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ABSTRACT 
With increasing public safety and concern for the environment, recent pipeline leak incident have shown that the 

cost to a company is increasing due to improper architecture of the pipeline. In this paper we have proposed a 

effective construction gas pipeline system using SCADA system so that the leakage of a pipe can detect instantly 

and automatically the further step associate to solve the pipe line Interstate natural gas pipelines are operated 

using sophisticated supervisory control and data acquisition (SCADA) systems. These systems are used to 

monitor, control and analyze operations. Software which runs in conjunction with the basic SCADA system 

expands the usefulness of SCADA data to enhance reliability and efficiency of operations, improve customer 

service, and minimize undesirable business practices, all in near real-time. Data from such systems are used off-

line for the development of planning tools, training and system design studies. 
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I. INTRODUCTION 

Gas pipelines are operated with a three-fold objective of ensuring safety of persons and property, 

reliability of service and cost-effectiveness. Operations are monitored and controlled by use of 

SCADA systems that provide thousands of data to pipeline controllers and operators. Some data are 

provided at intervals of a few seconds, other data are provided at intervals of a few minutes and still 

others on an hourly or daily basis. 

Operational data include pipeline pressure, flow rate, gas composition, and equipment status. 

Maintaining appropriate pressures in the pipeline is essential to ensure safety, maximize throughput 

and provide reliability of service. Flow rates are determined on the basis of energy as well as volume 

and are used to balance system demands and supplies. Gas composition is required to maintain 

appropriate combustion characteristics, screen for undesirable contaminants, and balance gas 

transmission on a thermal basis. Equipment status, such as valve position and compressor 

information, is used to confirm that the system is configured to meet operational objectives. 

1.1 Scada Systems 

SCADA system designs vary widely but there are elements common to all. For an interstate pipeline, 

data must be gathered from locations that are distributed widely across large geographical areas. 

Measurement transducers are polled frequently, often every two to five minutes. In a limited number 

of highly critical operations that are performed on-site at field locations, polling frequencies are 

measured in seconds. To efficiently perform basic functions, data must be accessible by operations 

personnel located in the field and at a central pipeline control center. As data are updated, the older 
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data that have been superseded over time must be stored for audit trails, trending, and maintaining a 

historical operating record. 

1.2 Hardware 

SCADA systems are configured with a variety of instrumentation. Flow rates can be measured using 

orifice plates, annubars, or ultrasonic measurement devices. Gas quality is measured using thermal 

titration or gas chromatography. Where necessary, instrumentation is installed to sample for various 

contaminants including oxygen, water, and hydrogen sulfide. 

Electrical signals from measurement devices are typically converted to engineering units in 

computers, referred to as remote terminal units (RTU), which are located at the measurement site. 

Communication links are provided by radio, cell phone, private microwave, leased line or satellite. 

Polling frequencies can be predetermined or on-demand. 

Data from a given area of operations is often concentrated in computers at field offices, which are 

distributed throughout the pipeline system. SCADA software running on these field computers 

provides operational data and control to local operations personnel. Central computers located at a 

company’s pipeline control center, in turn, poll field computers. SCADA software runs on the central 

computers to provide pipeline controllers with displays of operational data and remote control 

capabilities. 

II.  RELATED WORK 

Review of Leak Detection Methods 
Different leak detection methods are applied to monitor the integrity of a pipeline (Bose 1993, 

Carlson 1993, Turner 1991). Broadly speaking they can be classified into three categories. 

1. Biological methods - Experienced personnel or trained dogs can detect and locate a leak by visual 

inspection, odour or sound. 

2. Hardware-based methods - Different hardware devices are used to assist the detection and 

localisation of a leak. Typical devices used include acoustic sensors and gas detectors, negative 

pressure detectors and infrared thermography. 

3. Software-based methods - Various computer software packages are used to detect leaks in a 

pipeline. The complexity and reliability of these packages vary significantly. Examples of these 

methods are flow/pressure change detection and mass/volume balance, dynamic model-based system 

and Pressure Point Analysis. 

2.1. Biological Methods 

A traditional leak detection method is to use experienced personnel who walk along a pipeline, 

looking for unusual patterns near the pipeline, smelling substances which could be released from the 

pipeline or listening to noises generated by product escaping from a pipeline hole. The results of such 

leak detection methods depend on individuals’ experience and whether a leak develops before or after 

the inspection. 

An additional leak detection method is to use trained dogs which are sensitive to the smell of 

substances released from a leak. 

2.2. Hardware-Based Methods 

The hardware-based methods can be divided into four types according to the principles on which the 

devices are designed: 

· Visual devices 

· Acoustic devices 

· Gas sampling devices 

· Pressure wave detectors 

2.2.1. Visual Devices 

Some leaks can be detected through the identification of temperature changes in the immediate 

surroundings. Infrared thermography was used[1][2] to detect hot water leaks as the surrounding 

Designing a Cost Effective and Reliable Pipeline Leak Detection System Pipeline Reliability 
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Conference, Houston, USA, November 19-22, 19963 temperature increases after a leak develops 

(Weil 1993). This method can be used from moving vehicles, helicopters or portable systems and is 

able to cover several miles or hundreds of miles of pipeline per day. The recent development of 

advanced wide area temperature sensors makes the temperature profile technique more practical. 

Temperature sensors such as multi-sensor electrical cable and optical time domain reflectometry using 

fibre optic cables are used to detect changes of temperature[3] in the neighborhood of a leak (Turner 

1991).Ground penetrating radar (GPR) uses a radar transmitter and receiver to accurately pinpoint 

buried pipeline leaks without digging. The leaking substances can be 'seen' at the source by the radar 

via the changes in the surrounding soil's electrical parameters.A 'colorgraphic' data format then 

displays the leak (Graf 1990, Hennigar 1993). 

2.2.2. Acoustic Devices  

When a leak occurs, noise will be generated as the fluid escapes from the pipeline. The wave of the 

noise propagates with a speed determined by [4][5][6] the physical properties of the fluid in the 

pipeline. The acoustic detectors detect these waves and consequently the leaks (Hough 1988, Klein 

1993, Kurmer1993, Turner 1991).Due to the limitation of the detection range, it is usually necessary 

to install many sensors along the line. These sensors detect acoustic signals in the pipeline and 

discriminate leak sounds from other sounds generated by normal operational changes. 

2.2.3. Sampling Devices 

If the product inside a pipeline is highly volatile, a vapour monitoring system can be used to detect the 

level of hydrocarbon vapour in the pipeline surroundings. This is usually done through gas sampling 

(Sperl 1991). 

The sampling can be done by carrying the device along a pipeline or using a sensor tube buried in 

parallel to the pipeline. The response time of [7] [8] [9] the detection system is usually from several 

hours to days. For application to offshore pipelines, a hydrocarbon detector can be used with a ROV 

(remotely operated vehicle) with swimming and sea bed crawling capacity. Pipeline leaks result in 

hydrocarbon anomalies in surrounding sediments and sea water, which can then be detected by the 

hydrocarbon detector. 

2.2.4. Negative Pressure 

When a leak occurs a rarefaction wave is produced in the pipeline contents. The wave propagates both 

upstream and downstream from the leak site. The wave travels with speed equal to the speed of sound 

in the pipeline contents. Pressure transducers can be used to measure pressure gradient with respect to 

time (Turner 1991). Usually two sensors are used for each pipeline segment to help discriminate 

between noise and externally caused pressure drops. 

2.2.5. Software-Based Methods 

Software-based methods use flow, pressure, temperature and other data provided by a SCADA 

(Supervisory Control and Data Acquisition) system (Bose 1993, Turner 1991), they can be divided 

into four types: 

· Flow or pressure change 

· Mass or volume balance 

· Dynamic model based system 

· Pressure Point Analysis  

2.2.5.1. Flow or Pressure Change 

This technique relies on the assumption that a high rate of change of flow or pressure at the inlet or 

outlet indicates the occurrence of a leak. If the flow or pressure rate of change is higher than a 

predefined figure within a specific time period, then a leak alarm is generated (Mears 1993).  

2.2.5.2. Mass Or Volume Balance 

If the difference between an upstream and down [10][11]stream flow measurement changes by more 

than an established tolerance, a leak alarm will be generated. This method allows the detection of a 
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leak which does not necessarily generate a high rate of change in pressure or flow. The methods can 

be based on flow difference only which would generate a simple mass or [12][13] volume balance 

scheme or on flow difference compensated by pressure/temperature changes and inventory 

fluctuations in a pipeline (Liou 1993, Parry 1992). 

2.2.5.3. Dynamic Model Based System 

In its various forms this technique attempts to mathematically model the fluid flow within a pipeline. 

Leaks are detected based on discrepancies between calculated and measured values (Griebenow 1988, 

Hamande 1995, Liou 1994, Mears 1993).The equations used to model the fluid flow are: 

 Conservation of mass 

 Conservation of momentum 

 Conservation of energy 

 Equation of state for the fluid. 

The partial differential equations are solved by a variety of computational techniques, depending on 

the choices of suppliers. The alternative methods currently in use in commercial software packages 

include: 

 Finite difference. 

 Finite element. 

 Method of characteristics. 

Frequency response/spatial discretization. The method requires flow, pressure, temperature 

measurements at the inlet and outlet of a pipeline, ideally also pressure/temperature measurements at 

several points along the pipeline. 

2.2.5.4. Pressure Point Analysis (PPA) 

This method is based on the assumption that if a leak occurs in a pipeline, the pressure in the line 

drops. Using simple statistical analysis of the pressure measurements, a decrease in the mean value of 

a pressure measurement is detected. If the decrease is more than a predefined [14][15]level, then a 

leak alarm is generated. 

III. PROPOSE WORK 

The gas supply is a large process. The system is based on SCADA system. The SCADA system 

provide the gas supply system is very comfortable, controllable from a single station throughout 

whole city. 

The gas supply using SCADA system is divided in several section. Those section are as follows  

1. Gas station or reservoir of gas station. 

2. Pipeline 

3. Main control station. 

4. Subcontrol station. 

5. Subtransmiting station. 

6. Server 

7. Master station 

8. Home supply control. 

9. Pige 

1. Gas station  

The gas station is the main unit of gas supply. The gas are store in the gas station from oil refiner 

station or direct supply the gas to city. The gas supply from the station according to the requirement of 

the gas in city. The requirement of the gas is vary from time to time. If the requirement is more the 

master station increase the flow of gas by opening the extra valve in the gas station and maintain the 

pressure at the safety level .The pressure detector are detect the pressure of the gas at pipeline and at 

the branch line from the gas station to the main control station and the pressure detect attached with a 

data transmitter that transmit the data of the pressure to the master station the control flow of gas 

through the pipe line. 

2. Main control station:- 
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Main control station is the station where the gas supply come from gas station and this gas distributed 

to the whole city through pipe line. 

In this control station many outgoing pipe line are connected to the station the gas line distributed 

through those pipe line and each pipeline in the point of junction has a valve and a pressure detector. 

Through the pressure detector it check the safety limit then the valve is closed automatically. In this 

station calculate the flow of gas in individual pipe and send the data to the transmission station and 

from there to the master station. 

The master station analysis the data and take right action and controlling from master station to main 

control station. Suppose in any area master station have to stop the gas supply then the master station 

send the command to main control station as in from to programming or command language via 

server, then at main control station received the command accordingly to the command the control 

section which mainly in form of microcontroller, closed the valve in the pipe of that area. In this way 

the master station control the supply. Another feature of the main control station is that if any leakage 

I the pipeline it can automatically closed the valve and send information data to the master station. 

In the summery format the main control station is fully control by the master station through server 

station. The master station command to the main control station according to supply requirement to 

the city to the command the microcontroller in the main control station open and close the valve of 

each pipe and check the leakage  ,check the pressure and calculate the amount of flow in each 

pipeline. All those data are send out to master station via transmission station and server. In this 

format the whole control of gas supply is on the hand of master station. 

3. Substation control station 

The substation is a unit of the main control station. This unit is use for any emergency situation 

purpose if any leakage detect in the pipeline from main control station to home pipe line then the auto 

control station is made up in this way by microcontroller that the corresponding valve of the pipeline 

will close to stop the gas through the pipeline and the information of this valve will transmitted 

through the transmitter to the master station and then master take the whole responsibility to repair the 

pipeline. 

4. Sub transmission station 

The sub transmission is the communicating unit of every server, valve and pressure detector and pige 

to the master station via communicating media server. The sub transmission  station are covered a 

certain region of city so after ending the range of one sub transmission another sub transmission  

station control of extended region. In this way the whole city cover by some of sub transmission 

station .Those transmission station taking the data from server, pressure detector, on off condition of 

valve. Taking data transmitter transmit  the data to master station .In the other part to control the valve 

the master station sent out logical code for valve. Those information come to transmitter as well as 

receiver station and accordingly and according to the code, the sub control station control the valve 

inside the pipe. In this way master station control the whole operation. 

5. Pige 

Pige is moveable electromagnetic instrument which can be used to detect any kind of leakage in the 

pipe .It is cylindrical shape as it is movable inside through the pipe by the pressure of gas. It consist of 

large number of electromagnetic and reflect radiation receiver. When it goes through pipe it emitted 

radiation and those radiation are reflect back to the receiver attached to the pipe. if any kind of hole is 

present in the pipe emitted reflection will not come properly or sufficiently in amount to the receiver at 

that time pige is deterportion. Now the pige is attached to transmitter via that transmitter pige sent out 

the pipe damage or hole detection data through transmitter to the master station. In this way the master 

station detect any hole inside the pipe and get the damage location of hole by the pipe. After knowing 

the hole location the master station take action for repairing. 

IV. MATHEMATICS MODEL 

Let  consider n number of sub pipe line are connected to one main pipe line .now the gas flow from 

main pipe line to all the sub pipe line I.e the net quantity of gas are distributed to all sub pipe line 

accordingly to their cross sectional area as the pressure is equal in each sub pipe line. Now here let 

consider the cross sectional area of the main pipe line is H and the velocity of the gas is v. 

So the amount of gas pass through main pipe line is Q = A * v. 
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Now as the total amount of gas are distributed in all sub pipe line, so we can write  

Q = Q1 +Q2 +Q3 + Q4…….+Qn. 

Q = a1*v1 + a2*v2 +a3*v3 ….+an*vn. 

A1,a2,a3…..an are cross sectional area of sub pipe line.v1, v2.v3,v4….vn are velocity of gas in sub pipe 

line. So, the quantity or volume of gas pass through a certain point of main pipe line. 

Q = pi*R2*v. 

So volume(V) = pi * R2*v. 

Now we know PV = n *R*T  

So in the main pipe line 

P   = nRT/V = nRT/(pi*R2*v)  

So the total pressure of the main pipe line is  

P = nRT/(pi*R2*V) ….(2) 

In the similar way we can find the pressure in all the sub pipe line. 

P1= nRT/(pi*r1
2*v1)….(3 ) 

So we see from equation 2 as the cross section area is large. The pipe pressure will be reduce. 

Considering those equation the system should be important suitable main pipe or sub pipe line. Now 

suppose we consider n number of sub pipeline Connected to a main pipe line. 

So Q = Q1 + Q2 + Q3 + ….+Qn. 

A*v = a1*v1 + a2*v2 + a3 *v3 + ….an*vn. 

Now we consider every subpipe line has equal number of house are connected, so it has equal  cross 

section area. 

So Q1 = Q2 = Q3 … = Qn. 

So Q = n*Q1 

A*v = n *Q1 

A*v = n * a1 *v1. 

Pi *R2*v = n *pi * r1
2* v1. 

R2/r2 = n*v1/v …..(5) 

This equation shows that the ratio of cross sectional area for suitable supply of main pipe line. 

V. SIMULATION RESULTS 

In order to evaluate the performance of the water supply using SCADA system The comparison done 

in between Resistance of the pipe due to surface tension to Distance from the main supply. The 

simulation results were run on MATLAB 7.8 in a designed virtual environment. 

 

 

Fig- 1 Simulation results Probability of faliure of the pipeline with the pipeline Age. 

In figure-1 comparison between Probability of failure of the pipe to the age of the pipeline. From the 

result it conclude that with the increase of the age of the pipeline from main supply or sub supply line 

the probability of failure of the pipe increase.  
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VI. CONCLUSIONS 

Control in gas networks is an efficient means of scheduling gas transfer operations to achieve 

management goals, such as cost minimization, quality improvement, pressure regulation, etc. So far, 

only very few gas utilities have incorporated optimal control procedures in their supervision systems. 

The optimal control module described in this paper is applicable to a broad class of gas networks and 

incorporates a number of improvements over previous optimization applications.  

VII. FUTURE WORK 

In future we will be concentrating how the total gas network can be more stable and efficient. How it 

can be used in any area like in very cold or very hot area. In cold area the flow of the gas through the 

pipeline is the main concern and in very hot area the leakage of the pipeline is the main concern.  
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