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Water Treatment Facilities in a Municipal Area

Problem Description
Every year, the local government of a municipal area develops environmental protection programs that set the standards about water and air quality. Often, the government has to decide about investing in building water treatment facilities to comply with these protection programs, etc. The process of developing an environmental protection program and making decisions takes a lot of time, as the local government has to identify the following: possible sources of pollution; water quality conditions; the need for new water and wastewater treatment facilities and estimate corresponding investment, operations, and maintenance costs; lowest cost strategies for meeting requirements for water supply and wastewater treatment specified by water quality standards; technical options for improvements; etc.  

We want to build a decision support system to help the local government in the process of making a decision. The system is built based on a database that keeps detailed information about the following: water sources available and corresponding quality, investment options available and corresponding costs, operation and maintenance costs at a facility, growth rate of the industrial sector, predefined standards about the maximum level of effluents in water, etc. 

Database Design
We present below the main entity types of this database. For each entity type, we provide some of the corresponding attributes. Use this information in order to: (a) Build an Enhanced E-R diagram; (b) Transform the Enhanced E-R diagram to a relational database. Identify the primary key(s) and the foreign key(s) for each relation. Draw the relational integrality constraints; (c) For each of the relations created, indicate its normal form. If the relation is not in the 3NF, decompose it into 3NF relations.
1. Water Treatment Facility: The main attributes are name, address, name and telephone number of the contact person, quantity of water it treats per month, list of the type of treatments performed, etc. 

2. Water Source: The main attributes are identification number, location, current water quality and quantity, etc.

3. Investment: The main attributes are identification number, capital costs, operating costs, maintenance costs, estimated percent improvement on water quality because of this investment, etc.  

4. Business: The main attributes are identification number, name, address, name of the contact person, starting date, average water consumption per month, average waste water generated per month, etc. There are two main types of businesses we identify: industrial and agricultural businesses. 

5. Treatment: The main attributes are treatment number, description, etc.

6. Regulation: The main attributes are identification number, name, approval date, description, etc.

Note the following: (a) Water sources need frequent treatment. Every time the water is treated, the following information is recorded: date, quantity, description, etc. (b) A regulation proposes a number of water treatments to be performed. 

Access Application Development
The following are some of the queries, forms, and reports one can create in order to increase the functionality of the database:

Queries:
1. Create a query to identify the number of water treatment facilities located in a particular water source. For each water source, present the total amount of water treated per month.

2. Create a query that presents the following information about each water source: a description of the types of water treatments it gets and a description of the types of water treatments it is supposed to get based on the regulations.

3. The following queries help the management identify the amount of water consumed and amount of water wasted per month: 

a. Create a query that calculates the total amount of water consumed and the total amount of water wasted per month by agricultural and industrial businesses.    

b. Create a query that calculates the average amount of water consumed and the average amount of water wasted per month by agricultural and industrial businesses.

c. Create a query that presents the total number of industrial and agricultural businesses opened every quarter in the last five years.

d. Create a query that presents the average amount of water consumed, the average amount of water wasted per month by agricultural and industrial businesses, and the amount of water that will need treatment.

4. The management is interested to know if the current facilities will be able to handle the increasing need for water treatments. The queries we built in the previous step give insights about the increase in the number of the agricultural and industrial businesses. Create a query that prompts for the increase in the number of industrial and agricultural businesses and returns an estimate on the amount of water that will be consumed by the businesses.     

Forms:
1. Create a user sign-in form together with a registration form for new users.

2. Create the following data entry forms that are used for database administrative functions: water treatment facilities, businesses, regulations, etc. These forms allow the user to add, update, and delete information about treatment facilities, businesses, regulations, etc.

3. Create a form that allows the user to browse through the different water treatments recorded in this database. Create a subform that presents a list of regulations that include the selected water treatment. Present the approval date and a detailed description for each regulation.

4. Create a form that allows the user to choose a water treatment facility from a combo box. Create a subform that presents the following information about the selected facility: name, address, amount of water it treats per month, and years of operation. Create a subform that presents a list of the types of treatments performed in the selected facility. 

5. Create a form that allows the user to choose a particular regulation from a list box. Create a subform that presents the following information about the selected regulation: identification number, approval date, and description. Create another subform that presents a list of the water treatments that should be performed on the water sources.

6. Create a subform that allows the user to choose from a combo box a water source. Create a subform that lists the businesses that use the water from the selected water source. For each business, present the following: name, type (industrial or agricultural), the amount of water consumed per month, the amount of water wasted per month, etc. Create another subform that presents a list of the facilities that treat the water coming from this source.     

Design a logo for this database. Insert this logo in the forms created above. Have the background color of the forms light green and the border color for the titles yellow. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports
1. Create a report that summarizes the activities at each water treatment facility. For each facility, the following is presented: name, years of operation, and amount of water it treats per month.

2. Create a summary report about the activities of industrial/agricultural businesses. For each business, present the following: name, the average amount of water consumed, and the average amount of water wasted per month. The report should also present the overall average amount of water consumed and water wasted per month from industrial and agricultural businesses. 

3. Create a report that summarizes the regulations that have been approved during the last year.

4. Use the chart wizard to plot the following:

a. Average monthly consumption of water by agricultural businesses during the last year.

b. Average monthly consumption of water by industrial businesses during the last year.

c. Average amount of water wasted per month by agricultural businesses during the last year.

d. Average amount of water wasted per month by industrial businesses during the last year.

5. Use the label wizard to create labels with the addresses of the industrial and agricultural businesses.

Visual Basic.NET Application Development

This database application can be used by government employees, businesses, etc. In the following figure we present a tentative layout of the system. 



In the welcome screen, the user can choose one of the four options presented. We give details about the forms or set of forms to be included in each option; however, you are encouraged to add other forms you find important. We suggest that the queries, forms, and reports already created in the Access Application Development section be included in here.

Water Sources, Treatments & Regulations: This part of the database keeps information about water sources, different treatments used in the water treatment facilities, and regulations approved. Government employees browse this part of the database to learn about: (a) the current activities at the water treatment facilities, (b) the new regulations about water treatment, (c) the compliance with the regulations, etc.

Businesses: This part of the database keeps information about: (a) the amount of water consumed by industrial and agricultural businesses, (b) the amount of water wasted, (c) the compliance of businesses with government regulations, etc. 

Statistics, Graphs & Data Analysis: Government employees often visit this part of the database to identify trends in total amount of water consumed or wasted by industrial and agricultural businesses.

Update: The update form requires an administrator login name and password. This form allows the user to add/delete/update the information kept in this database about water treatment facilities, regulations, businesses, etc.

Web Extension
A user may access this database from personal computers at home or in the office. The user could be a government employee, a business manager, the database administrator, etc. The government employees use the database to learn about water consumption, water treatments, new regulations, and compliance of different businesses with government regulations. Business managers browse this database to learn about new regulations, water treatment requirements, etc. Only the database administrator can have access to the update forms.
Develop an ASP.NET web application that will enable the users to access the database and perform the activities described above. Your application will have forms similar to the ones described in the VB.NET Application section.

Reference 
Krejcik, J. and Vanecek, S., “Application of DSS for Development of Accession Strategies in the Water Sector in Czech Republic.” Decision Support Systems, International Workshop 6 April 2000.
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