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Abstract : - This article deals with the development of a remote detection system for early detection of leakages in the oil and gas pipelines. The system is designed to receive data’s from various electronic equipments operating in different  frequency ranges and corroborate the data’s with suitable formula’s to get the ultimate better yield. Four types of information sensors form the major part of equipment: an infrared camera, a video camera, a laser spectrometer and global positional system. A joint data handling allows to determine the presence and location of leakages.
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1. Introduction
Loss of liquid hydrocarbons, gas or basic petrochemicals can be a serious problem, if appropriate methods are not used to detect promptly the leakages in the pipelines. The problem of pipeline leak detection is very important to prevent product losses and environmental pollution. The modern pipelines are designed, constructed and operated with the aim to assure their safe operation as well as the safety to the public. But as any technical system, pipeline can lose its function. Some of these pipelines were laid in the 1930s and 1940s, and many were installed in the 1950s and 1960s. It is estimated that over 50% of the pipelines in the U.S. are over 40 years old, and some up to 55 and 60 years old [1]. Almost 50 % of pipelines in Mexico have 30 and more years [2]. During the operation processes like, transporting, distribution and merchandising, they can bring about operating problems, caused by inner corrosion, bumps to the installations from third party, or due to underground terminals and resulting in heavy loss of products.

The investigation reported by the Office of Pipeline Safety during the period between January 1986 and September 2003 have shown, that the number of accidents involving the gas distribution operators in USA was 201 in 1988 and 102 in 2002. The mean price of accidents during this period was augmented as $78,020 in 1986 and up in 2003 to $232,786.  The gas transmission operators had the same level of incidents (nearly 80 incidents per year), but their total price has grown from $11,166,262 up to $25,464,568 [3, 4]. 

The periodic inspection of pipelines, allow to reduce the above-mentioned losses. There are various methods for detecting pipeline leaks [5]. The most common are:  volume balance and flow balance. The advantage of these methods is the detection of the leaks in real time. The disadvantage of both methods is its low sensitivity. It is possible to detect leaks greater than 1.25 - 1.5% of the total flow or approximately 25 litres per minute. A leak with a 0.8 mm diameter in a pipeline with 20 atmospheric pressure will cause a loss with velocity 1.5 litres/minute (less than  the sensibility of the methods), which means a loss of  100 tons of oil in a lapse of 2 months ( approximate  time for the going up from an average pipeline depth to the surface). 
Inspection by means of special instrument -"pig" is the second common method. A large variety of pigs have now evolved. The most modern is “intelligent pig", designed to deliver detailed information about a pipeline. This type of “pig” has various sensors (magnetic, ultrasonic, etc.) for definition of a tube condition and navigation system for determining "pig" position in pipeline. But, this method has one essential disadvantage - high cost. The inspection of one kilometre of the pipeline can attain to $15,000 U.S.D.
For this reason it is necessary to use alternative methods for the leak detection. The usage of above mentioned system allows to find out small outflow on early stages [6].
2. Problem description.
Three physical effects are the basic motives for such anomalies. The first effect is a temperature diminution in the high speed flow. The pipelines have high pressure. When the pipelines have a little crack, the gas escapes from it with supersonic speed and changes its own temperature significantly. In this case, after a certain time, the temperature of the surface above the leakage is changed. On the other hand, liquid that flows out of a crack with high pressure (in cases of oil pipelines), has high speed too, and converts itself in to gaseous phase. Finally, the effect is just as gas leakage.


The second effect is the transmittance. The component ingredients of air and of natural gas or oil (methane or ethane specifically) have different transmittance (1.0 and 0.95 respectively). The infrared camera can produce images in two bands: an in the band of absorption of the ethane and the other band where the ethane is near transparent. In the case of the leakage, the image appears as the thermal anomalies on the ground surface. Only this effect can cause a temperature difference up to 0.4°K. Equation (1) gives the approximation radiance at the aperture of a sensor looking at the emitting ground through a nonscattering absorbing fume of ethane [7].
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where: ( is the wavelenght, T is temperature, bb is black body denotation, (g   is banded emissivity of ground,  ( is the Stefan Boltzmann Constant,  Tg  is the ground temperature,  (path, (1 - (2  is the banded average path transmittance over the atmosphere and gas cloud from the sensor to the ground in the band of interest, Tpath  is the atmosphere and gas temperature.

The third effect is based on the phenomenon of the thermal contrast of the oil spot that flow out from pipeline to the surface. The superficial temperature of the oil spot is determined by conditions of the heat interchange of oil with environment. Such parameters as the wind, solar radiation, vaporization intensity and geometrical parameters of the oil spot are influenced on the temperature interchange. A difference of temperatures between the oil film and the water surface during the day can be from 3 - 15 K. The reason of the temperature contrast is that the oil film have higher boiling point compared to water, hence due to the solar radiation water evaporates easily compared to the oil.  
As determined in ref [8], a difference of temperatures (T between a petroleum film ( film thickness  h ( 0.1 mm) and water surface during daylight hours can be from 0 - 5 K. For thick films (film thickness h ( 0.1 mm) this difference goes up to 3 - 8 K. For IR range  (( = 8 - 14 microns factor of radiation of petroleum (  is equal to 0.96 and background (water) ( = 0.98. Then, the difference of radiating temperatures of a thin petroleum film and pure water computed by means of the equation (2) [9]:
(TR  = ((T + (((;   (( = (P - (;  (T = T P - T, 
 (2)

will make (T = -1 to 5 K,  for thin films, and  (T = 2 to 8 K for thick films.

Where, T P is pipe wall temperature [oooo0K]; T  is ground  temperature [K]; (P , (  are thermal radiation coefficients for pipeline and ground in IR spectral band; (  is coefficients which dependent on the location of  the object and orientation of its surface. 

If the petrol gets up to the ground surface, the temperature difference compared to the adjacent areas will be  little bit less at the expense of evaporation of petrol and therefore, the difference of temperatures will be greater (from -2 up to + 7 K) [9].

As a rule, the temperature anomalies caused by petroleum and gas leaks become apparent directly above the pipeline. In this case, the pipeline is part of an environmental background and can apparently intensify the anomalies or to reduce their contrast. The opportunity of detection and damage control of the underground pipeline is defined by the effect that petroleum and gas flowing in pipeline have higher temperature than environmental ground. 
It is possible to show that for pipeline with diameter about 0.5m with 2 mm thickness bituminous isolation tape, located at 1.5m depth, the radiating temperature difference ТR  will be equal to  0.3 K [6].
As shown in ref [6] the problem of leakage detection by IR cameras has two sides. First, is the minimum temperature difference and second is the minimum geometrical size.
The object detection probability P is defined by a signal/noise relation m, which is evaluated from the following equation (3). The numerical meanings of probability calculated using this formula are shown in      Table 1. [10].
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were: (TR  is thermal radiation difference between object and the background [K]; S  is area of the object [m2]; l  is object length [m]; b  is object width [m] ; (To  is camera sensitivity threshold [K];  (0   is nominal magnitude of  elementary field of vision of the camera, milliradian; H – is altitude [m]; q0-is image line width; ( is aligning angle [deg]; (  is angle of deviation from aircraft flight plain [deg];  (  is lateral deviation angle [deg]; (a is air transmittance coefficient; ( is correction coefficient for  calculate background temperature from standard (295 K) to actual; k  is  noise coefficient; 
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 is filter transmittance coefficient.

      Table 1.

	m
	2
	2.4
	2.8
	3.2
	3.6
	4
	4.4
	4.8

	P
	0.12
	0.21
	0.34
	0.5
	0.66
	0.79
	0.88
	0.95


From the equation (3), it is possible to determine a relation for approached account of object detection temperature [10]:
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(4)
If  b = q0 , P = 0.9, (a = 1 and T = 295 K (I.e. m = 4.5,  k = ( = 1) then 
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If  b/q0 ( (, P = 0.9, (a = 1 and T = 295 K (I.e. m = 4.5,  k = ( = 1),  the equation determines magnitude named as limit of the temperature resolution, which is equal  to 
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The sensitivity of the camera is equal 0.1 and if the object geometrical sizes b is equal to image line width q0 (usually q0 is equal 0.58 milliradian) it is possible to determine the minimum of temperature anomalies which will be fixed by IR camera. 
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It is easy to evaluate from 500 m altitude, that the object geometrical sizes correspond to q0 is equal to 0.14 m. But the temperature anomalies usually have much larger sizes. Three above mentioned principles of leak detection will form temperature anomalies which have temperature and the geometrical sizes sufficient for detecting by IR camera.

The most favourable aspect for thermo anomaly detection is presented with the atmospheric conditions during the night, when thermo differences on the land surface are minimum. Meteorological conditions in the research achievement are defined by work peculiarities of infrared equipment.  During rain and especially with snow, the effective contrast of the soil objects decrease severely.  After the rain, the thermal differences contrast of those formed when the soil surface gets cold due to a product leaks, are increased as damp soil counts on higher thermal conductivity. When the atmosphere has clouds thermal differences decrease on the earth surface due to the lack of thermal shades from trees and bushes.

3. System description.

The system that was designed in Mexican Petroleum Institute contains the following modules: an infrared camera; spectrometer; video camera; GPS, data storage module and processor. Fig.1 shows the block-diagram of the designed system.


The principal equipment of the system is an infrared camera. The camera detects the thermal anomalies that are caused by gas and oil leakages. The IR2000 Infrared, Inc. infrared camera is used in the system and it has following technical datas: uncooled ferroelectric detector (320 x 240); 7-14 microns spectral response;  detection sensitivity <0.1°C; video update rate 30 Hz; EIA RS-170 NTSC video output and RS-232 serial port; dimensions 240 x 100 x 100 mm with weight 1 kg.   
The detected thermal anomalies are not always associated with leakages, because these can be generated by means of the atmospheric thermal anomalies. And this can cause the false alarm. Therefore for the rapid detection and for increase of the reliability of inspection, the infrared onboard equipment data must be added to the information from the video band devices and spectrometers. 

Fig.1. System block-diagram.
As additional equipment the system used the video camera Sony and the IMSS imaging spectrometer (Pacific Advanced Technology Inc.) that has a spectral resolution of 0.01 microns and over 200 spectral bins between 3 to 5 microns. 

The GPS receiver “GARMIN GPS 35 TracPak " provides the position data to the system. These additional equipments help the operator to detect the leakages accurately. The received information are recorded both on films in the cameras, and on electronic memory of an onboard computer.

The principle of leakage detection is based on the analysis of the thermal anomalies, definition of spectrum of the ethane or methane gas, processing of the surface video images and coordinate determination. The co-processing of the mentioned data permits to detect and to locate pipeline leakages. The system has high resolution that permits to detect leakage at the time break itself.

4. CONCLUSION

A modern level of computer facilities, infrared and video cameras allows to create equipment capable to detect pipeline leaks.
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