more than 20 min in an urban area and a distance of 400 m in rural areas while the time spent on collecting water should not exceed 30 minutes according to the Tanzanian government – then that person has access (United, Of, & Water, 2020). This distance definition overlooks some key issues that impact true access including the reliability and availability of water (Smiley, 2016). 
Reliability and availability of water will be ensured if the supply becomes continuously. Failure of the water pump often makes the water source inaccessible until the pump is repaired (Stewart and Candidate, 2003). Residents are forced to walk miles in order to fetch water for daily needs, alter their daily routines, limit consumption, or identify less desirable back-up sources of water to mitigate unreliable or unavailable sources (Bejarano et al., 2018). 
Hence, this study has acted as a basis for the development of an application which will guide the pump operators and engineers to address the symptoms of the problems immediately as they appear in order to ensure reliability and availability of water supply. 

5. EXPERIENCE OF CAWESDEA INTERNSHIP PROGRAMME
CAWESDEA internship programme has been a great platform for me to gain expertise while solving the challenges that our communities faces. At the beginning I did not know what to expect, however my supervisors have been extremely helpful, understanding and approachable which made my working environment confortable. Apart from working, several exhibition and conferences that I had an opportunity of attending and pitching through CAWESDEA programme, were such an amazing journey of confidence building and capacity building. Exposures to several trainings including paper writing training have improved my writing skills. This programme has also allowed me to forge valuable friendship with my colleagues, which I will always treasure.
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