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Introduction 
In the developing world, many cities and rural areas still lack water distribution networks (WDN) or 

have problematic networks installed. The most common problems can be classified into two categories: 

design problems and management problems. Design problems lead to inefficient networks with insufficient 

pressure heads, especially if there is a network expansion and/or growth in water demand. Management 

problems include unnecessary construction and replacement costs, maintenance problems such as lack of 

leakage control, inefficient use of water resources, water tariff and billing problems, amongst others.  

In order to facilitate the design process of WDNs and address some of the previously mentioned 

problems, several software were created, amongst them EPANET which is perhaps one of the most 

widespread ones due to its powerful functionalities and due to the fact that it is a free open source software. 

(Iglesias-Rey et al. 2017) EPANET consists of two main features, one for performing hydraulic modelling and 

the other for performing water quality modelling. The hydraulic modelling package uses the Hazen-Williams, 

Darcy Weisbach or the Chezy-Manning formulas to calculate friction head losses. It is possible to make 

extended period simulations of the WDN with different demand patterns and compute flow, velocities, 

pressure variations and tank water levels. The software contains a library of different items such as several 

types of valves, pipes, pumps, and storage tanks and can calculate pumping and energy costs. The water 

quality module can simulate the movement of tracer material in the network, the age of water, pipe wall 

reactions, amongst others. (A. Rossman 2000) 

 Although EPANET has a wide range of functionalities, there is still room for improvement and 

expansions, especially in its management capabilities. With the intent of expanding EPANET’s functionalities 

and of creating a web-based application for its clients, the German water and energy consulting company 

MACS GMBH created the WaterSmart Network Optimization (WSNO) application. MACS identified that many 

of their clients, which are small water utilities in developing countries, lack hydraulic specialists who are able 

to create complicated hydraulic models on EPANET. WSNO simplifies EPANET’s modelling process by 

including automatic data generation, verification and correction algorithms. Not only does this speed up the 

modelling process of the WDN but it also allows non hydraulic experts to make simulations and obtain 

reasonable results. (Kit et al. 2015)  

In addition, WSNO contains an economic evaluation functionality, which estimates the final cost of 

the water distribution network or the costs of rehabilitation and optimization of an existing network. The cost 

estimation is currently done by consulting a database with unit prices of products and services. The products 

included in the calculation are pipes, tanks, reservoirs and pumps of different sizes and materials. The unit 

prices of each product were obtained by gathering price information from several different suppliers and 

calculating the price average. The problem with this approach is that there is no real time update of product 

prices, and in countries with high inflation rates, these prices can quickly become obsolete and not reflect 

reality anymore.  

In parallel, MACS owns a separate asset management web application called WaterSmart Asset 

Management (WSAM). WSAM was created in partnership with one of MACS clients, SISAR Sobral. Sistema 



 
 

 

Integrado de Saneamento Rural (SISAR) is an association of rural communities in the Brazilian state of Ceará 

which has the purpose of managing all activities related to WDN. Activities include: operation, maintenance, 

treatment, expansion, sustainability, billing, cuts, reconnections, meetings with the communities, amongst 

others. The WaterSmart asset management application is an important tool that aids in some of these 

activities. Some of WSAM most important functionalities is the ability to consult and create service orders 

and products. The products category has information on the materials that are available in stock for 

construction or maintenance of the WDN. It is possible to visualize a list of all available products in the 

system and their respective specifications, amount available in stock, minimum amount of stock needed, 

supplier and unit price. It is also possible to record product acquisitions, product requisitions or create a new 

product entry. 

    

Objective 

 The WSNO and WSAM applications are currently running with independent user interfaces and 

databases are in active development. The company’s long-term objective is to create a software suite under 

the name of Water Smart with the two existing applications (WSNO and WSAM) and an additional Billing 

application. In addition, the WSAM application will be reproduced to other clients from other cities and 

countries, each with their own database of products and pricing.  

The short-term objective is to integrate the WSNO and the WSAM so that the WSNO can use the 

current material prices from the asset management application and deduct the materials used in each 

project from the stocks in the WSAM. This will bring improvements to WSNO economic evaluation 

functionality with the substitution of outdated unit prices for real time product prices, and improvements in 

asset management with a better estimation of the amount of products needed in each project.  

 The objective of this thesis is to provide an integration solution that can attend to all of the desired 

short-term application objectives. The solution should also consider the long-term objectives and set an 

environment where connection and communication with additional databases are facilitated. If time permits, 

a case study will also be carried to test the final application’s functionalities and the feasibility of its results. 

 

Methodology 
The integration solution should have the WSNO application connecting to two different databases, 

without the need of merging these. The WSNO application should retrieve the necessary information from 

the WSAM database. Therefore, the WSAM will be used to manage the products in the database, while 

WSNO will use these product properties to model a water distribution network, generate a bill of quantities 

and deduct the products used from the WSAM database. 

 



 
 

 

The steps needed for the integration are: 

1. Connecting to the new database from the WSAM 

2. Selecting the relevant data on products and properties from the product table. The relevant products 

are: pipes, valves, pumps, tanks, and reservoirs. 

3. Making new tables (pipe_properties, pump_properties)  in the WSNO database with these query 

results 

4. Return selection options in front end with new products by connecting to the new tables  

5. Store user selection and use selected products and quantities to run simulation 

6. Update cost calculation algorithms and bill of quantities generator 

7. Add new functionality in website to allow user to commit to a project after simulation so that only 

real projects use up the product stocks from the WSAM database (and not trial projects). 

8. Update stock quantities in WSAM database and application. 

 

The application development environment have the following settings: 

 Web Framework used: Django 

 Development Language: Python2 

 Database management system: Postgres 

 HTTP server: Apache 

Work Plan 

 

Week 5 12 19 29 2 9 16 23 30 7 14 21 28 4 11 18 25 2 9 16 23 30 6 13 20 27

Tasks
Installing and understanding sofware structure

Writing a project proposal

Implementation phase:

connection to database

module with queries (getAllPipes)

 retrieve user input and write tables

smaller updates on existing files

Cost calculation algorithm update

module with update queries 

Testing phase

Case Study

Thesis Writing

Presentation writing

Presentation practicing

Deadlines
Inception Report 15

Online Seminar 19

Local meeting

Thesis Submission 15

Defense

AprilMarch JulyJuneMay August
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