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Accordingly to the regulations contained in the Europeais8l®irective (END) and also
in some legal acts being currently under legislative pre@e®oland, in the nearest future the
Lpr~x and Ly levels will be used as the basis for evaluation of coronaenfosm UHV power
lines. The paper presents an example of combined uncertanatuation for estimation of
long-term level LA, 1) and Lpen level for corona noise from UHV overhead power lines.
Some specific features of that noise — large time variatioitsdével and spectral structure,
dependent on the atmospheric conditions, and on the otherdfeien small distance from the
background noise — are the reason that the evaluation dititeation uncertainty is more dif-
ficult then for some other, better “determined” noise sosird@de partial uncertainties related
to the measurement system and prediction method accomlihg reference methods for in-
dustry noise were dealt with. The effect of the environmenthe system and the measured
quantity have been distinguished and quantitatively datezd.
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1. Introduction

The overhead Ultra High Voltage (UHV) power lines are sources of radven-
vironmental effects, what is often the reason of numerous complaims the local
population concerning their presence. In most cases the complairsisieothe effects
related to the corona process, in particular the radio frequency irgadernd audible
noise in particular even though its level is relatively low e.g. in comparigdradfic
noise. It causes that calculationofgy is necessary. The corona process, and thus also
the accompanying processes, essentially depend on the atmosphelitmos, in par-
ticular the precipitation occurrence. Therefore power lines emit intedsiiese during
so called bad weather conditions, among which rainfall, wet snowfallafmbhigh air
humidity are included.

In a properly designed power line during fair weather conditions (i.esnathe
conductors are dry) the corona process should not take placeydeettee maximum
conductor surface gradient is most often about 15-17 kV/cm, whilerikieal value
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(at which the corona process starts) is about 19—20 kV/cm. Howewargdthe bad
weather conditions the critical value falls down even to 10-12 kV/cm [4]clwis
much below the maximum value of the “running” electric field. As a resulb&ansive
corona process is started.

During fair weather the corona process is observed for significafacguirregular-
ities, caused by contamination’s or insect carcasses on the suideatehes or delami-
nations etc., and then the noise of power line can be clearly audible {Bgtsues even
obnoxious.

Audible noise generated by corona may be considered to be compidsexdiajor
components: (1) the tonal components (hum noise) — the second dret haymonics
of the AC power frequency — and (2) the broad-band noise compontre band above
500 Hz [3]. While the noise component is rather stable, the tonal compaxdibit
considerable fluctuations both in space and time [4], even up to 20 dBtiéwly, not
all AC corona modes create random noise and hum in the same proptmtitifierent
weather conditions the relative magnitudes of random noise and humerdiffdrent.
For example, in rain, the broad-band component generally dominateseas under
conditions of conductor icing a high, 100 Hz hum component may benguanied
by a relatively low level of broad-band noise. This is the reason of icepi@blems
with their measurement. On the other hand the tonal components, agcéodiSO
1996 standard [7], are accounted for in the noise evaluation by intirggiac3 or 5 dB
correction to the measured noise level.

Another item is the problem of the environmental disturbances, whichtame lvard
to eliminate using classical methods [10].

Because of seasonal variation of the weather phenomena long-teismidbéwuld be
taken as a basis for the noise assessment, according to the ISO 1986 dt&tso the
Polish Standard PN-N-01339 [6] introduces the long-term values asasis for the
assessment. On the other hand in the American Standard IEEE Std @heé jrght-
day levels are taken as basis for evaluation. However even if the intiodwé both the
long-term and night-day levels makes the evaluation more uniform, it doeallow
the elimination of uncertainty related to the evaluation of actual periods cabaddair
weather conditions, the effect of environmental interference andubmiéltion of tonal
components [8].

Accordingly to the regulations contained in the Directive [2] and also in deged
acts being currently under legislative process in Poland (so-callecnefe methods),
in the nearest future thepgny and Ly levels will be used as the basis for evaluation of
corona noise from UHV transmission lines. For calculation of these langtgrticular
the Lpgy level, it is necessary to know the long-term values of 24 h noise distributions

(Lday ' Lnight and Levening) .

2. Uncertainty factors of corona noise assessment

As has been mentioned above the corona noise strongly depends tmaisplaeric
conditions and for the case of 400 kV transmission line in fair weatherigsvaround
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30-35 dB at the distance of 30 m from the line (lateral conductor), bunressituations
it may be completely inaudible. In rain conditions its level increases up taB5andi

more, depending the line arrangement, geometrical layout of the ctorcaundle and
the rain rate [3, 12].

Fig. 1. Landscape with typical overhead power line arrargggrim Poland.

Averaged experimental noise data for a 400 kV power lines with douldldrigie
conductor bundles 2 x 525 mm? and3 x 350 mm? respectively, has been shown in
Table 1 [12].

Table 1. Average measurement results of corona noise from 400 kV plowes in Poland.

Average measurement resulig.q, v Of corona noise from 400 kV power lines in fair and foul
weather condition, in lateral distance from outside pha$g,-30 and 60 m

fair weather foul weather
Towers| Parameters all conditions stable rain
15m|30m[{60m|15m|{30m|[{60m|15m|30m|{60m
y5p | Stdev. |340/3.10|280|3.80|3.90|3.80| 1.90| 2.30| 2.70 | 3 x 525 mnt,
Lacq.av | 37.2|34.2|31.7|49.4| 46.5| 43.7 | 51.4| 48.6 | 45.7 | single circuit line
st.dev. | 3.96|3.74|3.61| 4.07 | 4.08| 3.24 | 2.01| 1.81| 1.66 | 2 » 525 mn?,
Lacq.av | 38.8]36.0|33.2|51.1|49.2 46.7| 52.9| 51.1| 48.6 | double circuit line
st.dev. | 24 | 23| 23|31 |29 |28 12| 14| 1.2 |3x350mn?

Lacq.av | 35.0|32.9|31.6|44.5| 41.6| 38.9| 45.3| 42.4| 39.7 | double circuit line,

Bundle and line
arrangement

752

Z33

The experimental data listed in Table 1 are characterized by relatively désger-
sion, particularly in fair weather conditions. The origins of this effect lieariable state
of atmospheric conditions and technical condition of the line, in particulauiface
contamination, which is usually bigger in the long dry periods, especiallsbpelae
transportation routes, urban areas etc. In practice quantitative evaloétiee effect of
these factors can be carried out only by its multiple measurements andiatiaic of
the standard deviation.

Depending on the weather conditions the spectral structure of cordsea signal
also varies, still one can always identify in the spectrum the tonal conmggngith its
basic frequency equal to the doubled power network frequencythendoise compo-
nent in the frequency band above 1 kHz [5].
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The tonal components (100 and 200 Hz), however “mildly” affectingineeighted
noise level, are sometimes the reason of considerable dispersionaim@eent results,
because of their large fluctuations in time and space [8].

Examples of acoustic spectra of corona noise in both fair and bad weatiditions
have been shown in Fig. 2.
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Fig. 2. Typical corona noise spectra in various weather itimm$ and state of conductor surface
(in fair weather).

In the above figure one can notice the definitely lower distance from thebmmd
noise in fair weather conditions (black bars) which sometimes might be Guge
(grey bars) — e.g because of conductor surface contaminatiorgratiet other hand a
very high distance in bad weather (rain), what is very essential fordtegmination of
uncertainty related to background effects both in fair and bad weathditmms.

3. Uncertainty of Lpgyn calculation

In the evaluation of type B standard uncertainty it has been assumeddistatidard
deviations of individual partial uncertainties of measuring devicesqualéo1/v/3 of
the limiting error values of these devices and that the respective exioitsitenormal
distribution. In the cases where the distribution of possible errors is igdtan(e.g. for
the reference standard uncertainty or for the type B uncertainty evall#titas been
assumed that the partial standard uncertainty is equal to of the erratiadjivalue. For
all the type B uncertainties mentioned in the paper, a rectangular distribdifpmssible

values is assumed for simplicity, with its range describett@sThe standard deviation

for such a distribution is: a

U=—. 1
73 1)
The following uncertainty components are considered as type B:
e Calibration of the acoustic instrumentsg; .

e Tolerances on the chain of acoustic measurement instrunigsts,
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Factors affecting the values of these uncertainties are: calibration adoebgonal
characteristics of the microphone — important because of the speniiclse of corona
noise: predominant effect of frequencies higher than 5 kHz, fachvthe microphone
directional characteristicd (2” microphone) becomes very important.

e Fluctuation of tonal component&gs.

The influence of tonal components (100 and 200 Hz) /tonality/ cannotblected,
mainly because of their large fluctuation in time and space [8]. The ampliiithese
fluctuations often reaches the level of 15 dB in the 100 Hz band and 10ttiB #00 Hz
band., however the total effect of these fluctuations on the A weightedl (legcause
of its high attenuation in the 100 and 200 Hz bands: 19.1 and 10.9 dBzatasgy).
Another obstacle results from the absence of estimate for the actuatl penien the
tonal components have been observed in a sense of ISO 1996 standar

e Distance from the microphone to UHV line conductdrgy.

In the case of power lines, because of the varying shape of sugpeodductors
(chain curve), the distance error, depending on the line load and antémeperature,
will be of the order of 10%.

e Atmospheric absorptiori/g;.

It can be of great importance, because of the high contribution of thefreéguency
components in the signal (Fig. 2). For the humidity change from 30% to-50f#éasure-
ment in fair weather conditions — the standard uncertainty in the distanderoffBom
the conductors will be equal t0g5; = 0.4 dB, while in the distance of 60 m it will
already reach 0.8 dB. In bad weather conditions, the humidity chamgesegligible,
but the contribution of the high frequency component is bigger.

The total uncertainty also includes the uncertainty related to the temperatiae v
tion and is calculated separately for bad (indgand fair (indexf) weather.

e Uncertainty related to changes of wind velocity and directidg.

Assuming measurements carried out in wind-free conditions or veryiod speed
the wind do not affect the measurements (e.g. by using a wind shigldhplyuthe sound
propagation. For longer distances the wind can be of decisive impertartbe total
uncertainty budget.

e Uncertainty of acoustic background effedis;;.

In elimination of the acoustic background effect we use the formula:

LAeq, em = 10 log (100~1LAeq,m _ ]_00~1LAeq,b) 7 (2)

whereL zqq, em — NOISe emission level (after subtracting the acoustic background), dB;
L peq,» — acoustic background level, dBicq, » — measured noise level (total from the
source and the background), dB.

In that case because of the shortage of necessary data the type réaintgdi.e.
from the standard deviation) cannot be estimated, but with the knowlddaeemge
levels of line noise and the acoustic background in the fair and bad wezthdition
and assuming the possible variation range of these values, one canestestandard
uncertaintylUg7.
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In fair weather relatively low distance from the acoustic background seed,
but on the other hand the fluctuations of the acoustic background itseffraater.

In bad weather, when the distance from acoustic background is hitjeeestimated
uncertainty will be much lower.

The uncertainty of the acoustic background can be also estimated as typeeA
tainty, when the required number of experimental data has been colbaudetie stan-
dard deviations of the background level., ,, and the measured corona noise (with
the background). scq, »» are known.

In such a case the type A standard uncertainty can be calculated usimgér&ainty
propagation law, thus:

n 2
U, = ;(%) vz, @)

In the case considered the formula for calculation of the (net) emissiehuegertainty,
after background subtraction according to Eqg. (2), will take the folloviamm:

oL 2 oL 2
Unem =) (G ) o+ (S ) vz 4
A \/( O Leq, m OLeqs ) ° @
e Combined uncertainty of the result of long-tetfa v and Lpgx calculation
According to the Directive [2] thd.pgn is calculated using A-weighted long-term
levels, as defined in ISO 1996-2:1987 [7], determined over all day, @lening and

night) periods of a year. The value of long-term levels can be deternsioeatding to
the formula below (3) [9]:

Lacq, 1t = 101og (t10% raears 4,100 acan) | (5)

where L scq) s — the averaged noise level in fair weather, dBj.), — the averaged
noise level in bad weather, dBj, ¢, — average percentage values of periods of fair and
bad weather conditions, respectively.

Taking into account that in practice in most countries it is assumed thataithe b
weather conditions occur during 5-10% of the year, the error that eamdze by
assuming inaccurate period of these conditions is found to be in the 1+8Jé.rm
Poland the average year periods of fair and bad weather conditiomssumed to be
90% and 10%, respectively. Assuming that the standard uncertaingyr will be de-
termined from the formula (3), for average levejs= 90%, t, = 10%, Ly = 35 dB,

Ly, =50dB, oy = 3 dB, o, = 1.2 dB the obtained standard uncertainty foe= 24, the
combined uncertainty/ v will be 1.76 dB. The listing of all the partial uncertainties
can be found in Table 2.

As one can notice from the above results the source changeability afieatsost
to the total uncertainty of long-term level prediction as well as toltheyn level. The
listing of the calculated ;1 and Lpgy with standard uncertainties for typical support
series of 400 kV power lines can be found in Table 3.
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Table 2. Gathered examples of evaluated values of standard undgrmponents in case of corona
audible noise.

Component ot o6 comtdonse)] - uncenamy |

Calibration +0.3 dB 0.2 dB
Measurement systerfip.

microphone directivity[/g22 +0.52 dB 0.29 dB

instrumentUg2: +0.34 dB 0.2 dB

Usa +0.62 dB 0.36 dB
Tonalty,Ugs 0.3 dB 0.17 dB
DistanceUp4 0.41 dB 0.24 dB
Atmospheric absorptiort/zs

humidity fair weather{/g5 1¢ +0.7 dB 0.4 dB

humidity bad weathel/g5 11, +0.2 dB 0.1 dB

temperature (fair and bad weathdry s, +0.25 dB 0.15 dB

Us ¢ (fair weather) +0.9 dB 0.5 dB

Ug 51 (bad weather) +0.3 dB 0.2 dB
Wind speed and directiopbiges +0.5 dB 0.3 dB
BackgroungUs~7

fair weatherUs 7+ +1.0 dB 0.6 dB

bad weatherl/i 71, +0.2 dB 0.1 dB
Long-termUa, Lt
Ezltii\.lvc?:&etrgtﬁafétdistribution,: 24) 6 dB 2.15 dB
?sig.véis.t,h ﬁgtﬁﬂLeTnbt distribution, = 24) +24 dB 0.86 dB
Combine uncertainty/c, v +4.9 dB 1.76 dB

Table 3. Lyt and Lpen results with combine uncertainty/¢:) in distance 15 m from lateral conductor
for 400 kV power lines.

Support serie L,dB ‘ Uc
Long-term levelLy,t
Z52 42.9 2.5
Y25 41.3 2
Z33 35.7 1.8
Day-evening-night leveLpex
Z52 49.3 2.2
Y25 47.7 1.9
Z33 42.1 1.7
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4. Conclusions

e The corona noise is characterized by large variation in time, affectingitsoth
level and spectral structure, depending mainly on the weather conditibagso on the
technical condition of the line.

e Large variability of the noise level is expressed by relatively high dispeis the
results, particularly in fair weather conditions, but also in bad weathecassequence
of varying intensity of the accompanying phenomena (varying precipitatite, fog
density etc.). As a result the standard uncertainties of the corona rwiagon in long-
time periods are equal from almost 2 dB (in the steady rain conditions) mote than
4 dB in the other weather conditions.

e Thehigh-frequencynatureof thecoronanoisespectrumeadsto relatively high val-
ues of the uncertainty related to the directional properties of the micreplespecially
that the intensity of corona discharge increases with the increasing aiditywalues,
and the measurements have to be carried out both in fair and bad wearli@rons.

e As a whole the combined expanded uncertainty at the 95% confidendefeve
long-term level, and the hgn level will be equal respectively to 1.8-2.5 dB and 1.7—
2.2 dB depending on the line layout.

e The source’s (corona phenomena) changeability has the main infloerthe total
uncertainty of corona noise measurement and prediction in oppositeasuneenent
system which influence is less relevant.
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