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Summary

In wind farm planning, the noise generated by wind turbines is often an important parame-
ter. The noise impact in the surroundings are usually described through noise prediction
models like 1SO 9613-2 which assumes simple propagation conditions like downwind in
all directions. This leads to a concept of more or less constant noise at the neighbours in-
dependent of wind direction (and other meteorological parameters). New and more sophis-
ticated noise prediction models, like Nord2000, include the influence of meteorology in
the noise propagation. This gives the opportunity to make a more detailed planning of a
wind farm layout where local meteorology is taken into account and a layout optimized
with respect to noise and energy production can be defined.

In this project it has been investigated whether it is possible to use Nord2000 for noise and
energy optimization of wind farm layout when combined with a flow model like WaSP
developed by Risg in WindPRO developed by EMD International.

Part of the work has been to validate Nord2000 for elevated sources like wind turbines,
which has been done successfully for the test cases realized in the project. It was the inten-
tion to include results from measurements made by KTH in Sweden of noise propagation
over water, but the results were not available until late in the project and there were no
time to work on this part.

The second part of the project was to develop a prototype software combining Nord2000
with WindPRO and to demonstrate that noise and energy optimization can be achieved.
The prototype was developed and distributed within the project group. A simple version of
energy optimization is included but the intended extensive optimization was found too
elaborate to realize within the project. It is expected that work on the optimization proce-
dure will continue after the project.
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Summary in Danish

| forbindelse med planlaegning af vindmeglleparker er stgjen fra vindmgllerne ofte en vee-
sentlig parameter. Stgjbelastningen i omgivelserne bestemmes ofte med stajberegnings-
modeller som ISO 9613-2, hvor der antages simple lydudbredelsesforhold som for eksem-
pel medvind i alle retninger. Dette farer til en antagelse om et mere eller mindre konstant
stgjniveau ved naboerne uafhangigt af vindretning (og andre meteorologiske parametre).
Nye og mere avancerede lydudbredelsesmodeller som Nord2000 inkluderer virkningen af
meteorologi i beregning af lydudbredelsen. Dette giver mulighed for en mere detaljeret
planlaegning af vindmglleparker, hvor lokal meteorologi kan inddrages, og parklayout kan
optimeres bade med hensyn til stgj i omgivelserne og energiproduktion.

| dette projekt er det undersggt, om det er muligt at anvende Nord2000 til stgj og energiop-
timering af vindmglleparker, nar modellen kombineres med stremningsmodeller som
WaSP udviklet af Risg, og i WindPRO udviklet af EMD International.

En del af arbejdet har veeret at validere Nord2000 for hgjt placerede stgjkilder som vind-
mgller. Dette er gjort med overbevisende resultater for de testsituationer, der er realiseret i
projektet. Det var en intention at inkludere resultater fra malinger foretaget af KTH i Sve-
rige af lydudbredelse over vand. Resultaterne fra disse malinger blev dog farst tilgeengeli-
ge sent i projektet, og der har ikke veeret tid til at arbejde med disse data.

Den anden del af projektet har veeret at udvikle en softwareprototype, der kombinerer
Nord2000 med WindPRO og demonstrere, at staj og energioptimering kan opnas. Prototy-
pen er blevet distribueret i projekt gruppen. En simpel version af optimeringen er inklude-
ret i prototypen, mens det blev konstateret, at en mere omfattende optimeringsrutine ikke
kunne realiseres indenfor projektet. Det forventes, at der arbejdes videre med optimerings-
proceduren efter projektets afslutning.
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Aim
The aim of the project is from the project application:

- To pave the way for the global recognition and application of a single, improved
sound-propagation model - the Nordic Nord2000 Model.

- To demonstrate that energy optimization can be achieved by using the Nord2000
model in the planning of wind farms.

This will be achieved through a validation of Nord2000 for noise prediction for wind tur-
bines, making Nord2000 available for general use in WindPRO, first as a prototype later
as a commercial product and subsequently communicating the results in articles and at
conferences.

Project description

In wind farm planning, the noise generated by wind turbines is often an important parame-
ter. Sound propagation models like ISO 9613-2 commonly used in noise predictions do not
take into account the complex factors like varying surface properties of the terrain, wind
velocity and weather conditions. Consequently, calculations can be subject to significant
inaccuracies, resulting in errors and uncertainty for energy project stakeholders. A further
consequence can be that the project fails to make optimum use of the energy.

The project comprises a validation of Nord2000 for wind turbines and a subsequent devel-
opment and demonstration of a prototype program combining WindPRO and Nord2000.

The report “Nord2000. Validation of the Propagation Model” [1] sums up validation for
Nord2000 for low-altitude sources at distances of up to approx. 1000 m. For that reason
the validation for elevated sources like wind turbines is considered to be a supplement to
existing validation rather than a full validation. More information on the Nord2000 model
can be found in [2], [3], [4], and [5].

WindPRO is a commercial wind farm planning software comprises a list of relevant fea-
tures like micro siting of wind turbines, analysis of meteorological measurements, model-
ing of wind flow, noise prediction as well as other environmental impact calculations. The
project includes the construction of a prototype interface between Nord2000 and Wind-
PRO making noise predictions with Nord2000 possible using the many features already
prepared in WindPRO.

The strength of the Nord2000 model resides in the fact that it can incorporate the complex
terrain, weather and wind direction conditions that influence sound propagation so radi-
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cally. To make optimum use of Nord2000 it is necessary to feed data into the Nord2000
model. The data is already stored in the WindPRO modeling tool, which uses the Risg
WASP calculation model.

By linking WASP and WindPRO with Nord2000, it will be possible to exploit the 3D-
facilities in WindPRO and the wind velocity distribution from WASP. It then becomes
possible to describe the dependence of the meteorology to the noise emission - both as
snapshot values, e.g. wind velocity 8 m/s, wind direction 270 deg., and as annual mean
values based on wind statistics for the site in question. It will also be possible to indicate
how much a given location in fact is affected by noise levels of or above a given limit
value and for how much of the time the noise level is higher/lower than the limit value.
The system operates with complex calculations and results.

The project’s second main aim is to demonstrate that energy optimization can be achieved
by using the Nord2000 model in the planning of wind farms. During this work it was
found that this was an elaborate task and a simpler version of optimization is included in
the prototype software.

The project divides naturally into 3 phases:
¢ Validation of Nord2000
¢ Noise and Energy optimization

¢ Reporting and Publishing
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The basics of the Nord2000 model

The Nord2000 calculation principles have been described in numbers of reports [2], [3],
and [4] and the method has in every detail been described in a proposal for a Nordtest stan-
dard method [5].

The limitations in the Nord2000 method are:

e The sound pressure level is predicted in one-third octave bands from 25 Hz to 10 kHz.
If necessary, the method can be extended below 25 Hz.

e The Nord2000 method assumes a point source. Therefore, a complex source has to be
divided into a number of incoherent point sources and a calculation has to be carried
out for each point source. For wind turbines, the experience is that a single point
source located at the hub is sufficient in most cases.

e The terrain shape from source to receiver has to be approximated by a number of
straight line segments.

¢ In Nord2000 the effect of weather on propagation (refraction) is determined on basis
of the vertical effective sound speed profile and Nord2000 can be used to calculate
short-term noise levels for time periods where this profile is almost constant. In the
Nord2000 method the profile has to be approximated by a log-lin profile between the
source and receiver heights as shown in Eq. (1).

e(z) = AN(E+1) + Bz +¢ (1)
V4

0

In Eq. (1) c(z) is the effective sound speed at height z above ground, z; is the roughness
length of the ground, and A, B, and C are constants. A and B are determined by wind
speed profile, the angle between the wind direction and the direction of propagation and
the air temperature profile. C is sound speed at the ground determined by the air tempera-
ture close to the ground.

In excess of the variables A, B, C, and z, in Eq. (1) the Nord2000 meteorological input
parameters are:

e C,%and Cy? which are structure parameters of turbulent wind speed and temperature
fluctuations, respectively

e s, and sg which are standard deviation from short-term fluctuations of A and B in ex-
cess of what is accounted for by the turbulence parameters

e tand RH which are air temperature and relative humidity used for calculation of air
absorption
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In general, the log-lin approximation in the range of heights between source and receiver is
sufficient for most weather cases. However, in some special weather cases (e.g. low level
jets) where the approximation is less good a reduced accuracy of the Nord2000 method is
expected. If the weather is changing substantially meaning that the vertical effective sound
speed profile is no longer constant with minor fluctuations the method for prediction of
long-term noise levels described section 7.2 has to be applied.

Validation of Nord2000

The validation part of the project is described in detail in [6] and only a brief description is
included in this report.

Three stages of validation were planned from the beginning: loudspeaker tests, single wind
turbine tests and a wind farm test.

The loudspeaker tests are considered most important as the noise source is well defined in
position and in strength. As the aim of the project has been to introduce the Nord2000 in
wind turbine noise prediction tests using a wind turbine as a source was planned as well. In
this case the source is less well defined in both positions and in strength, and the results
were expected to have a higher uncertainty. It is considered important to show that wind
farm noise predictions with Nord2000 are reliable and a limited test with noise measure-
ments and predictions for a wind farm has been included. The accuracy of this test was
expected to be less than for the other two stages of validation.

Loudspeaker noise measurements

The loudspeaker measurements were made at two locations: at the Risg test site for large
wind turbines Hgvsgre in Denmark and at the Statkraft wind farm at Hitra in Norway. The
terrain at Hgvsgre was simple and flat and at Hitra the terrain was complex and hilly.

The principle behind the loudspeaker test is that a loudspeaker is placed at an elevated po-
sition (30 m and 50 m at Havsgre and 70 m at Hitra) emitting a well defined noise signal.
The noise is measured in front of the loudspeaker at a short distance to give information on
the level of noise from the loudspeaker. Noise measurements were also made at various
distances and heights (2 m and 5 m) for downwind and upwind conditions.

During the noise measurements meteorological data were registered synchronously. At
Havsgare it was possible to get detailed data for relevant parameters like wind speed, wind
direction and temperature at several heights and relative humidity at 2 m height sampled at
10 seconds. At Hitra the main source of meteorological data was the meteorology mast at
the wind farm giving data as 10 m averages.
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From the noise measurements the Excess Propagation Effect can be estimated by Eq. (1)
where L(f) is the measured 1/3-octave band sound pressure level and Ly(f) is the free field
sound pressure level. The excess propagation effect determined by Eq. (1) contains the
propagation effect of ground and air absorption.

AL(f) =)= Lo (/) (1)

The free field sound pressure level Lo(f) are determined by Eq. (2) where Lin(f) is the
sound pressure level measured approx. 1 m from the loudspeaker front. d is the distance
from the loudspeaker to the receiver and d, is the distance from the acoustical centre of the
loudspeaker to the “1m” microphone including the correction for near field effect. A value
of dy = 1.29 m has been found to provide the best estimate.

Lo(f)=L,,(f)-20 Iog(dij @

0

Wind turbine noise measurements

The wind turbine noise measurements were following the principles of the loudspeaker
measurements except the source is the wind turbine and the reference measurement posi-
tion is a microphone on a board on the ground according to IEC 61400-11 [7]. The wind
turbine noise measurements were only made at Hitra and due to malfunction of the meas-
urement equipment only for the downwind direction. When comparing measurements with
predictions it was assumed that the source was a point source at the hub of the wind tur-
bine.

Wind Farm noise measurements

Noise measurements have been made at a wind farm in flat terrain in Norway. The results
of these measurements are compared to noise calculations according to Nord2000 based
on the prototype software developed in the project.

Results and conclusions on the validation measurements

The details of the data analysis as well as all the results can be found in [6]. The main re-
sults are given below.

Downwind propagation — flat terrain

Typical results for downwind propagation are shown in Figure 1 and Figure 2. The agree-
ment between measured and predicted spectra is in general good.
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Figure 1

Measured (*) and predicted (line) excess propagation effect. Downwind, distance 500 m,

source height 30 m, and receiver height 2 m.
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Figure 2

Measured (*) and predicted (line) excess propagation effect. Downwind, distance 1500 m,

source height 50 m, and receiver height 2 m.
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The measured and predicted A-weighted excess propagation effects in the downwind ex-
periment and the difference between predicted and measured values are shown in Table 1.
The A-weighted results are determined on basis of the excess propagation effect spectra
and a typical wind turbine source spectrum. The table also shows the number of signal se-
quences included in the average values. The average deviation is -0.1 dB with a standard
deviation of 0.7 dB so the agreement is very fine. The result is presented graphically in
Figure 3.

POS. hs hr Number | Nord2000 | Measured | ALa(c-m)
(m) (m) of seq. (dB) (dB) (dB)
1 30 2 15 -14 -2.1 0.7
1 30 5 15 0.0 1.2 -1.2
1 50 2 15 -11 -14 0.3
1 50 5 15 0.4 0.1 0.3
2 30 2 15 -3.3 -4.0 0.7
2 30 5 15 -1.3 -1.6 0.3
2 50 2 15 -2.7 -3.2 0.5
2 50 5 15 -1.0 -0.9 -0.1
3 30 2 15 -4.3 -3.2 -1.1
3 30 5 15 -2.0 -1.4 -0.6
3 50 2 13 -3.9 -3.0 -0.9
3 50 5 9 -1.6 -1.5 -0.1
Total Average -0.1
Std. dev. 0.7

Table 1

Measured and predicted A-weighted excess propagation effect. Downwind propagation
over flat terrain from a loudspeaker at Hovsore.
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Measured versus predicted A-weighted excess propagation effect in the downwind experi-
ment at Hovsare (circles are A-weighted results, the line is a linear fit to the results given

by the equation in the lower right part of the figure).

Upwind propagation - flat terrain

Typical results for upwind propagation are shown in Figure 4 and Figure 5. The agreement
between measured and predicted spectra is in general less good than seen for downwind
propagation. Figure 4 shows the result at a propagation distance of 1000 m for the lowest

source position and receiver height. In this case the upwind is causing a considerable

acoustically shadow zone effect with large attenuation at high frequencies. Taking into
account how unstable such shadow zones are it is fairly well modelled by Nord2000. In

Figure 5 where the source is at the highest position instead the measurement shows a

slightly reduced attenuation compared to the low source position whereas Nord2000 pre-
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dicts a much larger reduction. The general trend in the upwind measurement experiment is
that measurement and prediction in some cases agree to show an effect of a shadow zone
effects and in other cases agree to show no shadow zone effect. However, in a number of
cases shadow zone effects are seen in the measurements but not in the predictions whereas
the opposite is not seen in the experiment.

Excess propagation effect (dB)

-30

| I

1 1

1 1 1 1

31.5 63 125 250 500 1000 2000 4000 8000
1/3-octave band frequency (Hz)

Figure 4

Measured (*) and predicted (line) excess propagation effect. Upwind, distance 1000 m,
source height 30 m, and receiver height 2 m.
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Excess propagation effect (dB)

-30

| |

: :

| | |

315 63 125 250 500 1000 2000 4000 8000
1/3-octave band frequency (Hz)

Figure 5

Measured (*) and predicted (line) excess propagation effect. Upwind, distance 1000 m,
source height 50 m, and receiver height 2 m.

The measured and predicted A-weighted excess propagation effects in the upwind experi-
ment and the difference between predicted and measured values are shown in Table 2. The
table also shows the number of signal sequences included in the average values. The aver-
age deviation is 4.3 dB with a standard deviation of 1.9 dB. The result is presented graphi-
cally in Figure 6. Although the agreement is poor compared to the downwind results it is
considered acceptable taking into account the well-known difficulties of making accurate
prediction for an acoustical shadow zone in upwind. It is possible, that the Nord2000
method could be adjusted to decrease the average deviation in upwind but on the existing
basis it is considered better to have a conservative method. An adjustment would require a
much more extensive number of measurements.
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PoS. (t::) (I:r?) Number No (rglég)oo Me(%sg)red AL(Aa(;-)m)
1 30 2 11 -0.8 -8.9 8.1
1 30 5 11 -0.6 -3.1 2.5
1 50 2 22 -1.2 -3.8 2.6
1 50 5 22 0.2 -2.1 2.3
2 30 2 11 -9.4 -14.6 5.2
2 30 5 11 -6.9 -11.5 4.6
2 50 2 22 -5.2 -95 4.3
2 50 5 22 -3.3 -8.0 4.7

Total Average 4.3

Std. dev. 1.9
Table 2

Measured and predicted A-weighted excess propagation effect. Upwind propagation over
flat terrain from a loudspeaker at Hovsore.
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Figure 6

Measured versus predicted A-weighted excess propagation effect in the upwind experiment
at Hovsore (circles are A-weighted results, the line is a linear fit to the results given by the
equation in the lower right part of the figure).

6.4.3 Results from complex terrain

Results from the downwind measurement in Pos. 1, 2, and 3 on the first day are shown in
Figure 7 to Figure 9 for receiver height 2 m. The agreement between measured and pre-
dicted spectra is in general good. In Figure 7 minor irregular deviations are seen at high
frequencies probably caused by the uncertainty in the loudspeaker directivity. The result
shown in Figure 9 is particularly interesting because considerable attenuation is observed
in most of the frequency range which is unusual in downwind propagation. This attenua-
tion which is similar to what can be observed in upwind is interpreted as being the result of

/
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a speed-up effect on the wind speed profile. The results for downwind propagation in the
cases repeated on the second measurement day agreed well with the results of the first day.
Figure 10 shows a result from the upwind measurement in Pos. 1 with a receiver height of
2 m. The agreement between measured and predicted excess ground attenuation is good in
this case and the result looks more like what is observed in downwind propagation which
again may be explained by the speed-up effect.
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Figure 7

Downwind propagation, July 8, Pos. 1, receiver height 2 m.
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Figure 8

Downwind propagation, July 8, Pos. 2, receiver height 2 m.

ap ‘pIsy 83y 8l 1dS

8000

2000 4000

1000

Frequency, Hz

Figure 9

Downwind propagation, July 8, Pos. 3, receiver height 2 m. Typical shadow zone behav-

iour is observed which is unusual in downwind conditions.
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SPL re free field, dB
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31.5 63 125 250 500 1000 2000 4000 8000
Frequency, Hz

Figure 10
Upwind propagation, July 11, Pos. 1, receiver height 2 m.

The measured and predicted A-weighted excess propagation effects in the Hitra experi-
ment and the difference between predicted and measured values are shown in Table 3 for
each propagation case and measurement day. The table also shows the number of signal
sequences included in the average values. The average deviation of all results is -0.5 dB
with a standard deviation of 1.8 dB which is a satisfactory agreement taking into account
the complexity of the propagation. The result is presented graphically in Figure 11.
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hgr Nord2000 | Measured | ALa(c-m) | Group
Case Pos. m) Number (dB) (dB) (dB) AL (dB)
1 2 31 2.0 3.2 -1.2
1 5 31 0.0 29 -2.9
Downwind 2 2 31 0.8 1.8 -1.0
J I 8 '1.6
uly 2 5 32 0.4 3.7 3.3
3 2 32 -8.2 -5.6 -2.6
3 5 32 -2.3 -3.5 1.2
Downwind 1 2 4 2.4 1.9 0.5
July 11 0.2
y 2 2 6 1.4 15 0.1
1 2 15 0.6 0.9 -0.3
Upwind 1 5 15 2.6 0.3 2.3
July 11 0.9
y 2 2 18 5.1 7.2 2.1
2 5 18 -1.7 -1.3 -04
Average -0.5
Total
Std. dev. 1.8
Table 3

Measured and predicted A-weighted excess propagation effect from propagation over non-
flat terrain from a loudspeaker at Hitra.
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Measured A-weighted excess propagation effect (dB)

-8 y=0.9x + 0.4—

-9 T T T T T T T T
-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4

Calculated A-weighted excess propagation effect (dB)

Figure 11

Measured versus predicted A-weighted excess propagation effect in the Hitra loudspeaker
experiment (circles are A-weighted results, the line is a linear fit to the results given by the
equation in the lower right part of the figure).

Result of wind turbine measurements at Hitra

As in the Hgvsgre experiment measured and predicted excess propagation effect spectra
AL(f) have been determined for each signal sequence and subsequently used to determine
the average excess propagation effect spectra and A-weighted propagation effect for each
propagation case. The propagations cases were the same as in the loudspeaker experiment
but the downwind recordings in Pos. 3 were not analyzed due to too much background
noise and the upwind recordings could not be used due to technical problems.



AV 1238/09 Rev.1
Page 23 of 53

The results from the downwind measurements in Pos. 1 and 2 and receiver height 2 and

5 m are seen in Figure 12 through Figure 15.

ap ‘pIsy 831 81 1dS

Frequency, Hz

Figure 12

Downwind propagation from wind turbine, Pos. 1, receiver height 2 m

gp ‘plsy 8344 81 1dS

Frequency, Hz

Figure 13

Downwind propagation from wind turbine, Pos. 1, receiver height 5 m.
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ap ‘piaYy 8314 81 1dS

Frequency, Hz
Downwind propagation from wind turbine, Pos. 2, receiver height 2 m. An indication of

shadow zone behaviour is seen. This is most pronounced in the measurements.

Figure 14

ap ‘pIsy 8344 81 1dS

Frequency, Hz

Downwind propagation from wind turbine, Pos. 2, receiver height 5 m.

Figure 15
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The measured and predicted A-weighted excess propagation effects in Hitra wind turbine

experiment and the difference between predicted and measured values are shown in Table
4 for each propagation case. The table also shows the time period included in the average

values (number of 10 second periods times 10). The average deviation of all results is -1.0
dB with a standard deviation of 2.3 dB.

Although both the spectral results shown in the four figures and the statistics from Table 4
indicate larger deviations than seen in the loudspeaker experiment the agreement between
measured and predicted is still acceptable. The determination of the sound power level of
the wind turbine by the 1ISO method and the decrease in signal-to-noise-ratio will unavoid-
able reduce the accuracy in the analysis.

Pos hgr Duration | Nord2000 | Measured | AL(c-m)
' (m) (sec) (dB) (dB) (dB)
1 2 6180 1.8 35 -1.7
1 5 4400 0 3.8 -3.8
2 2 2520 0.2 -1.1 1.3
2 5 2890 0.1 -0.3 0.4
Average -1.0
Total
Std. dev. 2.3
Table 4

Measured and predicted A-weighted excess propagation effect from propagation over non-
flat terrain from a wind turbine at Hitra.

Comparison with ISO 9613-2

A very interesting subject is how results predicted by Nord2000 will deviate from the pre-
diction by 1SO-9613-2 which is the most commonly used method for wind turbine predic-
tion today.

It has not been possible within this project to perform a comparison for all results but a
few cases have been selected to illustrate the difference between the two prediction meth-
ods. The two selected cases are from Section 7.1.1 in [6] with downwind propagation over
flat grass-covered ground at Hgvsgre. Except for the high source position the ISO method
is supposed to be valid in this propagation case. The results from these cases are recalcu-
lated to 1/1 octave bands and shown in Figure 16 and Figure 17 and predicted result by the
ISO method has been included. The two figures show a considerable underestimation by
the 1ISO method around 500 Hz and 1000 Hz which is a well-known experience for very
high source positions. Comparison at lower frequencies is difficult due to background
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noise as can be seen at 63 Hz in Figure 17. Larger deviations in the prediction would of
course have been observed if the 1ISO method had been used to predict some of the cases
where the method is not valid such as the upwind cases at Havsgre and some of the com-
plex terrain cases at Hitra.

. \ Sy

Excess propagation effect (dB)
(8]

-10

-15

63 125 250 500 1000 2000
Octave band frequency (Hz)

—>—Nord2000 —©—1S0-9613-2 —— Measured

Figure 16

Measured (¢ red), predicted by 1SO-9613-2 (o green), and predicted by Nord2000 (X
black) excess propagation effect. Downwind, distance 500 m, source height 30 m, and re-
ceiver height 2 m.
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Excess propagation effect (dB)
[43]

-10

-15

63 125 250 500 1000 2000
Octave band frequency (Hz)

—>—Nord2000 —©—1S0-9613-2 —— Measured

Figure 17

Measured (¢ red), predicted by I1SO-9613-2 (o green), and predicted by Nord2000 (X
black) excess propagation effect. Downwind, distance 1500 m, source height 50 m, and
receiver height 2 m.

6.4.6 Results from wind farm validation

Measurements have been made at 3 positions downwind from a wind farm with around 70
wind turbines in flat terrain. Meteorology data is received from the meteorology mast at
the wind farm. The wind speeds were measured at several heights, the temperature and
pressure were measured at one height. Detailed information on the terrain was available as
elevations lines in digital format. The ground conditions were a mix of soft ground, rocks
and water.

The size of the wind farm was 4.5 times 4 km and the measurement positions were 4 km, 3
km and 2.5 km from the nearest wind turbine. Measurement position 1 and 2 are lying in
the same direction at different distances while position 3 is in another direction. Noise pre-
dictions are made with Nord2000 for conditions corresponding to the measurement situa-
tion. Noise emission measurements were made on 2 of the wind turbines at the site accord-
ing to IEC 61400-11 and these data are used in the noise predictions. The results are
shown in Figure 18 to Figure 20. There is a good agreement at the lower frequencies, but
at higher frequencies the background noise is dominating. Above 1 kHz only background
noise is present in the measurements.
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Figure 18
Downwind propagation from a wind farm. 4 km, receiver height 1.8 m.

Measurement position 2 at 2.5 km
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Figure 19
Downwind propagation from a wind farm, 2.5 km, receiver height 1.8 m.
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Measurement position 3 at 3 km

35

30 A

25 4

N
o
L

Measurement
= = =Nord2000

LpA [dB re 20 uPa]
=
[$2)

=
o
L

‘
N
D PO PRSP OO LSO LS
TV WO CITFEPP S P LRI E S S
)

Frequency [Hz]

Figure 20
Downwind propagation from a wind farm, 3 km, receiver height 1.8 m.

Conclusion on validation

The validation measurements for downwind propagation from a loudspeaker over flat
grass-covered ground show a fine agreement between measurements and predictions by
the Nord2000 method in the considered range of propagation distances (up to 1500 m).
The average difference in A-weighted levels is 0.1 dB with a standard deviation of 0.7 dB
which is very fine. Also, the agreement between measured and predicted spectra is good.

The validation measurements for upwind propagation from a loudspeaker over flat grass-
covered ground show a less good but still acceptable agreement between measurements
and predictions by the Nord2000 method considering the well-known problem of making
accurate prediction in long-distance upwind cases. On average the predicted A-weighted
noise levels are 4 dB higher than the measured levels with standard deviation of 1.9 dB. In
principle, the Nord2000 method could be adjusted to give a better fit to the validation
measurements but it would be dubious to change the method based on only one experi-
ment. Furthermore, noise levels in an acoustical shadow zone caused by upwind are in
general low and very unstable. Therefore, it is can be considered an advantage that the
shadow zone effect predictions are conservative.

The validation measurements for downwind and upwind propagation from a loudspeaker
over non-flat terrain show that predictions by Nord2000 are producing A-weighted noise
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levels which on average are within 0.5 dB of the measured values with a standard devia-
tion of 1.9 dB. This is considered a good agreement taking into account the complexity of
the terrain and the meteorological conditions. In downwind pos. 3 at a distance of approx.
1000 m the measured spectra show attenuation at high frequencies which most likely is to
the result of an moderate acoustical shadow zone normally seen during upwind propaga-
tion. The most likely explanation is that the effect is caused by a wind speed-up effect over
the hill-shaped terrain. This is supported by the wind speed measurements showing a
lower wind speed at the height 70 m than at 10 m and 29 m. This complex situation is pre-
dicted well with Nord2000.

The validation measurements with a wind turbine as a source show good agreement with
Nord2000 predictions as well. On the average the A-weighted levels are within 1 dB with
a standard deviation of 2.3 dB. The spectra for the excess propagation effect are not show-
ing the same agreement as for the loud speaker measurements. This can in part be due to
measurement distance for the sound power level which is considerably larger than for the
loudspeaker measurements, the lower noise emission of the wind turbine making intermit-
tent background noise a parameter and possibly the fact that the source may in reality be a
distributed source rather than a point source. It was tested whether a distributed source
would give better agreement in the predictions but no significant change was seen in the
results.

For the wind farm measurement a good agreement was seen for spectra as well as for the
A-weighted levels. This validation is slightly different from the other parts as the results
are given as noise levels rather than the excess propagation effect.

Generally the conclusion on validation is that for the tested situations Nord2000 shows a
fine agreement with noise measurements for simple flat terrain with simple meteorology
and for complex terrain with complex meteorology. When compared to 1SO 9613-2 the
Nord2000 model is an improvement especially for the complex situations.

Noise and energy optimization

The noise and energy optimization part of the project includes the use of WindPRO for
optimization and Nord2000 for the noise predictions. WindPRO is already a fully inte-
grated software package with a series of features while the Nord2000 model exists only in
few implementations of which none is very well suited for use on wind farms.

At DELTA a stand-alone program has been developed for wind turbine noise predictions
according to Nord2000. In work with the prototype it was decided not to reprogram or oth-
erwise to integrate Nord2000 into WindPRO but create an interface between the two pro-
grams.
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Design concept

Nord2000 is inferred as a separate module in WindPRO and is started by running the
Nord2000 calculation from the main menu of WindPRO. It requires a Nord2000 program
provided by DELTA and delivered together with WindPRO 2.7, similar to the way the
Risg software WASP is called by WindPRO. This means that all access to Nord2000 pre-
dictions is through WindPRO using all the well-known features for setting up the geome-
try for a wind farm and using the catalogue of wind turbines already implemented. This
should make the use of Nord2000 predictions in planning easier for experienced users of
WindPRO.

There are three fundamental calculation types in the Nord2000 module:
e Point calculation, meaning a calculation for one specific climatic and terrain condition.

e Speed/direction analysis, which calculates a range of wind speed and wind directions
for one climatic situation.

e Aggregated, in which calculations are made through a time period for which statistics
can be made.

Nord2000 calculates the noise propagation for specific climatic and terrain situations,
which makes it possible to calculate rather precisely, but also means that the result will
only be valid for those specific situations. If national codes require a specific meteorologi-
cal situation it is possible to set the parameters accordingly in which case the result can be
compared to results from the models used by national codes.

Details on the parts of WindPRO that are changed to be able to handle the extra informa-
tion on meteorology, terrain etc. are shown in annex A.

Data communication

As the Nord2000 model is running outside WindPRO, data exchange between the two pro-
grams had to be established. It was decided to handle the data exchange in xml-file format
as this format can be read in a text editor and the different parameters can be identified by

a header making it easy to check and change the structure in the development phase.

All the necessary data for every noise calculation in Nord2000 are prepared in WindPRO
and communicated to the Nord2000 program through this xml-file format.

Optimization

Existing optimization algorithms in WindPRO are focused on finding the most optimum
positions of a wind turbine with respect to energy production. It was found that including
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noise criteria in the optimization is very time consuming and thus found unrealistic at the
moment.

Within the project a tool for optimization is developed which for a given layout (e.g. pro-
duction optimized) can optimize according to the noise criteria.

The principle in this optimization is, that the wind turbines contributing the most are re-
duced in operation (and noise) until the noise criteria are met. If this does not solve the
problem the most noisy wind turbine is removed and the process starts over again.

If a given site has some predominant meteorological conditions (like a dominant wind di-
rection) this procedure can be applied for the different meteorological conditions and re-

sult in a wind farm where all the wind turbines are operated at optimum production most

of the time and for certain meteorological conditions some of the wind turbines are oper-
ated in a reduced mode.

The Nord2000 model can predict these meteorological situations with low noise impact in
the surroundings.

Prediction of long term noise levels

A major benefit of the Nord2000 model is that it is possible to predict long term noise lev-
els like annual average of Laeq and Lgen, Statistical distributions of the noise and maximum
and minimum levels. Depending on the available meteorological data these parameters can
be given as a function of wind directions, month of the year or time of day.

When predicting long-term noise levels the weather conditions are divided into a number
of meteorological classes. Each weather class covers a variety of meteorological condi-
tions with almost the same sound propagation. The method used for calculating long-term
noise levels is a European method proposed in [8] and later adopted by the Nordic coun-
tries [9]. Each class is defined by A and B in the log-lin sound speed profile (5 values of A
and B symmetrically distributed around A=0 and B=0). If the occurrence p; of each meteo-
class is known together with the average air temperature t; and relative humidity RH; the
long-term noise level can be predicted according to eq. (3), where L; is noise level in the
meteo-class i.

25
Lippg-rem =10l0g [Z P, 10”10} (3)

i=1

The statistical weights p; and average temperature t; and relative humidity RH; needed for
the calculation according to eq. (3) are obtained from normal weather statistics as de-
scribed in [8] or [9]. For each observation at a synoptic weather station (typically for each
hour) the meteorological class given by A and B are determined on basis on wind speed
and direction at 10 m and cloud cover in octas and time of the day (day/night). This statis-

/
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tics are obtained for the period of interest (e.g. one year or ten years). Statistics shall be
determined each direction of propagation (in 10° intervals according to [8] or [9] but for
wind turbines data are typically available in 30° sectors).

The experience from creating statistics for calculations of the yearly average noise level
Lgen is that there are no occurrences in almost half of the 25 meteorological classes at se-
lected weather stations in the Nordic countries. Furthermore, in few classes the percentage
is so small that it can be moved to a neighbouring class. In practice the number of classes
is therefore no more than 9-10 classes which means that the calculation time can be sub-
stantially reduced compared to doing a calculation for each hour in e.g. a one year period.

Reporting and publishing

During the project period a total of 4 reference group meetings with participation of repre-
sentatives from the project partners, Energinet.dk, the funding companies and the Danish
Energy Agency have been held. At these meetings results have been presented and impor-
tant feedback has been received for the remaining work.

Publications and presentations

The project and the results of the project have been presented at various conferences and
seminars in connection with other wind turbine noise issues or as results from the project
alone.

The following presentations include project and/or project results.

¢ Implementation of the Nord2000 model for wind turbines: New possibilities for calcu-
lating noise impact
Thomas Sgrensen, EMD et.al.
Paper at Wind Turbine Noise 2009 in Aalborg; 2009.

e Prediction of noise from wind farms with Nord2000. Part 1
Bo Sgndergaard, Birger Plovsing, DELTA
Paper at Wind Turbine Noise 2009 in Aalborg; 2009.

e Prediction of noise from wind farms with Nord2000. Part 2
Birger Plovsing and Bo Sgndergaard, DELTA
Paper at Wind Turbine Noise 2009 in Aalborg; 2009.

o Poster presentation of the Nord2000 project at the European Wind Energy Conference
& Exhibition; EWEC 2008 in Brussels.

o 58" |[EA Topical Expert Meeting “Noise Prediction Models and Validation” Stock-
holm 2009. Presentation.

Furthermore DELTA has been asked to write an article to Noise and Control Engineering
Journal based on the presentation made at WTN 09 in Aalborg.
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Al. Introduction

This is a brief explanation of the WindPRO 2.7 — Nord2000 beta version, which is sent out
to the group associated with the Nord2000 project July 2009. It is not a complete manual.
The interface is likely to be modified and there will be changes in the future to a number
of the calculation routines. However the basic elements will not be changes unless serious
unexpected issues occur.

A2. WIindPRO 2.7 access

The version of 2.7 in which the Nord2000 is implemented is close to the beta release for
external testing. It is therefore not recommended to do general calculations in this version.
For that we advice using version 2.6. For that reason only a few modules are unlocked for
the Nord2000 beta tester. Beside the Nord2000 module itself, it is the Meteo, Park, Re-
source and WASP interface module as these are called or required by the Nord2000 mod-
ule. The new features of these modules are not explained by this text. In order to register
the 2.7 version use the .erf file you received by email or contact EMD.

A3. Overall structure

Nord2000 is a module in itself and is started by running the Nord2000 calculation from the
main menu. It requires a Nord2000 .dll provided by Delta and delivered together with
WindPRO 2.7, a bit like WASP is called by WindPRO.

There are three fundamental calculation types in the Nord2000 module:

¢ Point calculation, meaning a calculation for one specific climatic and terrain condi-
tion.

o Speed/direction analysis, which calculates a range of wind speed and wind direc-
tions for one climatic situation.

e Aggregated, in which calculations are made through a time period for which statis-
tics can be made.

Nord2000 calculates the noise propagation for a very specific climatic and terrain situa-
tion, which makes it possible to calculate rather precisely, but also means that the result
will only be valid for those specific situations. If national codes require a specific meteoro-
logical situation it can be recommended to set those parameters in which case the result
can be compared to results from the models used by national codes.
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A4. Limitations in the current version of WindPRO 2.7 - Nord2000

As the version is only a beta version a number of known issues are as yet unresolved caus-
ing some limitations of the model.

A4.1. Shear issues

The current version does not adjust the source noise level for shear. This means that the
IEC shear of 0.05 m (roughness class 1.5) is assumed. Similarly this shear is not adjusted
for meteorological stability meaning that while the propagation model take the shear into
account, the transformation of wind speed between two heights for the source noise level
is assuming neutral stratification.

In practice this means that a calculation based on wind speed at 10 m height will simply
look up the source noise level from the wind turbine catalogue and use that, irrespective of
local shear and stability.

It is possible to bypass this problem by using wind speed at hub height. Then the source
noise level will be looked up in the catalogue data at hub height. If the wind speed at hub
height is found individual for each turbine using WAsP model then the transformation of
wind conditions around the site is based on neutral stratification, which if the reference
height is near hub height may have very little influence, but may have major influence if
reference height is low (eg. 10 m). Most national codes assume neutral stratification.

A4.2. Aggregation model issues

The aggregation model is based on 25 climate classes. As wind direction is a component in
defining the climate class the various turbines in a wind farm may have different climate
class and therefore different damping. We are aware that there is an error in transferring
the climate class between turbines and recommend not to use the aggregation model.

The report output of the aggregated model is as yet incomplete.

A5. Background data for the calculation

A5.1. Source noise data

In the turbine catalogue the turbines can now be equipped with a tabulated noise curve at
hub height. It is arranged as a separate tab next to a normal 10 m tab (Figure 21).
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Name IMDde 0-109.4 dB(A) - 03-2004 {octav) 1.24 Data for wind speed: 7.0 m/s and hub height: 105.0 m
S |I"u‘|anufacturer [ Pure tones (check i_f pure tones c_nnte_nt repqned}
Some countries operate with differentiated pure
Date (dd-mr|23-08-2004 - 0.0 tonal penalties, in such cases, this value is
- - - - - used. Other countries have a fixed penalty and
'You can establish a “noise value matrix” by adding wind speeds and + the value is not used.
hub heights - if you only have data for one hub height and wish to use
this for all hub heights you can add a “hub height independent ) [ Octave data (always input if available)
column™ 3 r
[f the turbine has data for different operation modes (noise reduced), [
create a new noise data set for each operation mode. Lwa,ref
2 104.0 dB(A)
Select cell in matrix below for input/edit data in fields to the right -= Wind speed dependency [mrelevant when data for more

10 m | Fub heght 1.0 dB{AYm/s wind speeds are available

105.0 m o5
7.0 m/s 04,0
80m/s |[1050
90m/s (1060
10.0 m/s [107.0 ™
*| Octave dats available
Add wind speed | Add hub height ‘ Delete selected
Copy selected ‘ Paste from clipboard ‘
Remarks

Air density: 1,24 kg/m3

Ok ‘ Cancel | Import

Figure 21
A noise curve at hub height can be inserted as a separate tab in the turbine catalogue.

A5.2. Area object data

Avrea types in the area object now have a new Nord2000 property. If Nord2000 is selected
as purpose then the area types will get a terrain type property where terrain hardness can
be selected as function of month. The hardness values are translated into terrain types, so
that a qualitative assessment is possible.



Type name: |Forest

I™ Create name automatically

Type height a.g.. m
Hatching: |Horizontal hatch +

Roughness Terrain hardness I

Terrain hardness (for NORD2000) Month
Value All - Jan Feb Mar Apr MayJun Jul Aug Sep Oct Nov Dec
A Snow 125 ol S oI 4N o o & o0 & B 60 4 0 &
B Forest, Heather 315 SO OB OB OO O ORI OB OO O O
C Crop field summer, grass(soft) 80 IR SN S S SN S SIS S S U & S &
D Crop field spring, autumn, grass(normal) 200 SIS S S S 8N TN 8N LS 88
E Crop field winter, grass(compact) 500 O T T
F City, Frozen ground, rock 2000 I T
G Water, ice concrete, asphalt 20000 I T
Description
Ok Cancel |
Figure 22

New area type property: terrain hardness.
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A general 2.7 feature is that background properties have been moved to the Area types tab
and are given properties similarly to the other area types.

A5.3. Meteo data

In the Meteo object it is now possible to define columns with Cloud cover (in 1/8’s) and
relative humidity. A time series with mean wind speed, wind direction, cloud cover, rela-
tive humidity and temperature is required for the Aggregated calculation.

A6. Point calculation

The purpose of a point calculation is to calculate the noise impact for a very specific situa-

tion at the receptors defined as NSA as in a normal Decibel calculation.

A6.1. Main

In the Main tab Point is selected.
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A6.2. WTGsS
The WTGs tab, like elsewhere in WindPRO selects the turbines for the calculation.

A6.3. Noise sensitive areas

The noise sensitive areas are selected as in a normal Decibel calculation.

A6.4. Terrain

The terrain used for the noise propagation model is defined in this tab.

For elevation data a fixed base height or elevations from a line object can be selected.

The roughness can be defined as roughness length or roughness class or it can be read
from an area or a line object

Terrain type hardness can be selected as uniform for the entire site or defined by an area
object. By selecting a date the relevant hardness is selected if differentiated by month.
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Main ] WTGS] Moise Sensitive Areas Terrain lWind ] Weathen’stability] Descripﬂon]
The terrain path from turbine to NSA decides more specific the noise propagation.

Elevation data

" Flat area with fixed elevation
f+ Based on line object
Roughness

" Uniform roughness as length
" Uniform roughness as class
(+ Based on area object

" Based on line object

Terrain type

" Uniform terrain type
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|Height Contours: CONTOURLIME_OMLINEDATA_1.wpo (2)

1.0

|Area object (Roughness): NORD2000_REGIONS_Demonstrationsprojekt_0 w2r (1)

|D Crop field spring, autumn, grass(normal)

|Area object (Roughness): NORD2000_REGIONS Demonstrationsprojekt_0.w2r (1)
|04-12-2008 |

Ll Ledled

Ok | Cancel |

Figure 23

Terrain definition for the Nord2000 calculation. In this example all data are defined by

line and area objects.

A6.5. Wind

There are mainly three ways to define the wind speeds at the wind turbines and thus the

source noise level.
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Main ] \n"v"'I'Gs] Moise Sensitive Areas] Terrain  Wind lWeather.fstabiIityl Descriptiun]

Wind speeds at wind turbines
" Uniform wind speed (common for all WTGs)

" Calculate wind speed 10 m a.g.|. for each WTG posistion

@ Calculate wind speed at hub height for each WTG position |
(requires source noise data for wind speed at hub height)

Site data used for wind speed calculations and as reference site | blob j

Calculation wind speed (m/s) in height 10,0 magl

Calculation wind direction (deg clock wise from north)

ol

Method for transformation of wind speeds from reference site to each WTG
* WhAsP calculation for reference site and each WTG position

" Wind resource file (*.rsf*.wrg)

I

Wind speed at receiver
Height above ground level for receiver wind speed 1.5 m

(* Use Nord2000 profile to calculate

" Manual wind speed in receiver height (m/s)

Ok | Cancel |

Figure 24
The selection of the wind model to find the source noise level for the WTG's.

A6.5.1.Uniform wind speed

This means that all wind turbines will have the same wind speed. This wind speed can be
defined for either 10 m above ground level or hub height. The wind speed and the wind
direction (where the wind is coming from) must then be defined.

The source noise level is looked up in the wind turbine catalogue and requires that noise
levels for the selected wind speeds are available. Preferably as octave band data, though
WindPRO can fit an octave band distribution based on other wind speed noise data or sim-
ply use a default distribution fitted to the stated noise level as in the regular Decibel calcu-
lation.

Note that the shear information on the weather/stability tab is currently not used to revise
the source noise level.
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A6.5.2.Calculate wind speed at 10 m a.g.l. for each WTG position

Selecting this means that the source noise level is still 10 m height, but calculated indi-
vidually from turbine to turbine. This requires that a reference location is defined for ex-
ample the first turbine or the location of a specific receptor where the wind speed is de-
fined. The reference location is defined by a site data object.

The model used to calculate the wind speed at each turbine location is either a standard
WASP model as defined through the selected Site data object, or a wind resource map that
can be created by WASP or a CFD model.

A6.5.3.Calculate wind speed at hub height for each WTG position

This works exactly like the 10 m option except that it is the hub height wind speed which
is being calculated. This requires a source noise curve at hub height for the turbines.

Again a reference point and height is defined by the location of a Site data object and the
stated height. If for example 10 m is selected the model will use the terrain information to
calculate the wind speed at hub height, but this will only be for the neutral atmosphere. If
wind speed at hub height is selected the calculation is less sensitive to stratification.

If a resource map is used the resource map must be calculated for both reference height
and every hub height or a common shear value must be defined, which is then used to ex-
trapolate the wind speed.

AB6.5.4.Wind speed at receiver

The Nord2000 model requires a wind speed and height above ground level for the receiv-
ers. This is usually a very low height, so low that it is outside valid operation range of the
WASP model. Instead a fixed wind speed can be used or the Nord2000 profile defined on
the next tab can be used to extrapolate the wind speed down to the selected height.

A6.6. Weather/stability

The information in this tab is used to calculate the propagation of noise with the Nord2000
model.

The upper half is basic information while the lower half (if Show advanced options is
checked) gives the advanced information. The quantitative impact on the qualitative stabil-
ity settings in the upper part is shown in the lower part.

Relative humidity and temperature for the calculation situation is selected.

Stability can be set to either Day or Night and Clear or Clouded or overridden in the ad-
vanced settings.
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Wind shear can be set manually or defined by a roughness class. These last shear values
are adjusted by the stability parameters.

Main l \.u"u"I'GS] Moise Sensitive Areas ] Terrain ] Wind Weather/stability Description]

The weather, especially the stability conditions decides the sound propagandation. The needed data for describing the generel
conditions are given here.

Relative humidity (%) 50,0
Temperature (Deg C) 15,0 at height (m) 0.0
Stability parameters ¢ Day . & Night

* Clear sky: " Clouded

Wind shear " Manual & default based on roughness class |2 hl

Includes adjustment based on stability parameters
Calculated shear 0.2960

¥ Show advanced options
[ Input advanced options manually

Turbulence strength (Wind) 0.1200
Turbulence strength (Temperature) 0,0080

StDev Wind fluctuations 0,0000
Inverse Monin Obukov lenght 0.0100
Temperature scale T* 0,0500

Ok | Cancel |

Figure 25
The Weather and stability tab defines the climatic conditions for the Nord2000 propaga-
tion model.

A7. Speed/Direction analysis

A7.1. Main

Selecting the Speed/Direction analysis allows the calculation of noise at a range of wind
speeds and directions for a specific climatic situation.



AV 1238/09 Rev.1
Page 45 of 53

A7.2. WTG’s

Like the Point calculation.

A7.3. Noise sensitive areas

Like the Point calculation.

A7.4. Terrain

Like the Point calculation.

A7.5. Wind

Instead of just calculating for a specific wind speed and direction, a range of wind speeds
and directions can be calculated. The interval is defined in From and To and the Step de-
fines the step between values.
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Main ] W’I’Gs] Moise Sensitive Areas ] Terrain  Wind Weatherfstability] Descripiion]

Wind speeds at wind turbines
{+ Uniform wind speed (commaon for all WTGs)

" Calculate wind speed 10 m a.g.l. for each WTG posistion

" Calculate wind speed at hub height for each WTG position
(requires source noise data for wind speed at hub height)

| =l

From To Step  Count

Calculation wind speed (mis) in height |10 m a.g.l. v | 40| 00| 10| 7
Calculation wind direction (deg clock wise from north) | 0.0 | 330.0 | 30.0 | 12

Total 84

Method for transformation of wind speeds from reference site to each WTG
o

C |—

[ I

Wind speed at receiver
Height above ground level for receiver wind speed 1.5 m

+ Use Mord2000 profile to calculate

" Manual wind speed in receiver height (m/s)

Ok | Cancel |

Figure 26
In a Speed/Direction analysis it is possible to define a calculation range.

A7.6. Weather/stability

Like the Point calculation.

A8. Aggregated calculation

A8.1. Main

By selecting the Aggregated option on the Main page a period is analyzed in order to ob-
tain the noise variation over that time.

Please note that both the shear problem and the transfer of climate class problem render
this calculation invalid for the moment.
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A8.2. WTG’s

Like the Point calculation.

A8.3. Noise sensitive areas

Like the Point calculation.

A8.4. Terrain

The date is only used if the data used in the calculation does not give information on the
date and time (eg. a Weibull distribution).

A8.5. Wind

With the aggregated model the Wind tab works a bit different from the other two calcula-
tion modes.

Choosing Uniform wind speed means that all turbines will have the same wind speed,
which is the wind speed recorded in the wind data assigned on the Weather/stability page.
By selecting a wind speed height the wind data is transformed to this height using simple
shear.

Calculate wind speed at 10 m height at each WTG position uses WASP or a resource file to
calculate the relation between the reference location and the turbine locations and transfers
the data from the measurements out to these locations.

Calculate wind speed at hub height does the same but for hub height of the turbine loca-
tions.

The calculation wind speed height is used to describe the reference location, but the wind
speed and direction are not used.

A8.6. Weather/stability

Two new components appear in the Weather/stability tab when choosing the Aggregated
model.
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Main ] WTGS] Noise Sensitive Areas ] Terrain ] Wind Weather/stability Descripﬂon]

The weather, especially the stability conditions decides the sound propagandation. The needed data for describing the generel
conditions are given here.

Relative humidity (%) 50.0
Temperature (Deg C) 15,0 at height (m) 0,0
Stability parameters " Day & Night

" Clear sky (* Clouded

Wind shear &+ Manual 0.0000 " default based on roughness class

Includes adjustment based on stability parameters

Time series with cloud cover for defining climate classes

" Use generic time variation data (*.WTI)
* Use time series from Meteo object |c|0ud.10.[]m - j View

Local time series

" Mo local time series (requires Site data selected on Wind tab sheet)

* Use time series from Meteo object test time series.10,0m - hd View

[ Show advanced options

Ok | Cancel |

Figure 27
Two new selections appear on the Weather/stability tab when doing the aggregated calcu-
lation.

A8.6.1.Time series with cloud cover for defining climate classes

In the aggregated model the many possible climatic combinations are reduced to 25 cli-
mate classes so that for each receptor only 25 Nord2000 calculations need to be calculated
(Serensen et.al., 2009). The climatic classes are defined by a time series of climatic infor-
mation. The time series must contain date, time, wind speed, wind direction, temperature,
relative humidity and cloud coverage (in 1/8"™). It is possible to link to a meteo object with
this information (recommended) or load a time variation (.witi) file.

The location of the meteo object with climate data is unimportant. It may not even be nec-
essary to have data near the site as the distribution of climatic conditions may be similar
over a large region.
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A8.6.2.Local time series

The local time series gives the wind distribution on site and is basically the data set which
is used to find the distribution of noise impact from the turbines. It is therefore vital that
the data are representative for the site.

The data can be a local meteo object on the site (recommended) with date, time, wind
speed and wind direction. This can be used to create a matrix of noise output at different
wind speed bins in hourly and monthly bins (Sgrensen et.al., 2009).

Instead it is possible to use the site data object selected on the Wind tab and thus use a
Weibull distribution. This will also give a distribution of noise impact binned with wind
speed, but it is not possible to make the hour/monthly binning.

The climate class information overrules any settings for the various climatic parameters on
the page, except if the .wti file is selected.

A9. Report

At the current stage the reports are not finalized, but does at this point contain the essential
results.

A9.1. Point calculation report
The Point calculation report is the simplest of the reports. It is in generally similar to the
standard Decibel calculation.

The first page gives the calculation settings followed by a list of terrain data files used and
the turbines in the calculation. In the bottom is given a result for each receptor with the
calculated noise level.

The last page gives the usual map.

A9.2. Speed/Direction report

The first page gives a summary of the results. First with a list of the maximum noise level
for each turbine at each selected wind speed. This is followed by a complete list of results
listing through all the selected directions for each wind speed and each receptor.
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Calculation Results

Sound Level

Noise sensitive area UTM ED50 Zone: 32 Sound Level
Mao. Mame East Morth Z Imission height Month Hour Wind speed From WTGs
[m] [m] [mi's] [dB(A]
Aoldsted 550.801 6.288.685 65,0 15 4,0 412
A 5,0 46,0
A 6,0 498
A 7.0 527
A 8,0 537
A 9.0 514
A 10,0 50,6

Sound Level

Noise sensitive area UTM ED50 Zone: 32 Sound Level
Mao. Mame East Morth Z Imission height Month Hour Wind speed Dir  From WTGs

[m] [m] [mis] [l [dB(A)]

AVoldsted 550.801 6.288.685 650 1,5 40 00 411

A 40 300 411

A 40 60,0 411

A 40 900 411

A 4,0 1200 411

A 4,0 1500 411

A 4,0 1800 411

A 4,0 2100 412

A 4,0 2400 412

A 4,0 2700 411

A 4,0 3000 411

A 4,0 3300 411

A 50 00 459

A 50 3200 45,8

0 De continved on next Dage_

WindPRO is developed by EMD Intemational AE, Niels Jemesvef 10, DK-8220 Aalborg @, TI. #45 96 35 44 44, Fax +45 96 35 44 46, e-mail: windprof@emd. dk

Figure 28
Calculation of a range of wind speed and direction. First a summary of maximum values,
then the full list of results.

For each noise sensitive area is now created a detailed result with a matrix of wind speed
and direction, a graphic showing noise impact as a function of wind direction and a radar
diagram also showing noise impact as a function of direction.
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P -U S U | D ‘

b
NORD2000 - Speed/Directional analysis
Calculation: Copy of NSA: A - Voldsted

Direction Wind speed
40 50 60 7O 80 90 100
Degrees [mis] [mis] [mis] [m/s] [mis] [mis] [mis]
0 364 411 448 476 486 462 455
30 366 413 450 480 490 466 459
60 366 414 452 483 493 469 463
90 36,7 415 452 484 494 470 464
120 367 415 453 484 495 471 464
150 367 415 453 484 495 471 464
180 366 414 452 484 494 470 464
210 366 414 451 482 493 468 462
240 365 413 450 4871 491 466 460
270 365 412 449 479 483 462 454
300 364 410 444 474 482 457 450
330 363 409 444 473 483 460 452

Calculated Moise vs direction and wind speed Calculated Moise vs direction and wind speed

R e
100 120 140 160 180 200 220 240 280 280 300 320
‘Wind direction [degrees]

m 40[mz] « E0[ws] & B0[ms] » T.O[ws + S0[me] s 90 [we]
#* 100 [mé]

Figure 29
Detailed presentation of a speed and direction analysis.

A9.3. Aggregated report

During the calculation of the Aggregated calculation it is possible to dump the climatic
class tables and the time series of noise impact results for further processing in spread
sheet.

In the report setup of the aggregated calculation report the settings for the report must be
selected. This is done in the Aggregated result tab of the Main result (see below figure).
Here it is possible to select a template with pre-set settings (so far none are provided, but it
is the intension that national codes should be selectable). With the save button in the bot-
tom of the page it is possible to save the current settings as a template.

The wind speed for the presentation can be selected as:
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o Specific wind speeds, where the wind speed bins to be displayed is specified using
From, To and Step.

o A wind speed interval that gives one display of all data within this interval

o All data, which simply presents all the wind speeds registered in the selected time
series.

The period of the day for the presentation can be selected as:

¢ All, meaning no specification of particular periods.

¢ Day - Night, separating the results into day and night, where the hours of day and
night needs to be specified.

¢ Day - evening - night, as above but including evening as period. If this selection is
chosen an Lgen calculation is made including the relevant penalties for evening and
night noise impact.

o Specific hours allow the selection of specific hours for analysis.

The period of months for the presentation can be selected as:

¢ All, meaning no specification of particular months.

e Seasons, where the four seasons of the year must be specified by their month num-
ber.

e Monthly, giving a result for each month.

o Specify allows the specification of particular months.

The parameters to be calculated in the report must be selected. A hatching in the Report
column means that the parameter will be presented in the report, while the selected Critical
parameter is the one used to test against the critical noise limit in the noise sensitive areas.
Lx is in that respect special as it enables the calculation of the noise impact which is ex-
ceeded a specified percentage of the time. For example L, means the noise level is ex-
ceeded 10 % of the time.

The graphical presentation can either be made as a frequency distribution or as a cumula-
tive distribution.
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Reports Pages Opti;}nsl Main | Table sort  Aggregated result |
Select template
Assumtions for NORD2000 | (1)
[ Graphic details M1 IUserdeﬁned j ﬂl
[ Map gﬂ Wind speed From To Step
IWind speeds j I 4.0 m/fs I 10,0 m/s I 1.0 m/s
Period From To
Day  |Day - night ~| Day | 06:00 | 22-00
Might | 22:00 | 06:00
Month |All |
e Parameter Critical Report
j Mean - v
Max . r
Stddev I3
™ Use selected as default Lx o |7x:| 10,0 % (Propability of exceedance)
[ Clear default Graphics

Preview | Print | Freguency distribution ~
Ok | Cancel | Mumber of graphs per page (Max 6): I 0 Save

Figure 30
The selection of the Aggregated calculation result parameters in the report setup.

A9.3.1.Main Result
The main result page gives the summary of the noise impact calculation including the pa-
rameters selected in the report setup.

A9.3.2.Detailed result
Here the frequency table of the noise calculation is shown.

This feature is currently not enabled.
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