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COMMENT - THE MEASUREMENT OF SITE POLLUTION SEVERITY



Introduction



Following the discussions on the assessment of pollution severity at the IEC TC 36 Working Group 11 meeting held in Cape Town in November 2002, the interpretation of the results obtained from directional dust deposit gauges was re-examined. Further, the Pollution Indices derived from the dust gauge measurements were compared with the ESDD and NSDD classifications for a limited number of sites where the data was available.



These notes serve to provide the recommended threshold values of dust gauge conductivities for the various pollution classes and give some general comment on the evaluation of the ESDD and NSDD values.



Pollution Classes



It is noted that, in the current draft revision of IEC 60815, a fifth pollution severity class, namely “Very Light”, has been introduced. The reason for this is unknown. Even for the existing “Light” level, in satisfying the length, BIL, and other requirements of a particular application, insulators of adequate creepage distance and quality of profile usually automatically result. In other words, the pollution severity is not the critical factor in the insulator dimensioning. Introducing a “Very Light” level, therefore, seems to be an unnecessary complication and has not been included in our analysis.



There are many sites where the contamination is extreme and, for example, where a specific creepage distance of 31mm/kV would be hopelessly inadequate - in fact, areas where acceptable reliability cannot be achieved by insulator dimensioning alone. Guidance in the approach to be taken in such environments would be welcomed by many. It is thus felt that, if (and only if) the number of pollution classes is to be increased, the introduction of an “Extreme” category would be far more justified than a “Very Light” classification which is largely irrelevant.
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Dust Gauge Measurements



In 1974, the directional dust deposit gauge was selected by Eskom as the most practical method of measuring pollution severity on a large scale. There is thus nearly 30 years of experience in the use of this device in South Africa and a consequent confidence in the results obtained. The recent study of the Pollution Indices obtained from the gauges at over 60 sites, in relation to the performance of the local insulation, confirmed the validity of the existing classification of the environments as shown in the table below.



Pollution Index 0 to 75 76 to 200 201 to 350 > 350



Severity Class Light Medium Heavy Very Heavy



Table 1: Average monthly Pollution Index vs. Severity Class



In this case, the Pollution Index is defined as the average monthly conductivity of the four directions measured in uS/cm and normalised to a 30 day period. The recommended measurement procedure is attached for reference.



The IEC 60815 draft document suggests that the Pollution Index be defined as the yearly(?) maximum of the monthly values, as opposed to the average. The study mentioned above indicated that this approach could be adopted but that the threshold values have to be adjusted. If not, the definition of the severity class is far too conservative and would result in costly over-insulation. Therefore, when using the maximum values, the following classification is suggested:



Pollution Index 0 to 175 176 to 500 501 to 850 > 850



Severity Class Light Medium Heavy Very Heavy



Table 2: Maximum monthly Pollution Index vs. Severity Class
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The Dust Gauge/ESDD,NSDD Relationship



Table 3 provides a comparison of dust gauge, ESDD and NSDD results and classifications for five different sites. All the substations are situated in the Western Cape region but have fairly diverse environments. For general information, these can be described as follows: Muldersvlei.............Rural farmland De Hoek..................Industrial, cement works Duine.......................Marine, west coast, low rainfall Khyalitsha................Cape Flats, sandy, further inland but subject to marine pollution Koekenaap...............Semi-desert area, approx. 20km inland



The rows in the Table show the site severity classifications according to: 1. Average monthly dust gauge Pollution Index The value is shown in brackets and the classification is in accordance with Table 1. 2. Maximum monthly Pollution Index The value is shown in brackets and the classification is in accordance with Table 2. 3. Maximum monthly ESDD, assumed NSDD = 0 The maximum ESDD value is shown in brackets, the classification is according to the IEC Draft, Figure 5, assuming the non-soluble deposit is negligible 4. Maximum monthly ESDD, assumed NSDD = 0,1 The maximum ESDD value is shown in brackets, the classification is according to the IEC Draft, Figure 5, assuming the non-soluble deposit = 0,1mg/sq.cm 5. Maximum monthly ESDD and maximum monthly NSDD The maximum NSDD value is shown in brackets, the classification is according to the IEC Draft, Figure 5 6. Monthly ESDD and NSDD measured in worst month The highest classification in accordance with the IEC Draft Figure 5 recorded in any single month
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Measurement. Muldersvlei De Hoek Dust Gauge MEDIUM MEDIUM average (108) (156) Dust Gauge MEDIUM MEDIUM maximum (212) (301) ESDD max MEDIUM MEDIUM no NSDD (0,057) (0,112) ESDD max MEDIUM MED-HEV 0,1 NSDD (0,057) (0,112) ESDDmax HEV-V.H. V.HEAVY NSDDmax (1,018) (1,135) ES/NSDD MED-HEV HEV-V.H. worst month



Duine V.HEAVY (613) V.HEAVY (1562) HEAVY (0,268) HEAVY (0,268) HEAVY (0,096) HEAVY



Khyalitsha V.HEAVY (463) V.HEAVY (1246) MEDIUM (0,073) MED-HEV (0,073) V.HEAVY (2,933) HEAVY



Koekenaap LT-MED (73) LT-MED (479) MEDIUM (0,123) MED-HEV (0,123) HEAVY (0,172) MED-HEV



Table 3: Dust Gauge vs. ESDD Results



It is evident that there is not a very good correlation between the dust gauge and ESDD/NSDD results, even with the application of the latter to IEC Figure 5 in various ways. The ESDD value on its own agrees with the dust gauge classification at the lower severities but gives an optimistic view of the more heavily polluted sites. This effect has been noted in practice – with some serious consequences – with the current interpretations of ESDD data. The introduction of the NSDD parameter does not appear to fully compensate for this at the upper end but tends to exaggerate the severity at the lower end. [Those who are more familiar with the ESDD/NSDD assessment techniques will probably feel that it is the dust gauge that is giving the “skewed” indication. However, from the general nature and operating experience of each site examined, it is felt that the classifications derived from the dust gauges are the more credible].



It must be appreciated that the dust gauge and ESDD techniques evaluate two rather different things. The dust gauge measures the pollution characteristics of a site, integrating the events over a period of one month. The ESDD values represent a snapshot in time of the affects of the site characteristics on the particular insulator used for the testing. The ESDD results are sensitive to the timing of the measurement in relation to the previous rainfall. Whichever measurement is made, further considerations have to taken into account to arrive at the actual severity. For example, how the ESDD results relate to insulators of different geometry, and, for the dust gauges, how much rainfall can be expected to provide natural washing.
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The Role of Non-Soluble Deposits The masses of the non-soluble deposit, (NSD), collected by the dust gauge and nonsoluble deposit densities, (NSDD), measured on the specimen insulators, are shown in Table 4.



Substation Duine Muldersvlei Khyalitsha De Hoek Koekenaap



Dust Gauge NSD (g) Maximum Average 0,190 0,070 0,501 0,112 1,473 0,315 1,486 0,336 4,753 1,858



Insulator NSDD (mg/sq.cm) Maximum Average 0,096 0,053 1,018 0,181 2,933 0,475 1,135 0,221 0,172 0,109



Table 4: Comparison of Non-Soluble Deposits



The order of merit of the dust gauge and specimen insulator non-soluble deposits are similar except for the Koekenaap site where vastly different results were obtained. Being a desert environment, this cannot be attributed to natural washing but the difference in heights between the suspended insulator and dust gauge may be significant in this case. (The standard height of the dust gauge is 3 metres from the ground plane to the bottom of the slots).



From a general assessment of the above, and other, sites, it appears that, in IEC Figure 5, the influence of the NSDD is over-stated for areas of low to medium contamination level. The fact that the curves were derived, we understand, from artificial testing, probably offers an explanation. In service, the pollution deposit is very unevenly distributed over the insulator surface. The bulk of the contamination may accumulate on, say, a 120 degree segment of the underside of the shed between the skirts. If the mass of this deposit were to double it would not have nearly the same effect as doubling a deposit spread uniformly over the entire insulator surface. The procedures used in the tests conducted to define the effect of increasing NSDD are unknown but it is doubtful that any method involving evenly distributed contamination layers would adequately represent field service.



Historically, in South Africa, the amount of non-soluble material in the dust gauge has not been measured – the severity classification being based on the conductivity alone. Insulation suited to one class up, though, may be selected for sites where the NSD is obviously significantly above average, e.g. adjacent to a cement factory. This approach has served well for many years and the added complication of obtaining accurate NSD figures is not really considered justified.
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Conclusion



Based on the successful use of directional dust deposit gauges, over many years, in a multitude of diverse environments, threshold values of the measured conductivities for the classification of sites according to the pollution severity have been suggested.



The dust gauge lends itself to widespread application – not only because of its low cost and simple deployment – but also because local distribution personnel find the operation thereof very easy. The introduction of the measurement of the non-soluble deposits captured, with the necessary careful drying and weighing involved, may inhibit ready acceptance and use of the device for little practical return. Even if the field staff produced accurate NSD figures, we are not sure that the data exists to define, with confidence, the effect of these on the performance of insulators in the real world. The user is, of course, free to make the NSD measurements should he so wish, but it is hoped that, in the revised IEC 60815, this is treated as an optional refinement and not a pre-requisite for site severity assessment.
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DIRECTIONAL DUST DEPOSIT GAUGE MEASUREMENT PROCEDURE On site.... 1. Remove the four collection jars from the tube ends and close with the lids provided. 2. Record the date of removal on the jar label. 3. Attach four clean jars to the tubes having completed the label on each jar to indicate the site, the direction and the date of installation.



At the measurement location... 1. Add 500ml of demineralised water to each collection jar. The conductivity of the water shall be less than 5uS/cm. Should the vessel contain rain water, add demineralised water to make up the volume to 500ml. If, owing to heavy rainfalls, there is more than 500ml in the jar, no additional water is required. 2. Swirl or stir the contents until all the soluble salts are dissolved. 3. Measure the conductivity of the solution - preferably with a meter which automatically corrects the reading to 20degC. If the meter is not compensated to 20degC, then measure the temperature of the solution as well. 4. If the volume of the solution is not 500ml, for example in the case of excessive rain having accumulated in the jar, measure the actual volume. 5. Calculate the corrected conductivity for each direction – this being the conductivity at 20degC expressed in uS/cm and normalised to a volume of 500ml and a 30 day month, i.e.: Cn,s,e,w = Cmeas x V x 30 500 D Where: Cn,s,e,w = the corrected conductivity for each of the four directions in uS/cm. Cmeas = the measured conductivity for each direction in uS/cm. V = the volume of the solution in the jar in ml. D = the number of days over which the sample was collected. If the conductivity reading is not compensated for temperature by the measuring instrument, the value can be corrected to 20degC using the formula: C20 = Ct [ 1 – 0,02277 (t – 20) e-0,01956(t-20)] 7



Where: C20 = Conductivity corrected to 20degC Ct = Conductivity measured at temperature t t = Temperature of the solution when the measurement was taken.



6. Calculate the Pollution Index (P) for the month by taking the average of the four corrected directional conductivities expressed in uS/cm, i.e. P = Cn + Cs + Ce + Cw 4 The relationship between the pollution severity classes for high voltage outdoor insulators adopted by the International Electrotechnical Commission (IEC), and the average Pollution Index, preferably measured over a period of at least one year, is provided in the table below. Pollution Index 0 – 75 76 – 200 201 – 350 >350



Pollution Class I – Light II – Medium III – Heavy IV – Very Heavy



Note: a) Some contamination can collect on the inside of the tubes and will be washed into the collection jars when it rains. The Pollution Indices for the wet months may therefore show slightly higher values than those with no precipitation. If the readings are averaged over a period this makes no difference. However, if very accurate monthly figures are required, then the internal walls of the tube can be rinsed off using a squeeze bottle of demineralised water before the collecting jars are removed for analysis. b) If an assessment of the non-soluble deposit is required, following the conductivity measurements, the solutions should be filtered using a funnel and pre-dried and weighed filter paper of grade GF/A 1,6um or similar. The paper should then be dried and weighed again. The weight difference then represents the Non-Soluble Deposit (NSD). c) For more detailed information on the nature and/or source of the pollution, the gauge contents may be sent to a laboratory for comprehensive chemical analysis.
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