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DISCLAIMER OF WARRANTIES
AND

LIMITATION OF LIABILITIES

This Report was prepared by Zephyr North Ltd. of Burlington 
Ontario Canada as an account of work sponsored by Grand 
Renewable Solar LP. Neither Zephyr North Ltd. nor any person 
acting on its behalf:

(a) Makes any warranty or representation whatsoever, 
express or implied, (i) with respect to the use of any 
information, apparatus, method, process, or similar 
item disclosed in this report, including merchantability 
and fitness for a particular purpose, or (ii) that such 
use does not infringe on or interfere with privately 
owned rights, including any party's intellectual 
property, or (iii) that this report is suitable to any 
particular user's circumstance, or

(b) Assumes responsibility for any damages or other 
liability whatsoever (including any consequential 
damages, even if Zephyr North Ltd. or its 
representatives have been advised of the possibility of 
such damages) resulting from your selection or use of 
this report or any information, apparatus, method, 
process or similar item disclosed in this report.
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 1 INTRODUCTION

 1.1 Purpose
This Noise Assessment Report (NAR) describes the results of an amended noise 
impact study for the Solar Park component of Grand Renewable Solar LP’s 
proposed Grand Renewable Energy Park (GREP-Solar). Amongst other changes, it 
documents updates to the size and number of inverter/transformer clusters enabled 
by employment of an inverter technology more efficient than that described in the 
original project design. The original Noise Assessment for the combined Solar and 
Wind Park components of the project are documented in Zephyr North (2012a, 
2012b).

It is important to note that for the purposes of this report the solar portion (GREP-
Solar) is considered to be a completely independent project from the wind portion 
(GREP-Wind) of the full Grand Renewable Energy Park (GREP).

 1.2 Revision 0
Revision 0 was the original GREP-Solar 
Noise Assessment Report in which the 
Solar Park was treated as an independent 
project and the size and number of 
inverter/transformer clusters was 
updated. It applied to the Solar Park 
portion of the project and assumed that 
the Wind Park portion of the project 
(GREP-Wind) remained unchanged from 
that assessed previously and described in 
the documents cited above. However, it 
should be noted that updated turbine 
noise emission specifications for both the 
GREP-Wind and Summerhaven Wind 
Energy Centre were used for  Revision 0.
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Figure 1-1  Project location map.
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 1.3 Revision 1
Revision 1 included the following as requested by the Ontario Ministry of 
Environment (MoE) via email (2013-08-13).

Three sound pressure level columns (GREP (Wind and Solar), SWEC, Overall) 
were added to the concordance table (GREP (Wind and Solar) v. SWEC; Table 3-1, 
Section  3.5 ). Note that an updated description of the columns in Table 3-1 
(including the additional columns) was included in Section  3.5 .

A request was made by Ontario MoE to “Please confirm these participating points 
of receptors (PORs) are for Grand Renewable Energy Park-Wind Park”. This could 
not be confirmed as stated. The participating points of reception in the Revision 1 
Noise Assessment Report and the previous revision (R0) were participants only in 
the GREP-Solar project, and not in the GREP-Wind project, unless a specific 
dwelling was a participant in both the GREP-Solar and GREP-Wind projects. Many 
of the GREP-Wind points of reception were too distant to be of relevance to this 
analysis.

A request was made by Ontario MoE to “Please confirm the most updated noise 
report of Summerhaven Wind Energy Centre Project (SWEC) was used in the [R0] 
assessment.” Upon investigation, it was discovered that there was an updated 
Noise Assessment Report (Golder, 2012) for the SWEC. At the time of the 
Revision 0 analysis, Zephyr North was not aware of this latter report. The R1 
report was updated to reflect the updated SWEC Noise Assessment Report. Note, 
though, that none of the turbine or transformer locations, types, etc., nor receptor 
locations, types, etc., that impact the GREP-Solar project appeared to have changed 
from the original parameters used in Revision 0 and based on the older Golder 
(2011) Noise Assessment Report.

As requested, an A0 size map of the project area and its details was provided to the 
Ontario MoE.

As requested, “Comparison Table[s]” showing “comparison between the previous 
sound power level (REA), and current sound power level (Amendment) of the 
Grand Renewable Energy Park – Solar Park (GREP)” was included in Section 7 . 
Tables 7-2, 7-4, and 7-6 of the R1 report summarized these comparisons for project 
receptors, VLSRs and participants respectively. Note that these tables listed 
comparisons between sound pressure levels and not sound power levels.

In some sections, minor editorial changes were made in order to improve the clarity 
of the report. Where appropriate, clarifications were added.

 1.4 Revision 2
Revision 2 included the following changes.

The inclusion distance for receptors and VLSRs (from project eHouses and 
transformer) was changed from 1,500 to 1,000 m. (Note, though, that for the 
concordance table (Section  3.5 ), the distance from turbines remained at 1,500 m).
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Additional description and updates (Section  5.1.1 ) and documentation  (Section  
13 ) for the inverter, inverter transformer, and eHouse was included.

Based on further assessment of the eHouse construction and geometry, octave band 
source sound power levels for the eHouse noise sources were updated (Sections  
5.1.1.3  and  13 ). These updated values were used in the R2 noise assessment.

Entries in some of the tables were re-ordered to ensure that the receptor/ VLSR/ 
participant identifiers were sequential.

Some of the maps were updated for improved clarity.

In some sections, minor editorial changes were made in order to improve the clarity 
of the report. Where appropriate, clarifications were added.

 1.5 Revision 3
This Revision (3) includes the following changes.

Based on further assessment of the eHouse construction and geometry, octave band 
source sound power levels for the eHouse noise sources have been updated 
(Sections  5.1.1.3  and  13 ). These updated values have been used in the present 
noise assessment.

Minor editorial changes have been made in order to improve the clarity of the 
report. Where appropriate, clarifications have been added.

 1.6 Brief Project Description
As shown in Figure 1-1, the GREP (Solar and Wind) is located in Ontario in 
Haldimand County. It is about 6 km north of the Lake Erie shore and about 7.5 km 
south-southeast of the town of Cayuga. 

The full GREP project features one solar array (the Solar Park) with a nominal 
capacity of 100 MW and one cluster of 67 wind turbines (the Wind Park) with a 
nominal capacity of 148.6 MW. The GREP will also include one substation (serving 
both the Solar and Wind Park portions of the project) and a 20 km transmission 
line that will connect the project substation to the provincial electrical grid.

For information, Figure 1-2 shows the full GREP details. Note that only turbines 
within 5 km of GREP-Solar are shown. Figure 1-3 shows further details of the 
Solar Park portion of the project. 

 1.7 Reporting Details
This report has been prepared to meet all reporting requirements related to 
renewable energy project noise for a Renewable Energy Approval (REA) under the 
Green Energy and Economy Act (Government of Ontario, 2009).

This noise impact assessment was carried out for the GREP-Solar under Section 
55.(3) of O. Reg 359/09 (Government of Ontario, 2009b) and amendments 
(Government of Ontario, 2010, 2011, 2012). The assessment methodology and 
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calculations conform to the ISO 9613-2 Standard (ISO, 1996). Where appropriate, 
results of the analysis have been interpreted using the Ontario Ministry of 
Environment’s Noise Guidelines for Wind Farms (MoE, 2008). This latter 
document generally provides guidelines and clarifications for the application of 
MoE regulations document NPC-232 (MoE, 1995b) and NPC-104 (MoE) to wind 
farm projects.

It is important to note that both the Solar Park and Wind Park portions of the 
project have been designed to be compliant with the MoE Noise Guidelines (MoE, 
2008). This is a more stringent specification for the Solar Park, as it stipulates a de 
facto maximum receptor sound pressure level of 40.0 dBA at receptors for both 
daytime and nighttime periods.

The MoE (2008) document prescribes receptor noise level limits based on an 
analysis of typical wind-induced background noise levels, and tabulates these 
limits as functions of the ambient 6, 7, 8, 9, and 10 ms-1 wind speeds measured at 
10 m above ground level (a.g.l.). Note that the receptor noise level limits must be 
met for noise produced by other project hardware such as inverters, substation 
transformers and other noise sources in addition to noise produced by wind 
turbines. Obviously, these wind-speed-dependent noise level limits do not apply to 
the Solar Park portion of the project. For the purposes of this report, they are fixed 
at 40.0 dBA.

This report will show that the estimated noise levels generated by the project 
inverters, transformers, wind turbines and other hardware meet the MoE (2008) 
prescribed limits at all qualified receptors.

 1.8 Sound Level Limits for Wind Farms
MoE (2008) lists the sound level limits for wind farms (based on the NPC-205 
(MoE, 1995a) and NPC-232 (MoE, 1995b) publications and a consideration of the 
background ambient wind-induced sound level) as follows. Note that noise 
contributions from other project hardware, such as switching stations, transformer 
substations, etc., must be included in the cumulative noise assessment.

Summary of Sound Level Limits for Wind Turbines

Wind speed (ms-1) at 10 m height 4 5 6 7 8 9 10

Wind turbine sound level limits Class 3 Area, dBA 40.0 40.0 40.0 43.0 45.0 49.0 51.0

Wind turbine sound level limits Class 1 Area, dBA 45.0 45.0 45.0 45.0 45.0 49.0 51.0

Reference wind induced background sound level L90, dBA 30.0 31.0 33.0 36 38.0 42.0 44.0
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Figure 1-2  Solar and Wind Park map.
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Figure 1-3  Solar Park Details.
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 2 PROJECT LAYOUT

 2.1 Project Site
The Grand Renewable Energy Park is located in Haldimand County, Ontario as 
shown in Figure 1-1. Full GREP project (solar and wind) details, along with typical 
topographic map features, are shown in Figure 1-2, and in Figure 1-3 which 
expands the view of the Solar Park portion of the project (GREP-Solar).

Within the project domain, the topography can be characterized as very gently 
rolling to the point of being almost flat. On the land portion of Figure 1-2, the 5 m 
interval contour lines confirm this. Note that the general terrain elevation in the 
land portion of the project area is about 200 m above sea level (a.s.l). To the south 
of the project domain lies (the obviously very flat) Lake Erie with its surface 
located at 175 m a.s.l.

The surface roughness of the project domain is typical of Ontario rural terrain with 
a heterogeneous mixture of agricultural fields, woodlots, farm buildings, dwellings, 
rural settlements, and small villages and towns.

The GREP site features a population density typical of southern Ontario rural 
communities — a relatively sparse population in the countryside except for a small 
number of settlement clusters (villages and towns).

The primary activity in this area is agriculture.

 2.2 Project Details
Figure 1-2 shows both solar and wind properties that have been optioned for lease 
to the project proponent — Grand Renewable Solar LP in the case of the Solar 
Park. Also shown are prospective turbine, point of reception (receptor), vacant lot, 
vacant lot surrogate receptor (VLSR), and participating point of reception 
(participant) locations. Turbine numbers are designated with the prefix ‘T’, 
receptors are designated with ‘R’, VLSRs with ‘V’, and participants with ‘P’. 
Transformers (i.e., substation transformers) are designated with ‘Tr’.
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Figure 1-3 also shows the prospective locations of the GREP-Solar solar array 
clusters and their associated eHouses (enclosures containing two inverters, plus an 
associated transformer). eHouses are also designated with ‘Tr’.

As specified by O.Reg.359/09, the Solar Park portion of the Grand Renewable 
Energy Park is a Class 3 Solar Facility.

The Solar Park portion of the project is made up of approximately 445,000 fixed-
orientation solar panels mounted on racks above the ground covering 325 ha. The 
panels will face south, and will repose at angles between 26 and 30º from the 
horizontal. They are organized into 65 2.0-MW clusters (or units), each consisting 
of solar panels and an ‘eHouse’ consisting of two 800 kW SMA SC800CP-CA 
inverters housed in a single custom-designed acoustic enclosure plus one 1.6-MVA 
34.5 kV transformer mounted on the same base. The eHouse rests on a steel frame 
located at ground level and supported by helical ground screws. The eHouse 
transformer has been specified by the project proponent to be the ABB 1600 kVA 
Proprietary Class III model. Note that the eHouse will be evaluated as a single 
unit for source noise purposes. In Figure 1-3, the eHouses are numbered Tr401 to 
Tr465.

Where appropriate, a 2 m berm will be constructed on the exterior of the Solar 
Park to provide a landscaping barrier for landowners of proximate adjacent 
residences. It should be noted that any potential noise attenuation impacts of the 
berm have not been taken into consideration in this report.

The GREP-Solar project is located approximately in the area bounded by Mount 
Olivet Road to the west-southwest, Meadows Road to the northwest and north-
northwest, Sutor Road to the east-northeast, and Haldimand Road 20 to the south-
southeast. Note that a small portion of the farm lies to the south-southeast of 
Haldimand Road 20 as well. There are GREP-Wind turbines to the east and west of 
the Solar Park. There are also turbines from the adjacent Summerhaven Wind 
Energy Centre (SWEC) to the south and southwest. A listing of all GREP-Solar 
eHouses is available in Section 12  of this report.

The Ontario NPC designation for the project properties would generally be Class 3 
— Rural. Typical background noise for the project area would be generated by 
residential, agricultural, and small commercial activities, ambient wind, vehicles 
on the regional roads, and waves at the shoreline of Lake Erie. For the purposes of 
this report, all areas have been considered to be NPC Class 3.

All project eHouses and substation power transformers (Solar and Wind) and 
neighbouring project wind turbines and transformers have been included in the 
present noise assessment. The individual turbine GSU transformers have not been 
included because their output operating voltage is below 50 kV. In addition and as 
noted above, no acoustical attenuation properties of the solar project’s landscaping 
berm have been included.

 2.3 Municipal Zoning
Typically, the project area is zoned as Agricultural.
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 2.4 Adjacent Projects

 2.4.1 GREP-Wind
The Wind Park portion of the GREP will consist of 67 power (and noise) derated 
Siemens Wind Power A/S turbines. There will be 65 SWT-2.3-101 (Max Power 
2,221 kW) and two SWT-2.3-101 (Max Power 2,126 kW) turbines resulting in a 
project nameplate capacity of 148.6 MW. (Note, for clarity, that these turbines are 
generally referred to as model SWT-2.3-101 — their nominal designation.) In 
Figure 1-2, project turbines are numbered T1 to T69. There are no turbines 
numbered T31 nor T32 in the layout. A generator step-up transformer (GSU) will 
be located next to each of the turbines.

The GREP-Wind project stretches for a distance of about 14 km roughly parallel to 
the shoreline of Lake Erie. Turbines are located from approximately 0.8 km to 
14.3 km from the shoreline. A listing of all GREP-Wind turbine locations can be 
found in Section 12  of this report.

 2.4.2 Summerhaven Wind Energy Centre
Figure 1-2 shows locations of turbines located within 5 km in the nearby NextEra 
Energy Canada ULC Summerhaven Wind Energy Centre (SWEC). These locations 
have been taken from Golder (2012). The turbines are located roughly to the south-
southwest of the GREP-Solar. In Figure 1-2 Summerhaven project turbines are 
numbered T201 to T261. (Note that T202, T219, and T260 do not exist and other 
turbines are not shown due to their remoteness.)

The Golder (2012) Noise Study Report states that the SWEC will be comprised of 
58 power derated Siemens SWT-2.3-101 (Max Power 2,221 kW) turbines for a 
project capacity of approximately 128.8 MW.

Further details of these turbines are provided further below. All turbines in the 
SWEC within 5 km of any receptor of the GREP-Solar have been included in the 
present noise assessment.

 2.4.3 Byng Wind Project
While the Byng Wind Project was included in the previous assessment of the full 
GREP project, it has been omitted here due to its substantial distance (16 km to 
the east) from any of the GREP-Solar hardware. It will not be considered further.

 2.5  Substations

 2.5.1 Grand Renewable Energy Park
Within the confines of the Solar Park, the GREP will include a 274 MW substation 
servicing both the Solar and Wind Parks. This substation will consist of a 108 MVA 
power transformer for the Solar Park, and a 166 MVA power transformer for the 
Wind Park portion of the project. The transformers are shown as Tr301 and Tr300 
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respectively in Figure 1-3. The nearest wind turbine (GREP-Wind T56) is located 
about 2.4 km to the east-northeast of the substation.

Noise from the two transformers has been included in all of the reported noise 
calculations.

 2.5.2 Summerhaven Wind Energy Centre
Golder ((2012)) states that the SWEC transformer station will be located at 
582,616E, 4,747,537N (NAD83 UTM17N). This is approximately 15.3 km west of 
the nearest GREP-Solar hardware. Therefore, due to its remoteness from the 
GREP-Solar and the number of intervening SWEC and GREP-Wind turbines, noise 
from the SWEC transformer has not been included in any of the reported noise 
calculations.

16
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 3 DESCRIPTION OF 
RECEPTORS

 3.1 Definition
Receptors (non-participating points of reception), vacant lot surrogate receptors 
(VLSRs), and participants (participating points of reception) are defined in Ontario 
MoE NPC-232 (MoE, 1995b) and Noise Guidelines publication (MoE, 2008), and in 
Ontario O.Reg. 359-09 and proposed amendments (Government of Ontario; 2009b, 
2010).

For information: 129 receptors, 68 VLSRs, 7 participants (total 204), and 88 vacant 
lots have been identified within 2 km of any project hardware; 59 receptors, 12 
VLSRs, 7 participants (total 78), and 28 vacant lots have been identified within 
1 km of any project hardware. 

 3.2 Determination of Receptors and Participants
Receptors and participants were identified through mapping, aerial photographs, 
and on-site surveys of the area. Typically, for this area, receptors are residential 
dwellings of individuals and families not associated with the project. Section 12  
lists limited details for all known receptors and participants situated within 2 km 
of any GREP-Solar hardware in the project area. Their locations are shown in 
Figures 1-2 and 1-3. All receptors within 1.0 km of any eHouse or power 
transformer have been included and reported in this noise impact analysis. All 
receptors have been considered to be designated as rural (NPC Class 3). 

For the purposes of noise assessment, participants have been defined as dwellings 
occupied by landowners who receive financial compensation for the placement of 
project hardware (solar panels, eHouses, transformers, cables, roads, etc.) on their 
properties.

 3.3 Vacant Lots
The MoE (2008) Guidelines also requires prediction of the noise levels on “...vacant 
lots that have been zoned by the local municipality to permit residential or similar 
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noise-sensitive uses...”. Therefore, all vacant lots within 1.0 km of any GREP-Solar 
hardware were identified as those lots defined by the complete set of cadastral map 
parcel fabric which did not contain a receptor nor a participant dwelling (and were 
obviously not road rights-of-way, etc.). A one-hectare “building envelope within the 
vacant lot property that would reasonably be expected to contain the use, and that 
conforms with the municipal zoning by-laws in effect” was also identified for each 
of the vacant lots by determining a location within the vacant lot where the 
predicted noise level would be below the allowed maxima. A ‘vacant lot surrogate 
receptor’ (VLSR) centred in the one-hectare building envelope and designated with 
a height of 4.5 m was created for the purpose of noise estimation. The VLSRs are 
listed in Section 12 .

 3.4 Methodology
ISO 9613-2 modelling was carried out for all receptors, VLSRs, and participants.

A calculated receptor sound pressure level for each receptor was determined as 
stipulated in Section 6.3.2 of MoE (2008). The heights of dwellings designated as 
1-, 2-, and 3-storeys were set to be 1.5, 4.5, and 7.5 m respectively.

As noted above, participating receptors (referred to herein as participants) have 
also been surveyed and are shown in Figures 1-2 and 1-3, and listed in Section 12 . 
Estimates of sound pressure levels were made for the participant locations.

It should be noted that the receptors, VLSRs, and participants listed in Section 12  
include only those that are closer than or equal to 1,000 m from any GREP-Solar 
eHouse or substation noise source.

 3.5 Concordance Table
Following the 2013-08-13 email request from the Ontario MoE, a concordance table 
that rationalizes the identification of receptors and VLSRs between, in this case, 
the GREP (Solar and Wind) and any adjacent projects. For this case, the latter 
would be the Summerhaven Wind Energy Centre (SWEC) as it is the only 
neighbouring project that meets the 1.5 km distance criterion for consideration.

Table 3-1 lists receptors and VLSRs which are located within 1.0 km of any 
eHouse, substation transformer or turbine in the GREP (Solar and Wind) and 
within 1.5 km of any turbine in the Summerhaven Wind Energy Centre. All 
relevant noise sources from the GREP (Solar and Wind) and the SWEC have been 
included in the analysis in this report.

The next paragraphs describe the columns in Table 3-1.

The first pair of columns in the table list the UTM coordinates (NAD83 UTM17N) 
of the receptor or VLSR as determined for the GREP (Solar and Wind). The second 
pair of columns list the coordinates as provided in a spreadsheet via a private 
communication (Bird, 2012) for the SWEC. Note that for receptors these pairs of 
columns are generally slightly different. This difference can be attributed to the 
choice of the exact location of the dwelling in questions and the precision of the GIS 
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data including base mapping and air or satellite photography. However, in the case 
of VLSRs, the locations can be significantly different since the VLSR need only be 
located on the vacant property in question, although it must be surrounded by at 
least 1 ha of available land, zoned to permit residential or similar uses, conform 
with local building codes, and be consistent with the typical building pattern in the 
area. In some instances, it is possible for the two project designers to reasonably 
choose two VLSRs on the same vacant lot property which are hundreds of metres 
apart. Note that there are some receptors and VLSRs in each of the projects that do 
not appear to have matches in the other project. These have been indicated by 
“n/a”.

The fifth column in the table lists the distance between the two locations (GREP 
(Solar and Wind)-designated or SWEC-designated) determined for the receptor or 
VLSR. Where there is no receptor/VLSR associated with one of the projects, “n/a” 
has been inserted.

The next pair of columns list the receptor or VLSR identifier — first as used for the 
GREP (Solar and Wind), and second as used for the SWEC. Naturally, these would 
not be expected to be the same. As noted above, there are some receptors/VLSRs 
that are found in one project and not in the other. This is indicated by “n/a”.

The next pair of columns lists the distances from the receptor or VLSR to the 
nearest noise source (transformer or turbine) — first in the GREP (Solar and 
Wind), and second in the SWEC. Note that the GREP (Solar and Wind) 
receptor/VLSR coordinates are used for this calculation. Again, “n/a” indicates that 
there is no receptor/VLSR designated in the specific project.

The next pair of columns identifies the nearest noise source as determined in the 
previous columns — first as specified in the GREP (Solar and Wind), and second as 
specified in the SWEC. As before, “n/a” indicates that there is no receptor/VLSR 
designated in the specific project.

The next three columns list the receptor/VLSR sound pressure levels — the first for 
the case where only GREP (Solar and Wind) noise sources are included, the second 
where only SWEC noise sources are included, and the third where noise sources 
from both projects are included. Note that the sound pressure levels are listed for 
the GREP (Solar and Wind) receptor/VLSR locations. They have not been 
determined for the SWEC receptor/VLSR locations. Note that the “Total Level” has 
been determined from a full analysis  including both the GREP (Solar and Wind) 
and the SWEC noise sources at GREP (Solar and Wind) receptors/VLSRs.
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Table 3-1  GREP (Solar and Wind)—SWEC receptor/VLSR concordance table.

UTM coordinates
GREP

UTM coordinates
SWEC

Noise receptor ID
Distance to 

nearest source 
(m)

Nearest source ID
Level of farm 

(dBA)
Level (dBA)

Easting 
(m)

Northing (m) Easting (m) Northing (m)
Difference 

(m)
GREP SWEC GREP SWEC GREP SWEC GREP SWEC Total

595426 4748513 595426 4748517 4 R306 POR0143 982 1148 Tr435 WTG-033 31.3 32.1 34.7

596136 4748195 n/a n/a n/a R460 n/a 484 n/a Tr437 n/a 30.2 n/a n/a

596099 4748107 596103 4748104 5 R461 POR0146 571 1344 Tr437 WTG-033 28.4 30.8 32.7

596203 4748080 596201 4748082 3 R462 POR0144 527 1425 Tr437 WTG-033 30 32.2 34.2

597146 4747852 597144 4747856 4 R465 POR2336 459 1436 Tr455 WTG-047 31.9 31.9 34.9

597329 4747592 597329 4747592 0 R466 POR0141 674 1185 Tr455 WTG-047 32.3 33.2 35.8

595494 4748236 595489 4748243 9 R569 POR0018 994 951 Tr436 WTG-033 30.6 33.8 35.5

595663 4748268 595665 4748269 2 R571 POR0019 828 1086 Tr436 WTG-033 28.8 31.5 33.4

595750 4748218 595749 4748220 2 R572 POR2330 778 1115 Tr436 WTG-033 30.2 32.9 34.7

595790 4748278 595788 4748282 4 R573 POR0129 712 1185 Tr436 WTG-033 30.3 32.4 34.4

596041 4748115 n/a n/a n/a R1362 n/a 608 n/a Tr437 n/a 28.4 n/a n/a

595482 4748523 n/a n/a n/a V3347 n/a 926 n/a Tr429 n/a 31.2 n/a n/a

595963 4748368 n/a n/a n/a V3664 n/a 518 n/a Tr435 n/a 30.5 n/a n/a

597451 4747536 n/a n/a n/a V4001 n/a 738 n/a Tr401 n/a 32.9 n/a n/a

597642 4747443 597699 4747402 70 V4002 VPOR0005 875 1126 Tr465 WTG-047 33.7 33.3 36.5

n/a n/a 597748 4747540 n/a n/a VPOR0125 n/a 1260 n/a WTG-047 n/a n/a n/a

n/a n/a 595699 4748271 n/a n/a POR0128 n/a 1113 n/a WTG-033 n/a n/a n/a

n/a n/a 596204 4748164 n/a n/a POR0148 n/a 1463 n/a WTG-033 n/a n/a n/a
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 4 DESCRIPTION OF 
SOURCES

 4.1 eHouses

 4.1.1 Grand Renewable Energy Park
As described previously, there will be 65 solar units in the Solar Park portion of the 
GREP. Each unit will consist of 2.0 MWDC of solar panels (which are slightly 
oversized with respect to the inverter capacity), two 800-kW inverters, one 
1.6-MWAC transformer, and ancillary equipment consisting of racking, cabling, 
site buildings, etc. Note that the inverters will be limited electronically to operate 
at less than their 800 kW maximum.

For each of the solar units, the two inverters will be housed in a single 
environmental/acoustic enclosure which will contain ventilation air openings. 
(Ventilation of the enclosed portion of the solar unit will be performed by fans 
included in the inverters.) Each inverter enclosure and associated transformer will 
be collocated (with approximately 2 m separation) on a steel chassis at ground level 
supported by helical screw anchors. For convenience, in this report the units 
consisting of two inverters in an enclosure and one power transformer have been 
termed ‘eHouses’. The 65 1.6-MW transformers will feed power to the 108 MVA 
Solar Park substation power transformer located on the GREP-Solar site. (The 
other substation transformer provides for the Wind Park portion of the GREP.) 
These latter transformers are described below in Section  4.3 .

For purposes of analysis, each eHouse (65 in all) will be treated as a single point 
noise source. All 65 of these have been included in the present noise assessment.

 4.1.1.1 Inverter

The inverter model to be used for this project is the SMA Sunny Central 800-kW 
SC800CP-CA. It will be controlled by built-in software that, in this case, limits its 
output to 769.2 kW. It is briefly described in the following table. For clarity in the 
following, note that the SMA 800-kW SC800CP-CA, the SMA 800-kW SC800CP-
US, and the SMA 800-kW SC800CP-XT are all identical devices. The suffixes only 
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indicate the country of manufacture. A descriptive brochure for this inverter is 
found in Section  13  (Appendix B).

Each eHouse contains two of these inverters housed in a steel acoustic enclosure.

Noise from all inverters has been included in the present noise assessment (via 
assessment of the eHouses).

SMA SC800CP-CA

Type DC to 60 Hz AC power inverter
Inverters per eHouse 
enclosure 2

Operating voltages 620 VDC input (rated); 360 VAC output (rated)

Rating 800 kW max (each inverter) but software 
limited to 769 2 kW

Height 2.27 m (located in larger eHouse enclosure)
Core tank size n/a
Source location within enclosure on eHouse (see below)
Sound characteristics steady, tonal
Noise control measures enclosure

 4.1.1.2 Inverter Transformer

Each eHouse will include a 1.6 MVA transformer to step up the 360 VAC voltage 
from the inverters to the 34.5 kVAC voltage of the site collection system. The 
transformer model has been specified as ABB 1600 kVA Proprietary Class III. Note 
that it will not be located within the acoustical enclosure that houses the inverters, 
but will be on the common eHouse platform. A description of this transformer is 
found in Section  13  (Appendix B).

Each eHouse includes one of these transformers.

Noise from all these transformers has been included in the present analysis (via 
assessment of the eHouses).

Inverter Transformer

Type AC power transformer; ABB 1600 kVA 
Proprietary Class III

Operating voltages 360 VAC input; 34.5 kVAC output
Rating 1.6 MVA
Height to be determined
Core tank size to be determined
Source location outside
Sound characteristics steady, tonal
Noise control measures uncontrolled
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 4.1.1.3 eHouse

Each eHouse contains two of the SMA SC800CP-CA inverters contained in a single 
acoustic enclosure with air intake and outlet vents, and an associated 1.6 MW 
transformer. These are all collocated on a steel pad at ground level. As noted above, 
the transformer is not located within the acoustical enclosure but, nevertheless, is 
considered to be included in the eHouse unit. The eHouse’s acoustical enclosure 
will contain four silencers in total, two for the air intake and two for the air outlet.

A source noise specification for the eHouse has been provided by HGC Engineering 
(2013) via Grand Renewable Solar LP, and is included in Section 13  (Appendix B) 
for reference. The eHouse is briefly described in the following table.

For noise assessment purposes each eHouse is considered to be a single point 
source (65 total eHouses). 

Noise from all these eHouses has been included in the present analysis.

eHouse

Type

ground-mounted steel base supporting steel 
enclosure (containing two inverters) and 
transformer (outside the enclosure) (details to 
be finalized)

Inverters per eHouse 2x SMA SC800CP-CA (in steel enclosure)
Transformers per eHouse 1x 1.6 MVA transformer (not enclosed)
Operating voltages as for inverters and transformer
Rating as for inverters and transformer
Height 3.2 m
Core tank size not applicable
Source location outside

Sound characteristics steady, tonal (the inverters contain fans; the 
steel inverter enclosure does not contain fans)

Noise control measures
a steel enclosure with four silencers (2x air 
intake, 2x air outlet) for the two inverters; none 
for the transformer

 4.2 Wind Turbines

 4.2.1 Grand Renewable Energy Park — Wind
Th e turbines proposed for the GREP-Wind are manufactured by Siemens Wind 
Power A/S (www.siemens.com/wind) of Germany. The proposed models are the SWT-2.3-
101 (Max Power 2,221 kW) and the SWT-2.3-101 (Max Power 2,126 kW).

All GREP-Wind turbines have been included in the present assessment.
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 4.2.1.1 Siemens SWT-2.3-101 (Max Power 2,221 kW) Turbine

 The following table summarizes this turbine’s general characteristics.

Siemens SWT-2.3-101 (Max Power 2,221 kW)

Type, number of blades, 
rotor orientation horizontal-axis, 3-bladed, upwind wind turbine

Rated power 2,221 kW
Rotor diameter; swept 
area 101.0 m; 8,000 m2

Operational rotation rate 6.0 to 16.0 rpm; variable speed
Hub height; tower type 99.5 m; steel tubular tower
Power regulation pitch regulation with variable speed
Cut-in wind speed 4 ms-1

Cut-out wind speed 25 ms-1

Rated wind speed 12-13 ms-1

Gearbox yes; 3 stage planetary/helical

Generator; speed asynchronous with squirrel-cage rotor, without 
slip rings; variable speed

Turbine step-up 
transformer external to tower; 690 VAC to 34.5 kVAC

Braking system

aerodynamic primary brake by full-span 
feathering of individual blades; mechanical disk 
brake on high-speed shaft which has two 
hydraulic calipers

Yaw system active electric externally geared slewring; 
passive friction brake

 4.2.1.2 Siemens SWT-2.3-101 (Max Power 2,126 kW) Turbine

 The following table summarizes this turbine’s general characteristics.

Siemens SWT-2.3-101 (Max Power 2,126 kW)

Type, number of blades, 
rotor orientation horizontal-axis, 3-bladed, upwind wind turbine

Rated power 2,126 kW
Rotor diameter; swept 
area 101.0 m; 8,000 m2

Operational rotation rate 6.0 to 16.0 rpm; variable speed
Hub height; tower type 99.5 m; steel tubular tower
Power regulation pitch regulation with variable speed
Cut-in wind speed 4 ms-1

Cut-out wind speed 25 ms-1

Rated wind speed 12-13 ms-1

Gearbox yes; 3 stage planetary/helical
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Siemens SWT-2.3-101 (Max Power 2,126 kW)

Generator; speed asynchronous with squirrel-cage rotor, without 
slip rings; variable speed

Turbine step-up 
transformer external to tower; 690 VAC to 34.5 kVAC

Braking system

aerodynamic primary brake by full-span 
feathering of individual blades; mechanical disk 
brake on high-speed shaft which has two 
hydraulic calipers

Yaw system active electric externally geared slewring; 
passive friction brake

 4.2.2 SWEC Wind Turbines
In addition to the GREP turbines, there are 58 Siemens SWT-2.3-101 (Max Power 
2,221 kW) turbines in the Summerhaven Wind Energy Centre.

All of SWEC wind turbines have been included in the present assessment.

 4.2.2.1 Siemens SWT-2.3-101 (Max Power 2,221 kW) Turbine

A description of the SWT-2.3-101 (Max Power 2,221 kW) turbine has been given 
above in Section  4.2.1.1 . NextEra has not provided any information to Grand 
Renewable Solar LP nor to Zephyr North to suggest that the SWT-2.3-101 (Max 
Power 2,221 kW) turbines used in the Summerhaven project will be any different 
from the description in the table above. Note, though, that the proposed hub height 
for the turbines in the Summerhaven project is 80 m.

Turbine locations and any additionally required information have been taken from 
the Golder ((2012)) noise assessment report.

 4.3 Substations

 4.3.1 Grand Renewable Energy Project — Solar and Wind
There will be a substation shared between the GREP-Solar and the GREP-Wind 
located as shown in Figures 1-2 and 1-3. Two collocated power transformers to step 
up the voltage from the 100 MW Solar Park and the 148.6 MW Wind Park along 
with ancillary equipment will comprise the substation.

 4.3.1.1 Solar Park Transformer

The Solar Park transformer will be rated at 108 MVA. Technical specifications for 
the GREP-Solar substation power transformer have been published but a number 
of details of the transformer model have not yet been released. As soon as this 
information is available, it will be provided to the MoE.

Noise from this transformer has been included in the present analysis.
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The following table describes the Solar Park sub-station transformer.

Substation Solar Park Transformer

Type AC power transformer; details to be finalized
Operating voltages 34.5 kVAC input; 230 kVAC output
Rating 108 MVA
Height to be determined
Core tank size to be determined
Source location outside
Sound characteristics steady, tonal
Noise control measures uncontrolled

 4.3.1.2 Wind Park Transformer

The Wind Park transformer will be rated at 166 MVA. Technical specifications for 
the GREP-Wind substation power transformer have been published but a number 
of details of the transformer model have not yet been released. As soon as this 
information is available, it will be provided to the MoE.

Noise from this transformer has been included in the present analysis.

The following table describes the Wind Park sub-station transformer.

Substation Wind Park Transformer

Type AC power transformer; details to be finalized
Operating voltages 34.5 kVAC input; 230 kVAC output
Rating 166 MVA
Height to be determined
Core tank size to be determined
Source location outside
Sound characteristics steady, tonal
Noise control measures uncontrolled

 4.4 Summerhaven Wind Energy Centre
The SWEC substation and its transformer is located about 8 km west of the 
nearest GREP-Solar eHouse. There are several SWEC turbines significantly closer 
to this transformer station than the nearest GREP-Solar eHouse.

Due to its remoteness from the GREP-Solar, noise from the SWEC transformer has 
not been included in any of the reported noise calculations.

 4.5 Summary
Table 4-1 is modelled on Table A1, Noise Source Summary Table, taken from the 
Basic Comprehensive Certificates of Approval (Air) User Guide (MoE, 2011). An 
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additional column has been added that enumerates the quantity of each type of 
noise source.

Table 4-1 summarizes the number and type of each noise source as described above 
and in Section  5 . Additional information is also available in Section  12 .
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Table 4-1  Noise source summary table.

Source ID Quantity Source Description

   T1 to T9 9 105.0 Outside Steady Uncontrolled

  T10 1 104.0 Outside Steady Uncontrolled

  T11 to T30 20 105.0 Outside Steady Uncontrolled

  T33 to T57 25 105.0 Outside Steady Uncontrolled

  T58 1 104.0 Outside Steady Uncontrolled

  T59 to T69 11 105.0 Outside Steady Uncontrolled

 T201 1 105.0 Outside Steady Uncontrolled

 T203 to T228 26 105.0 Outside Steady Uncontrolled

 T230 to T259 30 105.0 Outside Steady Uncontrolled

 T261 1 105.0 Outside Steady Uncontrolled

Tr300 1 90.0 Outside Steady, Tonal Uncontrolled

Tr301 1 90.0 Outside Steady, Tonal Uncontrolled
Tr401 to Tr465 65 eHouse: Solar Farm: 71dBA + 5dB tonal penalty – GREP-Solar 76.0 Outside Steady, Tonal Uncontrolled

Broadband 
Source Sound 
Power Level 

(dBA)
Source 

Location
Sound 

Characteristics

Noise 
Control 

Measures
Turbine: Siemens SWT-2.3-101 RD=101m  RP=2,221kW  
HH=99.5m  Noise=(NRO,-1)105dBA(Mxmm) – GREP-Wind
Turbine: Siemens SWT-2.3-101 RD=101m  RP=2,126kW  
HH=99.5m  Noise=(NRO -2)104dBA(Mxmm) – GREP-Wind
Turbine: Siemens SWT-2.3-101 RD=101m  RP=2,221kW  
HH=99.5m  Noise=(NRO,-1)105dBA(Mxmm) – GREP-Wind
Turbine: Siemens SWT-2.3-101 RD=101m  RP=2,221kW  
HH=99.5m  Noise=(NRO,-1)105dBA(Mxmm) – GREP-Wind
Turbine: Siemens SWT-2.3-101 RD=101m  RP=2,126kW  
HH=99.5m  Noise=(NRO -2)104dBA(Mxmm) – GREP-Wind
Turbine: Siemens SWT-2.3-101 RD=101m  RP=2,221kW  
HH=99.5m  Noise=(NRO,-1)105dBA(Mxmm) – GREP-Wind
Turbine: Siemens SWT-2.3-101 RD=101m  RP=2,221kW  
HH=80.0m  Noise=(NRO,-1)105dBA(Mxmm) – SWEC
Turbine: Siemens SWT-2.3-101 RD=101m  RP=2,221kW  
HH=80.0m  Noise=(NRO,-1)105dBA(Mxmm) – SWEC
Turbine: Siemens SWT-2.3-101 RD=101m  RP=2,221kW  
HH=80.0m  Noise=(NRO,-1)105dBA(Mxmm) – SWEC
Turbine: Siemens SWT-2.3-101 RD=101m  RP=2,221kW  
HH=80.0m  Noise=(NRO,-1)105dBA(Mxmm) – SWEC
Transformer: Wind Farm: 85dBA + 5dB tonal penalty  4.0 m 
a.g.l. – GREP-Wind
Transformer: Solar Farm: 85dBA + 5dB tonal penalty (all 
octaves)  4.0 m a.g.l. – GREP-Solar
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 5 NOISE EMISSION 
RATINGS

 5.1 Solar Inverters, Enclosures, Transformers

 5.1.1 Grand Renewable Energy Park
As noted above, there are 65 eHouses in the Solar Park portion of the Grand 
Renewable Energy Park. Each eHouse serves approximately 6,845 solar modules, 
and consists of two inverters within an acoustical enclosure with four ventilation 
openings (two air intake and two air exhaust) and separate inverter transformer, 
all mounted on a steel platform. 

Each eHouse will be treated as a single point noise source and emission data for 
the complete eHouse (2 inverters in an enclosure, 1 transformer outside the 
enclosure but mounted on the same platform) will be provided below.

 5.1.1.1 Inverter

The 130 SMA Sunny Central SC800CP-CA inverters only occur in pairs within 
each of the project’s 65 eHouses. The total electrical output of the 65 eHouses is 
100 MW AC, equal to the contractual limit of the project’s FIT contract. For clarity, 
this total is controlled through the use of standard software included in each of the 
130 inverters that can be set to limit the output to any level required. For the 
present project, it will be set to a limit of 769.2 kW.

The two inverters are the only source of noise within each eHouse enclosure. An 
SMA inverter data sheet is provided in Section  13 . Please note that this data 
sheet covers inverters of several sizes and it is the SC800CP-CA information that is 
relevant.

The calculation of the contribution by the two inverters to the total eHouse noise 
has been based on the SMA Inspection Report for the Acoustical Environmental 
Test, included in Section  13 . This detailed report is based on testing conducted on 
2013-03-06, and indicates a sound power level of 93.3 dBA for an inverter excluding 
the eHouse enclosure or any air intake or exhaust silencers. Please note that SMA 
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inverter model SC800CP-XP is identical to model SC800CP-CA, with the CA 
designation merely indicating that final assembly of the unit has taken place in 
Canada.

It is important to note that source noise from the inverters is included in the 
eHouse source noise (Section  5.1.1.3  below).

For reference, a summary inverter data sheet is provided in Section  13 .

 5.1.1.2 Inverter Transformer

The ABB 1600 kVA Proprietary Class III inverter transformers will be supplied as 
an integral component of each eHouse, and their noise emissions are included as 
part of the total. The contribution of the transformers toward the total eHouse 
noise emission has been determined based on the NEMA rating of 43.4 dBA in the 
ABB Sound Test Report [Ref: 13Q1833961] for product 12J037182, which is the 
same unit. A copy of this Sound Test Report is included in Section  13 , along with 
a summary data sheet for the inverter 
transformer. Please note that the potentially 
ambiguous figure of “50” (no units given) for 
sound level listed in the ABB price quote dated 
2013-04-01 and provided in Section  13  has been 
not been used, as has ABB subsequently provided 
the much more detailed and specific Sound Test 
Report.

It is important to note that source noise from the 
inverter transformers is included in the eHouse 
source noise (Section  5.1.1.3  below). 

For reference, a summary data sheet for the 
inverter transformer is provided in Section  13 .

 5.1.1.3 eHouse

HGC Engineering (2013) via Grand Renewable 
Solar LP has undertaken considerable analysis of 
the eHouse design to determine unmitigated and 
mitigated noise emission data. 

The unmitigated eHouse emission data is based 
on the above-mentioned acoustic reports from 
SMA for the inverters and ABB for the 
transformers, combined with the eHouse design 
(available on request) and data on the acoustic 
properties of the materials used for the eHouse 
walls and roof. These materials are supplied by a 
company called Vicwest and include DM40 wall 
panels and HR 4 roof panels. Representative 
specification sheets for both products are 
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Table 5-1  eHouse acoustic emissions 
summary.

* Guaranteed to be no more than 71.0 dBA as per Page 1 of 
HGC (2013)

** Guaranteed to be no more than 76.0 dBA

Inverters per eHouse: 2
Transformers per eHouse: 1
Operating voltage: as per inverters, transformer
Rating: n/a
Core tank size: n/a
Source height (m): 3.2 m
Source location: outside
Sound characteristics: steady, tonal

63 89 5 94
125 78 5 83
250 71 5 76
500 64 5 69

1000 54 5 59
2000 53 5 58
4000 65 5 70
8000 63 5 68

71* 76**

Noise control measures: enclosure for inverters; un-
controlled for transformer

Frequency 
(Hz)

Source 
sound power 
level (dBLin)

Tonal 
penalty 

(dB)

Net source 
sound power 
level (dBLin)

Broadband 
(dBA)
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included in Section  13 , although the actual thickness of the steel layer to be used 
in the final design may differ.

The mitigated eHouse emission data are based on the unmitigated calculations 
plus the inclusion of four silencers (two for the air intake and two for the air 
exhaust) to be supplied by a company called Vibro-Acoustics. A Silencer Schedule 
prepared by Vibro-Acoustics showing physical dimensions and the Dynamic 
Insertion Loss for the air intake and exhaust silencers is included in Section  13 , 
along with a letter confirming that the eHouses will have a maximum broadband 
noise emission (source sound power level) of 71 dBA.

As this device houses two inverters, its noise has been designated as tonal and, as 
required by MoE (2008), a 5 dB penalty has been applied as per MoE NPC-104.

The noise emission data for the mitigated eHouse (including two inverters, the 
inverter transformer, and silencers) have also been validated by HGC Engineering, 
which has calculated the octave-band source sound power levels for the eHouse. 
This distribution is shown in Table 5-1 above.

 5.2 Wind Turbines

 5.2.1 Grand Renewable Energy 
Park — Wind

 5.2.1.1 Siemens SWT-2.3-101 
(Max Power 2,221 kW)

Siemens SWT-2.3-101 (Max Power 
2,221 kW) turbine broadband source 
sound power level data for 10 m (a.g.l) 
wind speeds of 3 to 11 to cut-out (25) 
ms-1 and octave band source sound 
power level data for 10 m a.g.l. wind 
speeds of 6, 7, 8, 9, and 10 ms-1 were 
provided in Siemens A/S 
documentation (Siemens, 2012a) 
supplied by Grand Renewable Solar 
LP. This document is included in 
Section  13  and is referenced to IEC 
61400-11. This turbine’s maximum 
broadband source sound power level is 
105.0 dBA while its rated power is 
2.221 MW.

With respect to tonality, the Siemens 
(2012a) document referenced above 
states, “The sound level test reports 
for the Siemens Wind Turbine 
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Figure 5-1  SWT-2.3-101 (MP 2221 kW) wind 
speed sensitivity test.
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Generators have shown that the SWT-2.3-101 wind turbine generators produce no 
tonal audibility above 3 dB determined in accordance with IEC 61400-11:2002.” No 
tonal penalty has been applied to these turbines.

The broadband and octave band noise information was used with the site-specific 
power law wind shear exponent of 0.45 (see Section  5.3 below for derivation) to 
synthesize/interpolate/extrapolate octave band source sound power levels for 10 m 
a.g.l. wind speeds of 6, 7, 8, 9, and 10 ms-1 for use in the ISO 9613-2 estimates of 
receptor noise levels.

In addition, sensitivity tests were performed with the ‘raw’ (i.e., unadjusted) 
‘Manufacturer’s emission levels’. Figure 5-1 shows the results of these tests for a 
series of 4.5 m height receptors placed at 50 m intervals between 550 and 1500 m 
from a single SWT-2.3-101 (Max Power 2,221 kW) turbine. The graph shows the 
receptor sound pressure level as a function of distance from the turbine using each 
of the raw octave band source sound power level sets corresponding to the 10 m 
a.g.l. 6, 7, 8, 9, and 10 ms-1 wind speeds. The “predictable worst case” for all 
distances occurs for the10 m a.g.l. 7 ms-1 wind speed. As a consequence of these 
tests, for this turbine the 10 m a.g.l. 7 ms-1 wind speed set of octave band source 
sound power levels has been used for all noise assessment calculations in the ISO 
9613-2 modelling.

The 10 m broadband and octave band source sound power levels for the Siemens 
SWT-2.3-101 (Max Power 2,221 kW) turbine for a hub height of 99.5 m are shown 
in Table 5-2. Note that the ‘Adjusted emission levels’ for all wind speeds have all 
been set to those corresponding to the ‘Manufacturer’s emission levels’ 10 m a.g.l. 
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Table 5-2  Siemens SWT-2.3-101 (Max Power 2,221 kW) ― Wind turbine acoustic 
emissions summary.

Make and Model: Siemens SWT-2.3-101 (Max Power 2,221 kW)
Rating: 2,221 kW
Hub height (m): 99.5
Wind profile adjustment: summer night-time power-law wind shear coefficient = 0.45

Octave band sound power level (dB)
Manufacturer’s emission levels (10 m a.g.l) Adjusted emission levels (10 m a.g.l.)
6.0 7.0 8.0 9.0 10.0 6.0 7.0 8.0 9.0 10.0

Frequency (Hz) 63 112.5 112.2 111.0 111.1 110.7 112.2 112.2 112.2 112.2 112.2
125 106.4 107.7 107.2 106.6 105.7 107.7 107.7 107.7 107.7 107.7
250 105.1 106.1 105.0 104.3 103.5 106.1 106.1 106.1 106.1 106.1
500 100.9 101.5 100.4 100.2 99.8 101.5 101.5 101.5 101.5 101.5

1000 99.2 99.9 100.1 100.0 100.2 99.9 99.9 99.9 99.9 99.9
2000 95.3 96.0 97.7 97.8 98.2 96.0 96.0 96.0 96.0 96.0
4000 91.2 92.5 92.6 94.4 94.5 92.5 92.5 92.5 92.5 92.5
8000 78.2 79.0 81.9 81.8 81.6 79.0 79.0 79.0 79.0 79.0

A-weighted 104.2 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0

Wind speed (ms-1)
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7 ms-1 wind speed set of octave band source sound power levels since these 
correspond to the MoE-defined “predictable worst case”.

 5.2.1.1 Siemens SWT-2.3-101 (Max Power 2,126 kW)

Siemens SWT-2.3-101 (Max Power 2,126 kW) turbine broadband source sound 
power level data for 10 m (a.g.l) wind speeds of 3 to 11 to cut-out (25) ms-1 and 
octave band source sound power level data for 10 m a.g.l. wind speeds of 6, 7, 8, 9, 
and 10 ms-1 were provided in Siemens A/S documentation (Siemens, 2012b) 
supplied by Grand Renewable Solar LP. This document is included in Section  13  
and is referenced to IEC 61400-11. This turbine’s maximum broadband source 
sound power level is 104.0 dBA while its rated power is 2.126 MW.

With respect to tonality, the Siemens (2012b) document referenced above states, 
“The sound level test reports for the Siemens Wind Turbine Generators have 
shown that the SWT-2.3-101 wind turbine generators produce no tonal audibility 
above 3 dB determined in accordance with IEC 61400-11:2002.” No tonal penalty 
has been applied to these turbines.

The broadband and octave band noise information was used with the site-specific 
power law wind shear exponent of 
0.45 (see Section  5.3 below for 
derivation) to 
synthesize/interpolate/extrapolate 
octave band source sound power levels 
for 10 m a.g.l. wind speeds of 6, 7, 8, 9, 
and 10 ms-1 for use in the ISO 9613-2 
estimates of receptor noise levels.

In addition, sensitivity tests were 
performed with the ‘raw’ (i.e., 
unadjusted) ‘Manufacturer’s emission 
levels’. Figure 5-2 shows the results of 
these tests for a series of 4.5 m height 
receptors placed at 50 m intervals 
between 550 and 1500 m from a single 
SWT-2.3-101 (Max Power 2,126 kW) 
turbine. The graph shows the receptor 
sound pressure level as a function of 
distance from the turbine using each 
of the raw octave band source sound 
power level sets corresponding to the 
10 m a.g.l. 6, 7, 8, 9, and 10 ms-1 wind 
speeds. The “predictable worst case” 
for all distances occurs for the10 m 
a.g.l. 7 ms-1 wind speed. As a 
consequence of these tests, for this 
turbine the 10 m a.g.l. 7 ms-1 wind 
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Figure 5-2  SWT-2.3-101 (MP 2126 kW) wind 
speed sensitivity test.
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speed set of octave band source sound power levels has been used for all noise 
assessment calculations in the ISO 9613-2 modelling.

The 10 m broadband and octave band source sound power levels for the Siemens 
SWT-2.3-101 (Max Power 2,221 kW) turbine for a hub height of 99.5 m are shown 
in Table 5-3. Note that the ‘Adjusted emission levels’ for all wind speeds have all 
been set to those corresponding to the ‘Manufacturer’s emission levels’ 10 m a.g.l. 
7 ms-1 wind speed set of octave band source sound power levels since these 
correspond to the MoE-defined “predictable worst case”.

 5.2.2 Summerhaven Wind Energy Centre

 5.2.2.1 Siemens SWT-2.3-101 (Max Power 2,221 kW)

As far as the project proponent and Zephyr North are aware, this turbine is 
identical to the Siemens SWT-2.3-101 (Max Power 2,221 kW) described above in 
Section  5.2.1.1  with the exception of the hub height which is specified to be 80.0 m 
for the SWEC in contrast to 99.5 m for the GREP-Wind project.

All noise emission information for this turbine can be obtained from Section 5.2.1.1 

 5.3 Site-Specific Vertical Wind Shear Exponent
The site-specific vertical wind shear exponent was calculated from two GREP-Wind 
in situ project wind monitoring stations installed on the GREP (Wind) site. Both 
these wind monitoring stations have wind measurements at nominal levels of 30, 
45 and 60 m.
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Table 5-3  Siemens SWT-2.3-101 (Max Power 2,126 kW) ― Wind turbine acoustic 
emissions summary.

Make and Model: Siemens SWT-2.3-101 (Max Power 2,126 kW)
Rating: 2,126 kW
Hub height (m): 99.5
Wind profile adjustment: summer night-time power-law wind shear coefficient = 0.45

Octave band sound power level (dB)
Manufacturer’s emission levels (10 m a.g.l) Adjusted emission levels (10 m a.g.l.)
6.0 7.0 8.0 9.0 10.0 6.0 7.0 8.0 9.0 10.0

Frequency (Hz) 63 112.2 111.8 110.8 110.8 110.4 111.8 111.8 111.8 111.8 111.8
125 105.9 107.1 106.8 106.2 105.3 107.1 107.1 107.1 107.1 107.1
250 105.0 105.8 103.3 102.6 101.7 105.8 105.8 105.8 105.8 105.8
500 100.3 100.8 99.5 99.2 98.8 100.8 100.8 100.8 100.8 100.8

1000 97.7 98.3 99.3 99.2 99.3 98.3 98.3 98.3 98.3 98.3
2000 93.9 94.5 96.6 96.7 97.2 94.5 94.5 94.5 94.5 94.5
4000 90.6 91.8 91.5 93.3 93.4 91.8 91.8 91.8 91.8 91.8
8000 78.1 78.8 80.4 80.3 80.1 78.8 78.8 78.8 78.8 78.8

A-weighted 103.3 104.0 104.0 104.0 104.0 104.0 104.0 104.0 104.0 104.0

Wind speed (ms- 1)
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The vertical wind shear exponent was calculated by Zephyr North from a least-
squares fit of a power law profile to period-averaged data at the three available 
levels of wind speed. The averaged data were filtered to include only the summer 
months of April through September inclusive, and the diurnal hours between 23:00 
and 07:00 the following day. That is, the power law wind shear exponent for the 
‘average summer night time wind speed profile’ is reported here — specifically, 
0.44 for the Mast1 60 m WM station, and 0.45 for the Mast2 60 m WM station. One 
full summer of data was used for each station.

To be conservative, a value of 0.45 was used for the vertical wind shear exponent 
for all turbines (GREP-Wind and SWEC) for the purposes of this report.

It should be noted, however, that due to the determination of the ‘Manufacturer’s 
emission levels’ 10 m a.g.l. 7 ms-1 wind speed set of octave band source sound power 
levels as the MoE-defined “predictable worst case”, the summer night-time vertical 
wind shear does not play a part in the results of this noise assessment.

 5.4 Substations

 5.4.1 Grand Renewable Energy Park
As noted previously, there will be a 108 MVA transformer for the Solar Park 
portion of the GREP project and a 166 MVA transformer for the Wind Park portion. 
These will be collocated within the confines of a single substation located on the 
property of the Solar Park as shown in Figures 1-2 and 1-3.

 5.4.1.1 Solar Park Transformer Noise Emission Rating

Technical specifications for the GREP-Solar substation power transformer have 
been published but a number of details of the transformer model have not yet been 
released. As soon as this information is available, it will be provided to the MoE.

In keeping with a previous REA application for the full project (GREP-Solar and 
GREP-Wind; Zephyr North, 2012a, 2012b), the broadband source sound power level 
for the GREP-Solar transformer has been specified to be less than or equal to 
85 dBA. For the purposes of this noise assessment, octave band source sound power 
levels characteristic of a typical power transformer were adjusted to reflect the 
maximum 85 dBA broadband sound power level. These adjusted levels were used 
as input to the present analysis. Note that these octave band source sound power 
levels are identical to those used in the previous (full GREP project) noise 
assessment (Zephyr North, 2012a).

As this device is a transformer, its noise has been designated as tonal and, as 
required by MoE (2008), a 5 dB penalty has been supplied as per MoE NPC-104.

Broadband and octave band source sound power levels are listed in Table 5-4 below 
along with the 5 dB tone penalty assessed to every octave band and the net levels. 
The penalized octave band source sound power levels have been used for noise 
assessment for this project.
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Note that for the purposes of this report, a transformer noise source height of 4.0 m 
has been assumed. This will be updated as soon as further information becomes 
available.

Note, for information, that the nearest receptor to either of the collocated (solar or 
wind) project transformers is approximately 610 m away.

 5.4.1.2 Wind Park Transformer Noise Emission Rating

Technical specifications for the GREP-Wind substation power transformer have 
been published but a number of details of the transformer model have not yet been 
released. As soon as this information is available, it will be provided to the MoE.

In keeping with a previous REA application for the full project (GREP-Solar and 
GREP-Wind; Zephyr North, 2012a, 2012b), the broadband source sound power level 
for the GREP-Wind transformer has been specified to be less than or equal to 
85 dBA. For the purposes of this noise assessment, octave band source sound power 
levels characteristic of a typical power transformer were adjusted to reflect the 
maximum 85 dBA broadband sound power level. These adjusted levels were used 
as input to the present analysis. Note that these octave band source sound power 
levels are identical to those used in the previous (full GREP project) noise 
assessment report (Zephyr North, 2012a).

As this device is a transformer, its noise has been designated as tonal and, as 
required by MoE (2008), a 5 dB penalty has been supplied as per MoE NPC-104.

Note that there will be a solid fence surrounding at least portions of the 
transformer substation. However, this fence has been designed for fire containment 
purposes only, and has not been considered in this report to provide any noise 
attenuation.

Broadband and octave band source sound power levels are listed in Table 5-5 below 
along with the 5 dB tone penalty assessed to every octave band and the net levels. 
The penalized octave band source sound power levels have been used for noise 
assessment for this project.

Note that for the purposes of this report, a transformer noise source height of 4.0 m 
has been assumed. This will be updated as soon as further information becomes 
available.

Note, for information, that the nearest receptor to either of the collocated (solar or 
wind) project transformers is approximately 610 m away.
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Table 5-5  Wind Park transformer 
acoustic emissions 
summary.

Make and Model: Model to be determined

Rating: 166 MVA
Core tank size: to be determined
Source height (m): 4.0 m (to be finalized)
Source location: outside
Sound characteristics: steady, tonal
Noise control measures: uncontrolled

63 63.5 5.0 68.5
125 75.6 5.0 80.6
250 78.1 5.0 83.1
500 83.5 5.0 88.5

1000 80.7 5.0 85.7
2000 76.9 5.0 81.9
4000 71.7 5.0 76.7
8000 62.6 5.0 67.6

85.0 90.0

Operating voltage: 34.5 kVAC / 230 kVAC

Frequency 
(Hz)

Source 
sound power 
level (dBLin)

Tonal 
penalty 

(dB)

Net source 
sound power 
level (dBLin)

Broadband 
(dBA)

Table 5-4  Solar Park transformer 
acoustic emissions 
summary.

Make and Model: Model to be determined

Rating: 108 MVA
Core tank size: to be determined
Source height (m): 4.0 m (to be finalized)
Source location: outside
Sound characteristics: steady, tonal
Noise control measures: uncontrolled

63 63.5 5.0 68.5
125 75.6 5.0 80.6
250 78.1 5.0 83.1
500 83.5 5.0 88.5

1000 80.7 5.0 85.7
2000 76.9 5.0 81.9
4000 71.7 5.0 76.7
8000 62.6 5.0 67.6

85.0 90.0

Operating voltage: 34.5 kVAC / 230 kVAC

Frequency 
(Hz)

Source 
sound power 
level (dBLin)

Tonal 
penalty 

(dB)

Net source 
sound power 
level (dBLin)

Broadband 
(dBA)
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 6 IMPACT 
ASSESSMENT

 6.1 Methodology
Cumulative eHouse, transformer, and turbine sound levels were estimated at each 
of the receptors using the ISO 9613-2 Standard model. eHouse, transformer and 
wind turbine octave band and A-weighted sound power values, standardized 
meteorological conditions, eHouse/transformer/turbine locations, receptor/ VLSR/ 
participant locations, and characteristics were used to determine the A-weighted 
sound pressure levels at all receptors.

 6.2 Specific Parameters
a)

Analysis was carried out for inverter enclosure, transformer and turbine source 
sound power levels in eight octave bands (63 to 8,000 Hz) corresponding to 10 m 
(a.g.l.) ambient wind speeds of 6, 7, 8, 9, and 10 ms-1.

b)

ISO 9613-2 parameters, as prescribed in the MoE (2008) Noise Guidelines were set 
as follows:

Ambient air temperature: 10 C
Ambient humidity: 70 %

The required atmospheric attenuation coefficients to be used in the ISO 9613-2 
modelling of noise propagation are prescribed in MoE (2008). These have been used 
in the present assessment, and are shown in the following table.
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Atmospheric Absorption Coefficients

Centre Octave Band Frequency (Hz) 63 125 250 500 1000 2000 4000 8000

Atmospheric Absorption Coefficient 
(dB/km) from MoE Oct 2008 document

0.1 0.4 1.0 1.9 3.7 9.7 32.8 117.0
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c)

The ISO 9613-2 Standard term for Ground Attenuation was calculated using the 
“General” Method (Section 7.3.1 of the Standard). Ground factors were assigned 
the following maximum values as requested in the MoE (2008) publication.

Source ground factor: 1.0 (soft ground)
Middle ground factor: 0.8 (soft ground)
Receptor ground factor: 0.5 (hard/soft ground)

 6.3 Additional parameters and conditions
Sound pressure levels were not calculated for any receptor for which there was no 
GREP-Solar noise source (eHouse, transformer) closer than 1,000 m.

For any receptor, noise sources further than 5,000 m away were not included in the 
calculations.

No additional adjustments were made for wind speed or direction since ISO 9613-2 
assumes worst-case conditions for these parameters with respect to noise impact.

 6.4 Results
Results are reported in Tables 7-1, 7-3 and 7-5 found in Section 7  and the noise 
level isopleth map of Section 8 .

Tables 7-2, 7-4, and 7-6 provide comparison receptor, VLSR, and participant sound 
pressure levels from the original GREP (Solar and Wind) noise assessment report 
(Zephyr North, 2012a) and the present assessment. Note that in Table 7-2 receptor 
587 is labelled as a receptor (R587). In the original GREP (Solar and Wind) noise 
assessment receptor 587 is listed as a participant (P587). Also, in Table 7-4 the 
entry for VLSR V4014 for the original GREP (Solar and Wind) noise assessment is 
marked “n/a”. This VLSR was not included in the earlier noise assessment report.

Table 6-1 briefly summarizes the results of the present noise assessment. It is a 
sorted list of the highest sound pressure levels (SPrL) determined in the analysis 
for receptors and VLSRs.
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Table 6-1  Highest sound pressure levels (SPrL) at 
receptors.

Receptor ID

R587 39.2 4.5 T27 O 808

R393 39.0 4.5 Tr402 P 428

V3649 38.3 4.5 Tr465 P 623

R390 37.9 4.5 Tr465 P 567

R392 37.9 1.5 T56 O 642

R389 37.7 4.5 Tr465 P 511

R391 37.7 4.5 Tr465 P 502

R585 37.3 4.5 Tr464 P 345

R387 37.2 1.5 Tr464 P 611

R388 37.1 1.5 Tr464 P 567

R584 37.1 4.5 Tr464 P 296

V4002 36.5 4.5 Tr455 P 875

V3646 36.5 4.5 Tr401 P 744

V4014 36.5 4.5 Tr401 P 676

R395 36.5 4.5 Tr401 P 326

R359 36.1 1.5 T16 O 740

V4001 36.1 4.5 Tr455 P 738

R374 36.0 4.5 Tr401 P 802

R466 35.8 4.5 Tr455 P 674

R355 35.7 4.5 Tr429 P 992

R358 35.7 4.5 Tr429 P 895

R1369 35.6 4.5 Tr455 P 213

R569 35.5 4.5 T233 O 951

R465 34.9 4.5 Tr455 P 459

R572 34.7 4.5 Tr436 P 778

R306 34.7 4.5 Tr435 P 982

SPrL 
(dBA)

Height 
(m)

Nearest Noise 
Source

Project or 
Other

Distance 
(m)
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 7 NOISE LEVEL 
SUMMARY TABLES

Table 7-1  Receptor noise level summary.

Point of 
Reception 

ID
Description Height (m)

Distance to 
Nearest 
Noise 

Source (m)

Nearest 
Noise 

Source

Calculated Sound Level at Selected Wind 
Speeds (dBA)

Sound Level Limit (dBA)

6.0 7.0 8.0 9.0 10.0 6.0 7.0 8.0 9.0 10.0
R306 Residence  4.5  982 Tr435   34.7  34.7  34.7  34.7  34.7 40.0 43.0 45.0 49.0 51.0
R307 Residence  1.5  273 Tr436   32.3  32.3  32.3  32.3  32.3 40.0 43.0 45.0 49.0 51.0
R312 Residence  1.5  752 Tr416   29.1  29.1  29.1  29.1  29.1 40.0 43.0 45.0 49.0 51.0
R313 Residence  4.5  617 Tr416   30.9  30.9  30.9  30.9  30.9 40.0 43.0 45.0 49.0 51.0
R355 Residence  4.5  992 Tr429   35.7  35.7  35.7  35.7  35.7 40.0 43.0 45.0 49.0 51.0
R358 Residence  4.5  895 Tr429   35.7  35.7  35.7  35.7  35.7 40.0 43.0 45.0 49.0 51.0
R359 Residence  1.5  740 T16  36.1  36.1  36.1  36.1  36.1 40.0 43.0 45.0 49.0 51.0
R360 Residence  1.5  839 Tr429   34.3  34.3  34.3  34.3  34.3 40.0 43.0 45.0 49.0 51.0
R361 Residence  1.5  552 Tr430   32.6  32.6  32.6  32.6  32.6 40.0 43.0 45.0 49.0 51.0
R362 Residence  1.5  391 Tr432   31.9  31.9  31.9  31.9  31.9 40.0 43.0 45.0 49.0 51.0
R363 Church  1.5  445 Tr432    32.0  32.0  32.0  32.0  32.0 40.0 43.0 45.0 49.0 51.0
R364 Residence  7.5  258 Tr430   33.6  33.6  33.6  33.6  33.6 40.0 43.0 45.0 49.0 51.0
R365 Residence  1.5  245 Tr424   31.0  31.0  31.0  31.0  31.0 40.0 43.0 45.0 49.0 51.0
R367 Residence  4.5  271 Tr416   31.6  31.6  31.6  31.6  31.6 40.0 43.0 45.0 49.0 51.0
R368 Residence  4.5  300 Tr412   31.9  31.9  31.9  31.9  31.9 40.0 43.0 45.0 49.0 51.0
R369 Residence  4.5  246 Tr407   32.5  32.5  32.5  32.5  32.5 40.0 43.0 45.0 49.0 51.0
R371 Residence  4.5  334 Tr404   33.1  33.1  33.1  33.1  33.1 40.0 43.0 45.0 49.0 51.0
R372 Residence  1.5  633 Tr401   34.1  34.1  34.1  34.1  34.1 40.0 43.0 45.0 49.0 51.0
R373 Residence  1.5  843 Tr401   32.6  32.6  32.6  32.6  32.6 40.0 43.0 45.0 49.0 51.0
R374 Residence  4.5  802 Tr401   36.0  36.0  36.0  36.0  36.0 40.0 43.0 45.0 49.0 51.0
R378 Residence  1.5  265 Tr453   33.2  33.2  33.2  33.2  33.2 40.0 43.0 45.0 49.0 51.0
R380 Residence  1.5  366 Tr454   34.0  34.0  34.0  34.0  34.0 40.0 43.0 45.0 49.0 51.0
R381 Residence  1.5  207 Tr455   34.0  34.0  34.0  34.0  34.0 40.0 43.0 45.0 49.0 51.0
R387 Residence  1.5  611 Tr464   37.2  37.2  37.2  37.2  37.2 40.0 43.0 45.0 49.0 51.0
R388 Residence  1.5  567 Tr464   37.1  37.1  37.1  37.1  37.1 40.0 43.0 45.0 49.0 51.0
R389 Residence  4.5  511 Tr465   37.7  37.7  37.7  37.7  37.7 40.0 43.0 45.0 49.0 51.0
R390 Residence  4.5  567 Tr465   37.9  37.9  37.9  37.9  37.9 40.0 43.0 45.0 49.0 51.0
R391 Residence  4.5  502 Tr465   37.7  37.7  37.7  37.7  37.7 40.0 43.0 45.0 49.0 51.0
R392 Residence  1.5  642 T56  37.9  37.9  37.9  37.9  37.9 40.0 43.0 45.0 49.0 51.0
R393 Residence  4.5  428 Tr402   39.0  39.0  39.0  39.0  39.0 40.0 43.0 45.0 49.0 51.0
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Point of 
Reception 

ID
Description Height (m)

Distance to 
Nearest 
Noise 

Source (m)

Nearest 
Noise 

Source

Calculated Sound Level at Selected Wind 
Speeds (dBA)

Sound Level Limit (dBA)

6.0 7.0 8.0 9.0 10.0 6.0 7.0 8.0 9.0 10.0
R395 Residence  4.5  326 Tr401   36.5  36.5  36.5  36.5  36.5 40.0 43.0 45.0 49.0 51.0
R396 Residence  1.5  699 Tr401   31.9  31.9  31.9  31.9  31.9 40.0 43.0 45.0 49.0 51.0
R455 Residence  4.5  293 Tr434   33.4  33.4  33.4  33.4  33.4 40.0 43.0 45.0 49.0 51.0
R457 Residence  4.5  354 Tr434   33.3  33.3  33.3  33.3  33.3 40.0 43.0 45.0 49.0 51.0
R460 Residence  4.5  484 Tr437   34.0  34.0  34.0  34.0  34.0 40.0 43.0 45.0 49.0 51.0
R461 Residence  1.5  571 Tr437   32.7  32.7  32.7  32.7  32.7 40.0 43.0 45.0 49.0 51.0
R462 Residence  4.5  527 Tr437   34.2  34.2  34.2  34.2  34.2 40.0 43.0 45.0 49.0 51.0
R464 Residence  1.5  662 Tr437   33.0  33.0  33.0  33.0  33.0 40.0 43.0 45.0 49.0 51.0
R465 Residence  4.5  459 Tr455   34.9  34.9  34.9  34.9  34.9 40.0 43.0 45.0 49.0 51.0
R466 Residence  4.5  674 Tr455   35.8  35.8  35.8  35.8  35.8 40.0 43.0 45.0 49.0 51.0
R569 Residence  4.5  951 T233  35.5  35.5  35.5  35.5  35.5 40.0 43.0 45.0 49.0 51.0
R571 Residence  1.5  828 Tr436   33.4  33.4  33.4  33.4  33.4 40.0 43.0 45.0 49.0 51.0
R572 Residence  4.5  778 Tr436   34.7  34.7  34.7  34.7  34.7 40.0 43.0 45.0 49.0 51.0
R573 Residence  4.5  712 Tr436   34.4  34.4  34.4  34.4  34.4 40.0 43.0 45.0 49.0 51.0
R574 Residence  4.5  202 Tr437   33.8  33.8  33.8  33.8  33.8 40.0 43.0 45.0 49.0 51.0
R575 Residence  4.5  196 Tr447   34.2  34.2  34.2  34.2  34.2 40.0 43.0 45.0 49.0 51.0
R576 Residence  4.5  207 Tr447   34.1  34.1  34.1  34.1  34.1 40.0 43.0 45.0 49.0 51.0
R577 Residence  4.5  187 Tr452   34.4  34.4  34.4  34.4  34.4 40.0 43.0 45.0 49.0 51.0
R578 Residence  1.5  174 Tr462   33.7  33.7  33.7  33.7  33.7 40.0 43.0 45.0 49.0 51.0
R579 Residence  1.5  148 Tr462   34.0  34.0  34.0  34.0  34.0 40.0 43.0 45.0 49.0 51.0
R581 Residence  1.5  226 Tr462   34.4  34.4  34.4  34.4  34.4 40.0 43.0 45.0 49.0 51.0
R582 Residence  1.5  256 Tr462   34.6  34.6  34.6  34.6  34.6 40.0 43.0 45.0 49.0 51.0
R584 Residence  4.5  296 Tr464   37.1  37.1  37.1  37.1  37.1 40.0 43.0 45.0 49.0 51.0
R585 Residence  4.5  345 Tr464   37.3  37.3  37.3  37.3  37.3 40.0 43.0 45.0 49.0 51.0
R587 Residence  4.5  808 T27  39.2  39.2  39.2  39.2  39.2 40.0 43.0 45.0 49.0 51.0

R1317 Residence  4.5  202 Tr447  34.1  34.1  34.1  34.1  34.1 40.0 43.0 45.0 49.0 51.0
R1362 Residence  1.5  608 Tr437  32.8  32.8  32.8  32.8  32.8 40.0 43.0 45.0 49.0 51.0
R1369 Residence  4.5  213 Tr455  35.6  35.6  35.6  35.6  35.6 40.0 43.0 45.0 49.0 51.0
R1375 Residence  1.5  873 Tr429  34.7  34.7  34.7  34.7  34.7 40.0 43.0 45.0 49.0 51.0

Table 7-2  Receptor noise level comparison.

Point of 
Reception ID

Description Height (m)
GREP-Solar 

NAR-R3 (dBA)

GREP (Wind 
& Solar) REA 

(dBA)
R306 Residence 4.5 34.7 35.2
R307 Residence 1.5 32.3 35.2
R312 Residence 1.5 29.1 32.2
R313 Residence 4.5 30.9 32.7
R355 Residence 4.5 35.7 36.2
R358 Residence 4.5 35.7 36.1
R359 Residence 1.5 36.1 37.6
R360 Residence 1.5 34.3 36.1
R361 Residence 1.5 32.6 35.1
R362 Residence 1.5 31.9 35.0
R363 Church 1.5 32.0 34.9
R364 Residence 7.5 33.6 35.6
R365 Residence 1.5 31.0 35.0
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Point of 
Reception ID

Description Height (m)
GREP-Solar 

NAR-R3 (dBA)

GREP (Wind 
& Solar) REA 

(dBA)
R367 Residence 4.5 31.6 34.3
R368 Residence 4.5 31.9 34.5
R369 Residence 4.5 32.5 34.5
R371 Residence 4.5 33.1 34.6
R372 Residence 1.5 34.1 35.9
R373 Residence 1.5 32.6 34.5
R374 Residence 4.5 36.0 36.4
R378 Residence 1.5 33.2 37.0
R380 Residence 1.5 34.0 36.6
R381 Residence 1.5 34.0 36.5
R387 Residence 1.5 37.2 38.9
R388 Residence 1.5 37.1 38.8
R389 Residence 4.5 37.7 38.2
R390 Residence 4.5 37.9 38.3
R391 Residence 4.5 37.7 38.2
R392 Residence 1.5 37.9 39.4
R393 Residence 4.5 39.0 39.4
R395 Residence 4.5 36.5 37.2
R396 Residence 1.5 31.9 34.1
R455 Residence 4.5 33.4 35.3
R457 Residence 4.5 33.3 35.0
R460 Residence 4.5 34.0 34.8
R461 Residence 1.5 32.7 34.9
R462 Residence 4.5 34.2 34.9
R464 Residence 1.5 33.0 35.1
R465 Residence 4.5 34.9 35.5
R466 Residence 4.5 35.8 36.2
R569 Residence 4.5 35.5 35.9
R571 Residence 1.5 33.4 35.3
R572 Residence 4.5 34.7 35.2
R573 Residence 4.5 34.4 35.0
R574 Residence 4.5 33.8 35.4
R575 Residence 4.5 34.2 36.4
R576 Residence 4.5 34.1 36.2
R577 Residence 4.5 34.4 38.4
R578 Residence 1.5 33.7 36.9
R579 Residence 1.5 34.0 36.9
R581 Residence 1.5 34.4 37.0
R582 Residence 1.5 34.6 37.1
R584 Residence 4.5 37.1 37.7
R585 Residence 4.5 37.3 37.9
R587 Residence 4.5 39.2 39.5

R1317 Residence 4.5 34.1 36.1
R1362 Residence 1.5 32.8 35.0
R1369 Residence 4.5 35.6 36.6
R1375 Residence 1.5 34.7 36.4
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Table 7-3  Vacant lot surrogate receptor noise level summary.

Point of 
Reception 

ID
Description Height (m)

Distance to 
Nearest 
Noise 

Source (m)

Nearest 
Noise 

Source

Calculated Sound Level at Selected Wind 
Speeds (dBA)

Sound Level Limit (dBA)

6.0 7.0 8.0 9.0 10.0 6.0 7.0 8.0 9.0 10.0
V3347 VLSR  4.5  926 Tr435 34.6 34.6 34.6 34.6 34.6 40.0 43.0 45.0 49.0 51.0
V3646 VLSR  4.5  744 Tr401 36.5 36.5 36.5 36.5 36.5 40.0 43.0 45.0 49.0 51.0
V3649 VLSR  4.5  623 Tr465 38.3 38.3 38.3 38.3 38.3 40.0 43.0 45.0 49.0 51.0
V3654 VLSR  4.5  529 Tr401 33.4 33.4 33.4 33.4 33.4 40.0 43.0 45.0 49.0 51.0
V3655 VLSR  4.5  402 Tr404 32.3 32.3 32.3 32.3 32.3 40.0 43.0 45.0 49.0 51.0
V3656 VLSR  4.5  672 Tr416 30.8 30.8 30.8 30.8 30.8 40.0 43.0 45.0 49.0 51.0
V3657 VLSR  4.5  397 Tr424 31.7 31.7 31.7 31.7 31.7 40.0 43.0 45.0 49.0 51.0
V3658 VLSR  4.5  693 Tr424 33.0 33.0 33.0 33.0 33.0 40.0 43.0 45.0 49.0 51.0
V3664 VLSR  4.5  518 Tr436 34.0 34.0 34.0 34.0 34.0 40.0 43.0 45.0 49.0 51.0
V4001 VLSR  4.5  738 Tr455 36.1 36.1 36.1 36.1 36.1 40.0 43.0 45.0 49.0 51.0
V4002 VLSR  4.5  875 Tr455 36.5 36.5 36.5 36.5 36.5 40.0 43.0 45.0 49.0 51.0
V4014 VLSR  4.5  676 Tr401 36.5 36.5 36.5 36.5 36.5 40.0 43.0 45.0 49.0 51.0

Table 7-4  Vacant lot surrogate receptor noise level comparison.

Point of 
Reception ID

Description Height (m)
GREP-Solar 

NAR-R3 (dBA)

GREP (Wind 
& Solar) REA 

(dBA)
V3347 VLSR 4.5 34.6 35.0 
V3646 VLSR 4.5 36.5 36.9 
V3649 VLSR 4.5 38.3 38.7 
V3654 VLSR 4.5 33.4 34.4 
V3655 VLSR 4.5 32.3 33.9 
V3656 VLSR 4.5 30.8 32.5 
V3657 VLSR 4.5 31.7 34.2 
V3658 VLSR 4.5 33.0 34.0 
V3664 VLSR 4.5 34.0 34.8 
V4001 VLSR 4.5 36.1 36.4 
V4002 VLSR 4.5 36.5 36.8 
V4014 VLSR 4.5 36.5 n/a

Table 7-5  Participant noise level summary.

Participating 
Receptor ID Description Height (m)

Distance to 
Nearest 

Noise Source 
(m)

Nearest 
Noise 

Source ID
Calculated Sound Level at Selected Wind 

Speeds (dBA)

6.0 7.0 8.0 9.0 10.0

P366 Residence  1.5  246 Tr416 30.4 30.4 30.4 30.4 30.4
P370 Residence  4.5  168 Tr407 32.6 32.6 32.6 32.6 32.6
P376 Residence  4.5  185 Tr412 32.6 32.6 32.6 32.6 32.6
P377 Residence  4.5  151 Tr458 34.5 34.5 34.5 34.5 34.5
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Participating 
Receptor ID Description Height (m)

Distance to 
Nearest 

Noise Source 
(m)

Nearest 
Noise 

Source ID
Calculated Sound Level at Selected Wind 

Speeds (dBA)

6.0 7.0 8.0 9.0 10.0

P394 Residence  4.5  234 Tr401 35.5 35.5 35.5 35.5 35.5
P459 Residence  1.5  293 Tr434 32.0 32.0 32.0 32.0 32.0
P580 Residence  4.5  171 Tr462 35.8 35.8 35.8 35.8 35.8

Table 7-6  Participant noise level comparison.

Point of 
Reception ID

Description Height (m)
GREP-Solar 

NAR-R3 (dBA)

GREP (Wind 
& Solar) REA 

(dBA)
P366 Residence 1.5 30.4 34.5
P370 Residence 4.5 32.6 34.9
P376 Residence 4.5 32.6 36.6
P377 Residence 4.5 34.5 37.7
P394 Residence 4.5 35.5 36.5
P459 Residence 1.5 32.0 35.2
P580 Residence 4.5 35.8 37.3
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 8 NOISE LEVEL 
ISOPLETH MAP

Figure 8-1 is a noise-level isopleth map of the A-weighted sound pressure levels 
(dBA) generated by all relevant noise sources over the GREP-Solar project region. 
It should be noted that in contrast to the requirements of the MoE (2008) 
Guidelines, this map does not correspond to any specific 10 m a.g.l. wind speed. 
This is because the MoE “predictable worst case” (for wind turbines) octave band 
source sound power levels have been used for the relevant wind turbines (see 
Section  5.2 ). For information, the “predictable worst case” for the turbines has 
been determined to occur for a 10 m a.g.l. wind speed of 7 ms-1 for both the SWT-
2.3-101 (Max Power 2,221 kW) and SWT-2.3-101 (Max Power 2,126 kW) turbine 
models used in the neighbouring wind projects.

The noise levels are calculated for receptors with 1.5 m (1 storey) and 4.5 m (2 
storeys) heights.
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Figure 8-1  40 dBA noise isopleth map for 1.5 and 4.5 m receptor heights.
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 9 EXAMPLE 
CALCULATION

 9.1 Method of Calculation
The calculation of cumulative receptor noise levels from turbines and transformers 
uses the methodology of ISO 9613-2, ‘Acoustics — Attenuation of sound during 
propagation outdoors: Part 2: General method of calculation’. 

The calculation is based on equation (5) from ISO 9613-2 shown here:

where

LAT(DW) is the equivalent continuous A-weighted downwind sound pressure level 
at a receptor location,

n is the number of turbines/transformers,

Af(j) is the standard A-weighting for octave band j,

j is an index indicating the eight standard octave-band mid-band frequencies from 
63 Hz to 8 kHz,

LfT(ij) ≡ LfT(DW) is the equivalent continuous downwind octave-band sound 
pressure level at a receptor location for turbine/transformer i and octave band j, 
and is given by

where

LW is the octave-band sound power level, in decibels, produced by the point sound 
source relative to a reference sound power of one picowatt,

DC is the directivity correction in decibels,
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LAT DW =10 log10{∑i=1
n

[∑j=1
8

100.1[L fT ij A f  j]]}

L ft DW =LWDC−A
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A is the octave-band attenuation, in decibels, that occurs during propagation from 
the turbine/transformer to receptor, and is given by

where

Adiv is the attenuation due to geometrical divergence,

Aatm is the attenuation due to atmospheric absorption,

Agr is the attenuation due to the ground effect,

Abar is the attenuation due to a barrier,

Amisc is the attenuation due to miscellaneous other effects,

Aatm is given by

where

α is the atmospheric attenuation coefficient, in decibels per kilometre, for each 
octave band at the midband frequency,

d is the distance from the turbine/transformer to the receptor.

Note that α is calculated using ISO 9613-1, and not interpolated from Table 2 of 
ISO 9613-2. For this reason, the barometric pressure is one of the input parameters 
to the present calculation. Note also that Abar and Amisc are not treated in here.

 9.2 Example
The following sample calculation presents intermediate octave-band results of 
calculations for A-weighted sound pressure levels corresponding to the MoE-
defined “predictable worst case”. All model parameters are the same as previously 
tabulated.

Table 9-1 lists the intermediate sound pressure levels calculated at receptor R393 
due to the single nearby eHouse Tr402. This particular receptor has been chosen as 
requested by MoE as it will be affected both by the Solar Park eHouses and by the 
nearby turbine(s). Table 9-2 lists the intermediate sound pressure levels calculated 
at the same receptor due to the single turbine T56.

Receptor R393 is 428 m from eHouse Tr402 and 602 m from turbine T56. Note that 
the resultant A-weighted sound pressure level at R393 due to eHouse Tr402 alone 
is 10.6 dBA, and due to turbine T56 alone is 36.8 dBA.
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In the table:

LW is the octave-band sound power level, in decibels, produced by the point sound 
source relative to a reference sound power of one picowatt,

Adiv is the attenuation due to geometrical divergence,

Aatm is the attenuation due to atmospheric absorption,

Agr is the attenuation due to the ground effect,

LfT(DW) is the equivalent continuous downwind octave-band sound pressure level.
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Table 9-1  Sample calculation for receptor and eHouse.

1 63 67.8 63.6  0.0 -4.4   8.5
2 125 66.9 63.6  0.2  3.6  -0.5
3 250 67.4 63.6  0.4  3.1   0.2
4 500 65.8 63.6  0.8 -0.9   2.3
5 1000 59.0 63.6  1.6 -1.0  -5.2
6 2000 59.2 63.6  4.2 -1.0  -7.6
7 4000 71.0 63.6 14.0 -1.0  -5.7
8 8000 66.9 63.6 50.1 -1.0 -45.8

Intermediate calculations for receptor R393 and eHouse Tr402

Octave 
band

Mid-band 
frequency 

(Hz) L
W
 (dBA) A

div
 (dB) A

atm
 (dB) A

gr
 (dB)

L
fT
(DW) 

(dBA)

Table 9-2  Sample calculation for receptor and turbine.

Intermediate calculations for receptor R393 and turbine T56

1 63 86.0 66.6 0.1 -3.0 22.4
2 125 91.6 66.6 0.2 1.0 23.8
3 250 97.5 66.6 0.6 -0.1 30.4
4 500 98.3 66.6 1.1 -0.7 31.3
5 1000 99.9 66.6 2.2 -0.7 31.8
6 2000 97.2 66.6 5.8 -0.8 25.5
7 4000 93.5 66.6 19.7 -0.8 7.9
8 8000 77.9 66.6 70.4 -0.8 -58.4

Octave 
band

Mid-band 
frequency 

(Hz) L
W
 (dBA) A

div
 (dB) A

atm
 (dB) A

gr
 (dB)

L
fT
(DW) 

(dBA)
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Table 9-3 shows intermediate octave band values of the calculations for the A-
weighted sound pressure levels at receptor R393 due to all eHouses, turbines and 
transformers (from all projects) within 5,000 m of the receptor. The resultant A-
weighted sound pressure level at R393 due to all eHouses, turbines and 
transformers is 39.0 dBA.

50

Table 9-3  Sample calculation for single receptor and multiple turbines.

Intermediate calculations for R393 and multiple turbines

63 125 250 500 1000 2000 4000 8000

 T10   4466  31.3  20.3  17.6   9.2  -1.3  -31.9 -137.7 -526.8  12.7 

 T12   4374  31.8  21.1  18.1  10.3   0.8  -29.3 -133.8 -515.6  13.5 

 T13   3880  32.6  22.3  19.6  12.2   3.6  -23.5 -116.7 -456.9  15.0 

 T16   3832  32.7  22.4  19.8  12.4   3.9  -23.0 -115.0 -451.2  15.1 

 T17   2116  37.5  28.2  26.5  20.7  15.3   -1.3  -53.7 -245.4  22.6 

 T22   3842  32.7  22.4  19.7  12.4   3.9  -23.1 -115.3 -452.3  15.1 

 T25    989  44.2  35.3  34.3  29.5  26.1   16.3  -10.1 -106.9  31.5 

 T27   1862  38.6  29.4  27.9  22.3  17.4    2.3  -44.2 -214.5  24.2 

 T29   1846  38.7  29.5  28.0  22.4  17.5    2.5  -43.6 -212.6  24.3 

 T35   4708  31.3  20.4  17.2   9.1  -1.0  -33.2 -145.4 -555.3  12.5 

 T37   4400  31.8  21.1  18.1  10.2   0.7  -29.6 -134.8 -518.8  13.4 

 T38   4454  31.7  21.0  17.9  10.0   0.4  -30.3 -136.6 -525.2  13.2 

 T42   2231  37.0  27.7  26.0  20.0  14.4   -2.9  -57.9 -259.3  22.0 

 T44   1991  38.0  28.8  27.2  21.5  16.3    0.5  -49.0 -230.2  23.4 

 T48   4091  32.3  21.8  19.0  11.4   2.4  -26.0 -124.0 -482.0  14.3 

 T52   2491  36.0  26.6  24.7  18.6  12.5   -6.3  -67.4 -290.7  20.6 

 T53   2671  35.4  25.9  24.0  17.6  11.2   -8.7  -73.9 -312.2  19.7 

 T55   3843  32.7  22.4  19.7  12.4   3.9  -23.1 -115.4 -452.4  15.1 

 T56    602  48.6  39.9  39.0  34.5  31.8   24.3    6.9  -57.3  36.8 

 T68   4092  32.3  21.8  19.0  11.4   2.4  -26.0 -124.0 -482.1  14.3 

 T233  4121  32.6  21.8  19.0  11.3   2.3  -26.3 -125.0 -485.5  14.4 

 T244  4201  32.5  21.6  18.7  11.0   1.9  -27.2 -127.8 -495.0  14.1 

 T245  4664  31.7  20.6  17.4   9.3  -0.7  -32.6 -143.8 -550.0  12.8 

 T246  4182  32.5  21.7  18.8  11.1   2.0  -27.0 -127.1 -492.7  14.2 

 T247  3709  33.4  22.9  20.3  13.0   4.7  -21.4 -110.6 -436.4  15.7 

 Tr300  1884  -2.6  -1.3   3.2   9.7   3.5  -11.6  -60.3 -228.1   8.5 

 Tr301  1880  -2.6  -1.3   3.3   9.7   3.5  -11.5  -60.2 -227.5   8.5 

 Tr401   625  31.9  11.6   5.5   1.9  -9.1  -13.9  -16.3  -71.0   7.4 

 Tr402   428  34.7  15.6   8.8   5.5  -5.2   -8.8   -6.7  -44.7  10.6 

 Tr403   560  32.7  12.8   6.5   2.9  -7.9  -12.3  -13.2  -62.4   8.3 

 Tr404   905  29.0   7.8   2.0  -1.8 -13.3  -19.7  -28.6 -106.8   4.2 

 Tr405   628  31.9  11.6   5.4   1.8  -9.2  -13.9  -16.4  -71.4   7.4 

 Tr406   605  32.2  12.0   5.8   2.2  -8.8  -13.4  -15.4  -68.4   7.7 

 Tr407  1085  27.5   6.0   0.3  -3.7 -15.5  -23.0  -36.1 -129.5   2.7 

 Tr408  1026  28.0   6.5   0.8  -3.1 -14.8  -22.0  -33.7 -122.1   3.2 

 Tr409   956  28.6   7.2   1.5  -2.3 -13.9  -20.7  -30.8 -113.3   3.8 

 Tr410   885  29.2   8.0   2.3  -1.5 -13.0  -19.3  -27.8 -104.2   4.4 

 Tr411   834  29.7   8.6   2.8  -1.0 -12.3  -18.3  -25.6  -97.8   5.0 

 Tr412  1177  26.9   5.2  -0.5  -4.5 -16.5  -24.6  -39.8 -140.9   2.0 

 Tr413  1164  27.0   5.3  -0.4  -4.4 -16.4  -24.4  -39.3 -139.3   2.1 

 Tr414  1142  27.1   5.5  -0.2  -4.2 -16.2  -24.0  -38.4 -136.5   2.2 

Turbine 
ID

Distance 
(m)

Turbine L
ft

 contribution (dB) in frequency band (Hz) Turbine L
AT

 
(dBA)
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Intermediate calculations for R393 and multiple turbines

63 125 250 500 1000 2000 4000 8000

 Tr415  1100  27.4   5.8   0.2  -3.8 -15.7  -23.3  -36.7 -131.3   2.5 

 Tr416  1572  24.5   2.5  -3.4  -7.8 -20.5  -30.9  -55.2 -189.6  -0.6 

 Tr417  1450  25.2   3.2  -2.5  -6.9 -19.3  -29.0  -50.5 -174.6   0.1 

 Tr418  1362  25.7   3.8  -1.9  -6.1 -18.5  -27.6  -47.1 -163.7   0.7 

 Tr419  1666  24.0   1.9  -4.0  -8.5 -21.3  -32.3  -58.8 -201.1  -1.1 

 Tr420  1657  24.0   2.0  -3.9  -8.4 -21.3  -32.2  -58.5 -200.0  -1.1 

 Tr421  1582  24.4   2.4  -3.4  -7.9 -20.6  -31.1  -55.6 -190.8  -0.7 

 Tr422  1575  24.5   2.5  -3.4  -7.8 -20.5  -31.0  -55.4 -190.0  -0.6 

 Tr423  1527  24.7   2.8  -3.1  -7.4 -20.1  -30.2  -53.5 -184.1  -0.4 

 Tr424  1957  22.6   0.4  -5.6 -10.4 -23.8  -36.5  -69.7 -236.5  -2.6 

 Tr425  1898  22.9   0.7  -5.3 -10.0 -23.3  -35.7  -67.5 -229.4  -2.3 

 Tr426  1891  22.9   0.8  -5.3 -10.0 -23.3  -35.6  -67.3 -228.5  -2.3 

 Tr427  1837  23.2   1.0  -5.0  -9.6 -22.8  -34.8  -65.3 -221.9  -2.0 

 Tr428  1834  23.2   1.1  -4.9  -9.6 -22.8  -34.8  -65.2 -221.6  -2.0 

 Tr429  2187  21.7  -0.6  -6.8 -11.8 -25.6  -39.7  -78.2 -264.3  -3.6 

 Tr430  2146  21.8  -0.4  -6.6 -11.5 -25.3  -39.2  -76.7 -259.4  -3.4 

 Tr431  2130  21.9  -0.4  -6.5 -11.5 -25.2  -38.9  -76.2 -257.5  -3.4 

 Tr432  2107  22.0  -0.2  -6.4 -11.3 -25.0  -38.6  -75.3 -254.6  -3.3 

 Tr433  2102  22.0  -0.2  -6.4 -11.3 -24.9  -38.6  -75.1 -254.2  -3.2 

 Tr434  2089  22.1  -0.2  -6.3 -11.2 -24.8  -38.4  -74.6 -252.6  -3.2 

 Tr435  2157  21.8  -0.5  -6.7 -11.6 -25.4  -39.3  -77.2 -260.8  -3.5 

 Tr436  2232  21.5  -0.8  -7.0 -12.1 -25.9  -40.3  -79.9 -269.8  -3.8 

 Tr437  2238  21.5  -0.8  -7.1 -12.1 -26.0  -40.4  -80.1 -270.5  -3.8 

 Tr438  1955  22.6   0.5  -5.6 -10.4 -23.8  -36.5  -69.7 -236.3  -2.6 

 Tr439  1980  22.5   0.3  -5.8 -10.5 -24.0  -36.9  -70.6 -239.3  -2.7 

 Tr440  2011  22.4   0.2  -5.9 -10.7 -24.2  -37.3  -71.7 -243.1  -2.8 

 Tr441  2047  22.2   0.0  -6.1 -11.0 -24.5  -37.8  -73.1 -247.5  -3.0 

 Tr442  1659  24.0   2.0  -3.9  -8.4 -21.3  -32.2  -58.6 -200.3  -1.1 

 Tr443  1682  23.9   1.9  -4.0  -8.6 -21.5  -32.6  -59.4 -203.1  -1.2 

 Tr444  1711  23.8   1.7  -4.2  -8.8 -21.7  -33.0  -60.5 -206.6  -1.4 

 Tr445  1746  23.6   1.5  -4.4  -9.0 -22.0  -33.5  -61.8 -210.8  -1.6 

 Tr446  1787  23.4   1.3  -4.7  -9.3 -22.4  -34.1  -63.4 -215.9  -1.8 

 Tr447  1834  23.2   1.1  -4.9  -9.6 -22.8  -34.8  -65.2 -221.6  -2.0 

 Tr448  1391  25.5   3.6  -2.1  -6.4 -18.8  -28.1  -48.2 -167.3   0.5 

 Tr449  1421  25.3   3.4  -2.3  -6.6 -19.1  -28.6  -49.4 -171.1   0.3 

 Tr450  1457  25.1   3.2  -2.6  -6.9 -19.4  -29.2  -50.8 -175.5   0.1 

 Tr451  1501  24.9   2.9  -2.9  -7.2 -19.8  -29.8  -52.5 -180.9  -0.2 

 Tr452  1551  24.6   2.6  -3.2  -7.6 -20.3  -30.6  -54.4 -187.0  -0.5 

 Tr453  1766  23.5   1.4  -4.5  -9.1 -22.2  -33.8  -62.6 -213.3  -1.7 

 Tr454  1819  23.2   1.1  -4.9  -9.5 -22.7  -34.6  -64.6 -219.7  -1.9 

 Tr455  1915  22.8   0.7  -5.4 -10.1 -23.4  -35.9  -68.2 -231.4  -2.4 

 Tr456  1153  27.0   5.4  -0.3  -4.3 -16.3  -24.2  -38.8 -137.9   2.1 

 Tr457  1143  27.1   5.5  -0.2  -4.2 -16.2  -24.0  -38.4 -136.7   2.2 

 Tr458  1330  25.9   4.0  -1.7  -5.9 -18.1  -27.1  -45.8 -159.8   0.9 

 Tr459   985  28.3   6.9   1.2  -2.7 -14.3  -21.2  -32.0 -116.9   3.5 

 Tr460  1048  27.8   6.3   0.6  -3.3 -15.1  -22.4  -34.6 -124.8   3.0 

 Tr461  1119  27.3   5.7   0.0  -4.0 -15.9  -23.6  -37.4 -133.6   2.4 

 Tr462  1166  27.0   5.3  -0.4  -4.4 -16.4  -24.4  -39.3 -139.5   2.0 

 Tr463   845  29.6   8.5   2.7  -1.1 -12.5  -18.6  -26.1  -99.3   4.8 

 Tr464   943  28.7   7.3   1.6  -2.2 -13.8  -20.4  -30.2 -111.7   3.9 

 Tr465   787  30.1   9.2   3.4  -0.4 -11.7  -17.4  -23.5  -91.8   5.5 
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 10 CONCLUSIONS

This noise impact assessment for the updated configuration of the Solar Park 
portion of the proposed Grand Renewable Energy Park has determined that the 
estimated sound pressure levels at receptors and Vacant Lot Surrogate Receptors 
(VLSRs) in the project area comply with the Ministry of the Environment sound 
level limits at all qualified points of reception.
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 12 APPENDIX A — 
TURBINE, 
TRANSFORMER, 
RECEPTOR, 
VACANT LOT AND 
PARTICIPANT 
LOCATIONS

This appendix contains lists of eHouse, transformer, and turbine locations. 
Coordinates are given in the Universal Transverse Mercator (UTM) Zone 17 North 
projection. The datum is North American Datum 1983 (NAD83, Canada).

For reference, the project (transformer/turbine) layout identifier is:

CFS13-Trbn-WFL036.csv

eHouses, Transformers
Project Name: Grand Renewable Energy Park – Solar Park
Datum and Projection: NAD83 (Canada); UTM 17N

                   Equipment                                    
  Identifier     Make and Model       X(E,m)   Y(N,m)       Remarks
  Tr300      Transformer  596520   4749103      GREP-Wind      
  Tr301      Transformer  596520   4749113  GREP-Solar
  Tr401      eHouse       597795   4750476  GREP-Solar
  Tr402      eHouse       597949   4750345      GREP-Solar
  Tr403      eHouse       597753   4750345      GREP-Solar
  Tr404      eHouse       597438   4750499      GREP-Solar
  Tr405      eHouse       597621   4750265      GREP-Solar
  Tr406      eHouse       597580   4750029      GREP-Solar
  Tr407      eHouse       597229   4750502      GREP-Solar
  Tr408      eHouse       597256   4750423      GREP-Solar
  Tr409      eHouse       597290   4750324      GREP-Solar
  Tr410      eHouse       597328   4750210      GREP-Solar
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  Tr411      eHouse       597360   4750117      GREP-Solar
  Tr412      eHouse       597059   4750331      GREP-Solar
  Tr413      eHouse       597034   4750161      GREP-Solar
  Tr414      eHouse       597050   4750114      GREP-Solar
  Tr415      eHouse       597085   4750011      GREP-Solar
  Tr416      eHouse       596640   4750281      GREP-Solar
  Tr417      eHouse       596736   4750039      GREP-Solar
  Tr418      eHouse       596837   4749789      GREP-Solar
  Tr419      eHouse       596531   4750190      GREP-Solar
  Tr420      eHouse       596538   4750170      GREP-Solar
  Tr421      eHouse       596603   4749980      GREP-Solar
  Tr422      eHouse       596610   4749960      GREP-Solar
  Tr423      eHouse       596671   4749779      GREP-Solar
  Tr424      eHouse       596235   4750149      GREP-Solar
  Tr425      eHouse       596287   4749998      GREP-Solar
  Tr426      eHouse       596294   4749977      GREP-Solar
  Tr427      eHouse       596358   4749788      GREP-Solar
  Tr428      eHouse       596362   4749776      GREP-Solar
  Tr429      eHouse       595998   4749934      GREP-Solar
  Tr430      eHouse       596049   4749785      GREP-Solar
  Tr431      eHouse       596072   4749718      GREP-Solar
  Tr432      eHouse       596117   4749586      GREP-Solar
  Tr433      eHouse       596127   4749557      GREP-Solar
  Tr434      eHouse       596187   4749377      GREP-Solar
  Tr435      eHouse       596345   4748860      GREP-Solar
  Tr436      eHouse       596400   4748647      GREP-Solar
  Tr437      eHouse       596497   4748517      GREP-Solar
  Tr438      eHouse       596497   4749000      GREP-Solar
  Tr439      eHouse       596533   4748895      GREP-Solar
  Tr440      eHouse       596569   4748790      GREP-Solar
  Tr441      eHouse       596604   4748685      GREP-Solar
  Tr442      eHouse       596718   4749210      GREP-Solar
  Tr443      eHouse       596758   4749097      GREP-Solar
  Tr444      eHouse       596793   4748992      GREP-Solar
  Tr445      eHouse       596829   4748887      GREP-Solar
  Tr446      eHouse       596865   4748782      GREP-Solar
  Tr447      eHouse       596901   4748677      GREP-Solar
  Tr448      eHouse       596990   4749276      GREP-Solar
  Tr449      eHouse       597030   4749158      GREP-Solar
  Tr450      eHouse       597066   4749053      GREP-Solar
  Tr451      eHouse       597102   4748948      GREP-Solar
  Tr452      eHouse       597138   4748843      GREP-Solar
  Tr453      eHouse       597247   4748492      GREP-Solar
  Tr454      eHouse       597274   4748413      GREP-Solar
  Tr455      eHouse       597345   4748266      GREP-Solar
  Tr456      eHouse       597297   4749250      GREP-Solar
  Tr457      eHouse       597310   4749250      GREP-Solar
  Tr458      eHouse       597260   4749031      GREP-Solar
  Tr459      eHouse       597563   4749224      GREP-Solar
  Tr460      eHouse       597599   4749119      GREP-Solar
  Tr461      eHouse       597635   4749014      GREP-Solar
  Tr462      eHouse       597653   4748951      GREP-Solar
  Tr463      eHouse       597792   4749238      GREP-Solar
  Tr464      eHouse       597912   4749084      GREP-Solar
  Tr465      eHouse       597944   4749238      GREP-Solar 
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Turbines
Project Name: Grand Renewable Energy Park -  Solar Park 
Datum and Projection: NAD83 (Canada); UTM 17N

                     Equipment
Identifier        Make and Model              X(E,m)   Y(N,m)     Remarks      
   T5         Siemens SWT-2.3-101 (MP2221kW)   602757   4745791   GREP-Wind 
   T9         Siemens SWT-2.3-101 (MP2221kW)   600290   4745005   GREP-Wind 
   T10        Siemens SWT-2.3-101 (MP2126kW    593994   4748442   GREP-Wind 
   T11        Siemens SWT-2.3-101 (MP2221kW)   603472   4748075   GREP-Wind 
   T12        Siemens SWT-2.3-101 (MP2221kW)   601479   4747111   GREP-Wind 
   T13        Siemens SWT-2.3-101 (MP2221kW)   594663   4751618   GREP-Wind 
   T14        Siemens SWT-2.3-101 (MP2221kW)   603952   4750047   GREP-Wind 
   T16        Siemens SWT-2.3-101 (MP2221kW)   594352   4749960   GREP-Wind 
   T17        Siemens SWT-2.3-101 (MP2221kW)   598648   4747922   GREP-Wind 
   T20        Siemens SWT-2.3-101 (MP2221kW)   592573   4749463   GREP-Wind 
   T21        Siemens SWT-2.3-101 (MP2221kW)   602692   4746290   GREP-Wind 
   T22        Siemens SWT-2.3-101 (MP2221kW)   601756   4751401   GREP-Wind 
   T23        Siemens SWT-2.3-101 (MP2221kW)   591178   4751634   GREP-Wind 
   T24        Siemens SWT-2.3-101 (MP2221kW)   592283   4749800   GREP-Wind 
   T25        Siemens SWT-2.3-101 (MP2221kW)   599133   4750265   GREP-Wind 
   T27        Siemens SWT-2.3-101 (MP2221kW)   598999   4748313   GREP-Wind 
   T28        Siemens SWT-2.3-101 (MP2221kW)   591339   4752273   GREP-Wind 
   T29        Siemens SWT-2.3-101 (MP2221kW)   599967   4750467   GREP-Wind 
   T35        Siemens SWT-2.3-101 (MP2221kW)   602880   4749652   GREP-Wind 
   T37        Siemens SWT-2.3-101 (MP2221kW)   602481   4749039   GREP-Wind 
   T38        Siemens SWT-2.3-101 (MP2221kW)   602608   4749469   GREP-Wind 
   T39        Siemens SWT-2.3-101 (MP2221kW)   603875   4749401   GREP-Wind 
   T40        Siemens SWT-2.3-101 (MP2221kW)   604239   4749614   GREP-Wind 
   T42        Siemens SWT-2.3-101 (MP2221kW)   600381   4750377   GREP-Wind 
   T44        Siemens SWT-2.3-101 (MP2221kW)   599489   4748483   GREP-Wind 
   T46        Siemens SWT-2.3-101 (MP2221kW)   590582   4751836   GREP-Wind 
   T48        Siemens SWT-2.3-101 (MP2221kW)   594126   4750504   GREP-Wind 
   T51        Siemens SWT-2.3-101 (MP2221kW)   601762   4745085   GREP-Wind 
   T52        Siemens SWT-2.3-101 (MP2221kW)   599708   4748016   GREP-Wind 
   T53        Siemens SWT-2.3-101 (MP2221kW)   600301   4748359   GREP-Wind 
   T55        Siemens SWT-2.3-101 (MP2221kW)   600136   4746677   GREP-Wind 
   T56        Siemens SWT-2.3-101 (MP2221kW)   598675   4750335   GREP-Wind 
   T58        Siemens SWT-2.3-101 (MP2126kW)   589733   4750362   GREP-Wind 
   T68        Siemens SWT-2.3-101 (MP2221kW)   602131   4748909   GREP-Wind 
   T219       Siemens SWT-2.3-101 (MP2221kW)   590644   4749342   SWEC 
   T228       Siemens SWT-2.3-101 (MP2221kW)   591259   4748123   SWEC 
   T232       Siemens SWT-2.3-101 (MP2221kW)   590737   4746531   SWEC 
   T233       Siemens SWT-2.3-101 (MP2221kW)   594906   4747489   SWEC 
   T238       Siemens SWT-2.3-101 (MP2221kW)   591475   4744600   SWEC 
   T239       Siemens SWT-2.3-101 (MP2221kW)   591880   4745113   SWEC 
   T240       Siemens SWT-2.3-101 (MP2221kW)   592721   4744952   SWEC 
   T241       Siemens SWT-2.3-101 (MP2221kW)   593224   4745318   SWEC 
   T242       Siemens SWT-2.3-101 (MP2221kW)   593522   4745702   SWEC 
   T243       Siemens SWT-2.3-101 (MP2221kW)   594899   4745794   SWEC 
   T244       Siemens SWT-2.3-101 (MP2221kW)   596210   4746279   SWEC 
   T245       Siemens SWT-2.3-101 (MP2221kW)   596181   4745775   SWEC 
   T246       Siemens SWT-2.3-101 (MP2221kW)   597119   4745943   SWEC 
   T247       Siemens SWT-2.3-101 (MP2221kW)   597181   4746416   SWEC 
   T252       Siemens SWT-2.3-101 (MP2221kW)   593087   4743349   SWEC 
   T253       Siemens SWT-2.3-101 (MP2221kW)   593930   4743637   SWEC 
   T254       Siemens SWT-2.3-101 (MP2221kW)   595213   4744131   SWEC 
   T255       Siemens SWT-2.3-101 (MP2221kW)   596817   4743995   SWEC 
   T256       Siemens SWT-2.3-101 (MP2221kW)   597076   4743766   SWEC 
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Receptors
Project Name: Grand Renewable Energy Park -  Solar Park 
Datum and Projection: NAD83 (Canada); UTM 17N
 
Point of                                                           
 Reception                          Height  NPC                     
    ID       Description             (m)   Class    X(E,m)    Y(N,m)
   R304       Residence              1.5     3      595177   4748691
   R306       Residence              4.5     3      595426   4748513
   R307       Residence              1.5     3      596129   4748611
   R308       Residence              1.5     3      595830   4751457
   R309       Residence              4.5     3      596100   4751651
   R310       Residence              4.5     3      596240   4751667
   R311       Residence              4.5     3      596363   4751615
   R312       Residence              1.5     3      596533   4751025
   R313       Residence              4.5     3      596576   4750895
   R314       Residence              4.5     3      596578   4751446
   R316       Residence              4.5     3      596849   4751602
   R317       Residence              1.5     3      597005   4751565
   R318       Residence              1.5     3      596786   4751516
   R319       Residence              1.5     3      597182   4751744
   R320       Residence              4.5     3      597369   4751727
   R321       Residence              1.5     3      597631   4751809
   R322       Residence              4.5     3      597814   4751672
   R323       Residence              4.5     3      597545   4751666
   R324       Residence              1.5     3      598007   4751826
   R325       Residence              1.5     3      598346   4751705
   R327       Residence              4.5     3      598214   4751579
   R354       Residence              4.5     3      594938   4750947
   R356       Residence              1.5     3      595320   4751040
   R357       Residence              1.5     3      595471   4750990
   R358       Residence              4.5     3      595252   4750428
   R359       Residence              1.5     3      595088   4750040
   R360       Residence              1.5     3      595216   4749628
   R361       Residence              1.5     3      595517   4749636
   R362       Residence              1.5     3      595748   4749453
   R363       Church                 1.5     3      595682   4749487
   R364       Residence              7.5     3      595795   4749735
   R365       Residence              1.5     3      596064   4750325
   R367       Residence              4.5     3      596650   4750552
   R368       Residence              4.5     3      596945   4750609
   R369       Residence              4.5     3      597292   4750739
   R371       Residence              4.5     3      597528   4750821
   R372       Residence              1.5     3      598092   4751035
   R373       Residence              1.5     3      598103   4751260
   R374       Residence              4.5     3      598295   4751102
   R378       Residence              1.5     3      597392   4748712
   R380       Residence              1.5     3      597617   4748539
   R381       Residence              1.5     3      597542   4748329
   R383       Residence              4.5     3      597832   4747384
   R387       Residence              1.5     3      598518   4749012
   R388       Residence              1.5     3      598470   4748990
   R389       Residence              4.5     3      598453   4749195
   R390       Residence              4.5     3      598466   4749459
   R391       Residence              4.5     3      598331   4749557
   R392       Residence              1.5     3      598327   4749796
   R393       Residence              4.5     3      598184   4749987
   R395       Residence              4.5     3      597996   4750732
   R396       Residence              1.5     3      597867   4751171
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   R455       Residence              4.5     3      595897   4749329
   R457       Residence              4.5     3      595844   4749286
   R460       Residence              4.5     3      596136   4748195
   R461       Residence              1.5     3      596099   4748107
   R462       Residence              4.5     3      596203   4748080
   R464       Residence              1.5     3      596434   4747858
   R466       Residence              4.5     3      597329   4747592
   R467       Residence              1.5     3      597505   4747260
   R468       Residence              4.5     3      597960   4747051
   R469       Residence              1.5     3      598084   4747146
   R567       Residence              4.5     3      595233   4748095
   R568       Residence              4.5     3      595348   4748097
   R569       Residence              4.5     3      595494   4748236
   R570       Residence              4.5     3      595505   4748148
   R571       Residence              1.5     3      595663   4748268
   R572       Residence              4.5     3      595750   4748218
   R573       Residence              4.5     3      595790   4748278
   R574       Residence              4.5     3      596487   4748315
   R575       Residence              4.5     3      596772   4748529
   R576       Residence              4.5     3      596975   4748483
   R577       Residence              4.5     3      597145   4748655
   R578       Residence              1.5     3      597594   4748786
   R579       Residence              1.5     3      597644   4748802
   R581       Residence              1.5     3      597786   4748768
   R582       Residence              1.5     3      597849   4748787
   R584       Residence              4.5     3      598134   4748890
   R585       Residence              4.5     3      598242   4748987
   R588       Residence              4.5     3      599042   4749252
   R668       Residence              4.5     3      596310   4747047
   R670       Residence              1.5     3      596459   4747052
   R672       Residence              1.5     3      596662   4746973
   R673       Residence              4.5     3      596720   4747093
   R674       Residence              4.5     3      597052   4747231
   R675       Residence              4.5     3      597056   4747096
   R1339      Residence              4.5     3      597745   4751805
   R1340      Residence              4.5     3      596752   4751619
   R1341      Residence              4.5     3      595975   4751290
   R1362      Residence              1.5     3      596041   4748115
   R1369      Residence              4.5     3      597557   4748243
   R1375      Residence              1.5     3      595224   4750337

R355       Residence              4.5     3      595233   4750565
R465       Residence              4.5     3      597146   4747852
R587       Residence              4.5     3      598739   4749078

R589       Residence              4.5     3      599146   4749234 

R1317      Residence              4.5     3      596911   4749234 

VLSRs
Project Name: Grand Renewable Energy Park – Solar Park
Datum and Projection: NAD83 (Canada); UTM 17N

Point of                                                           
Reception                          Height  NPC                     
   ID       Description             (m)   Class    X(E,m)    Y(N,m)
  V3347      VLSR                   4.5     3      595482   4748523
  V3348      VLSR                   4.5     3      595413   4748227
  V3349      VLSR                   4.5     3      594881   4748711
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  V3409      VLSR                   4.5     3      597181   4747262
  V3489      VLSR                   4.5     3      596786   4751735
  V3490      VLSR                   4.5     3      596829   4751733
  V3491      VLSR                   4.5     3      596918   4751722
  V3492      VLSR                   4.5     3      596937   4751733
  V3493      VLSR                   4.5     3      596967   4751733
  V3494      VLSR                   4.5     3      597003   4751733
  V3495      VLSR                   4.5     3      597036   4751743
  V3496      VLSR                   4.5     3      597077   4751747
  V3497      VLSR                   4.5     3      597107   4751757
  V3498      VLSR                   4.5     3      597145   4751757
  V3499      VLSR                   4.5     3      597189   4751777
  V3500      VLSR                   4.5     3      597450   4751798
  V3501      VLSR                   4.5     3      597920   4751810
  V3502      VLSR                   4.5     3      597954   4751831
  V3503      VLSR                   4.5     3      597989   4751831
  V3504      VLSR                   4.5     3      597990   4751785
  V3505      VLSR                   4.5     3      598047   4751832
  V3506      VLSR                   4.5     3      598078   4751851
  V3507      VLSR                   4.5     3      598111   4751864
  V3508      VLSR                   4.5     3      598386   4751724
  V3510      VLSR                   4.5     3      598481   4751774
  V3511      VLSR                   4.5     3      598503   4751793
  V3634      VLSR                   4.5     3      598156   4751576
  V3642      VLSR                   4.5     3      598741   4751245
  V3646      VLSR                   4.5     3      598290   4751031
  V3649      VLSR                   4.5     3      598552   4749102
  V3654      VLSR                   4.5     3      597727   4751001
  V3655      VLSR                   4.5     3      597416   4750900
  V3656      VLSR                   4.5     3      596554   4750947
  V3657      VLSR                   4.5     3      596284   4750543
  V3658      VLSR                   4.5     3      595743   4750638
  V3664      VLSR                   4.5     3      595963   4748368
  V4001      VLSR                   4.5     3      597451   4747536
  V4002      VLSR                   4.5     3      597642   4747443
  V4003      VLSR                   4.5     3      597964   4747296
  V4011      VLSR                   4.5     3      598893   4751285
  V4012      VLSR                   4.5     3      598741   4751148
  V4013      VLSR                   4.5     3      598570   4751710
  V4014      VLSR                   4.5     3      598231   4750992
  V4015      VLSR                   4.5     3      599398   4749414
  V4016      VLSR                   4.5     3      598997   4751289
  V4019      VLSR                   4.5     3      598503   4751686
  V4020      VLSR                   4.5     3      598974   4751412

Participants
Project Name: Grand Renewable Energy Park – Solar Park
Datum and Projection: NAD83 (Canada); UTM 17N

 Point of                                                           
 Reception                          Height  NPC                     
    ID       Description             (m)   Class    X(E,m)    Y(N,m)
   P580       Residence              4.5     3      597798   4748861   
   P366       Residence              1.5     3      596556   4750512
   P370       Residence              4.5     3      597248   4750668
   P376       Residence              4.5     3      596873   4750327
   P377       Residence              4.5     3      597330   4748897
   P394       Residence              4.5     3      597860   4750701
   P459       Residence              1.5     3      595916   4749261      
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 13 APPENDIX B — 
ADDITIONAL 
DOCUMENTATION

For reference, this appendix contains the following documents.

Brochure for SMA Sunny Central SC800CP-CA Solar Inverter . This brochure 
provides details on the eHouse inverters.

Brief description of ABB 3-Phase Padmounted Transformer rated at 1600 kVA 
provided by Grand Renewable Solar LP. This provides a brief description of 
the proposed eHouse inverter transformer.

Photo. 1.6 MVA eHouse with intake and exhaust rain hoods but no silencers.

Vicwest. Product Information Sheet. DM40 Mesa Wall Panels.

Vicwest. Product Information Sheet. HR4 HR Series Roof & Wall Panels.

VibroAcoustics. Silencer Schedule. Project: Carbon Free Inverter Enclosure 
Silencers. HDJJ57. Wednesday, August 21, 2013.

Letter dated 2013-09-04 from Ian Bonsma of HGC Engineering to David Oxtoby 
of Carbon  Carbon Free Technology / Grand Renewable Solar LP. This email 
provides estimates of the net eHouse octave band source sound power levels 
for the inverters (located in the eHouse enclosure) and the inverter 
transformer.
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Note: The following two documents have been provided to the Ontario Ministry of 
Environment under separate cover.

Turbine source sound power specification provided by Grand Renewable Solar 
LP: Siemens Wind Power A/S: SWT-2.3-101, Rev. 4, Max. Power 2221 kW, 
Contract Acoustic Emission, Hub Height 99.5m, Grand Renewable – Ontario –  
Canada. Document ID: E W EN OEN DES TLS-10-0000-1074-01, HST, 
DRK / 2013.07.05. Strictly Confidential.

Turbine source sound power specification provided by Grand Renewable Solar 
LP: Siemens Wind Power A/S: SWT-2.3-101, Rev. 4, Max. Power 2126 kW, 
Contract Acoustic Emission, Hub Height 99.5m, Grand Renewable – Ontario –  
Canada. Document ID: E W EN OEN DES TLS-10-0000-1073-00, HST, 
DRK / 2013.07.05. Strictly Confidential.
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ABB 3-Phase Padmounted Transformer rated at 1600 kVA
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