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10.0 WIND SHEAR AND TURBULENCE INTENSITY 

In order to determine wind shear and turbulence intensity conditions, Epsilon obtained one year 
(8760 hours) of meteorological data collected from an on-site 60-meter meteorological tower 
within the Project site area.  The meteorological data measured for calendar year 2018 include 
wind speed, wind direction, and wind speed standard deviation at multiple heights.  The wind 
speed and wind speed standard deviation data were used for the wind shear and turbulence 
intensity calculations.  Ten-minute wind speed data were also used to compute the average hourly 
wind speed. 

Wind shear is the change of wind speed as a function of height above ground.  This relationship is 
typically expressed as a power law of the form: 

Uz = Ur(Z/Zr)α 

Where    Uz = wind speed at height Z 
   Ur = wind speed at height Zr 
   α = wind shear coefficient 

Figure 10-1 presents the annual average wind shear coefficient by hour for a full year for the 
proposed 125-meter hub height.  The overall average wind shear for the year is 0.31, the minimum 
is -0.75 (wind decreasing with height), and the maximum is 1.13.  The wind shear is from a 
measured height of 32 meters above ground to the proposed hub height of 125 meters above 
ground.  This figure shows that wind shear at this site is typical which is not surprising considering 
the combination of land uses (field and forest) in the surrounding area.  Wind shear is typically 
lower during the daytime hours when the atmosphere is less stable as compared to the higher 
wind shear values at night when the atmosphere is more stable. 

As discussed in IEC 61400-11, Annex B turbulence is a natural part of the wind environment.  The 
turbulence intensity is calculated as the average of the ratio of standard deviation of wind speed 
divided by the average wind speed over a given time period at a certain height.  Figure 10-2 
presents the annual average hourly turbulence intensity at this site at a height of 125 meters 
above ground based on the on-site meteorological tower.  The overall average turbulence 
intensity for the year is 0.14, the minimum is 0.03, and the maximum is 1.2.  Results show that 
turbulence intensity is slightly higher during the day than at night, and can be variable at any time.  

Figure 10-3 shows the annual average turbulence intensity by hub height wind speed for the 
proposed hub height of 125 meters.  These data show that turbulence intensity decreases slightly 
from cut-in speed to 7 m/s and then slightly increase until 15 m/s.  Wind speeds much above 15 
m/s (over 30 mph) are associated with storm conditions and/or high ground level wind speeds, 
and thus are of less interest to understanding wind turbine only sound levels. 
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No literature was found documenting a change in turbulence or wind shear at a site created by 
the installation of wind turbines.  One would expect that since wind turbines generate turbulence 
in the wake of their blades, there may be some change in localized turbulence after the 
installation of wind turbines.  No change in wind shear would be expected. 

 

<BEGIN CONFIDENTIAL INFORMATION> 
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Figure 10-1 Average Annual Wind Shear Coefficient by Hour for 125 Meter Hub Height 
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Figure 10-2 Annual Average Turbulence Intensity by Hour--125 m Hub Height 
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Figure 10-3 Annual Average Turbulence Intensity by Hub Height Wind Speed--125 m Hub 
Height 
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11.0 CONSTRUCTION NOISE 

Construction noise modeling was performed for the major phases of construction using the ISO 
9613-2 3-D sound propagation standard as implemented in the Cadna/A software package.  
Settings within Cadna/A were the same as described in Section 9.3.  Reference sound source 
information was obtained from either Epsilon measurements of comparable equipment or the 
Federal Highway Administration’s (FHWA) Roadway Construction Noise Model (RCNM).56  
Modeling and analysis procedures generally followed the guidelines and recommendations of the 
FHWA Highway Construction Noise Handbook (FHWA-HEP-06-015, U.S. DOT, August 2006). 

The majority of the construction activity will occur around each of the wind turbine sites, at the 
site of the substation, and at the site of the concrete batch plant. By its very nature, construction 
activity moves around the site.  Full construction activity will generally occur at one wind turbine 
site at a time, although there will be some overlap at adjacent sites for maximum efficiency.  For 
modeling conservatism, it was assumed that full activity was occurring at three sites 
simultaneously.  There are generally three phases of construction for a wind energy project – 
excavation, foundation work, and turbine erection.  Some horizontal directional drilling (HDD) is 
likely during construction for road crossings.  The exact locations of HDD activity are unknown at 
this time so they were not included in the quantitative sound modeling.  Table 11-1 presents the 
equipment sound levels for the louder pieces of construction equipment expected to be used at 
this site along with their phase of construction.   

Three areas within the Project Area were chosen to calculate representative construction sound 
levels.  The areas and assumed sites of simultaneous construction are: 

♦ Area 1 – This area includes the closest receptor to a turbine site (ID #1706).  Modeling for 
this area assumed simultaneous construction activity at turbine sites T16 & T18.  
Excavation work, foundation work, and turbine erection were modeled at these sites.  

♦ Area 2 – This area includes all receptors in the vicinity of the substation.  Modeling 
assumed simultaneous construction activity at the substation and at the three closest 
turbine sites to the substation (T13, T19 & T20).  Excavation work and foundation work 
were modeled at these sites. 

♦ Area 3 – This area includes all receptors in the vicinity of the concrete batch plant.  The 
concrete batch will be placed in the laydown yard or one of the two alternative laydown 
yards.  As a result, the concrete batch plant was analyzed at the southern alternative 
laydown yard, due to it having a receptor closer in distance (ID #501), than either of the 
other two potential laydown yards.  Modeling for this area assumed simultaneous 
construction activity at the batch plant, and at the two closest turbine sites to the batch 
plant during foundation work (T8 & T13). 

 

56 FHWA Roadway Construction Noise Model User’s Guide, FHWA-HEP-05-054, US DOT, January 2006. 
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For each of the three areas, cumulative construction sound levels at the ten closest receptors 
have been calculated.  These receptors included both non-participants and participants.  The 
results are shown as maximum 1-second Leq sound levels with all pieces of equipment for each 
phase operating at the sites.  These results overstate expected real-world results, since under 
actual construction conditions, not all pieces of equipment will be operating at the same exact 
time, and the highest sound levels from every piece of equipment will not tend to occur at the 
same time as was assumed in the modeling. Figure 11-1 shows the three representative areas of 
construction activity. 

 

Table 11-1 Sound Levels for Noise Sources Included in Construction Modeling 

Phase Equipment Sound Level at 50 feet 
(dBA) 

Excavation Grader 85 
Excavation Bulldozer 82 
Excavation Front-end loader 79 
Excavation Backhoe 78 
Excavation Dump truck 76 
Excavation Roller 80 
Excavation Excavator 81 
Foundation Concrete mixer truck 79 
Foundation Concrete pump truck 81 
Foundation Concrete batch plant 83 

Turbine erection Large crane #1 81 
Turbine erection Component delivery truck 84 
Turbine erection Air compressor 78 
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11.1 Area 1 Modeling Results 

The cumulative impacts from each of the three main phases of construction (excavation, 
foundation work, turbine erection) were calculated with the Cadna/A model for the ten closest 
receptors to construction activity within Area 1.  The loudest phase of construction within this 
area will be excavation.  A sound contour figure of excavation activity occurring simultaneously at 
the two turbine sites (T16 & T18) is presented in Figure 11-1. 

The highest sound level at a non-participating receptor within this area is 49 dBA during 
excavation (Receptor #738), 43 dBA during foundation pouring (Receptor #738), and 46 dBA 
during turbine erection (Receptor #738).  The existing condition Leq sound levels measured for this 
area are 49 dBA.  Modeling results of construction sound levels within this area are summarized 
in Table 11-2. 

 
Table 11-2 Construction Noise Modeling Results – Area 1 Construction (dBA) 

Receptor 
ID 

Distance 
(m) Participation Status Excavation Foundation Turbine 

Erection 

Assigned 
Measurement 

ID1 

Daytime 
Ambient 

Leq2 
13 738 Non-Participating 49 43 46 5 49 

510 806 Participating 48 42 45 5 49 
571 713 Participating 50 43 46 5 49 
572 691 Participating 50 43 47 5 49 

1289 713 Participating 49 43 46 5 49 
1290 741 Participating 49 42 46 5 49 
1291 761 Participating 49 42 46 5 49 
1640 572 Participating 63 57 60 5 49 
1641 278 Participating 59 53 56 5 49 
1706 91 Participating 67 61 64 5 49 

1 = See Table G-1 

2 = ANS-weighted values from Table 8-3 
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11.2 Area 2 Modeling Results 

The cumulative impacts from excavation work and foundation work were calculated with the 
Cadna/A model for the ten closest receptors to construction activity within Area 2.  The loudest 
phase of construction within this area will be excavation.  A sound contour figure of excavation 
work occurring simultaneously at the substation and the three closest turbine sites to the 
substation (T13, T19 & T20) are presented in Figure 11-1.  

The highest sound level at a non-participating receptor within this area is 57 dBA during 
excavation work, at receptor #164. The highest sound level at a non-participating receptor within 
this area is 50 dBA during foundation work, at receptors #164, #810, #811, and #824.  The existing 
condition Leq sound levels measured for this area are 49 dBA.  Modeling results of construction 
sound levels within this area are summarized in Table 11-3. 

Table 11-3 Construction Noise Modeling Results – Area 2 Construction (dBA) 

Receptor 
ID 

Distance 
(m) 

Participation 
Status Excavation Foundation 

Assigned 
Measurement 

ID1 

Daytime 
Ambient 

Leq2 
119 502 Non-Participating 52 45 5 49 
164 444 Non-Participating 57 50 5 49 
808 463 Non-Participating 55 47 5 49 
809 482 Non-Participating 54 47 5 49 
810 437 Non-Participating 56 50 5 49 
811 405 Non-Participating 56 50 5 49 
824 441 Non-Participating 56 50 5 49 
921 367 Participating 57 51 5 49 

1328 510 Participating 56 49 5 49 
1330 510 Participating 56 49 5 49 
1 = See Table G-1 

2 = ANS-weighted values from Table 8-3 
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11.3 Area 3 Modeling Results 

The cumulative impacts from foundation work was calculated with the Cadna/A model for the ten 
closest receptors to construction activity within Area 3.  A sound contour figure of foundation 
work occurring simultaneously at the concrete batch plant and the two closest turbine sites (T8 
& T13) is presented in Figure 11-1.  

The highest sound level at a non-participating receptor within this area is 54 dBA during 
foundation work, at receptor #112.  The existing condition Leq sound levels measured for this area 
are 50 dBA.  Modeling results of construction sound levels within this area are summarized in 
Table 11-4. 

Table 11-4 Construction Noise Modeling Results – Area 3 Construction (dBA) 

Receptor 
ID 

 
Distance (m) Participation Status Foundation 

Assigned 
Measurement 

ID1 

Daytime 
Ambient Leq2 

112 199 Non-Participating 54 1 50 
130 259 Non-Participating 52 1 50 
501 117 Participating 59 1 50 
583 342 Non-Participating 49 1 50 
584 333 Non-Participating 49 1 50 
585 332 Non-Participating 50 1 50 
586 335 Non-Participating 50 1 50 
739 264 Non-Participating 52 1 50 

1258 162 Participating 56 1 50 
1259 132 Participating 57 1 50 

1 = See Table G-1 
2 = ANS-weighted values from Table 8-3 

 
11.4 Construction Noise Conclusions 

Construction is expected to occur from approximately April to December at turbine sites and at 
the areas of the concrete batch plant, substation, and battery storage facility. Construction work 
is expected to occur from 5 AM to 9 PM Monday through Saturday.  Work on Sundays, holidays, 
and extended hours would be done with advance notification and approval.  In some instances, 
concrete foundation work and turbine erection work could extend into the overnight hours 
depending on the weather and timing of a concrete pour, which must be continuous.   
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