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1 Introduction

1.1 Background

The Saskatchewan Research Council (SRC), contracted through Stantec Inc., conducted a wind

assessment over a period of October 2010 to October 2011 for the City of Saskatoon for a

proposed turbine situated at the City of Saskatoon Landfill. As part of the wind assessment

process, shadow flicker and noise studies were conducted in May and October of 2011 for

various turbine locations. This documentpresents SRC6 s noi se and shamdow f I i c
findings for the final site chosen for the wind turbine.

Shadow flicker and noise studies are projections based on software models that use site data
and information from turbine manufacturers. For simulation purposes, the turbine was
positioned at 106°42.75366 W a n dO4@& AWt6 an elevation 515 m above the sea level.
SRC used the ENERCON E-82 with a rated power of 2300 kW for the studies. The default hub
height of the E-82 is 78.3 m and the rotor diameter is 82 m. This turbine model was chosen
because its parameters are close to what City of Saskatoon specified for this project.
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Figure 1 - Localization of wind turbine and 10 noise and shadow flicker sensitive sites.

SRC also picked 10 noise and shadow flicker sensitive sites located around the wind turbine.
The chosen sites are shown on the map in Figure 1 and their coordinates, elevation and
distance to the wind turbine are presented in Table A.



Table A - Parameters of the noise and shadow flicker sensitive sites.

Site Longitude Latitude Elevation[m] Dls_tl_ancg to Wind
urbine[m]
A 106°43.14386 W 52°06.39206 I 495.9 780
B 106 A43 W34 52A06. 00 497.1 667
C 106A43. 01 52A05. 84 487.4 515
D 106A43. 01 52A05. 34 480.0 1354
E 106A42. 94 52A06. 48 493.4 839
F 106A42. 50 52A06. 409 488.5 874
G 106A42.2H 52A06. 52 486.9 1053
H 106A41. 74 52A06. 43 483.2 1371
I 106A42. 04 52A06. 55 485.8 1234
J 106A42.659 52A05. 42 480.0 1159

1.2 Noise

Noise originating from a wind turbine has two sources. Aerodynamic noise is related to the
interaction of the airflow with wind turbine components, such as blades, nacelle and tower. The
second source of noise, mechanical, is related to the operation of the power generation unit,
such as the generator or gearbox. Over the years, with improved designs, both types of noises
have been significantly reduced by manufacturers.

SRC followed ISO 9613-2 General Standard 1 for noise model calculations, and used German
standards for noise requirements for residential areas, which is 40 dBA. These standards were
used by SRC for two reasons: 1) Saskatchewan has no provincial requirements for noise levels,
and 2) these standards are widely used in Europe, which has a more developed wind industry
than North America.

Noise estimates for the sites were calculated using DECIBEL: Noise module of WindPRO 2.7
for the wind speed in the range of 5 m i 15 m. Noise demand was compared to a maximum
allowable noise for residential areas (40 dBA). A more detailed description of the DECIBEL
module is included in Appendix A.

1.3 Shadow Flicker

Shadow flicker is a phenomenon that may occur when the blades of a wind turbine pass through
the sunoés rays seen The affectech area inerease$ and thes iptensity
decreases as the sun lowers on the horizon. Shadow flicker depends on several factors
including season, site topography, wind direction, weather condition, time of the day and the
size of the rotor.

The purpose of the shadow flicker assessment is to determine the number of hours per year of
shadow flicker that could occur at a specific site. Calculations were made using the SHADOW:

1 1SO 9613-2:1996 Acoustics - Attenuation of sound during propagation outdoors - Part 2: General
method of calculation.




Flicker module of WindPRO 2.7 and assumed a worst case scenario situation of interruptible
sunshine from sunrise until sunset, which represents the maximum potential risk of shadow
impact. A more detailed description of the SHADOW module is included in Appendix C.



2 Noise Analysis

2.1 Results

In the noise analysis only sounds from the wind turbine were analyzed. Noises from other
sources including traffic or wind turbine construction phase are not considered and noise
absorption by various obstacles was not included in the analysis.
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Figure 2 - Maximum noise level calculations around the wind turbine.

In the simulation noise was emitted from a single point located at the hub height (78.3 m) and
noise was estimated at 1.5 meters above the ground at 10 noise receptors (noise sensitive
sites). The results of the maximum noise levels at noise sensitive sites are presented in Figure
2 and



Table B. Detailed results of the analysis are presented in Appendix B. For comparison
purposes, actual measurements were taken at each site, in the afternoon and at midnight, and
are also included in Table B.

Table B - Parameters of the 10 noise sensitive sites.

Simulated Max Noise Registered Average Noise Level (May, 2011)
Site from Wind Turbine [dB(A)]
[dB(A)] 1PM 12AM
A 36.6 66 (max 75) 52 (max 56)
B 38 57 (max 59) 55 (max 57)
C 40.6 60 (max 69) 47 (max 55)
D 30.7 54 (max 64) 51 (max 54)
E 35.9 68 (max 74) 53 (max 61)
F 354 60 (max 62) 52 (max 52)
G 33.5 72 55
H 30.6 45 (max 47) 45
I 31.8 62 (max 65) 58
J 32.5 67 62 (max 63)

2.2 Conclusions and Recommendations

Maximum noise levels for the wind turbine used in the simulation were achieved for wind
speeds of 8 m/s and higher. Noise sensitive points are located around the wind turbine, with the
closest point, Site C, being 515 m from wind turbine and the furthest point, Site D, being 1354 m
from wind turbine. In all of the residential noise sensitive points, noise levels coming from the
wind turbine are below German requirements for residential areas, which is 40 dB(A). For all
sites, estimated noise generated by a turbine is well below existing background noise as
determined by site measurements. This means that noise levels produced by a wind turbine
located in the landfill may be considered acceptable.



3 Shadow Flicker Analysis

3.1 Results

The shadow flicker analysis was done for a worst case scenario, which is a situation when there
is interruptible sunshine from sunrise until sunset (no clouds are present). Receptors were
considered in the conservative mode, called the greenhouse mode, when receptors are
perpendicular to the wind turbine. The summary of the results is presented in Table C and
Figure 3.

Table C - Parameters of the 10 shadow flicker sensitive sites.

. Shadow Hours per Year | Shadow Days per Year | Max Shadow Hours per Day
Site
[hlyear] [days/year] [h/day]
A 18:52 52 0:26
B 14:39 40 0:28
C 0:00 0 0:00
D 0:00 0 0:00
E 0:00 0 0:00
F 0:00 0 0:00
G 0:00 0 0:00
H 4:04 22 0:15
I 11:04 46 0:17
J 0:00 0 0:00

Detailed results of the shadow flicker analysis are presented in Appendix D.
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Figure 3 - Flicker events though the year for all sites

3.2 Conclusions and Recommendations

In the model four out of the ten chosen sites had any amount of shadow flicker: Site A (18h 52m
annually), Site B (14h 39m annually), Site H (4h 04m annually) and Site | (11h 04m annually).
All of these sites are well below German requirements for shadow flicker for residential area
(less than 30 hours annually).

The distribution of shadow flicker around the wind turbine is presented in Figure 4.
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Figure 4 - Shadow flicker calculations around the wind turbine.



4 Appendix AT Decibel Model Details

4.1. DECIBEL - Noise Calculations « 303

4.1.4 Appendix. Theoretical background for noise propagation models

4.1.4.1 The International rule DIN ISO 9613-2, general

The ISO 9613-2 "Attenuation of sound during propagation outdoors, Part 2. A general method of calculation”
describes the calculation of damping of the noise during propagation outdoors.
This text describes the theoretical basis of the SO 8613-2 as implemented in WindPRO.

Calculation formulas if octave data are not available

Normally, the A-weighted noise source (without octave division/classification) is determined for one WTG type
through measurements. The damping values at 500 Hz are used to determine the resulting damping of noise
emission. The general method for calculation of ground attenuation cannot be used. The resulting noise level
from each source is thereafter calculated from the I1SO 9613-2 as follows:

Lar(DW) = Lygs # D — A - Cine (1
LWA:  Source noise, A-weighted.
D.: Directional correction for noise source without directional effect (0dB), but taking the reflection from the
terrain into consideration, D;, (Needed because the alternative method for calculating ground attenuation, Agr
is used)

DC = D;z -0 (2}

Dy, is calculated as:

Do = 10 Ig{1 +[d,* + (h. -h ]/ [d" + (h. + )"} (3)

Where:

h,: Noise source height above terrain (hub height)

h,: Noise receptors height above terrain (usually 5m, but can be set individually in the calculation
setup)

d,: Distance between noise source and recipient projected on level terrain

The distance is determined by the (x,y) coordinates for sources (index s) and recipient (index r).

dy = V(% - %)% (e ¥ ) (4)
A Damping between the noise source (WTG-Nacelle) and the noise critical point:
A= Agiy + Ao + Ag + Auar + Aise (5)

Agy Damping due to geometry
Ay, =20Ig(df1m) + 11 dB (6)

d: Distance between noise source and recipient
Aum:  Damping due to air absorption

Agim = tispp d £ 1000 (7

syt Air absorptions coefficient (= 1,9 dB/km)
The value for asy is based on the most optimal noise emission conditions (temperature 10 Gr. C and 70%
relative atmospheric humidity)
Ayl Terrain damping:

Ay =48 - (2h, 1 )17 + (300 / d)] (8)
IF Ay < O thenis Ay, =0

hom: Average height above terrain (in meters) for noise emission
If there is no orography for the site:

@ EMD Intermational A'S «  wwwemd.dk « WindPRO 2T « Oct.10
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4.2. SHADOW - Flickering « 304

hm = (hs + hr) /2 {9a)

If there is a DHM in the area between line of sight and the terrain surface between the WTG
and the immission point, it will be calculated based on a grid (grid size set in the calculation
sefup) with a calculation for each grid point the line of sight passes through. The medium
height is calculated by:

h,, = Fid (9b)

F: Integrated area from emission point to receptor (immission point)
F=F+F.+...+Fyy
d: distance from emission point to receptor (immission point)

Auar:  Damping due to shielding (necise protection) nermally no
shielding protection: Ay, =0.

A Damping due to different other effects (vegetation, buildings, industry). Usually these effects
are not included in the calculation. A... =0.

Che:  Meteorological correction which is determined by means of the equation:
Cre = 0 fordp < 10 (hy+h,)
Cre = CO [1-10(h,+h, )/dp] for dp = 10,
d.: Distance between noise source and recipient projected on level terrain.

where the factor CO, dependent on weather conditions, can be between 0 and 5 dB. In exceptional
cases, values over 2 dB may occur. In WindPRO, CO can be defined individually for each noise
calculation.

Calculation method with octave-divided noise data

Using the I1SO 9613-2 it is possible to calculate according to octave-divided noise figures for a WTG. If such
data are available and entered into the WindPRO WTG catalogue, they will automatically be used in
calculations. Using octave-band data also makes it possible to use the general ground attenuation method. In
the following formula is only demonstrated the difference from calculation with 500 Hz frequency as average
value. The resulting noise is calculated as follows:

Lur (DW) = 10'9[1Da.uarr¢31: + {QPILATIZS) | 40 ILATIZS0) o 40 LAMTISOD) 4 4 0 ILAMTIK) | 40 LAME o Q0 1LAT) o
10%1 W[Bk)} (10)

where:

Ly A-weighted noise source for each noise sources at different frequencies (63, 125, 250, 500, 1000,
2000, 4000, 8000 Hz)

The A-weighted noise source Lar at average frequencies for each noise source is calculated from:
Lur (DW) = (Ly + A) + Dz - A {11)
where:

Lt Octave noise source for non A-weighted point source. LW + Af constitute the A-weighted octave-
divided noise source LWA according to |[EC 651

Ag standardized A-weighted from IEC 651. WindPRO calculates the A-weighted values for the noise
source according to this.

D.: Directional correction for noise source without directional effect (0dB), but taking the reflection from the
terrain into consideration. If general ground attenuation is used Dy, = 0, which means D, = 0. If alternative
method is used D. is calculated as in the non-octave band case.

@ EMD International A'S  « www.emd.dk « WindPRO 2.7 « Oct 10
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4.1. DECIBEL - Moise Calculations « 305

A Octave damping, damping between point source and recipient which is determined as described
above by the following damping types:

A= Agie + Aaim + Ag + Apar + Anisc (12)

Ay Damping due to geometry (= VDI 2714 Distance figure Ds)

Aum:  Damping due to air absorption, frequency dependent
(=VDI 2714 air absorption figure DL)

Ayl Terrain damping:(=VDI 2714 Terrain and metecrological
damping figures DBM)

Ay,:  Damping due to shielding (noise protection), worst case,
no noise protection A, =0

Ao Damping due to different other effects (growth, housing,
industry). Worst case A... =0

At octave-divided noise amissions, the damping due to air absorption depands on the frequency due ta the air absormption:

Agm = a;d /1000 (13)
where:
g absorption coefficient for each frequency band.
The air-damping coefficient depends strongly on the noise frequency, surrounding temperature and the relative

atmospheric humidity. The adverse conditions are at 10 degree Celsius and 70% relative atmospheric
humidity. The following values are:

Band, mean
frequency, [Hz] 63 | 125 | 250 |500 |1000 (2000 |4000 | BOOO
oy, [dB/km] 01 (04 1 1.8 | 3.7 9.7 328 | 117

For the terrain damping there is two methods available for calculation the ground attenuation, A.. The
alternative method is as described for the non-octave band case above. The general method is calculated as:

Ag = A+ A+ A, (14)
Where

A The attenuation for the source region spanning 30h,, though max d,. This region is described by
the ground factor G,, which gives the porosity of the surface, a value between 0 (hard surface) and 1 (porous
surface).

A, The attenuation for the receiver region spanning 30h, from the receiver. This region is described by
the ground factor G,.

A The attenuation for the middle region. If the source and receiver region overlaps, then there is no
middle region. This region is described by the ground factor G,.

In WindPRO only one parameter for G (porosity) is used
G=G.=G, =G, (15)
The porosity is set in the calculation setup.

The below extract from the I1SO 9613-2 document explains how the three ground attenuations are calculated.

@ EMD Intermational A'S «  wwwemd.dk « WindPRO 2T « Oct.10
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4.2. SHADOW - Flickering « 306

Nominal midband frequency A, orat A

Hz dB dB
63 -15 = 3gl
125 =1.5= & xalh

280 1.5+ G x Kk

500 —1,6= &=k

1000 - 1.5+ &= dlh) - 3gl1 =G

2 000 -156(1-0)

4 000 -16(1 -6

8000 1601 -Gl

NOTES

i { B g7
a(h)=15+3.0% PRURE (L) (1 _ e-uprno]+ 5.7 x g0 [ {_g-28 %10 " ]
L
b(h)=15+8,6% &~00 (1- &%)
()= 1,5+14,gxe-u.4sh?{1_e-u°.-5o}

d'(h) =15 +50x 09 (1 o7 /3)

1) For calcuating A, take O = G and h = hy. For caloulating A, take G = G, and h = k. See 7.3.1 for values of G for verious
ground surfaces.

2 4= 0whan &, < 30, + A}

iy 30(h + 1)

dy

when d, > 300h; + &)

whele dy is the source-to-receiver distance, in metres, projected anto the ground planes.

Leong-term average noise level (resulting noise level)

Moise source figures and distances to noise critical points will be overlaid (superimposed) if the calculation
contains n noise sources (wind farm). The resulting noise L7 is calculated according to following:

0L ATi—Cmet +K1i+Ky;)

n
LalT)= 10-1g>.10 (14)
i=1
Lar: Resulting noise at noise critical points
Lt Noise at noise critical point from noise source i
it Index for all noise sources from 1-n
Kri: Addition for pure tone content for a noise source i, depends on the local rules
K Addition for impulse tone content for a noise source i, depends on the local rules

Chet  Meteorological correction which is determined by means of the equation:
Cre = 0 for dp < 10 (h,+h,)

Cre = GO [1-10(h,+h,)/dp] for dp = 10,

d,: Distance between noise source and recipient projected on level terrain.

where the factor CO, dependent on weather conditions, can be between 0 and 5 dB. In exceptional cases
values over 2 dB may occur. In WindPRO the CO can be defined individually for each neise calculation.

4.1.4.2 Calculation of Lden

Lsen is @ weighted average of the noise over a period of time. The den label refers to day-evening-night and
means that the noise is calculated independently for each period with special penalties for evening and night.

@ EMD International A'S  « www.emd.dk « WindPRO 2.7 « Oct 10
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4.1. DECIBEL - Moise Calculations « 307

The noise for each period is calculated as L.qz, Which corresponds to the standard Ly noise calculated
normally in WindPRO. The formula for converting L.qzs noise to Ls., is given in the formula below, adapted
from Statens Forurensningstilsyn's spreadsheet Iden_leky_driftstid xls.

L Lovay+P, L Py
lfus_-g ey ore nlen(! lugn(
1071 = Eaay + 107 10 # tope + 10 1] * byignt
Lyen = 10+ log 5T

Where t gives the number of hours in the periods day, evening and night respectively. Typical values are 12, 4
and 8 hours
P is the penalty for evening and night respectively. Typical values are 5 and 10 dB.
Lyay.y is the annual average of daytime noise given as: R
day.d

10710 +0,
365

Laayy =10 #log

Where O, is the operation days per year. This value is typically set to 290 days.
Luay.4 is the daily average of noise. Typically this will the same as L.qzs OF Lya. If the turbine is stopped parts of
the day L.., s can be calculated as:

loLeauaany
10 sty
Liaya = 10 = log T“"
Live @and L,y are calculated the same way.
L,
L 1[} I 10 dllu‘.d . oy
avay T 0g 265
Lutgnea
10710+ 0,
Loigney = 10+ log BT

Legzaeve
100 10 w by,

Lovea = 10 = log 1

Logaamigne

107 18 * t,
Lutgnea = 10+ log T@m

4.1.4.3 The German rule VDI 2714 (outdated)

Until 01.10.1998 calculations were performed from VDI-Guideline Directions “Moise emission in open air’. The
starting point for the calculation is a simple A-weighted noise emission. The formula below is the calculation
formula for noise level at the distance S between the WTG and the noise-sensitive point:

LS =LW+DI+KO-DS-DL-DBEM-DD-DG indB(A)

LS : Calculated noise level in distance S
LW : Noise emission for the WTG

DI : Directional impact figure (= 0)

KO : Solid angle figure (= 3 dB)

Ds : Distance figure DS=10 log(4 m S2)
DL : Air absorption figure DL=o, S

a, = 0.00209 dB/m

DBM  :Terrain and meteorological damping figure
DBM = Max(0, 4.8 - (hg+hAYS(17+300/S))
hq hub height
hA Moise critical point height above terrain IP (= 5m)
DD : Vegetation damping figure (= 0)
DG : Build up damping figure (= 0)

@ EMD Intermational A'S «  wwwemd.dk « WindPRO 2T « Oct.10
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4.2. SHADOW - Flickering « 308

Default values are shown in brackets. These are the so-called "worst case” values, which WindPRO uses. For
instance, vegetation damping will normally always be =0 and therefore the measured noise should be below
the value calculated.

If the noise originates from several sources (e.g. a wind farm) then each individual noise source contribution is
add up and the resulting noise at noise critical points is calculated from there..

4.1.4.4 Danish noise codes

Former Danish codes 1991

The Danish rules are outlined in "Bekendtgerelse om staj fra vindmeller" (Statement from the Department of
Environment) No. 304 of 14/5/91.

The key equation is:

Loa = twirer - 10 x log(I*+ h') - 8dB - AL,

Where

| is the distance between the WTG and the neighbor

h is the height difference between the nacelle and the neighbor (normally = hub height) and

AL, is the air absorption.

AL, is calculated as a, V(I + h%)

Where a, is the damping coefficient (0.005 dB/m or from the table below).
Octave Band Damping Coefficient:

Center freq. (Hz)s | 125 [ 250 | 500 1000 2000 | 4000 8000

a, (dB/m) 0 0 0.002 | 0.004 |0.007 |[0.017 | 0.06

If the noise emission from the WTG is given for each octave band (see Chapter 2, section 5 "WTG Catalogue”
under WindPRO BASIS), the damping coefficient will be more correctly included in the calculations, but this is
not a reguirement.

Current Danish codes 2007

From 2007 new noise codes for Denmark are used in Denmark based on "Bekendtgorelse nr. 1518 af 14.
December 2006, Bekendtgerelse om staj fra vindmeller".

The propagation model here is changed with a separate damping for offshore wind turbines.

The central equation for is:

Lon = Liyaser - 10 % log(®+ h°) - 11dB + AL, - AL,

Compared to the former Danish codes the difference is in the damping.

The ground attenuation AL, is 1,5 dB for onshore turbines and 3 dB for offshore wind turbines.

The air absorption AL, is calculated as above but with revised damping coefficient as follows:

Center freq. (Hzjs | 63 125 250 500 1000 2000 4000 | BOOO

a, (dB/m) 0.0001 | 0.0004 | 0.001 | 0.002 | 0.0036 | 0.0088 | 0.029 | 0.1045 |
The noise must be calculated using 1/1 octaves.

The noise level from groups of turbines are added together using the formula:

Lpa Lpg
Ligtar = 10 *lug(lﬁTﬁ'+ 1070 +J

4.1.4.5 Swedish noise codes, 2002.

By the end of 2001, new guidelines for calculating neoise from WTGs were released in Sweden. They are called
"Ljud fran Vindkraftverk”, Maturvardsverket 2001, ISBN 91-620-6641-7. They replace former calculation
methods and distinguish between onshore and offshore conditions.

Swedish, Jan 2002, Land.

For distances from the WTG up to 1000 m, the following formula is used:
La = Lwa.cor — 8—20 " logir) — 0,005

@ EMD International A'S  « www.emd.dk « WindPRO 2.7 « Oct 10
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4.1. DECIBEL - Moise Calculations « 309

where r is the distance from the receptor to the hub of the WTG.
Lwacor IS 8 corrected source emission value, which depends on the roughness of the terrain and noise as a
function of wind speed.
L\\'A.:nrr = L\\'.ﬁ.mnsur:d + k"&\l‘n
Where Ly measured 15 the measured, A-weighted noise emission level at hub height and 8 mi/s at 10 m height.
k is the rate of change of noise with wind speed. In WindPRO k is set to 1 dBfim/s).
Avy, is the difference in wind speed at hub height compared to 10 m height and is calculated as:
Avy, = wi([In{Hizg )in(hizg)]*[In(h/0,08)/In{H/0,05)}-1)
where H is the hub height, h is 10 m and z; is the roughness length corresponding to a roughness class (see
Chapter 3). In WindPRO, a general roughness class must be chosen for the calculation site.
If the distance between the receptor and the WTG is more than 1000 m, a different method is employed using
octave-divided noise data. The noise level at the receptor is then calculated as:
La = Livazor — 10 — 20%l0g(r) - AL,
Here the damping AL, is calculated as:
AL, = 10%log(21 D[Lu.ﬁ\i]fm) — 10%og(21 O[Lu.ﬁ\i-r‘al}'m}
where Li is the measured octave-band value and Ai is the A-weighting at the appropriate freguency.
ris the distance from the receptor to the WTG.
If no octave-divided data exists for the WTG, the calculation yields no result. This is true both for noise
receptors and for the noise iso-line map.

Swedish, Jan 2002, Water

For the calculation of noise propagation over water surfaces, the Swedish guidelines recommends using a
different farmula.
Ls = Livazor — 8 — 20%l0g(r) - AL, + 10*10g(r/200)
where:
ilL, - 10"09{2‘1 O[Lu.ﬁ\i]fm) _ 10"09{2‘1 O[L.a.ﬁ\i-r‘ad‘m}
Thus octave-divided data is also required for calculation of noise emissions over water surfaces.
If no octave-divided data exists for the WTG, this calculation cannot be used (returns no values).

4.1.4.6 Dutch, 1999.

The Dutch, 1999 method follows the guidelines described in "Handleiding meten en rekenen Industrielawaai”
from Ministerie van VROM, Zoetemeer, 1999, ISBN 90 422 0232 7.
The section dealing specifically with noise from WTGs is Module C, method 11.8.
Theoretical background
The basic formula is:
Li=Lyr-ZD
Where L is the noise level at the receptor
Lwr is the noise level at the WTG
And ZD is:
ED = Do + Diert + Dien + Dscherrn + Dueg + Dherrsin + Dooden + Dhuis
Which are the different damping elements.
In this method octave-divided values are used. Where these are not available, a source noise emission value
is used.
In WindPRO the following assumptions are made:
- The noise receptor point is 5 m above ground
- Mo shelter effects or reflection of noise
- Mo significant noise levels at low frequencies (31,5 and 63 Hz)
- The distance between the receptor point and the WTG exceeds 1,5 times the rotor diameter.

Do is the geometrical damping and is calculated as:
Dyeo = 20*l0gid )+ 11
where d is the distance from the WTG to the receptor.
Duene is the damping due to air absorption. When using octave-divided data, a specific air absorption coefficient
is used for each frequency. If only a source emission value is used, Dy, is calculated as:
Dyyer = 0,002%d
D is the damping from reflection. This is set to 0 in WindPRO.
Dihemn is damping from shielding. This is set to 0 in WindPRO.
D4 is damping from vegetation. This is set to 0 in WindPRO.
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4.2. SHADOW - Flickering « 310

Diurrein 1 damping from industrial terrain. This is set to 0 in WindPRO.
Dppgem is damping from hardness (or softness) of the ground. It is possible in WindPRO to set the acoustic
hardness B of the terrain with a value from 0 (hard terrain) to —3 (soft terrain, farmland with some trees). Dyoien
is then calculated as:

Diogern =-2—-B
Dy« is special case damping from houses. This is set to 0 in WindPRO
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5 Appendix B 1 Detailed Noise Results

Site 01 (A)

42— Sound Level

4,35 Wind speed Demands WTG noise Demands fulfilled ?

38 [m/s] [dB(A)] [dB(A)]

36 3 R e S— 4 5.0 40.0 289 Yes
= 6.0 40.0 333 Yes
S0 V.3 7.0 400 359 Yes
0.7 / 8.0 40.0 36.6 Yes
87 9.0 400 366 Yes
L 28 10.0 40.0 36.6 Yes

26 11.0 40.0 36.6 Yes

244 12.0 40.0 36.6 Yes

223 13.0 40.0 366 Yes

2,\ 14.0 40.0 36.6 Yes

s 5 e 7 & e 10t 22 1z 14 15 16 15.0 400 366 Yes

Wind speed [m/s]

|-- Demends -« WIG ncisel

Figure 5 - Detailed noise results at the Site 01 (A) for a wind speed in the range of 5m-15m.

Site 02 (B)

42— Sound Level

40 Wind speed Demands WTG noise Demands fulfilled ?

283 [m/s] [dB(A)] [dB(A)]

N A 50 40.0 30.3 Yes
i 3 !,/ 6.0 40.0 347 Yes
a7 / 7.0 40.0 37.3 Yes
3,324 8.0 400 380 Yes
@ 30 9.0 400 380 Yes
'7? 28 10.0 40.0 38.0 Yes

263 11.0 40.0 38.0 Yes

24 12.0 40.0 38.0 Yes

223 13.0 40.0 38.0 Yes

2051 14.0 40.0 38.0 Yes

4 5 6 7 8 9 10 1 12 13 14 15 16 15.0 40.0 380 Yes
Wind speed [m/s]
I.-. Demands -4 WIG no\sel
Figure 6 - Detailed noise results at the Site 02 (B) for a wind speed in the range of 5m-15m.
Site 03 (C)

2. . Sound Level

a3 i Wind speed Demands WTG noise Demands fulfilled ?

38 [m/s] [dB(A)] [dB(A)]

e /( 5.0 40.0 32.9 Yes
g E / 6.0 40.0 37.3 Yes
T 7 7.0 400 399 Yes
. 32 8.0 40.0 40.6 No
9 30 9.0 40.0 40.6 No
g 287 10.0 40.0 40.6 No

267 11.0 40.0 40.6 No

244 12.0 40.0 40.6 No

?_,5 13.0 40.0 40.6 No

202‘..‘.‘..‘..‘.....‘.H.‘.H.......‘..‘ 14.0 40.0 40.6 No

4 5 6 T 8 10 1" 12 13 14 15 16 15.0 40.0 40.6 No

9
Wind speed [m/s]

|-- Demands & WIG noisel

Figure 7 - Detailed noise results at the Site 03 (C) for awind speed in the range of 5m-15m.
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Site 04 (D)

42— Sound Level

4Qf Wind speed Demands WTG noise Demands fulfilled ?

387 [m/s] [dB(A)] [dB(A)]

26 5.0 40.0 23.0 Yes
5 i 6.0 40.0 274 Yes
B 5] 7.0 40.0 30.0 Yes
3.7 8.0 40.0 30.7 Yes
0 307 9.0 40.0 30.7 Yes
E 2“; /( 10.0 40.0 30.7 Yes

265 11.0 40.0 30.7 Yes

243 P 12.0 400 307 Yes

= I 13.0 400 307 Yes

e 1 14.0 40.0 30.7 Yes

4 5 6 7 8 8 10 1 12 13 14 15 1 15.0 40.0 307 Yes

Wind speed [m/s]

|+ Demands -+« WIG ncisel

Figure 8 - Detailed noise results at the Site 04 (D) for a wind speed in the range of 5m-15m.

Figure 9 - Detailed noise results at the Site 05 (E) for a wind speed in the range of 5m-15m.

Figure 10 - Detailed noise results at the Site 06 (F) for a wind speed in the range of 5m-15m.
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