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Methodologies for industry noise measurement usuallyitelthe range of weather con-
ditions in which the measurements must be taken. The eftéatseteorological conditions
on sound propagation are small for short distances, andrléoglonger distances at greater
receiver and source heights.

One can find some algorithms in ISO 9613-1,2 for calculatfomeather conditions impact
on community noise, so called Cmet, but especially windexdion, is rather poor, limited to
only two cases; moderate downwind and a variety of metegicdd conditions as they exist
over months or years. The problem begins in calculating-teng average A-weighted level
using short-term data with unknown detail weather condgtion the path of sound propaga-
tion.

The paper deals with some real word data of partial unceigaiof noise prediction and
measurement from large industry and impulse sound souades) in different meteorologi-
cal conditions. It has been shown that in some cases maximead of the data exceeds 20
dB with the same state of industry running and completelylaimveather conditions. In case
of the impulse sources it has been shown uncertainty asdigsihe impulse sound power
and sound exposure level at reference distance of 1 km.

Keywords: uncertainty, industrial noise measurements, impulsesnais absorption.

1. Introduction

The measurement procedures for environmental noise geddraindustrial instal-
lations are specified in the so-called reference methodsd§, 7]. In the methodology
concerning the noise measurement some details are spetikedocations of mea-
surement points, weather conditions in which the measunest®uld take place and
the maximal extended uncertainty, which should not exce@diB at 95% confidence
level. On the other hand in the uncertainty budget for mesamsant and prediction of
results in a given environment, according to Ishikawa diagrone should take into
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account the environmental effects on both the measuringgmgsand the measured
guantity. For the noise assessment case the measuremdnivib$e affected by vary-
ing sound propagation conditions between the source andch#asurement location,
as well as variation of the source itself (e.g. the noise gead by the ventilation and
air-conditions systems, coolers, or corona noise from tH¥ dower lines).

Among specifications of weather conditions in which the meament should take
place, considerable variation range of allowed tempegatwir humidity, atmospheric
pressure and in particular wind speed (up to 5 m/s) may rasatinsiderable spread of
measurement results at long distances from the source jfesiemilar noise levels are
recorded at the source location. However some of the weathmtitions parameters
are easily measured and exhibit rather stable behaviom@ltine measurement peri-
ods) while some other are difficult to measure (temperatuadignt) and in addition
may vary both in time and space (speed and direction of the)Wij. Considerable
amount of space has been recently devoted to this probleheil ARMONOISE [3]
and later IMAGINE [6] projects, in which the main attentioashbeen focused on the
measurement quality and modeling of air-traffic and indaktroise, and in particular
on the effects of environmental conditions.

While the PN 1ISO 9613-1[4] contains the unified methods fdcudation of sound
attenuation effects during propagation in open space thegavith algorithms used
for determination of its atmospheric absorption in specifather conditions, the ap-
plications of methods elaborated for pure tones for calmraof attenuation in fre-
guency bands (octave or tertiary) by default introduce®tamty of at least-0.5 dB.
Slightly better results are obtained from a method basederspectrum integration.
However in both cases detailed knowledge of the atmosplerditions along the
sound propagation path is required. In practice the mostiseproblem is posed by
the absence of data concerning the actual direction and gfdlee wind on the whole
sound propagation path and temperature distribution asdifun of altitude above the
ground, which considerably affect the sound velocity congmt along the path to the
receiver.

In uncertainty calculation for the LDWN noise factor in @ist observation loca-
tion, based on short time measurements, in addition to thi& tae characteristics of
the source a considerable contribution is related to thailddtknowledge of weather
conditions, in which the measurement has been carried authenall-year probability
distribution of occurrence of specific weather conditiansparticular the distribution
of values of the wind speed component along the source-adig@m point direction.

The measurement results described in the present workctedl near one of the big
industrial plants in Poland, show that even for similar waeatconditions and working
status of the plant, the spread of measurement results atdidtance exceeds 20 dB.
The main reason of this divergence was variation of the winection, even for rather
low wind speed values (up to 3 m/s).

In the paper partial uncertainty analysis has been preddotdooth measured and
predicted values, obtained for steady noise near a big induglant and the impulse
noise generated by high energy pulses, with particulantidte focused on the effect
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of weather conditions and the spectral structure of the @eudlrsignal. For the case of
pulse generated noise the uncertainty of its acoustic pawerthe reference level at
1 km distance have been determined.

2. Effects of weather conditions on the sound propagation ithe open space

There are several meteorological effects that play rolesimd propagation. The
most significant of these are atmospheric absorption, afi and scattering by at-
mospheric turbulence. Atmospheric absorption, due to ldmsical absorption and the
molecular relaxation, causes a loss of energy, which deperainly on frequency, tem-
perature and humidity. The refraction of sound waves odoyrsesence of sound speed
gradient. This results in sound propagation along curvéiaspavhat leads to ray focus-
ing or defocusing as well as creation of shadow zones nearthand.

Several factors are important when sound waves propagateondess horizontally
near the ground. The basic problem can be envisaged as arsaliatihg source located
near the ground, a receiver that is usually located ca. 1.howeathe ground, and a
separation between the source and receiver that is rélalarge compared with their
altitudes above the ground.

The simplest effect of the ground on the sound field is thahtafrference between
the direct and reflected sound fields. The processes of tefieahd interference of
sound waves near the ground surface depend not only on tineeggécal arrangement
but also on the vertical gradients of temperature and wirgdpparticularly in several
meters thick layer above the ground. The above mentionetiays lead to correspond-
ing gradients of the sound speed relative to the stationamyrgl.

At night the ground usually cools down by radiation emisdemster than the atmo-
sphere. The cooling spreads upwards with time. The souratisp¢hen grater at higher
altitudes. In such a temperature inversion or for downwirmppgation, a sound field
curves downwards during propagation. If the vertical ggatlof speed is constant, the
paths of the sound are circular arcs. There can be an infinitdar of such paths [2].

In the day time the ground is usually heated up by solar riatiand air nearest
to the ground is heated by conduction, therefore it becomegr@ssively cooler with
increasing height. Under these conditions sound speeeéakszs with height, the sound
field bends upward during propagation and potentially esatshadow region. Similar
effects occur when sound propagates upwind.

While the effect of the above mentioned factors is well kn@md a proper quanti-
tative correction is possible, in practice it is impossifgeollect full information about
the wind and temperature gradients, as well as the inteon$ityrbulence, which is
always present in the near-to-ground layer, even in the-wénd conditions and low
values of vertical temperature gradient [2].

Taking the above into account one can reckon that incomietevledge of the
actual distributions of temperature and wind speed is teiiant factor affecting the
uncertainty of the acoustic pressure level measuremeogtdistance from the source,
for both short- and long-term levels, including LDWN.
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Average attenuation of acoustic pressure levels (simple od frequencyf) caused
by the atmospheric absorption is given by the formula (1) [8]

2

0L;(f) =10log (ﬁ) = as, Q)
bt

where s — length of the sound propagation path, i atmospheric attenuation co-

efficient for simple tones, dB/m. The value of this coeffitidepends on relaxation

frequencies of oxygen and nitrogen, which themselves grerdent on humidity, tem-

perature and pressure of the air.

The value of thex coefficient can be determined for simple tones (mid-band fre
guencies e.g. for 1/3 octave bands) or by the spectrum attegrmethod. The calcu-
lated values of this coefficient for simple tones, obtainenfempirical formulas, can
be found e.g. in Table 1, [8].

As can be found from that data e.g. for 500 Hz in the positivepterature range
(5 to 30°C), the attenuation is rather insensitive to air humiditytakes higher values
at very low air humidity (for 10% the value is 4.25 dB/km), tvedues for average and
higher humidity levels are similar and about 2.6—2.8 dB/kimove and below that tem-
perature range the attenuation noticeably decreases matbasing humidity. On the
other hand for 50% humidity the lowest attenuation valuebiseoved at C tempera-
ture — 1.8 dB/km, higher values are observed in higher teatpess (e.g. 3.36 dB/km
at +30°C) and in the negative temperature range (5.61 dB/km1&C).

Taking into account that the ambient temperature changesntp in one-year or
24 h cycles, but also as a function of altitude, in additiothwiarying gradient, it is
incredibly difficult to evaluate its effect on the measureiesult at longer distances
from the source (several hundred meters).

Another method for determination of sound’s atmosphet@natation as a function
of frequency, which is believed to be more accurate, is tieetspm integration method
in application to broad-band sound attenuation calculatio 1/1 octave or narrower
bands. Three cases are usually distinguished:

(1) known noise level at the source and attenuation alongdtle to the receiver
required,

(2) known value at the reception point and evaluation of thend level at source
location required,

(3) known the measured level at the reception point in sgecifiditions, and the
“reduction” to other weather condition is required.

From the meteorological point of view the case (3) seems thdenost useful, but
in fact in all the cases the problem can be reduced to detatimimof the actual sound
attenuation by the atmosphere in a given frequency band.

The total sound attenuation along the noise propagatidnfpain a point source to
the reception point, according to the PN ISO 9613-2 stanfdris given by formula:

A= Adiv + Aatm + Agr + Abar + Amisc ) (2)
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where Ag;, — is the attenuation due to geometrical divergentg,, — attenuation due
to atmospheric absorptioni,, — attenuation due to ground effeet;,,, — attenuation
due to a barrierd,,;sc — attenuation due to miscellaneous other effects.

The standard mentioned above additionally introducesdisaied meteorological
correction(Cyet) to calculation of the long-term levels,rr for the case of down-
wind propagation. However the described algorithms aieeratrude and do not refer
to the wind speed, but only to the altitudes of the sound gara reception point in
relation to their (horizontal) distance. The presentecdrgdary calculations of accuracy
for the correction determination are contained in4#8dB range, whereas the value of
the correction itself rarely exceeds 5 dB.

In the light of rules contained in the standard [5] one couldatude that the effect
of weather conditions is not so important, however on themwotiand when analyzing
the experimental data shown in the present work, as well @sebults contained in
paper [11] quite different conclusions can be drawn.

The situation is even more complicated for the case of higgrgy impulse noise
emissions, characterized by low-frequency spectral siradweakly attenuated by the
atmosphere) and high sound levels with adversity rangehineg@ven up to 30 km.
The above mentioned conditional effects are the reasorirtipatctice it is the weather
conditions and not the original excitation level that detiere the impact range of the
impulse noise emissions in the environment [12].

3. Experimental research

3.1. Measurement methodology

The paper contains the results of a steady-state noise, stadied out near a great
industrial plant in Poland and a study of impulse noise eimisscaused by high-energy
pulses — blasts of explosive materials [12].

For the steady-state noise the measurement points haveslteated at the outer
border of the plant area (reference points) and in the emwient, in the noise eval-
uation locations. The measurements have been carried rauttaneously with time
recording of acoustic events inside the plant area.Thg, L 4 max, L A min l€Vels have
been measured at 5 min. intervals in the reference pointtheneception points in the
environment, with exact registration of the measurememe tin an independent mea-
surement the acoustic data have been registered in bufférdinve resolution of 1 s.
Together with the acoustic data the basic parameters deflaigeather conditions have
been measured: ambient temperature, air humidity andyreesss well as the direction
and speed of the wind.

The above mentioned methodology enabled the determinatisound attenuation
along the path between the reference point and the reception in given weather
conditions.

For the case of the impulse noise the measurements have dg@dsimultane-
ously in two or three points. One of these points was alwayfexence point situated
at 1 km distance from the source while the other points weatuation points situated
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at 6 to 18 km from the source. The multispectra have been mezhgul/3 octave bands
in the range from 8 Hz to 20 kHz, with the time resolution of 288 [12]. It allowed
a more accurate (in relation to a direct method) deternonadif the exposition lev-
els (SEL) from individual acoustic events. (individual &égions) after rejection of the
recording sections which were not directly related to thengxed event, however with
band reduction in the low frequency range.

3.2. Results

Steady-state noisd-igure 1 below contains exemplary time dependencies rftake
from 5 different measurement sessions) of acoustic pressuel variation in reference
point REF1, both in daytime and night-time. The values ofaged levels and standard
deviations in all reference points (REF1, 2, 3) are showraiold 1.
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Fig. 1. Variation of noise equivalent levels in referencenp®EF1 in night-time and daytime, taken from
5 measurement sessions.

As can be noticed, especially in daytime, two clearly sdparatates of the plant
activity (in that particular area) can be distinguishedihwevel difference of about
10 dB. In the night-time the spread of the results is greatdrrep distinguishable data
aggregation can be noticed.

Similar tendencies in the distribution of the results (ineas sessions) are also ob-
served in the other reference points, and the differencexenence levels vary between
a few dB and more than ten dB.

The results described above show, that during studies ariieonment transmit-
tance between plant area border (reference point) andagi@iupoint in the surround-
ing environment, it is necessary to measure simultaneqysgferably in time syn-
chronization) both in the reference and evaluation poihis Buggestion is addition-
ally supported by the results shown in Table 2, where thdteate gathered from 19
measurement sessions carried out over long time perioclumn 22 the differences
between the maximal and minimal sound equivalent levelegare shown from all the
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19 sessions in a given reference point. As it can be seen ie seference points the
differences even exceed the 20 dB value and in fact it carsdebermined what is the
actual reason of such effects. Is it the varying state of tet@ctivity (rather improba-

ble because of high number of sound sources — about 100@)jtahé variation of the

weather conditions.

Table 1. Noise measurement results in reference points.

Noise measurement results in reference points

Lp serieftime of REF1 REF2 REF3

the day Laeg.aved) Srer1 Laeqave) Srer2 Laeqsr) Srers
1 2 3 4 5 6 7 8
1 |daytime
2 1 47.9 1.68 59.1 4.73 48.7 0.57
3 2 48.8 0.93 54.9 2.09 46.8 0.52
4 3 46.3 0.49 52.8 0.99 48.7 0.57
5 4 56.1 0.61 54.2 4.31 53.4 0.36
6 5 56.5 0.53 50 0.38 55 0.26
7 L peg,ave 53.2 55.3 51.7
8 BLer 4.8 3.3 3.5
9 |nighttime
10 1 51 0.96 52.2 1.65 56.2 1.69
11 2 47.2 1.17 61.2 0.13 54.9 0.45
12 3 48.2 0.45 60.2 0.25 45.9 0.42
13 4 46.6 1.51 48.7 0.63 51.8 0.08
14 5 497 1.52 55.9 1.81 56.1 0.68
15 |Laeqave 48.8 57.8 54.2
16 [SL¢r 1.8 5.3 4.3

O aver. Standard deviation of the results in particular reference point

The answer to this question (partial at least) can be olddiganeasuring simulta-
neously the noise in at least two points (including one efee point) and monitoring
the activity of the loudest noise sources within the plaetar

Table 2. Results of measurements collected in near vicinity of anstrigl plant over a longer (two year)
period of time.

results gathered in vicinity of an industrial plant during night time
) No of i ®
b4 H o
= gl 3| <
S 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 ] S5
[ 3
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 21 22
1 | 424|458 )| 408 38.7| 459 | 46 48 | 36.8 | 474|508 46.1|485| 50 [47.3|43.4| 419|436 | 453|448 46.2 3.6 14.0
2 | 457|449 | 418|354 | 47.5) 50.8| 49.2 | 356 | 49.4 | 51.1 | 39.8 | 496 [ 50.2 | 48.1 | 440 | 43.2 | 46.7 | 415 434 | 471 4.7 15.7
3 | 458 [39.7]| 409|398 |443)495)| 485 46.4 | 48.2 389 | 47 421|458 |382|47.1]|36.0|424(452| 4.0 13.5
4 | 474 396|448 | 38.8 | 46.3 459|337 47 | 482 | 41 445 36.2| 488 | 39.4| 481|333 |46.2| 45.0| 5.1 15.6
5 | 41.7)392| 376|408 416 451|354 | 485|498 | 484 | 46.7 41.9]43.9)|382| 457 413|447 44 14.4
6 | 436 (378|438 |384| 39 |47.7| 468 31 49.6 458 | 453 386 | 46.1 | 42.2 429|445 47 18.6
7 | 416|375 33 | 452|405 46.8 | 449 | 42.2 | 48.8 | 449 | 41.7 | 42.8 42.5| 45.9 426 | 44.0 3.7 15.8
8 | 389|274(302|37.8|405|448|38.9|302(458|433| 40 |37.2 442 | 471 427 ]| 420 58 19.7
9 | 402 | 29 | 339|468 | 451|504 | 44.1| 36.6 | 48.9 | 48.1 | 47.3 | 39.3 [ 48.9 46.5 443 454 ] 459 | 5.9 21.4]
10 | 41.2 | 33.1 [ 49.2 | 484 [ 385| 53 | 436 44.7| 51.7 | 536 [ 51 399 [ 49.2 50.4 436 | 46.2| 53.9 [ 49.3 | 5.8 20.8]

SLaeq - Standard deviation, dB
AL - the diffrenece between the maximum and the mininum of the measured LEQ values, Laq

In continuation the results contained in Tables 3 and 4 aalitfierences between
the reference level and the level measured at the envirdrloeation in a given instance
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of time, in daytime and night-time respectively.

Table 3. The level differences between the reference points andgioinvironment locations. Daytime.

The level differences between the reference levels in points REF1 to REF3 and points 1 to 10 in
environmental locations.
Daytime
The level differences AL, in the following measurement
Lp Points sessions, dB AL,ave OaLave
1 2 3 4 5

1 2 3 4 5 6 7 8 9 10
1 1 7.2 2.1 2.9 9.8 12.6 8.7 4.5
2 2 4.2 3.1 3.2 12.0 16.1 11.0 6.0
3 3 REF1 8.6 3.9 6.7 9.8 13.3 9.6 3.5
4 4 9.6 3.8 6.2 12.0 12.7 10.0 3.8
5 5 13.9 7.4 14.5 10.0 14.5 12.9 3.2
6 6 17.3 5.2 11.9 10.4 11.2 12.9 4.3
7 7 REF2 21.9 14.0 9.3 13.6 6.4 16.3 5.8
8 8 28.6 16.3 10.1 9.7 7.2 22.0 8.6
9 9 29.9 15.7 6.9 10.2 4.0 23.2 10.2
10 [ 10 REf3 8.8 5.7 59 3.5 2.8 5.9 2.4

% g mer]?Sl:;irtne 0528 W& 1053 swnw[*S 2SN 455 nw | 13EsE

| 13 | 5 P r: 15-20°C 13-17°C 17-23°C 21-27°C | 21-28°C
14 | £ weather 0,5-1,8,NW-
15 s station 0,5-2,3 NW 1,6-4,5W NE 2-3,S 2,5-4,8,E-SE

AL - the average difference between LEQ in the reference level and in the environmental location , AL=Laggr-Lax

SALave - standard deviation

Table 4. The level differences between the reference points andgoirenvironment locations. Night-
time.

The level differences between the reference levels in points REF1 to REF3 and points 1 to 10 in
environmental locations.

INight time
The level differences AL, in the following measurement
No Point sessions, dB ALave | 8y ave
1 2 3 4 5

1| 2 3 4 5 6 7 8 9 10
1 1 76 54 4.6 1.3 4.8 5.2 23
2] 2 7.0 4.0 1.5 5.1 6.3 5.2 2.2
313 REF1 5.2 9.0 1.1 10.6 7.3 7.7 3.7
4] 4 2.2 7.8 0.2 13.4 3.5 8.1 5.3
515 7.1 9.0 2.5 8.4 7.3 2.9
616 4.9 5.0 8.0 6.7 6.4 1.5
717 9.6 15.3 13.3 121 2.9
8| 8| REF? 79 14.1 3.2 1.3 33
919 5.7 10.5 6.3 3.4
10] 10 REf3 58 4.7 5.6 2.3 2.3 1.6

% g- measureme| 0,5-2,3 NE 0_2’\"?\‘?5 0’5_5\'/?/ w- 1,3-2 NNW O'ONS\I\’I\‘E'

a2l & nt point

13 [ 5 7-10 °C 12-14°C 7-10 °C 10-14°C | 12-18°C

% 5 ";f::gﬁr 1»1'28;2 NE- 10,62 SW-S-E 0’5'51\';’/\’\" 1-2,6 NNW | 0,5-1,E-SE

AL - the average difference between LEQ in the reference level and in the environmental location , AL=Lager-Lax

aALave - standard deviation

The tables also contain the results of direction and spe#iteofind at the time of
the measurement, both in the measurement point and the eves#ttion located near
the plant area.

As can be noticed, taking into account the locations of thasueement points in
relation to the direction of blowing wind, a considerabl@atences are observed in
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the attenuation along the path between a given reference and the environment
measurement location for situations with wind directionofable and adverse for the
sound propagation, even for low wind speed values

In daytime the greatest difference in the medium attenndtas been observed for
the case of adverse winds (NW-SE) for points 7, 8, 9 and 2i(seseo. 1 and 5) and
its value spanned from 12 dB in point 2 up to 25 dB in point 9.

The above mentioned results indicate that exactly the spreedirection of the wind
determine the noise distribution in the vicinity of the exaed plant, while the other
factors, like temperature, are practically negligible,imhabecause of relatively low
distances from the source — 1 to 1.5 km at most, and ratherdosading of temperature
values.

Impulse noiseThe environmental impact ranges, and as a consequenceisthe d
tances of the measurement points from the source are mugérkigan for the steady-
state noise. Very often the adversity ranges exceed the 1@istance. Therefore the
propagation of the impact noise to the environment to sunf fistances depends in
practice merely on the weather conditions, including bbéwind and temperature fac-
tors. Exemplary measurement results for impulse noiseséonis are listed in Table 5.

Table 5. Results of impulse sound measurements.

Results of impulse sound measuremets
Sound exposure levels (SEL) Ai C, dB Reference
Blasting No REF1 (0,855 km) Receiver 1 (9,02 km), SSE | mass (of WIND
A C A C TNT), kg
1 87.2 114.2 59.1 80.0 300 1.3 WSW
2 87.6 113.7 57.2 80.1 150 3.7 SSW
3 89.1 115.0 58.8 85.2 150 258
4 90.1 115.3 61.1 88.0 450 4 SSW
Average 88.6 114.6 59.3 84.6
Std.dev. 1.3 0.7 1.6 3.9
Level due to geometric divergence 68.2 94.1
Atmospheric and excess attenuation, dB/km 1.09 1.16
REF2 (4,63 km) Receiver 2 (18,1 km), NNW
5 76.5 103.2 55.2 81.3 300.0 0S
6 75.9 1025 58.6 80.4 300.0 0.8 W
7 74.7 98.0 59.1 87.2 300.0 18W
8 81.6 106.1 53.3 83.1 300.0 0.6 ESE
Average 78.1 103.3 57.2 83.9
Std.dev. 3.1 3.3 2.8 3.0
Level due to geometric divergence 66.3 91.5
Atmospheric and excess attenuation, dB/km 0.68 0.56

The results listed in Table 5 indicate a strong relation ketwthe speed of the
wind and the total attenuation (excluding the attenuatisulting from the geometrical
divergence) related to 1 km distance.
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4. Analysis of measurement uncertainty

If the measured or predicted noise level depends on many vapues then the final
results is a function of many arguments [13]:

Lwy = f(Xwel + XweZ + ...+ Xwem) (3)

everyone of which carries some standard uncertdifity .-
Combined standard uncertainty,;,,.), under assumption that individual argu-
ments in formula (4) are independent, can be calculatedyusaformula (4):

m 2
ue(Luy) = | D <a§i> W (Xyer) @)

i=1

The uncertainty provided together with the measuremenittrissa multiplicity of
the combined standard uncertainty and is usually calledxeanded uncertainty. The
final result of a completed measurement is usually writtethénfollowing form:

Lk - Lwy + U(Lwy)7 (5)

WhereU(Lwy) = kUc(Lwy)-

The value of the extension coefficiehis taken in accordance with the confidence
level attributed to the assumed uncertainty range.

For calculation of the combined standard uncertainty ieisassary to determine the
uncertainties of the partial components, related to alirbet quantities, which affect
the measured or predicted result, with a given form of thissitzal distribution.

A more accurate analysis of uncertainty of the measuremster® can be found
in paper [13], but in the present work the attention has beeuded on the uncertainty
related to the variability of weather conditions, still f&lttors have been included in the
uncertainty budget.

For short-term noise measurements it can be assumed thae#tker conditions —
temperature, air humidity and atmospheric pressure ariasjrand only the direction
and speed of the wind may vary, and its influence on the measumteresult in each
measurement point (around the plant area) is differeniidipg on the instantaneous
value of the wind’s direction and speed. In practice theiw@irtemperature gradient is
also unknown, however it can be assumed that at the measuréme it can be ap-
proximated as constant along the whole path of the sound p@gation, therefore
the uncertainty related to the temperature gradient wilibelar in all points. Assum-
ing homogeneity of the medium, in which the sound propagé#teanisotropy will be
related only to the direction and speed of the wind. Estiomabf the partial uncer-
tainty related to the wind effect is difficult, mainly becausf its variability along the
sound wave propagation path, but it is possible in cases Wieewalues are measured
simultaneously in all directions, with additional assuiops as specified above.

Taking into account the spatial layout of the measuremeimtpand the obtained
results it has been determined that the maximum error (wWifedttecorrection) of the
sound propagation (with wind varying between 0 and 2 m/s)lisiB/km. The standard
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uncertainty has been obtainedlas= 2.36 dB/km. Exemplary listing of the uncertainty
budget is shown in Table 6.

Table 6. Results of impulse sound measurements.

Gathered examples of evaluated values of standard uncertainty
components in case of industry noise masurement at 1 km distance
Possible typical possible typical
Component range standard uncertainty
Calibration, UB1 +0.3 dB 0.2dB
Measurement system, UB2
instrument, UB2 +0.34 dB 0.2dB
Atmospheric apsorption, UB3
humidity ( range of 30% and 80%), UB31 +0.9dB 0.53 dB
temperature ( range of 5 °C to 25°C, h=50%), UB32 +0.4 dB 0.22 dB
temperature gradient (0.9 to 3.6 °C/100m), UB33 +2.5dB 1.44 dB
Wind speed and direction ( 0-2 m/s), UB34 +4.1 dB 2.38 dB
Background (min. 6 dB S/N ration), UB4 +1.26 dB 0.72 dB
Combine uncertainty, UC,LT +5.1 dB dB 2.94 dB

From the uncertainty budget shown in Table 6 it can be notibatldefinitely the
dominant role is played by the wind effect, even for low wintensities, and the tem-
perature gradient. To much less extent the measuremerit iegifected by the air
temperature and humidity, which additionally can be mezswyith sufficient preci-
sion.

Taking the above into account it can be easily noticed thdistances above 1 km
the spreading of the results, even for small changes in thd speed and direction and
temperature gradient, can be as big as 5 dB. In extreme @ssskpwn in paper [4], it
can even reach 42 dB.

5. Conclusions

The measurement results included in this work indicate @ngtrelation between
the wind direction and air temperature gradient, and theenaieasurement result at
long distances from the plant — 1 km or higher. Whereas theebtentioned relations
have been studied for years and is well described in thatitez [2, 3], in real mea-
surement conditions many problems are encountered inndietation of the wind speed
and direction along the whole sound propagation path, édpewhen the wind speed
is rather small. In practice it is also difficult to measurepmrly the vertical temperature
gradient, and these two factors are the dominant onesiaffeitte long-distance sound
wave propagation.

In spite of the fact that the log-lin wind and temperaturdifgg@iven by MONIN and
OBUKHOV [14] exists, which quite well approximates the distribuatiof these quanti-
ties in the near-to-ground layer, it is much better to camy direct measurements of
these quantities in various, preferably all, classes oftinaconditions, if one wants
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to plan and execute measurements of long-term noise levklagdistances from the
source.

Taking into account the obtained results it should be cateslithat the simultaneous
measurement in reference points and environment recepbions, limiting the effects
of the noise source variability, is very important, howesech approach looses some
of its effectiveness in the cases when wide-spread noigees®are examined.

For the case of impulse sources the measurement shouldredoant simultane-
ously in all the points — the reference and reception poagsyell as specified sections,
with accompanying wind monitoring in all the measuremenih{zo
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