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Allocating Crude Oil Supply to Refinery Tanks

Problem Description
The main objective of this project is to develop a decision support system that will facilitate the process of allocating the crude oil supply from tanker ships to port and then to refinery tanks. Figure 1 presents production and distribution channels of an oil company. The arrows depict the material flow associated with the refinery process. Crude oil arrives at the port on a ship tanker. Port jetties are usually available to land the tanker. Pipelines connect the jetties to crude oil storage tanks. Oil is then pumped to the refinery crude distillation units to be distilled. At the refinery, other tanks store distilled oil. The distilled oil is finally distributed to retailers. The system that we build supports only the decisions made at the yellow boxes of Figure 1.

Production of distilled oil is highly governed by market demand. The refinery management use demand forecasts, seasonal use of oil, and market trends to prepare production plans for the next month. The following are some of the issues faced by plant managers during this process: (a) Crude oil loads of different quality are generally segregated and therefore assigned to different tanks. The reason for that is to avoid contamination. (b) Oil cannot be pumped in and out of a tank at the same time, nor is it possible to pump oil from a tanker to more than one tank at a time. These limitations influence oil processing and transferring times and, as a result, impact operation costs. (c) It is difficult to predict the exact arrival time of ships in the port, since this depends on weather conditions. Therefore, defining a detailed plan for oil allocation over a long period of time is difficult. (d) The refinery processes and operations are usually slow. For example, the process of transferring or producing a specific oil product lasts for hours if not for days. Therefore, the decision about producing a certain kind of oil can affect the system for a very long time. 

Keeping these issues in mind, the main objectives of this system are as follows: (a) minimize tanker unload time; (b) avoid idle time waiting for tank availability; (c) allocate the crude oil supply to appropriate tanks.    


Figure 1. The structure of a generic oil-refining company.

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. Oil: The main attributes are identification number, name, description of properties, etc. 

2. Pipeline: The main attributes are identification number, location, capacity, type, etc. 

3. Port: The main attributes are name, location, number of jetties available, etc.

4. Refinery: The main attributes are identification number, name, address, name and telephone number of contact person, distance from the port, expected monthly demand, etc. 
5. Refinery Tank: The main attributes are identification number, type, capacity, expected loading/unloading costs, expected loading/unloading time, etc.

6. Supplier: The main attributes are name, location, expected yearly supply, unit price, etc. 
7. Tanker: The main attributes are identification number, capacity, etc.

Note the following: (a) Shipments sent by suppliers consist of a number of crude oil tankers. For each shipment, the shipment initiation date, shipment quantity, loading costs, loading time, and expected lead-time are recorded. (b) When a shipment arrives at a particular port, the following information is recorded: shipment arrival date, unloading costs and time, waiting time for a free jetty, waiting time for a free pipeline, demurrage costs, etc. Demurrage costs occur when a ship is kept loaded in the port, waiting for a free jetty, a free pipeline, or empty refinery tanks. (c) Crude oil is shipped from the port to a particular refinery. The following information is recorded: shipment date and quantity, amount shipped, cost of shipment, etc.       

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. List the shipments that are expected to arrive at a particular port on a particular date. Prompt the user for the name of a port and a shipment arrival date. The query returns the following: tanker identification number, supplier name, quantity shipped, description of the product shipped, unit cost, shipment initiation date (the date that the shipment left the supplier), etc.

2. Create a query that prompts for the classification of oil and returns the available pipelines that can be used to pump the oil from the tanker ship to refinery tanks. 

3. The following are two heuristic approaches that can be employed to choose the refinery tanks to be used for unloading a tanker:

a. Create a query that lists the tanks that have available capacity and are capable of carrying the particular oil type. Sort the tanks by descending order of the available capacity. The tanks that have the maximum available capacity are the ones that will be used first. 

b. Create a query that lists the tanks that have available capacity and are capable of carrying the particular oil type. Sort the tanks by ascending order of the available capacity. The tanks that have the minimum available capacity are the ones that will be used first. This heuristic favors full utilization of tank capacity.     

4. Usually, if there is not enough space to carry inventory at the refinery, the extra shipment is sold to other parties. Create a query that calculates the total space available in each refinery. 

5. The following queries help predict oil demand:

a. Create a query that calculates the average monthly purchases of crude oil by the oil refinery during the last twelve months.   

b. Create a query that finds the month that had the highest total purchase of crude oil during the last year.

c. Create a query that finds the month that had the smallest total purchase of crude oil during the last year.

6. The following queries help to predict shipment lead times:

a. Create a query that presents the actual travel time for each shipment received in the last six months. 

b. Create a query that presents the estimated travel time for each shipment received in the last six months.

c. Create a query that presents the actual loading/unloading time for each shipment received in the last six months.

d. Create a query that presents the monthly average lead-time (travel time plus loading/unloading time) for shipments received in the last year. 

e. Create a query that presents the monthly average expected lead-time for shipments received in the last year. Queries build in (6.c) and (6.d) will help to identify seasons where the deviation of the expected lead-time was bigger than the actual lead-time.

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: shipments, tankers, refinery tanks, etc. These forms allow the user to add, update, and delete information about shipments, tankers, refinery tanks, etc.

3. Create a form that allows the user to choose a shipment identification number from a combo box. Create a subform that presents the following information about this shipment: shipment initiation date, expected shipment arrival date, type of products shipped, and shipment quantity. Insert a command button that, when clicked on, lists the expected lead-time and actual lead-time for all the shipments that came from the same supplier during the last year. Insert another command button that, when clicked on, reports an estimate for the unloading time. This estimated unloading time is equal to the average unloading time of the shipments of the same size. 

4. Create a form that allows the user to browse through the information about the ports that the oil refinery gets shipments from. Create another subform that presents a list of shipments received during the last month from a particular port. Insert a command button that, when clicked on, reports the name and location of the port that has the best loading/unloading system. Insert a command button that, when clicked on, presents the name and location of the port with the highest number of pipelines installed.       

Design a logo for this database. The logo may contain the picture of an oil refinery plant, a tanker, etc. Insert this logo in the forms created above. Have the background color of the forms light yellow and the border color for the titles dark red. Include in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports:

1. Create a report of shipments that will be received one month from today. For each shipment, present the following: identification number, shipment initiation date, expected shipment arrival date, amount shipped, unit price, and total amount of payment.

2. Create a report that lists the refinery tanks that are available and ready to be used. For each tank, provide the following information: identification number, capacity, and type of oil that it carries. 

3. Use the chart wizard to plot the following:

a. The total amount of oil that arrived in each port every month during the last twelve months.

b. The gap between the actual and expected lead-times for shipments that have arrived during the last month.

c. Average monthly unloading costs during the last year.

d. The total amount of oil that was sold to third parties each month during the last year. 

e. Demurrage costs paid per month during the last year.

f. The total number of refinery tanks owned by the company each year during the last ten years.

g. The total number of free refinery tank-hours per month during the last year.

h. The average tanker ship waiting time for free refinery tanks per month during the last year.

i. The average tanker ship waiting time for free pipelines per month during the last year.

j. The average tanker ship waiting time for free jetties per month during the last year.

 Visual Basic.NET Application Development

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


In the welcome screen, the user can choose one of the five 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.

Ports, Pipelines, Ship Tankers & Refinery Tanks: This part of the database can be used to learn about: (a) ports; for example, identify ports located nearby a particular refinery, ports that have the most number of available jetties, ports that have the best loading/ unloading system, ports located near a particular supplier, etc; (b) pipelines; for example, present available pipelines on a particular port, available pipelines that can carry a particular type of oil, etc; (c) ship tankers; for example, present a list of ship tankers that can be used to transport a particular type of oil, a list of ship tankers located in a particular port, etc; (d) refinery tanks; for example, present the number of available tanks of a particular capacity, list the available tanks that can carry a particular oil type, etc. 

Oil, Supplier, Refinery & Shipments: This part of the database can be used to learn more about: (a) oil; for example, special requirements about transporting a particular oil type, list of pipelines and refinery tanks that can carry a particular oil type, etc; (b) supplier; for example, list of suppliers of a particular oil type, list of ports located near a particular supplier, average order processing time for a supplier, etc; (c) refinery; for example, total number of free tanks at a particular refinery, average amount of oil processed in a month at a particular refinery, etc; (d) shipments; for example, expected arrival date of a particular shipment, list of shipments expected to come on a particular date, actual unloading time of a shipment, average waiting time for a free jetty, etc.   

Simulation Model: We describe a simulation model that can be used by refinery managers to handle the process of allocating the crude oil supply from tanker ships to port and refinery tanks. This model can be used to perform a “what if” type of analysis. 

Below we present the main factors that impact this allocation process: 

1. Amount of crude oil arriving (at the port) on a particular day. The distribution of the daily amount of oil shipped is identified using the information about previous shipments. The amount of oil arriving on a particular day (in a simulation run) will be randomly generated from this distribution.

2. Number of refinery tanks to transport a particular type of oil. The data collected in the database can be used to identify the distribution of empty tanks of a particular type and available capacity on a particular date. 
3. Number of jetties, number of pipelines, loading time and cost, unloading time and cost, etc. These data can also be derived from the information recorded in the database. 
Note that this is a queuing problem. The factors described above will help you to build the model.  
Statistics, Graphs & Data Analysis: This part of the database is to identify trends in the following: (a) oil supply; (b) unit price of a particular oil type; (c) loading/unloading time; (d) waiting time to get a free jetty; etc. 
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 shipments, refinery tanks, ship tankers, etc.

Web Extension
A user may access this database from personal computers at home or in the office. The user could be a refinery manager, a supplier, the database administrator, etc. The information provided in this database should help the refinery managers to do the following: (a) minimize tanker download time; (b) avoid idle time waiting for a tank to be available; (c) allocate the crude oil supply to appropriate tanks to minimize the amount of unaccepted crude oil. Suppliers search the database to learn about shipment status. As it is explained in this project, the cost of keeping the ship idle at the port is high, and on top of that, unpredictable weather conditions impact shipping time. These factors concern suppliers, and as a result, the suppliers need to stay well informed about shipment status. 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.
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