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Abstract — In this paper, oil and gas wells monitoring system monitors the information of pressure and temperature in oil pipelines fluid remotely and real-time on-line. The system achieves an efficient management of data and realizes an enterprise resource planning’s automation and information. Matrikon OPC is commonly used for long-range communication in Supervisory Control and Data Acquisition (SCADA) systems. The users have shown that the system is running in good condition. Finally, we discuss the inadequacy and needful improvement of the system by integrating the SCADA tool (Matrikon OPC) with Enterprise Resource Planning (ERP) using Manufacturing Integration and Intelligence (MII) and Plant connectivity (Pco). In order to extend automation for remote diagnosis applications, strict requirements on availability, robustness, reliability and performance have to be satisfied to meet industrial standards. This paper is intended to present a SCADA network for tele-operation of large industrial applications.
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I. Introduction

Areas of oil and gas wells range from dozens to hundreds of square kilometres and the wells usually are more scattered in it. At present, it is widely used to inspect the equipment operation and record production data by men regularly in our country [1]. This means an inevitable increase in workers labour intensity and impact of oil production equipment monitoring and real-time data, or even accuracy [2]. When the equipment fails, it cannot be found in time, so we can’t monitor, prevent and control the equipment effectively. In order to effectively solve these problems, commissioned from the company of SAP LABS using Matrikon OPC Ltd., we developed the oil and gas wells monitoring system, which can real-time on-line; monitor the information of pressure and temperature in the oil pipelines. The use of the system in the oil field is to not only manage efficiently the relevant data and to share the data resource, but also the remote users can enquire the site's data, receive instrument failure and alarm recovery information. The objective is to achieve the status of centralized monitoring, to enable management staff to accurately obtain the necessary data and statistical analysis of the data anywhere at any time instead of going to the site, thus reducing staff input, shortening the time for the detection and repair to the bad oil and gas wells, and improving the productivity, promoting the level of management, and achieving better economic and social benefit.

As PI’s have become more powerful, it has allowed SCADA software developers to add more capabilities to their systems. SCADA systems have become tools that now help field operators to perform their jobs more efficiently, and facilitate in optimizing producing wells. The SCADA systems provide an active interface for monitoring and controlling plants and compressors, and provide real-time and historical well data to engineers to help them develop strategies for optimizing field operations.
2. DESIGN OF SYSTEM
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Figure 1. Schematic diagrams of the system
General project of the system is shown in Figure 1. The system of oil and gas wells SCADA monitoring comprises an instrumentation that uses flow meters, pressure gauges, Thermometers and sensors supported from the company of Matrikon OPC. These instruments are installed at the site of the pipelines, every six of which are set into a single group and connected to the system. MII collects real-time data from the instruments, inquires the data to ensure that the instruments and devices communication is normal, and to ensure monitoring the flux in pipelines in real time. In the absence of the alarm state, the wireless transmitter devices can organize the information from the meters under the protocol, and then send it to the MII which is interconnected with a computer installed in the oil and gas wells SCADA monitoring system in the centre of intensive administration. The oil and gas wells SCADA system developed all by our own simulates the topological structure of the pipeline at the sites and inquire the states of every meter working at the sites in real time. The software can process the relevant data, stores it automatically and print the statistic report forms of the producing by squad or time of day, month and year manually or automatically. With this help, it can be more convenient to make shifts at the production pipeline. Meanwhile this system can register the number of remote users and then configure the administration authority (MII) to them. The system enables the users who get the authority to inquire the information and to solve the alarms of every oil well at any time.

2.1 DESIGN OF THE HARDWARE

It is essential to choose the communicative method to achieve gathering of data from every area or site of the oil wells. As the SCADA tool (Matrikon OPC) is developing rapidly, many new applications become true.[3] According to the features of oil field, we know the frequency of transmitting information is high,  It is very suitable for the utility with the features that it is cheaper, widely covered as well as there’s no need to make additional access. Instead of attaching enormous and expensive terminal digital peripherals, it can inquire the information. Meanwhile, due to the use of the existing network, users don’t need another network, thus saving expensive network setting-up costs and maintenance costs, and avoiding limitation to the number of the users.  Then it has been gathered and processed from the flow meters, pressure gauges and thermometers, and the data submitted by the meters is encoded under the Matrikon OPC.

The functions are as follow:

1. Setting the system time;

2. Setting the receiving site;

3. Setting the flux alarm;

4. Setting the alarm site.
2.2 WHY SCADA?

SCADA system  are getting popular due to their flexibility of design, reduced costs, better power management, ease in maintenance, and easy deployment in remote and hard to- reach areas where conventional wired infrastructure is difficult to install. They have been successfully deployed in many industrial applications such as maintenance, monitoring, control, security, etc [1]. Thus, the dependence of control and diagnosis of industrial systems (PI) on physically connected communication infrastructure has been relaxed by the developing Matrikon OPC Analyser.
2.3 WHAT IS SCADA?

Supervisory Control and Data Acquisition is to monitor and control a process. It has been specifically developed to meet requirements covering large territories. SCADA is an industrial measurement and control system consisting of a central host or master (usually called a master station, master terminal unit) usually used for plant & facilities process controls. One or more field data gathering and control units or remotes (usually called remote stations, remote terminal units and a collection of standard and/or custom software) are used to monitor and control the remotely located field data elements.
Contemporary SCADA systems exhibit predominantly open-loop control characteristics and utilize predominantly long distance communications, although some elements of closed-loop control and/or short distance communications may also be present. SCADA systems are routinely seen in factories, treatment plants, production platforms, oil field, etc. These are often referred to as Distributed Control Systems (DCS). They have similar functions to SCADA systems, but the field data gathering or control units are usually located within a more confined area. Communications may be via a local area network (LAN), and will normally be reliable and high speed. A DCS system usually employs significant amounts of closed loop control. SCADA systems on the other hand generally cover larger geographic areas, and rely on a variety of communications systems such as microwave, Standard "C".
The name SCADA implies on 

· Supervisory

·  Operator/s, engineer/s, supervisor/s, etc

·  Control

· Monitoring

·  Limited

·  Telemetry

·  Remote/Local

·  Data acquisition

·  Access and acquire information or data from the equipment

·  Sends it to different sites through telemetry

·  Analog / Digital.

A SCADA System usually consists of the following subsystems:

· A Human-Machine Interface or HMI is the apparatus which presents process data to a human operator, and through this, the human operator monitors and controls the process. 

· A supervisory (computer) system, gathering (acquiring) data on the process and sending commands (control) to the process. 

· Remote Terminal Units (RTUs) connecting to sensors in the process, converting sensor signals to digital data and sending digital data to the supervisory system. 
· Programmable Logic Controller (PLCs) used as field devices because they are more economical, versatile, flexible, and configurable than special-purpose RTUs.
2.4 SCADA SYSTEMS FOR OIL & GAS 
SCADA components are easier to integrate and provide vastly improved capabilities and functionalities in which Communication limitations have been eliminated. Consequently, SCADA systems are being used for a range of operational improvement applications and linking these to business processes for a variety of purposes both internal and external to the enterprise.
Supported by intelligent field devices, expanded communication networks, and improved compatibility with IT, SCADA can now provide a wealth of information and knowledge to help users modify their business processes. The effective use of today's    SCADA systems requires their usage be leveraged to encompass both robust control and automation functionalities and, more importantly, the capability to support higher-level systems that overlap into enterprise optimization for utility and energy companies. The system must monitor and control field devices using remote terminal units at geographicallydispersedsites.
      

SCADA is recognized as the worldwide technology leader in wireless systems for remote operations in the oil and gas industry. The turn-key remote monitoring and control solutions to a wide range of applications delivered for oil and gas wells, water injection wells, and gas lift, and ESP, pipeline and refinery facilities are:

· Wireless Remote Terminal Units (RTUs) 

· Wireless Sensors (Pressure, Temperature, DP, Tank Level and others) 

· Low-power battery-operated devices 

· Web-based SCADA software with OPC 

· Diagnostic software for electrical submersible pumps 

2.5 DESIGN OF THE SOFTWARE

The software mentioned has been developed with ERP, and it works on the basis of MII.As the global price of oil increases, oil wells are exploiting continuously. Then pipelines and relevant meters for this special utility are highly demanded, so the software has been designed as the configuration that the authorized operators can design the pipelines and meters according to the situation fed back from the oil field in real time. At the same time, we’ve also designed lots of useful and convenient operating functions such as auto-connecting, auto arrangement, multi widget-moving in order to satisfy the various needs of users.

The whole software can be divided into four parts:
1. Data independent sampling at PI. 

This part can access the Matrikon OPC directly, then sample, process and store all the sampled information in order to accomplish the gathering of basic data. 
2. Interface data dynamical displaying.

What is required in this part is that all the numbers of pipelines and meters in the oil field are dynamically presenting the local working state. So all the meters, pipelines, oil-tanks and connecting valves that have been used are designed into be the kind of Matrikon OPC Analyser. Considering the large area of the oil field and the large quantity of the sites, we’ve used the MII to organize all the data in order to make users shifting among every site more comfortably and conveniently.

3. Database management in MII. 

The  kinds of relation tables to store sort of collected data and user data; they are tables of alarm information, local users, site administrating in the oil field, mapping relationship among the oil field, authority, diaries, remote users, data tables in the sites and mapping relationship among the sites. These kinds of tables can automatically backup all the data monthly.4-5 times based on user database report forms. In the oil field, a squad needs to work 8 hours and the machine must work continuously. When they make a shift they should represent a table of real-time production amount, so we make a function of auto-printing, which can regulate the format of report forms as well as accomplish the print report forms in the format of day, month and year in an auto or a manual way. Above all, for the convenience of maintenance to the system and the expansion to the functions, this system software contains several functions below.

· Users’ information;

· Data monitoring;

· Data inquiring;

· Database management and maintenance;

· Alarming;

· Graph, curve, report forms displaying and printing;

· Historical recording.
3. OVERVIEW OF THE WHOLE SYSTEM

3.1 THE RUNNING OF THE SYSTEM

In the normal state, the computer with this ERP software can process the data of the flux, pressure and temperature of the liquid in the oil pipelines and keep the information in archives. Users can inquire the information of every district or site on line or by sending the instructions through the Matrikon OPC from far away. The period between the sending and receiving each message is between half –an-hour and two hours. If the actual period of time lasts more than the set, then the system will alarm by considering the site in an abnormal state. 
After the abnormal site has been repaired, any remote user responsible to the site can send one message to inform the system all the problems have been solved, and then the system will resend the message to all the authorized users to shut off the alarming.

3.2 MAIN FUNCTIONS
1. Designing interface:  We can imitate the actual situation by computer according to the topology of the meters and pipelines in the oil field.

2. Monitoring in real time: We can monitor the flux, pressure and temperature of the liquid in the pipelines in real time with the help of this function.

3. Displaying in real time: All the parameters and graphs monitored can be displayed in real time.

4. Inquiry and Analysis: It makes sure we can inquire the data from the site on line or from far away; we can also inquire the diaries, the alarming record and the historical data; it can analyse the causes of abnormal situations as well.

5. Alarming: we can set the response period of time, if the actual period of time lasts more than the set, then the system will alarm with considering the site in an abnormal state. If the flux of liquid in the pipelines is below the set minimum, it will make an alarm too.

6. The recovery of the alarming: After the abnormal site has been repaired, any remote user responsible to the site can send one message to inform the system that all the problems have been solved, and then the system will resend the message to all the Authorized users to shut off the alarming.

7. Printing: All the users can print the system Configuration list, specification of all the meters and report forms.
8. Anti-pirate: We put the information of oil Field data in MII into a matched hardware Matrikon OPC in order to prevent the pirated edition.
3.3 DATA FLOW CHART                                 

· In Figure 2 shows the detailed flowchart showing the data flow .the master data contained in application system consists of process recipe and the process operators.

· Machine operations required for control system is defined in SCADA tool 

· Integration between the master data and control operations has been done by data mapping technique which involves the command protocol. 
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Figure 2. Flow Chart for Design Flow
3.4 DESIGNING INTERFACE:

As is shown in the Figure 3, the menu contains system, edit, check, report form, inquire and help.
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Figure 3. Designing Interface

There is an example shown in the Figure 2. We can check the flux, pressure and temperature easily; the instant and accumulated flux in the pipelines is displayed at the relay tank.
3.5 INFORMATION OF THE DATA

You can get the configuration list of the whole oil field after clicking the making formula configuration list of the edit menu. The system configuration list has the whole information of the districts, sites and the time; finally, all above can be printed into a list. All kinds of the report forms can be previewed and printed automatically or manually. You can get the logon time, events and operations of any users in the diaries. All the exact alarming information of every district and site has been shown in the alarming record. 
Advanced administrators and the board of directors can make reasonable decisions according to the details of the historical information shown in the historical data table. Users can also monitor the curve and column of any meters. 
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Figure 4. Operation flow meter

The operation flow meter is shown in Figure 4 with the time (hour) interval. 
4. CONCLUSION AND EXPECTATION
This is an application paper which introduces the hardware, software, theory, functions and some examples of the oil and gas wells monitoring system. This kind of system can improve the working environment, reduce the working intensity and enable efficient working in the oil field automation. Besides, it can receive the alarming and recovering information sent from the bad meters of Matrikon OPC, which makes the staff in the open air to solve the problem faster than the average by avoiding the hidden troubles like oil releasing. Generally speaking, this system improves the productivity and makes more benefit from the society and economy. Because it is essential to their reliability of the system to choose an efficient method, we’d better not only be satisfied with the SCADA to gather all the data, but also try to find a better way to accomplish the same work with MII. And this is a main subject we should achieve in the next improving step. In addition, this monitoring system can’t work without human beings at present. So what we will try our best to reach in the future is to make it working fully intelligently.

The whole system has been working nearly one year and there’s nothing wrong with it. It has been proved to be reliable and steady in practice.
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