CHAPTER 2

POLLUTION

2.1 Pollution Type
In some areas, however, contamination appeared to pose a serious threat to power system insulation. In some region, the contamination sources were chemical plants, steel mills, cement factories, stone crushers, limestone, road salt, fertilizer, and mixed combinations of these. The countermeasures undertaken were mainly an application of silicon grease on the insulator surfaces, annually or semi-annually. In some areas, the weather condition having a dry period up to 7 months without rain, allows a heavy accumulation of dry contamination on the insulator surface. Flashover usually took place during the foggy early morning hours. The pollution in these areas is both from sea-salt and industrial sources. For transmission lines, insulation equal to 130 to 160% of the normal practice by standard type or fog-type insulators has been employed in this area and washing of insulators has been extensively used.

In some region, the transmission system has a serious sea-salt contamination problem. The countermeasures employed in this region are:

1. Use of silicon grease for all major equipment bushings in all substation and all insulators in the stations having direct exposure along the coast.

2. Live-line washing of insulators.

Industrial pollution
The pollution layer on insulators caused by contaminating industry is normally built up successively during months or years with intermediate periods with humid weather conditions. To monitor the development with time of the leakage current amplitude, or the accumulated leakage current charge during a certain time interval, is the most direct way of determining the behavior of the insulator during pollution. It will then be possible to see how the pollution activity is increasing with time and also to see the effect of rain (natural washing) and to decide about artificial cleaning.

Any other method like the ESDD (Equivalent Salt Deposit Density), is indirect methods and therefore less reliable. This because the risk of flashover of a specific insulator is directly related to the leakage current amplitude (or average current during some seconds), whereas the ESDD does not give much direct information about the behavior of the insulator and may be dropped in case leakage current measurements are carried out. For the same ESDD the risk of flashover depends very much on insulator design and insulating materials used.

For non-ceramic insulators a second very important question rises in addition to the risk of flashover. This question is related to the surface degradation (tracking) and physical damage of the insulator caused by the leakage current. In this case the accumulated leakage current charge during a certain time interval is a better measure of the surface stress caused by the leakage current than the current amplitude. 

Tests in the laboratory as well as in the field have shown that hydrophobic surface materials like the silicon rubber, behaves very well during pollution as long as the surface contains its hydrophobicity, but break down when the hydrophobicity is lost. This means that for these types of materials the surface break down in case the pollution period lasts too long, i.e. there is no time for the surface material to recover its hydrophobicity.

To be able to study the behaviour and to judge the condition of this kind of insulators, the accumulated charge during a certain time interval versus time (months/years) is a very good parameter. The change in slope of the cumulative charge, i.e. the accumulated charge per time interval, is according to CIGRE SC 33 a good indicator of the onset of hydrophobicity loss, ageing or degradation.

Coastal pollution
Salt from the sea is normally accumulated on the insulators during periods with windy weather with direction from the sea. During a following humid period the leakage currents occur, which may cause insulator flashover in case the current is above a certain value. If the situation is such that the salt layer is built up during several windy periods with intermediate humid weather, the situation is very much the same as for industrial pollution with respect to draw conclusions from leakage current measurements.

In case the salt is accumulated on the insulator surface and the wetting is followed more or less directly thereafter, it may not be possible to obtain enough time for cleaning. However, in case the leakage current is monitored, the critical situation coming up will be discovered and the load may be switched to other lines if such alternatives exist.

If the situation is such as described in the paragraph above, and the leakage current is measured by the TransiNor Pollution Monitor on for instance six different insulators at the same location, it will be possible to find out which insulator is the best choice. This choice covers both insulator shape, creepage distance, total length and insulating material and design. If this kind of monitoring is carried out during the critical weather condition laid down as the realistic bases for the line design, the best information possible for correct selection of insulator exists.

Icing 

Ice buildup on insulator srtings can degrease the electric strength of lines. Analysis  of test of test results indicated that ice 1.5cm thick reduces the power frequency withstand voltage below the maximum line to ground power frequency voltage for 230- to 765KV lines. The number of standard insulators assumed was 12 for 245KV, 16 for 330KV, and 33 for 765KV, maximum system voltages. AC flashover voltage of insulators covered with snow and ice was 25 to 35% lower than that for light contamination.
Birds

Birds on transmission lines may produce a stream of defecation that results in insulator flashover. This is a fairly widespread problem. With the incentive of discovering the cause of 32 outages on the 500-KV lines, the simulated composition and delivery system used in high voltage lab to show that birds that produce streams of defection can cause line flashovers. In attempt to prevent birds outages, a bird guard was fashioned and applied to transmission towers.
Table 2.1. Type of contaminant, weather, and atmospheric conditions at time of contamination flashover
	Type of contaminant
	fog
	Dew 
	Drizzle mist
	ice
	rain
	No wind 
	High wind
	Wet snow
	fair

	Sea-salt
	14
	11
	22
	1
	12
	3
	12
	3
	

	Cement
	12
	10
	16
	2
	11
	4
	1
	4
	

	Fertilizer
	7
	5
	8
	
	1
	1
	
	4
	

	Fly ash
	11
	6
	19
	1
	6
	3
	1
	3
	1

	Road salt
	8
	2
	6
	
	4
	2
	
	6
	

	Potash
	3
	
	3
	
	
	
	
	
	

	Cooling tower
	2
	2
	2
	
	2
	
	
	
	

	Chemical 
	9
	5
	7
	1
	1
	
	
	1
	1

	Gypsum
	2
	1
	2
	
	2
	
	
	2
	

	Mixed contamination
	32
	19
	37
	
	13
	1
	
	1
	

	Limestone
	2
	1
	2
	
	4
	
	2
	2
	

	Phosphate and sulfate
	4
	1
	4
	
	3
	
	
	
	

	Paint 
	1
	
	1
	
	
	1
	
	
	

	Paper mill
	2
	2
	4
	
	2
	1
	
	
	

	Dried milk
	1
	1
	1
	
	
	1
	
	
	2

	Acid exhaust
	2
	
	3
	
	
	
	
	
	2

	Bird dropping
	2
	2
	3
	
	1
	2
	
	
	2

	Zinc industry
	2
	1
	2
	
	1
	
	
	1
	

	Carbon
	5
	4
	5
	
	
	4
	3
	3
	

	Soab
	2
	2
	1
	
	
	1
	
	
	

	Steel works
	6
	5
	3
	2
	2
	
	
	1
	

	Carbide residue
	2
	1
	1
	1
	
	
	
	1
	

	Sulphur
	3
	2
	2
	
	
	1
	
	1
	

	Copper and nickel salt
	2
	2
	2
	
	
	2
	
	1
	

	Wood fiber
	1
	1
	1
	
	1
	
	
	1
	

	Bulldozing dust
	2
	1
	1
	
	
	
	
	
	

	Aluminum plant
	2
	2
	1
	
	1
	
	
	
	

	Sodium plant
	1
	
	1
	
	
	
	
	
	

	Active dump
	1
	1
	1
	
	
	
	
	
	

	Rock crusher
	3
	3
	5
	
	1
	
	
	
	

	Total 

Percent weather
	146

25.75
	93

16.4
	166

29.3
	8

1.4
	68

12
	26

4.58
	19

3.36
	37

6.52
	4

0.71


2.2 Process of pollution and start of flashover

Flashovers of contaminated insulators are in general occurring during weather conditions that permit the pollution layer to be moistened by fog or light misty rain. The pollution may reduce the power frequency flashover voltage of porcelain insulation to half or even to a quarter. The withstand voltage of switching impulses is approximately twice the level of the power frequency withstand voltage for the same pollution level when a non energized system is assumed. The lightning impulse withstand level is much less influenced by the polluted insulators, and air gaps are entirely unaffected by pollution.

The amplitude of the leakage current pulses as well as the duration of the leakage current pulse activity is good indicators of the insulator condition. It is known that the amplitude of the current is very decisive for the flashover, whereas the duration of the pulse activity (accumulated charge) is decisive for the surface stress on non-ceramic insulators. The sequences of events leading to flashover may be described in the following steps:

1) Deposit of pollution on the insulator surface. The pollution may be caused by a large variety of sources like fly ash, salt from the sea, dust from the industry etc.

2) The surface layer is moistened, for instance by fog or light misty rain etc, which makes the layer conductive and leakage current start flowing.

3) The surface layer is heated and causes an increase in the conductivity and the leakage current.

4) The heating results in local drying of the surface layer and so-called dry bands occur.

5) Partial arcs occur across the dry bands on such contaminated insulators.

6) The partial discharges increase with a number of streamer discharges and glows across those dry bands with the highest potential gradient. These discharges are also causing audible noise.

7) Finally the partial streamer discharges (partial flashovers) are “connected” in serious and a complete flashover occurs.
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