Noise Analysis

Proposed Aggregate Mining Operation
17825 Valley View Drive

Sand Creek Township, Scott Co., Minnesota
Prepared for

Jordan Aggregate, LLC

August 17, 2010

Prepared by

McCain

and Associates, Inc.&3



IO [ 11 oo [ Tod o] PO ORTTRRPRORN

2.0  Mining Layout and OPerations ...........ccuerueieereeriesieeseesieseeseeseesseesseessesseesseessesseesees
2.1 MINING LAYOUL ..ottt sttt
2.2 NOISE SOUICES......eeitiitiiiiitiesieie ittt sttt ettt b ettt ettt st sbe b sneenes
2.3 Distances from Noise SoUrces to RECEPLOIS .......covvieriiereiieniene e

3.0 NOISE REQUIALIONS ....c.vviieeeieceiese et rs

4.0 Definitions and Methods Of ANAIYSIS ........ccoiiiiiiiiiiee s
4.1 Discussion and DefinitioNS .........cccooiiiiiiiiiiie e
4.2 Methods OF ANAIYSIS ....ccoveiiiiieiiie e e

5.0 Results for Mining OPerations.........c.cccveueieerieeiesieseesiesieeseeseesree e eseeseesseeseesseesees

6.0  Results Tor TruCK TraffiC ........cccuoiiiiiiie e s

7.0 Noise Monitoring and Mitigation ...........ccooveieiieiierc e

List of Tables

Table 1 Threshold Distance Calculations for Mining Operations

Table 2 Threshold Distance Calculations for Customer Loading Operations

Table 3 L0 Daytime Truck Noise Calculation—Route 1

Table 4 Lso Daytime Truck Noise Calculation—Route 1

Table 5 L0 Nighttime Truck Noise Calculation—Route 1

Table 6 Lso Nighttime Truck Noise Calculation—Route 1

Table 7 L0 Daytime Truck Noise Calculation—Route 2

Table 8 Lso Daytime Truck Noise Calculation—Route 2

Table 9 L0 Nighttime Truck Noise Calculation—Route 2

Noise Analysis

Proposed Aggregate Mining Operation
17825 Valley View Drive
Sand Creek Township, Scott Co., Minnesota

Jordan Aggregate, LLC

Table of Contents

Table 10 Lso Nighttime Truck Noise Calculation—Route 2

P:\Projects\HEN\HENO0901 Keefe\Noise\Report\Noise Analysis Rev7-29-10.doc



List of Figures

Figure 1 Threshold Noise Limit Circles—Mining and Processing Operations
Figure 2 Traffic Noise Boundary—Route 1
Figure 3 Traffic Noise Boundary—Route 2

List of Appendices
Appendix A 1SO 9613-2, Acoustics—Attenuation of sound during propagation outdoors
Part 2: General Method of Calculation

Appendix B Processing Equipment Manufacturer’s Noise Ratings
Appendix C  Asphalt Plant Noise Data

P:\Projects\HEN\HENO0901 Keefe\Noise\Report\Noise Analysis Rev7-29-10.doc



1.0 Introduction

This report presents an analysis of noise levels expected from operation of the proposed Jordan
Aggregate, LLC sand and gravel mine in Sand Creek Township, Scott County, Minnesota.
Section 2 describes the layout of the mining operation and surrounding properties, equipment to
be used for the mining operation, noise sources, and distances to receptors. The regulatory
requirements for noise levels and noise controls are outlined in Section 3. Section 4 presents a
discussion and definitions relating to sound and noise, and describes the methods of analysis
used for predicting noise levels at nearby receptors. Results of the analysis for mining operations
are provided in Section 5. Results of the analysis for truck traffic are provided in Section 6.

Section 7 discusses noise monitoring and mitigation.

2.0 Mining Layout and Operations

Mining operations are proposed on approximately 84.7 acres of land on a 100-acre parcel located
at 17825 Valley View Drive in Sand Creek Township, Scott County, Minnesota. The site
location, surrounding properties, and mining and processing operations area within the site are

shown in Figure 1.

2.1 Mining Layout
The mining operations area is bounded by Valley View Drive to the northwest, the Scott Juvenile

Alternative Facility and SCALE training facility to the north, a residence to the west, and by the
Sand Creek floodplain to the south and east. Five properties were evaluated for noise impacts

from the proposed mining operation and associated truck traffic:

1) SCALE training facility, located at 17706 Valley View Drive (nearest NAC-2 property to
mine site) (Figure 1)

2) Scott County Juvenile Alternative Facility located at 17681 Valley View Drive (nearest
NAC-1 property to north/east side of mine site) (Figure 1)

3) Residence at 18020 Valley View Drive (nearest NAC-1 property to west side of mine
site) (Figure 1)

4) Valley View Assisted Living Facility (nearest NAC-1 property for traffic noise on Route
1) (Figure 2)

5) Residence at 230 Valley View Drive East (nearest NAC-1 property for traffic noise on
Route 2) (Figure 3)

P:\Projects\HEN\HEN0901 Keefe\Noise\Report\Noise Analysis Rev7-29-10.doc



2.2 Noise Sources
Noise emissions due to mining operations will occur from five generalized sources:

1) Excavating, loading, and hauling aggregate materials at the active mine face for mining
above the water table. Mining equipment will include a combination of excavators,
loaders, and haul trucks. Not more that two pieces of equipment would be operating at
any given time.

2) Dredge operations for mining aggregate materials from below the water table.

3) Processing equipment (e.g. rock crusher and classifying screens) as shown in Figure 1.

4) Portable asphalt plant located at the east edge of the plant site as shown in Figure 1.

5) Truck traffic on 173" Street and Valley View Drive.

Estimated noise levels produced from the mining operations, at a reference distance of 50 feet
(15 meters) from the noise source, are summarized in the following table. The estimated noise
levels for mining equipment (loader, excavator, trucks) are taken from “FHWA Highway
Construction Noise Handbook,” Federal Highway Administration, August 2006. The noise
levels for processing equipment (crusher, screen, and generator) are based upon noise ratings
published by the manufacturers for the types of equipment proposed for use in the project
(adjusted for the standard reference distance of 50 feet used in the analysis). Manufacturer’s

noise ratings are provided in Appendices B and C.

Equipment Noise Level at 50 feet (dBA)
Front End Loader/Excavator 80
Off-Road Hauling Trucks 76
Dredge Operations 80
Crusher 87.2
Classifying Screens 84.0
Generator 67.5
On-Road Haul Trucks 80
Portable Asphalt Plant 87.5

The noise level for on-road dump trucks was based on EPA standards, which were subsequently
codified in Minnesota Rule 7030.1040. The table and discussion below was obtained from the
FHWA:

P:\Projects\HEN\HEN0901 Keefe\Noise\Report\Noise Analysis Rev7-29-10.doc



The Noise Control Act of 1972 gives the Federal Environmental Protection Agency (EPA) the
authority to establish noise regulations to control major sources of noise, including
transportation vehicles and construction equipment. In addition, this legislation requires EPA to
issue noise emission standards for motor vehicles used in Interstate commerce (vehicles used to
transport commodities across State boundaries) and requires the Federal Motor Carrier Safety
Administration (FMCSA) to enforce these noise emission standards.

The EPA has established regulations which set emission level standards for newly
manufactured medium and heavy trucks that have a gross vehicle weight rating (GVWR) of
more than 10,000 pounds and are capable of operating on a highway or street. Table 3 shows
the maximum noise emission levels allowed by the EPA noise regulations for these vehicles.

Table 3
Maximum Noise Emission Levels
as Required by EPA for Newly Manufactured Trucks
with GVWR Over 10,000 pounds

Effective Date Maximum Noise Level 50 feet
from Centerline of Travel*

January 1, 1988 80 dBA

*Using the Society of Automotive Engineers, Inc. (SAE), test procedure for acceleration under 35 mph

2.3 Distances from Noise Sources to Receptors
The distances from noise sources to receptor will vary as mining operations move around the

site. For this analysis, “threshold” distances were calculated for the combined noise sources.
The threshold distances are the closest distances between noise sources and receptors for which

the mining operations will be in compliance with noise regulations.

Noise distances are shown as circles on Figure 1. Red and blue circles represent the distance
from processing and asphalt plants, respectively, to receptors. The cyan circle represents the
threshold distance for above-water-table mining operations. When mining operations are
occurring inside the cyan circles, operation of the processing plant and/or asphalt plant will be

curtailed for noise regulations compliance.

Distances for truck traffic noise impacts are discussed in Section 6.

3.0 Noise Regulations
State of Minnesota noise regulations are contained in Minnesota Rules Chapter 7030. “Noise
Area Classifications” are defined in 7030.0050, subp. 2. The assisted living facility and juvenile

alternative facility located northeast of the proposed mining operation fall in Noise Area
3
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Classification 1 (Group quarters, Other residential). The Mosquito Control District facility falls
in Noise Area Classification 2 (Government services, Miscellaneous services).

Noise standards applicable to these Noise Area Classifications are defined in 7030.0040, subp. 2,

and are summarized below.

Minnesota Noise Standards

Daytime Nighttime
Noise Area Classification Lsg dBA Lo dBA Lso dBA Lio dBA
1 60 65 50 55
2 65 70 65 70

Mining and trucking operations will be conducted only during daytime hours (7 am to 10 pm)
and as may be further restricted by County requirements. The daytime noise standards, listed
above, are applicable to these operations.

4.0 Definitions and Methods of Analysis
This section provides a general discussion and definitions relating to sound and noise, followed

by a description of the methods used to analyze noise for the proposed mining operation.

4.1 Discussion and Definitions
Sound is defined as any pressure variation that the human ear can detect. When considered as an

environmental condition, sound is often considered to be “noise.” For this study, sound or noise
pressure levels are measured in the decibel scale, denoted as “dB.” Where the primary concern
is the noise effects on humans, sound readings are usually compensated by an “A”-weighted
filter, which accounts for human’s limited hearing response in the upper and lower frequency
bands. Sound pressure level measurements using the A-weighted filter are denoted dBA. Sound
levels that are exceeded 50 percent of the time during a one-hour measuring period are denoted
as “Lso” sound levels. Sound levels that are exceeded 10 percent of the time during a one-hour

measuring period are denoted as “L1o” sound levels.

The smallest noise level change that the human ear can detect is approximately 3 dB. A
doubling of the static air pressure amounts to a change of 6 dB, and an increase of 10 dB is
equivalent to a doubling of the perceived sound level. Sound is known to decrease at a rate of 6

dB for each doubling of distance. Decibel levels of common noise sources are provided in the
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following table (“Guide to Noise Control in Minnesota,” Minnesota Pollution Control Agency,
March 1999).

Sound Pressure Level (dBA) Noise Source
140 Jet Engine (at 25 meters)
130 Jet Aircraft (at 100 meters)
120 Rock and Roll Concert
110 Pneumatic Chipper
100 Jointer/Planer
90 Chainsaw
80 Heavy Truck Traffic
70 Business Office
60 Conversational Speech
50 Library
40 Bedroom
30 Secluded Woods
20 Whisper

4.2 Methods of Analysis
The noise analysis presented in this report is based upon the procedures set forth in 1ISO 9613-

1:1993 (Acoustics—Attenuation of Sound during Propagation Outdoors—Part 1: Calculation of
the absorption of sound by the atmosphere) and 1ISO 9613-2:1996(E) (Acoustics—Attenuation of
Sound during Propagation Outdoors—Part 2: General methods of calculation). These standards
specify methods for summing the noise produced by multiple point sources, and calculating the
attenuation of sound for the following attenuation effects:

e Geometrical divergence
e Atmospheric absorption
e Ground effect

e Reflection from surfaces

e Screening by obstacles

For this study, the attenuation effects from geometrical divergence, atmospheric absorption, and
ground effects were considered. There are no flat, hard vertical surfaces in the area (such as
buildings) that would result in sound reflection, therefore attenuation due to reflection does not
apply. The attenuation effects of screening by obstacles (such as berms, trees, and depression of
the mining area below surrounding ground elevations) were ignored, even though these

screening features will be present and will provide some attenuation effect. Ignoring the
5
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screening effect results in conservative noise level predictions, with a slight overestimate of the

noise levels.

Summation of noise from multiple point sources and attenuation of noise due to geometrical
divergence, atmospheric absorption, and ground effect were calculated according to the formulas
in Sections 6, 7.1, 7.2, and 7.3, respectively, of ISO 9313-2 (see Appendix A). The calculations
assume that two pieces of mining equipment (excavators, loaders, haul trucks) will be operating
at the same time at the active mining face, and that the dredging equipment will be operating.
The calculations assume that a rock crusher, classifying screens, and loader will be operating at

the processing area.

5.0 Results for Mining Operations

The results indicate that the noise from mining operations at the Noise Area Classification 1
receptors located west of the site will be below the Lso regulatory daytime noise standard of 60
dBA when mining operations are located more than 175 meters from the receptors (See Fig. 1).
When mining operations are closer than 175 meters, the processing and/or asphalt plant

operations will be curtailed to comply with noise regulations.

The results indicate that the noise from mining operations at the Noise Area Classification 1
receptor located north of the site will be below the Lsy regulatory daytime noise standard of 60
dBA when mining operations are located more than 121 meters from the receptors (See Fig. 1).

The mining operations boundary is farther than 121 meters from this receptor.

The results indicate that the noise from mining operations at Noise Area Classification 2 receptor
will be below the Ls, regulatory daytime noise standard of 65 dBA when mining operations are
located more than 145 meters from the receptors (See Fig. 1). When mining operations are
closer than 145 meters, the processing and/or asphalt plant operations will be curtailed to comply

with noise regulations.

More detailed results, including the data used for the variables in the referenced 1ISO 9613

formulae, are provided in Tables 1 through 10.
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6.0 Results for Traffic Noise

This section addresses traffic noise impacts along the proposed haul route due to aggregate truck
traffic traveling to and from the mining operation. Noise impacts are calculated relative to the
L0 and Lso daytime and nighttime standards for Noise Area Classification 1 (NAC-1) codified in

Minnesota Rules 7030.0040 subp. 2. These noise standards are summarized in Section 3 above.

Two truck routes are proposed: Valley View Drive north of the Project site to 17rd Street to
Highway 169 (Route 1), and Valley View Drive south of the Project site to Co. Rd. 9 to
Highway 169 (Route 2). These routes are shown on the Haul Route Map andwill be used as

follows:

e Outbound traffic with a destination south of the Project will exit the Project site
northbound on Valley View Drive to 173" Street to southbound Hwy 169. This route is
estimated to carry an average of 11 trips per day and a peak of 22 trips per day (1 trip and
2 trips per hour, respectively).

e Outbound traffic with a destination north of the Project will exit the Project site
southbound on Valley View Drive to County Road 9 to northbound Hwy 169. This route
is estimated to carry an average of 43 trips per day and a peak of 88 trips per day (4 trips
and 10 trips per hour, respectively).

e Inbound traffic from both northbound and southbound Hwy 169 will enter the Project site
via 173" Street to southbound Valley View Drive to the Project entrance. This route is
estimated to carry an average of 54 trips per day and a peak of 110 trips per day (6 trips
and 12 trips per hour, respectively)

e Combined outbound and inbound trips:

o Route 1—Valley View Drive/173" Street north of Project site: Average 64 trips
per day, peak 132 trips per day (7 trips and 14 trips per hour, respectively)

0 Route 2—Valley View Drive/Co. Rd. 9 south of Project site: Average 43 trips per
day, peak 88 trips per day (4 trips and 10 trips per hour, respectively).

Existing traffic on Valley View Drive was also taken into consideration for the daytime truck
traffic noise analysis. Based on the MnDOT Municipal State Aid (MSA) Traffic Volume Map
(available on the MnDOT website) traffic along Valley View drive between County Road 9 and
Syndicate Road was 860 trips per day. This stretch of road includes the location of Receptor 2.
Of greatest concern for noise calculations are the number of heavy commercial vehicle trips.
The MSA map does not include a breakdown of light versus heavy vehicle volumes so it was
estimated that the 860 trips consists of approximately 3% heavy commercial vehicles, resulting
in approximately 26 heavy vehicle trips per day, or 3 per hour. This is based on the fact that this
area of Valley View is mostly a residential area with limited industry. For comparison, the

MnDOT Trunk Highway Volume Map for 2006 (available on the MnDOT website) shows that
7
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traffic is comprised of approximately 6% heavy commercial vehicles. By including this
background noise into the daytime noise calculations, the peak traffic increases to 17 trips per

hour for Route 1 and 13 trips per hour for Route 2.

Truck traffic noise impacts were evaluated for the Valley View Assisted Living Facility (NAC-1
land use) located on the corner of Valley View Drive and 173" Street, as the nearest noise
receptor for the Valley View Dr/173™ St route (Route 1). The noise impact boundary was
established based upon observed human activity in the yard area. The boundary is located 60
feet from the road centerline, as shown on Figure 4. Potential noise impacts for this receptor
relative to the Lo and Lso standards were evaluated for both daytime and nighttime conditions,

since trucks may possibly arrive at the mine site entrance prior to its opening time of 7:00 am.

Truck traffic noise impacts were evaluated for the residence located at 230 Valley View Drive E
in the City of Jordan (NAC-1 land use) as the nearest noise receptor for the Valley View Dr/Co
Rd 9 route (Route 2). The boundary for noise impact analysis was established at the house since
the yard area where activity would occur is located on the opposite side of the house from Valley
View Drive. This distance from the house to the road centerline is 24 feet, as shown on Figure 5.
Potential noise impacts for this receptor relative to the Ljo and Lsy standards were evaluated for
both daytime and nighttime conditions, since trucks may possibly arrive at the mine site entrance

prior to its opening time of 7:00 am.

Other receptors along the routes are located farther away from the road and thus will experience
a lesser noise level than the two receptors selected for evaluation.

The results of the analysis indicate that noise from truck traffic will be in compliance with the
daytime Lo and Lsp standards and Lsg nighttime standard for the peak traffic rate under the
highest noise frequency scenario. Noise from truck traffic will also be in compliance with the
L0 nighttime standard if 9 or fewer trucks arrive along one route during the hour preceding the
7:00 am mine opening time. These results are summarized in the following table. Details of the

analysis are provided Tables 3 through 10.
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Summary of Noise Analysis for Truck Traffic

Daytime Nighttime

Route Lio (1) Lso Lo (1) Lso
Route 1

Calculated Non-Attainment 5.8% 10.3% 9.3% 16.5%

Allowable Non-Attainment 10% 50% 10% 50%
Route 2

Calculated Non-Attainment 4.5% 17.9% 9.5% 16.6%

Allowable Non-Attainment 10% 50% 10% 50%

(1) Results for a traffic rate of 9 trips per hour prior to 7:00 am

7.0 Noise Monitoring and Mitigation

It is expected that noise monitoring will be included as a condition of the Scott County Interim
Use Permit for the Site. If noise monitoring demonstrates that applicable noise thresholds at
nearby receptors are exceeded due to noise generated by the project, there are a number of
mitigation measures that can be implemented to reduce noise emissions and achieve compliance

with noise regulations.

Noise generated by the mining and plant operations can be mitigated using one or more of the
following measures:
e Operational modifications — for example, halting processing operations while
working the active mine face closest to receptors
e Engine mufflers
e Dampers for excavating and processing equipment (eliminate vibration and rattle)
e Liners for processing equipment to reduce stone-on-metal noise

e Sound barriers — can be constructed to deflect the noise away from receptors
Noise generated by truck traffic can be mitigated by reducing the truck volume along Valley

View Drive. This can be accomplished by metering the trucks exiting the Site through the use of

a stoplight or barrier arm, such that only a certain number of trucks can leave the Site every hour.

P:\Projects\HEN\HEN0901 Keefe\Noise\Report\Noise Analysis Rev7-29-10.doc




Tables



Proposed Mining Operation, Sand Creek Township, Scott County

Table 1

Threshold Distance Calculation for
Mining Operations

17-Aug-10
Class 1 Receptor (to west) Class 1 Receptor (to east) Class 2 Receptor
Threshold Mining Threshold Mining Threshold Mining
Operation Closest Dredging| Asphalt Plant | Processing Plant Operation Closest Dredging| Asphalt Plant | Processing Plant Operation Closest Dredging| Asphalt Plant | Processing Plant
Noise Analysis Data Distance Operation Operation Operation Distance Operation Operation Operation Distance Operation Operation Operation
Distances, Factors, Functions
Reference Distance from Source (d,, meters) 15 15 15 15 15 15 15 15 15 15 15 15
Sound Propogation Distance-Source to Receptor (d,, meters) 175 295 401 322 121 380 420 545 145 395 302 435
/Attenuation Coeficient for Air Absorption (alpha, dB/meter) 0.000869 0.000869 0.00869 0.000869 0.000869 0.000869 0.00869 0.000869 0.000869 0.000869 0.00869 0.000869
iGround Attenuation Factor, near source (Gs) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Ground Attenuation Factor, near receptor (G,) 1 1 1 1 1 1 1 1 1 1 1 1
IGround Attenuation Factor, between source and receptor (G,) 1 1 1 1 1 1 1 1 1 1 1 1
Ground Factor Function-Source Area (c'(hs)) 3.7 3.7 3.7 3.7 35 3.7 3.7 3.7 3.6 3.7 3.7 3.7
Ground Factor Function-Receptor Area (c'(h,)) 6.3 6.5 6.5 6.5 6.0 6.5 6.5 6.5 6.2 6.5 6.5 6.5
Height of Source (Hs, meters) 2 2 2 2 2 2 2 2 2 2 2 2
Height of Receptor (H,, meters) 1.5 15 1.5 15 1.5 15 1.5 15 1.5 15 1.5 15
[Sound Levels at Reference Distance from Source (Leg, dBA)
Mining Operations
Excavator or Loader 80.0 NA NA NA 80.0 NA NA NA 80.0 NA NA NA
Haul Truck or Dozer 76.0 NA NA NA 76.0 NA NA NA 76.0 NA NA NA
Dredge NA 80.0 NA NA NA 80.0 NA NA NA 80.0 NA NA
Processing Operations
Rock Crusher NA NA NA 87.2 NA NA NA 87.2 NA NA NA 87.2
rScreening System NA NA NA 84.0 NA NA NA 84.0 NA NA NA 84.0
Customer Loading NA NA NA 80.0 NA NA NA 80.0 NA NA NA 80.0
/Asphalt Plant NA NA 87.5 NA 87.5 87.5
Combined Sound Level from Multiple Sources (Leqs.comb, dBA) 81.5 80.0 87.5 89.4 81.5 80.0 87.5 89.4 81.5 80.0 87.5 89.4
[Sound Attenuation
/Attenuation due to Geometric Divergence (A gy, dBA) 213 25.9 285 26.6 18.1 28.1 28.9 31.2 19.7 28.4 26.1 29.2
Attenuation due to Atmospheric Absorption (A i, dBA) 0.2 0.3 35 0.3 0.1 0.3 3.6 0.5 0.1 0.3 2.6 0.4
Attenuation due to Ground Effect (A, dBA) 52 5.3 53 53 4.8 5.3 53 5.3 5.0 5.3 5.3 5.3
[Sound Level at Receptor (L, dBA) 54.8 48.6 50.1 57.2 58.4 46.3 49.6 52.4 56.6 45.9 53.5 54.5
Combined Sound Level at Receptor due to Mining,
Processing, and Asphalt Operations (Leq,.comn, dBA) 60.0 60.0 60.0




Table 2

Threshold Distance Calculation for
Noise from Customer Loading Operations

Daytime L50 Sound Level
Proposed Mining Operation, Sand Creek Township, Scott County

17-Aug-10

Class 1 Receptor

Class 2 Receptor

L50<60 dB L50<65 dB
Noise Analysis Data Loading Only Loading Only
Distances, Factors, Functions
Reference Distance from Source (d,, meters) 15 15
Sound Propogation Distance-Source to Receptor (d,, meters) 920 57
Attenuation Coeficient for Air Absorption (alpha, dB/meter) 0.000869 0.000869
Ground Attenuation Factor, near source (G) 0.5 0.5
Ground Attenuation Factor, near receptor (G,) 1 1
Ground Attenuation Factor, between source and receptor (G ) 1 1
Ground Factor Function-Source Area (c'(hy)) 34 3.0
Ground Factor Function-Receptor Area (c'(h,)) 5.7 4.9
Height of Source (Hg, meters) 2 2
Height of Receptor (H,, meters) 15 1.5
Sound Levels at Reference Distance from Source (Leq, dBA)
Mining Operations
Excavator or Loader 80 80
Haul Truck or Dozer 0 0
Processing Operations
Rock Crusher NA NA
Screening System NA NA
Combined Sound Level from Multiple Sources (Leqs.comp, dBA) 80.0 80.0
Sound Attenuation
Attenuation due to Geometric Divergence (A g, dBA) 15.6 11.6
Attenuation due to Atmospheric Absorption (A ;m, dBA) 0.1 0.0
Attenuation due to Ground Effect (Ag,, dBA) 4.3 3.4
Sound Level at Receptor (L,, dBA) 60.0 65.0
Threshold Distance (meters) 90 57




Table 3

L,o Daytime Truck Noise Calculation

Valley View Assisted Living Facility
Proposed Mining Operation, Sand Creek Township, Scott County

17-Aug-10
Truck Noise Frequency

Noise Data 250 Hz 500 Hz 1000 Hz
Source Noise Level (dBA, 50 feet) 80 80 80
Noise Standard (Lo Daytime, dBA) 65 65 65
Required Attenuation (dBA) 15 15 15
Distance Data
Receptor Distance from Road Centerline (feet) 60 60 60
Distance from Receptor at which Required Attenuation is Achieved (feet) 148 174 276
Corresponding Road Distance from Receptor (feet) 136 163 269
Time Duration Calculations
Travel Speed (mph) 30 30 30
Travel Time per Trip within Non-Attainment Zone (hours) 0.00171 0.00206 0.00340
Trips per Hour [mining(14) + background(3)] 17 17 17
Total Travel Time within Non-Attainment Zone (hours) 0.0291 0.0350 0.0577
Results
Non-Attainment Percent of one-Hour Period 2.9% 3.5% 5.8%
Maximum Allowable Non-Attainment Percentage 10% 10% 10%

Noise Attenuation Calculations

Distances, Factors, Functions

Source Noise Level (dBA) 80 80 80
Reference Distance from Source (d,, meters) 15.24 15.24 15.24
Sound Propogation Distance-Source to Receptor (d,, meters) 45.2 53 84
Attenuation Coeficient for Air Absorption (alpha, dB/meter) 0.000869 0.000869 0.000869
Ground Attenuation Factor, near source (G) 0.5 0.5 0.5
Ground Attenuation Factor, near receptor (G,) 1 1 1
Ground Factor Function-Source Area (As) 5.7 4.8 2.0
Ground Factor Function-Receptor Area (A,) 5.7 4.8 2.0
Height of Source (Hs, meters) 15 1.5 15
Height of Receptor (H,, meters) 15 15 15
Sound Attenuation

Attenuation due to Geometric Divergence (Ag;,, dBA) 9.4 10.8 14.8
Attenuation due to Atmospheric Absorption (A, dBA) 0.0 0.0 0.1
Attenuation due to Ground Effect (Ay,, dBA) 55 4.1 0.1
Total Attenuation at Distance "d," (dBA) 15 15 15




Table 4

Lso Daytime Truck Noise Calculation

Valley View Assisted Living Facility
Proposed Mining Operation, Sand Creek Township, Scott County

17-Aug-10
Truck Noise Frequency

Noise Data 250 Hz 500 Hz 1000 Hz
Source Noise Level (dBA, 50 feet) 80 80 80
Noise Standard (Lso Daytime, dBA) 60 60 60
Required Attenuation (dBA) 20 20 20
Distance Data
Receptor Distance from Road Centerline (feet) 60 60 60
Distance from Receptor at which Required Attenuation is Achieved (feet) 221 269 482
Corresponding Road Distance from Receptor (feet) 213 262 479
Time Duration Calculations
Travel Speed (mph) 30 30 30
Travel Time per Trip within Non-Attainment Zone (hours) 0.00269 0.00331 0.00604
Trips per Hour [mining(14) + background(3)] 17 17 17
Total Travel Time within Non-Attainment Zone (hours) 0.0458 0.0563 0.1027
Results
Non-Attainment Percent of one-Hour Period 4.6% 5.6% 10.3%
Maximum Allowable Non-Attainment Percentage 50% 50% 50%

Noise Attenuation Calculations

Distances, Factors, Functions

Source Noise Level (dBA) 80 80 80
Reference Distance from Source (d,, meters) 15.24 15.24 15.24
Sound Propogation Distance-Source to Receptor (d,, meters) 67.5 82 147
Attenuation Coeficient for Air Absorption (alpha, dB/meter) 0.000869 0.000869 0.000869
Ground Attenuation Factor, near source (Gg) 0.5 0.5 0.5
Ground Attenuation Factor, near receptor (G,) 1 1 1
Ground Factor Function-Source Area (As) 6.7 5.5 2.1
Ground Factor Function-Receptor Area (A,) 6.7 55 2.1
Height of Source (Hs, meters) 15 1.5 15
Height of Receptor (H,, meters) 15 15 15
Sound Attenuation

Attenuation due to Geometric Divergence (Ag;,, dBA) 12.9 14.6 19.7
Attenuation due to Atmospheric Absorption (Aam, dBA) 0.1 0.1 0.1
Attenuation due to Ground Effect (Ay,, dBA) 7.1 5.3 0.2
Total Attenuation at Distance "d," (dBA) 20 20 20




Table 5

L,o Nighttime Truck Noise Calculation
Valley View Assisted Living Facility

Proposed Mining Operation, Sand Creek Township, Scott County

17-Aug-10
Truck Noise Frequency

Noise Data 250 Hz 500 Hz 1000 Hz
Source Noise Level (dBA, 50 feet) 80 80 80
Noise Standard (L;, Nightime, dBA) 55 55 55
Required Attenuation (dBA) 25 25 25
Distance Data
Receptor Distance from Road Centerline (feet) 170 170 170
Distance from Receptor at which Required Attenuation is Achieved (feet) 335 430 840
Corresponding Road Distance from Receptor (feet) 288 395 823
Time Duration Calculations
Travel Speed (mph) 30 30 30
Travel Time per Trip within Non-Attainment Zone (hours) 0.00364 0.00498 0.01039
Trips per Hour 9 9 9
Total Travel Time within Non-Attainment Zone (hours) 0.0328 0.0449 0.0935
Results
Non-Attainment Percent of one-Hour Period 3.3% 4.5% 9.3%
Maximum Allowable Non-Attainment Percentage 10% 10% 10%

Noise Attenuation Calculations
Distances, Factors, Functions
Source Noise Level (dBA) 80 80 80
Reference Distance from Source (d,, meters) 15.24 15.24 15.24
Sound Propogation Distance-Source to Receptor (d,, meters) 102 131 256
Attenuation Coeficient for Air Absorption (alpha, dB/meter) 0.000869 0.000869 0.000869
Ground Attenuation Factor, near source (G) 0.5 0.5 0.5
Ground Attenuation Factor, near receptor (G,) 1
Ground Attenuation Factor, between source and receptor (G, 1
Ground Factor Function-Source Area (b', ¢', d") 7.6 6.1 2.2
Ground Factor Function-Receptor Area (b, c', d') 7.6 6.1 2.2
Ground Factor Function-Between Source and Receptor (q) 0.1 0.3 0.6
Height of Source (Hs, meters) 15 1.5 15
Height of Receptor (H,, meters) 15 15 15
Sound Attenuation
Attenuation due to Geometric Divergence (Ag;,, dBA) 16.5 18.7 24.5
Attenuation due to Atmospheric Absorption (A, dBA) 0.1 0.1 0.2
Attenuation due to Ground Effect (Ay,, dBA) 8.4 6.2 0.2
Total Attenuation at Distance "d," (dBA) 25 25 25




Table 6

Lso Nighttime Truck Noise Calculation

Valley View Assisted Living Facility
Proposed Mining Operation, Sand Creek Township, Scott County

17-Aug-10
Truck Noise Frequency

Noise Data 250 Hz 500 Hz 1000 Hz
Source Noise Level (dBA, 50 feet) 80 80 80
Noise Standard (Lso Nightime, dBA) 50 50 50
Required Attenuation (dBA) 30 30 30
Distance Data
Receptor Distance from Road Centerline (feet) 170 170 170
Distance from Receptor at which Required Attenuation is Achieved (feet) 528 719 1,463
Corresponding Road Distance from Receptor (feet) 500 698 1,453
Time Duration Calculations
Travel Speed (mph) 30 30 30
Travel Time per Trip within Non-Attainment Zone (hours) 0.00631 0.00881 0.01835
Trips per Hour 9 9 9
Total Travel Time within Non-Attainment Zone (hours) 0.0568 0.0793 0.1652
Results
Non-Attainment Percent of one-Hour Period 5.7% 7.9% 16.5%
Maximum Allowable Non-Attainment Percentage 50% 50% 50%

Noise Attenuation Calculations

Distances, Factors, Functions

Source Noise Level (dBA) 80 80 80
Reference Distance from Source (d,, meters) 15.24 15.24 15.24
Sound Propogation Distance-Source to Receptor (d,, meters) 161 219 446
Attenuation Coeficient for Air Absorption (alpha, dB/meter) 0.000869 0.000869 0.000869
Ground Attenuation Factor, near source (G) 0.5 0.5 0.5
Ground Attenuation Factor, near receptor (G,) 1

Ground Attenuation Factor, between source and receptor (G, 1

Ground Factor Function-Source Area (b', ¢', d") 8.2 6.4 2.2
Ground Factor Function-Receptor Area (b, c', d') 8.2 6.4 2.2
Ground Factor Function-Between Source and Receptor (q) 0.4 0.6 0.8
Height of Source (Hs, meters) 15 1.5 15
Height of Receptor (H,, meters) 15 1.5 1.5
Sound Attenuation

Attenuation due to Geometric Divergence (Ag;,, dBA) 20.5 23.1 29.3
Attenuation due to Atmospheric Absorption (A, dBA) 0.1 0.2 0.4
Attenuation due to Ground Effect (Ay,, dBA) 9.4 6.6 0.2
Total Attenuation at Distance "d," (dBA) 30 30 30




Table 7

L,o Daytime Truck Noise Calculation

Closest Receptor on Valley View Drive South of Mine
Proposed Mining Operation, Sand Creek Township, Scott County

17-Aug-10
Truck Noise Frequency

Noise Data 250 Hz 500 Hz 1000 Hz
Source Noise Level (dBA, 50 feet) 80 80 80
Noise Standard (Lo Daytime, dBA) 65 65 65
Required Attenuation (dBA) 15 15 15
Distance Data
Receptor Distance from Road Centerline (feet) 24 24 24
Distance from Receptor at which Required Attenuation is Achieved (feet) 148 174 276
Corresponding Road Distance from Receptor (feet) 146 172 275
Time Duration Calculations
Travel Speed (mph) 30 30 30
Travel Time per Trip within Non-Attainment Zone (hours) 0.00185 0.00217 0.00347
Trips per Hour [mining(10) + background(3)] 13 13 13
Total Travel Time within Non-Attainment Zone (hours) 0.0240 0.0283 0.0451
Results
Non-Attainment Percent of one-Hour Period 2.4% 2.8% 4.5%
Maximum Allowable Non-Attainment Percentage 10% 10% 10%

Noise Attenuation Calculations

Distances, Factors, Functions

Source Noise Level (dBA) 80 80 80
Reference Distance from Source (d,, meters) 15.24 15.24 15.24
Sound Propogation Distance-Source to Receptor (d,, meters) 45.2 53 84
Attenuation Coeficient for Air Absorption (alpha, dB/meter) 0.000869 0.000869 0.000869
Ground Attenuation Factor, near source (G) 0.5 0.5 0.5
Ground Attenuation Factor, near receptor (G,) 1 1 1
Ground Factor Function-Source Area (b', ¢', d") 5.7 4.8 2.0
Ground Factor Function-Receptor Area (b', c', d') 5.7 4.8 2.0
Height of Source (Hs, meters) 15 15 15
Height of Receptor (H,, meters) 15 15 15
Sound Attenuation

Attenuation due to Geometric Divergence (Ag;,, dBA) 9.4 10.8 14.8
Attenuation due to Atmospheric Absorption (Aam, dBA) 0.0 0.0 0.1
Attenuation due to Ground Effect (Ay,, dBA) 55 4.1 0.1
Total Attenuation at Distance "d," (dBA) 15 15 15




Table 8

Lso Daytime Truck Noise Calculation

Closest Receptor on Valley View Drive South of Mine
Proposed Mining Operation, Sand Creek Township, Scott County

17-Aug-10
Truck Noise Frequency

Noise Data 250 Hz 500 Hz 1000 Hz
Source Noise Level (dBA, 50 feet) 80 80 80
Noise Standard (Lso Daytime, dBA) 60 60 60
Required Attenuation (dBA) 20 20 20
Distance Data
Receptor Distance from Road Centerline (feet) 24 24 24
Distance from Receptor at which Required Attenuation is Achieved (feet) 221 269 482
Corresponding Road Distance from Receptor (feet) 220 268 482
Time Duration Calculations
Travel Speed (mph) 30 30 30
Travel Time per Trip within Non-Attainment Zone (hours) 0.00278 0.00338 0.00608
Trips per Hour [mining(10) + background(3)] 13 13 13
Total Travel Time within Non-Attainment Zone (hours) 0.0361 0.0440 0.0791
Results
Non-Attainment Percent of one-Hour Period 3.6% 4.4% 7.9%
Maximum Allowable Non-Attainment Percentage 50% 50% 50%

Noise Attenuation Calculations

Distances, Factors, Functions

Source Noise Level (dBA) 80 80 80
Reference Distance from Source (d,, meters) 15.24 15.24 15.24
Sound Propogation Distance-Source to Receptor (d,, meters) 67.5 82 147
Attenuation Coeficient for Air Absorption (alpha, dB/meter) 0.000869 0.000869 0.000869
Ground Attenuation Factor, near source (G) 0.5 0.5 0.5
Ground Attenuation Factor, near receptor (G,) 1 1 1
Ground Factor Function-Source Area (b', ¢', d") 6.7 5.5 2.1
Ground Factor Function-Receptor Area (b', c', d') 6.7 5.5 2.1
Height of Source (Hs, meters) 15 15 15
Height of Receptor (H,, meters) 15 15 15
Sound Attenuation

Attenuation due to Geometric Divergence (Ag;,, dBA) 12.9 14.6 19.7
Attenuation due to Atmospheric Absorption (Aam, dBA) 0.1 0.1 0.1
Attenuation due to Ground Effect (Ay,, dBA) 7.1 5.3 0.2
Total Attenuation at Distance "d," (dBA) 20 20 20




Table 9

L,o Nighttime Truck Noise Calculation

Closest Receptor on Valley View Drive South of Mine
Proposed Mining Operation, Sand Creek Township, Scott County

17-Aug-10
Truck Noise Frequency

Noise Data 250 Hz 500 Hz 1000 Hz
Source Noise Level (dBA, 50 feet) 80 80 80
Noise Standard (L, Nightime, dBA) 55 55 55
Required Attenuation (dBA) 25 25 25
Distance Data
Receptor Distance from Road Centerline (feet) 24 24 24
Distance from Receptor at which Required Attenuation is Achieved (feet) 335 430 840
Corresponding Road Distance from Receptor (feet) 334 429 840
Time Duration Calculations
Travel Speed (mph) 30 30 30
Travel Time per Trip within Non-Attainment Zone (hours) 0.00421 0.00542 0.01060
Trips per Hour 9 9 9
Total Travel Time within Non-Attainment Zone (hours) 0.0379 0.0488 0.0954
Results
Non-Attainment Percent of one-Hour Period 3.8% 4.9% 9.5%
Maximum Allowable Non-Attainment Percentage 10% 10% 10%

Noise Attenuation Calculations

Distances, Factors, Functions

Source Noise Level (dBA) 80 80 80
Reference Distance from Source (d,, meters) 15.24 15.24 15.24
Sound Propogation Distance-Source to Receptor (d,, meters) 102 131 256
Attenuation Coeficient for Air Absorption (alpha, dB/meter) 0.000869 0.000869 0.000869
Ground Attenuation Factor, near source (Gg) 0.5 0.5 0.5
Ground Attenuation Factor, near receptor (G,) 1

Ground Attenuation Factor, between source and receptor (G, 1

Ground Factor Function-Source Area (b', ¢', d") 7.6 6.1 2.2
Ground Factor Function-Receptor Area (b, c', d') 7.6 6.1 2.2
Ground Factor Function-Between Source and Receptor (q) 0.1 0.3 0.6
Height of Source (Hs, meters) 15 15 15
Height of Receptor (H,, meters) 15 1.5 1.5
Sound Attenuation

Attenuation due to Geometric Divergence (Ag;,, dBA) 16.5 18.7 24.5
Attenuation due to Atmospheric Absorption (Aam, dBA) 0.1 0.1 0.2
Attenuation due to Ground Effect (Ay,, dBA) 8.4 6.2 0.2
Total Attenuation at Distance "d," (dBA) 25 25 25




Table 10

Lso Nighttime Truck Noise Calculation

Closest Receptor on Valley View Drive South of Mine
Proposed Mining Operation, Sand Creek Township, Scott County

17-Aug-10
Truck Noise Frequency

Noise Data 250 Hz 500 Hz 1000 Hz
Source Noise Level (dBA, 50 feet) 80 80 80
Noise Standard (Lso Nightime, dBA) 50 50 50
Required Attenuation (dBA) 30 30 30
Distance Data
Receptor Distance from Road Centerline (feet) 24 24 24
Distance from Receptor at which Required Attenuation is Achieved (feet) 528 719 1,463
Corresponding Road Distance from Receptor (feet) 528 718 1,463
Time Duration Calculations
Travel Speed (mph) 30 30 30
Travel Time per Trip within Non-Attainment Zone (hours) 0.00666 0.00907 0.01847
Trips per Hour 9 9 9
Total Travel Time within Non-Attainment Zone (hours) 0.0600 0.0816 0.1663
Results
Non-Attainment Percent of one-Hour Period 6.0% 8.2% 16.6%
Maximum Allowable Non-Attainment Percentage 50% 50% 50%

Noise Attenuation Calculations

Distances, Factors, Functions

Source Noise Level (dBA) 80 80 80
Reference Distance from Source (d,, meters) 15.24 15.24 15.24
Sound Propogation Distance-Source to Receptor (d,, meters) 161 219 446
Attenuation Coeficient for Air Absorption (alpha, dB/meter) 0.000869 0.000869 0.000869
Ground Attenuation Factor, near source (G) 0.5 0.5 0.5
Ground Attenuation Factor, near receptor (G,) 1

Ground Attenuation Factor, between source and receptor (G, 1

Ground Factor Function-Source Area (b', ¢', d") 8.2 6.4 2.2
Ground Factor Function-Receptor Area (b, c', d') 8.2 6.4 2.2
Ground Factor Function-Between Source and Receptor (q) 0.4 0.6 0.8
Height of Source (Hs, meters) 15 1.5 15
Height of Receptor (H,, meters) 15 1.5 1.5
Sound Attenuation

Attenuation due to Geometric Divergence (Ag;,, dBA) 20.5 23.1 29.3
Attenuation due to Atmospheric Absorption (A, dBA) 0.1 0.2 0.4
Attenuation due to Ground Effect (Ay,, dBA) 9.4 6.6 0.2
Total Attenuation at Distance "d," (dBA) 30 30 30
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Appendix A

ISO 9613-2, Acoustics—Attenuation of sound during propagation outdoors

Part 2: General Method of Calculation
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Foreword

ISO (the International Organization for Standardization) is a worldwide fed-
eration of national standards bodies (ISO member bodies). The work of
preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, governmental
and non-governmental, in liaison with ISO, also take part in the work. 1SO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard |SO 9613-2 was prepared by Technical Committee
ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

I1SO 9613 consists of the following parts, under the general title Acous-
tics — Attenuation of sound during propagation outdoors:

—  Part 1: Calculation of the absorption of sound by the atmosphere

—  Part 2: General method of calculation

Part 1 is a detailed treatment restricted to the attenuation by atmaospheric
absorption processes. Part 2 is a more approximate and empirical treat-
ment of a wider subject — the attenuation by all physical mechanisms.

Annexes A and B of this part of ISO 9613 are for information only.

© iSO 1996
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photocopying and microfilm, without permission in writing from the publisher.
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Introduction

The 1SO 1996 series of standards specifies methods for the description of
noise outdoors in community environments. Other standards, on the other
hand, specify methods for determining the sound power levels emitted by
various noise sources, such as machinery and specified equipment
(ISO 3740 series), or industrial plants (ISO 8297). This part of 1SC 9613 is
intended to bridge the gap between these two types of standard, to en-
able noise levels in the community to be predicted from sources of known
sound emission. The method described in this part of ISO 9613 is general
in the sense that it may be applied to a wide varisty of noise sources, and
covers most of the major mechanisms of attenuation. There are, however,
constraints on its use, which arise principally from the description of en-
vironmental noise in the ISO 1996 series of standards.

Sold to:IHS Standards Store Purchase, 406927
Not for Resale,12/10/2007 13:27:28 MST
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ISO 9613-2:1996(E)

Acoustics — Attenuation of sound during propagation outdoors —

Part 2:
General method of calculation

1 Scope

This part of ISO 9613 specifies an engineering method
for calculating the attenuation of scund during propa-
gation outdoors in order to predict the levels of en-
vironmental ncise at a distance from a variety of
sources. The method predicts the equivalent continu-
ous A-weighted sound pressure level (as described in
parts 1 to 3 of ISO 1996) under meteorological con-
ditions favourable to propagation from sources of
known sound emission.

These conditions are for downwind propagation, as
specified in 5.4.3.3 of ISO 1996-2:1987 or, equivalently,
propagation under a well-developed moderate ground-
based temperature inversion, such as commonly oc-
curs at night. Inversion conditions over water surfaces
are not covered and may result in higher sound press-
ure levels than predicted from this part of 1ISO 9613.

The method also predicts a Jong-term average A-
weighted sound pressure level as specified in
{50 1996-1 and 1SO 1996-2. The long-term average A-
weighted sound pressure level encompasses levels
for a wide variety of meteorological conditions.

The method specified in this part of ISO 9613 consists
specifically of octave-band algorithms (with nominal
midband frequencies from 63 Hz to 8 kHz} for calculat-
ing: the attenuation of sound which originates from a
point sound source, or an assembly of point sources.
The source (or sources) may be moving or stationary.
Specific terms are provided in the algorithms for the
fotlowing physical effects:

— geometrical divergence;
— atmospheric absorption;
— ground effect;

— reflection from surfaces;

— screening by obstacles.

Additional information concerning propagation through
housing, foliage and industrial sites is given in an-
nex A.

This method is applicable in practice to a great variety
of noise sources and environments. It is applicable,
directly or indirectly, to most situations concerning
road or rail traffic, industrial noise sources, construc-
tion activities, and many other ground-based noise
sources. It does not apply to sound from aircraft in
flight, or to blast waves from mining, military or similar
operations.

To apply the method of this part of 1ISO 9613, several
parameters need to be known with respect to the ge-
ometry of the source and of the environment, the
ground surface characteristics, and the source
strength in terms of octave-band sound power levels
for directions relevant to the propagation.

NOTE 1 If only A-weighted sound power levels of the
sources are known, the attenuation terms for 500 Hz may
be used to estimate the resulting attenuation.

The accuracy of the method and the limitations to its
use in practice are described in clause 9.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions of
this part of ISO 9613. At the time of publication, the
editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this
part of |ISO 9613 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and I1SO

maintain registers of currently valid International Stan-
dards.

ISO 1996-1:1982, Acoustics — Description and meas-
urement of environmental noise — Part 1: Basic
quantities and procedures.

Copyright international Organization for Standardization
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urement of environmental noise — Part 2: Acquisition

1ISO 1996-2:1987, Acoustics — Description and meas- T
p Las =1OIgH (yr)jo pAz(,)dr]/,,OZ} dB ... (1)
of data pertinent to land use.

1SO 1996—3:1987, Acoustics — Description and meas-
urement of environmental noise — Part 3: Application
to noise limits.

where

pal is the instantaneous A-weighted sound

1SO 96?3—1:1993, Acoustics — Attenuation of sound pressure, in pascals;
during propagation outdoors — Fart 1. Calculation of
the abgorpt:on of sound by the atmosphere. o is the reference sound pressure

IEC 651:1979, Sound level meters, and Amend- (=20 x 1076 Pa);

ment 1:1933. 4
T is a specified time interval, in seconds.

3 Definitions The A-frequency weighting is that specified for sound

For the purposes of this part of ISO 9613, the defir ~ ~ (evel metersin IEC €51,

nitions given in 1SO 1996-1 and the following defi-

nitions apply. (See table 1 for symbols and units.) NOTE2 The time interval T should be long enough to

average the effects of varying meteorological parameters.
3.1 equivalent continuous A-weighted sound Two different situations are considered in this part of
pressure level, L, Sound pressure level, in decibels, IS0 9613, namely short-term downwind and long-term overall
defined by equation (1): averages.

Table 1 — Symboaols and units

Symbol - Definition Unit

A octave-band attenuation dB
Cinet meteorological correction dB
d distance from point source to receiver {see figure 3) m
dg, distance from point source 1o receiver projected onto the ground plane (see figure 1) m
dg o distance between source and point of reflection on the reflecting obstacle (see figure 8) m
dor distance between point of reflection on the reflecting obstacle and receiver (see figure 8) m
dss distance from source to (first) diffraction edge (see figures 6 and 7) m
dgr distance from (second) diffraction edge to receiver {see figures 6 and 7) m
D, directivity index of the point sound source —
D, screening attenuation —
e distance between the first and second diffraction edge (see figure 7) m
G ground factor —
h mean height of source and receiver m
hy height of point source above ground (see figure 1) m
h, height of receiver above ground (see figure 1) m
Ay mean height of the propagation path above the ground (see figure 3} m
Hpnax largest dimension of the sources m
lenin minimum dimension (length or height} of the reflecting plane (see figure 8) m
L sound pressure level dB

o atmospheric attenuation coefficient dB/km
B angle of incidence rad
p sound reflection coefficient ) —

b
Copyright International Organization for Standardization
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3.2 equivalent continuous downwind octave-
band sound pressure level, Lﬂ(DW): Sound pressure
level, in decibels, defined by equation (2):

Lr(OW)=101g { [(1/7) j;pfz(z) ar }/Poz} dB
2)

where p; (1) is the instantaneous octave-band sound
pressure downwind, in pascals, and the subscript f
represents a nominal midband frequency of an octave-
band filter.

NQTE 3 The electrical characteristics of the octave-band
filters should comply at least with the class 2 requirements
of IEC 1260.

3.3 insertion loss (of a barrier): Difference, in deci-
bels, between the sound pressure levels at a receiver
in a specified position under two conditions:

a)  with the barrier removed, and
b) with the barrier present (inserted),

and no other significant changes that affect the
propagation of sound.

4 Source description

The equations to be used are for the attenuation of
sound from point sources. Extended noise sources,
therefore, such as road and rail traffic or an industrial
site {which may include several installations or plants,
together with traffic moving on the site) shall be rep-
resented by a set of sections (cells), each having a
certdin sound power and directivity. Attenuation calcu-
lated for sound from a representative point within a
section is used to represent the attenuation of sound
from the entire section. A line source may be divided
into line sections, an area source into area sections,
each represented by a point source at its centre.

However, a group of point sources may be described
by an equivalent point sound source situated in the
middie of the group, in particular if

a) the sources have approximately the same
strength and height above the local ground plane,

b) the same propagation conditions exist from the
sources to the point of reception, and

¢) the distance 4 from the single equivalent point
source to the receiver exceeds twice the largest

dimension Hy,ay of the sources (d> 2H,,,.).

ISC 9613-2:1996(E)

If the distance d is smaller (d < 2H,), or if the
propagation conditions for the component point
sources are different (e.g. due to screening), the total
sound source shall be divided into its component point
sources.

NOTE 4 In addition to the real sources described above,
image sources will be introduced to describe the reflection
of sound from walls and ceilings {but not by the ground}, as
described in 7.5.

5 Meteorological conditions

Downwind propagation conditions for the method
specified in this part of 1SO 9613 are as specified in
5.4.3.3 of ISO 1996-2:1987, namely

— wind direction within an angle of £ 45° of the di-
rection connecting the centre of the dominant
sound source and the centre of the specified re-
ceiver region, with the wind blowing from source
to receiver, and

— wind speed between approximately 1 m/s and
5 m/s, measured at a height of 3m to 11m
above the ground.

The equations for calculating the average downwind
sound pressure level LyADW) in this part of ISO 9613,
including the equations for attenuation given in
clause 7, are the average for meteorological con-
ditions within these limits. The term average here
means the average over a short time interval, as de-
fined in 3.1.

These equations also hold, equivalently, for average
propagation under a well-developed moderate ground-
based temperature inversion, such as commonly oc-
curs on clear, calm nights.

6 Basic equations

The equivalent continuous downwind octave-band
sound pressure level at a receiver location, Lﬂ(D\N),
shall be calculated for each point source, and its im-
age sources, and for the eight octave bands with
nominal midband frequencies from 63 Hz to 8 kHz,
from equation {3):

La(DW)=Ly +D. - A ... 3)
where

Ly is the octave-band sound power level, in
decibels, produced by the point sound source
relative to a reference sound power of one
picowatt (1 pW);
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D, is the directivity correction, in decibels, that
describes the extent by which the equivalent
continuous sound pressure level from the
point sound source deviates in a specified di-
rection from the level of an omnidirectional
point sound source producing sound power
level Ly, D, equals the directivity index Dy of
the point sound source plus an index Dg that
accounts for sound propagation into solid
angles less than 4x steradians; for an omni-
directional point sound source radiating into
free space, D, = 0 dB;

A is the octave-band attenuation, in decibels,
- that occurs during propagation from the point
sound source to the receiver.

NOTES

5 The letter symbol A {in italic type) signifies attenuation in
this part of 1SO 9613 except in subscripts, where it desig-
nates the A-frequency weighting (in roman type).

6 Sound power levels in equation (3) may be determined
from measurements, for example as described in the
ISO 3740 series (for machinery) or in 1SO 8297 {for indus-
trial plants).

The attenuation term A in equation (3} is given by
equation (4):

- (4)

A=Ay +Agm+ Ag + Aggr + Amige

where

Agy Is the attenuation due to geometrical diver-
gence {see 7.1);

Agm 18 the attenuation due to atmospheric ab-
sorption (see 7.2};

Ay is the attenuation due to the ground effect
(see 7.3);

Apsr  is the attenuation due to a barrier (see 7.4);

Amisc 18 the attenuation due to miscellaneous
other effects (see annex A).

General methods for calculating the first four terms in
equation (4) are specified in this part of 1SO 9613. In-
formation on three contributions to the last term, A yisc
{the attenuation due to propagation through foliage,
industrial sites and areas of houses), is given in an-
nex A.

The equivalent continuous A-weighted downwind
sound pressure lovel shall be obtained by summing
the contributing time-mean-sguare sound pressures
calculated according to equations (3) and (4) for each

A
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point sound source, for each of their image sources,
and for each octave band, as specified by equation (5):

n 8 B ‘ .
LAT(DW)= 10|g Z 2100'1[14)‘1'(‘!)""4]'(])] dB
i=1] j=1

. (8)
where

n is the number of contributions i (sources and
paths);

Jj is an index indicating the eight standard
octave-band midband frequencies from 63 Hz
1o 8 kHz;

A; denotes the standard A-weighting (see
IEC 651). :

The long-term average A-weighted sound pressure
level LoALT) shall be calculated according to

LAT(LT) = LAT(DW) - Cmet e (6)

where Ce is the meteorological correction described
in clause 8.

The calculation and significance of the various terms
in equations {1) to (6} are explained in the following
clauses. For a more detailed treatment of the at-
tenuation terms, see the literature references given in
annex B.

7 Calculation of the attenuation terms

7.1 Geometrical divergence (4,
The geometrical divergence accounts for spherical

spreading in the free field from a point sound source,
making the attenuation, in decibels, equal to

Agy =[201g(d/dg)+1 1] dB v,

where

d s the distance from the source to receiver, in
metres;

dg is the reference distance (= 1 m).

NOTE 7 The constant in equation (7} relates the sound
power level to the sound pressure level at a reference dis-
tance dy which is 1 m from an omnidirectional point sound
source.
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7.2 Atmospheric absorption (A,

The attenuation due to atmospheric absorption Azym,
in decibels, during propagation through a distance 4, in
metres, is given by equation (8}

Azt = 0d/1000 ... (8

where ¢ is the atmospheric attenuation coefficient, in
decibels per kilometre, for each octave band at the
midband freguency (see table 2).

For values of a at atmospheric conditions not covered
in table 2, see 1SO 9613-1.

NOTES

8 The atmospheric attenuation coefficient depends
strongly on the frequency of the sound, the ambient tem-
perature and relative humidity of the air, but only weakly on
the ambient pressure.

9 For calculation of environmental noise levels, the at-
mospheric attenuation coefficient should be based on aver-
age values determined by the range of ambient weather
which is relevant to the locality.

7.3 Ground effect (A)
7.3.1 General method of calculation
Ground attenuation, Ag, is mainly the result of sound

reflected by the ground surface interfering with the
sound propagating directly from source to receiver.

ISO 9613-2:1986(E)

The downward-curving propagation path {(downwind)
ensurss that this attenuation is determined primarily
by the ground surfaces near the source and near the
receiver. This method of calculating the ground effect
is applicable only to ground which is approximately
flat, either horizontally or with a constant slope. Three
distinct regicns for ground attenuation are specified
{see figure 1):

a) the source region, stretching over a distance from
the source towards the receiver of 304, with a
maximum distance of dy, (ks is the source height,
and 4, the distance from source to receiver, as
projected on the ground plane);

b} the receiver region, stretching over a distance
from the receiver back towards the source of
30, with a maximum distance of d, {4, is the re-
ceiver height);

¢} a middle region, stretching over the distance be-
tween the source and receiver regions. If
a’p < {30k + 304}, the source and receiver regions
will overlap, and there is no middle region.

According to this scheme, the ground attenuation
does not increase with the size of the middle region,
but is mostly dependent on the properties of source
and receiver regions.

The acoustical properties of each ground region are
taken into account through a ground factor G. Three
categories of reflecting surface are specified as fol-
lows.

Table 2 — Atmospheric attenuation coefficient ¢ for octave bands of noise

Tempera- | Relative Atmospheric attenuation coefficient o, dB/km
ture humidity Nominal midband frequency, Hz
°C % 63 125 250 500 1000 2 000 4 000 8 000
10 70 01 0.4 1.0 1,9 37 9,7 32,8 117
20 70 0.1 0,3 11 2,8 50 8,0 22,9 76,6
30 70 0.1 0.3 1.0 3.1 7.4 12.7 231 59,3
15 20 0.3 0,6 1,2 2,7 8,2 28,2 88,8 202
15 50 0.1 0,5 1.2 22 4,2 10.8 36,2 129
15 80 0.1 0,3 1,1 2,4 4,1 8,3 23,7 82,8
! de -
30hs 304
hs J-G D_Lhr
4 17 Eg;irocne Middle region Receiver region |

Figure 1 — Three distinct regions for determination of ground attenuation
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a} Hard ground, which includes paving, water, ice,
concrete and all other ground surfaces having a
low porosity. Tamped ground, for example, as of-
ten occurs around industrial sites, can be con-
sidered hard. For hard ground G = C.

NOTE 10 it should be recalled that inversion con-
ditions over water are not covered by this parnt of
1ISO 9613.

b) Porous ground, which includes ground covered
by grass, trees or other vegetation, and all other
ground surfaces suitable for the growth of veg-
etation, such as farming land. For porous ground
G=1.

¢) Mixed ground: if the surface consists of both
hard and porous ground, then G takes on values

a) 125 Hz
8 -
| fh=15m
6 -t h=30m
g
~ —d h=60m
4
- h=7F5m
2
hz10.0m
L (] 1 1L L
20 50 125 250 500 1000 2000
Distance dp, m
¢} S00Hz
st
— - h=15m
]
o -
. -t =175 m
w
&
-——t h=25
2 ;'/”———— m
hz30m
L ] 1 ] I
20 S0 125 250 500 1000 2000

Distance dp, m

@ISO

ranging from 0 to 1, the vaiue being the fraction
of the region that is porous.

To calculate the ground attenuation for a specific oc-
tave band, first calculate the component attenuations
A, for the source region specified by the ground factor
G; (for that regicn), A, for the receiver region specified
by the ground factor G,, and A,, for the middle region
specified by the ground factor G, using the expres-
sions in table 3. {(Alternatively, the functions o', #’, ¢
and 4’ in table 3 may be obtained directly from the
curves in figure 2.) The total ground attenuation for
that octave band shall be obtained from equation (S):

Ay =Ag + A + A Y

NOTE 11 In regions with buildings, the influence of the
ground on scund propagation may be changed (see A.3}.

b) 250 Hz

- h=15m
8._
-— -t h=2,0m
-t h=25m
6._
—_—— h=30m
s — = h=35m
: ]

——) h=40m

dB

2
h=210,0m
1 i L L i
20 50 125 250 500 1000 2000
Distance dp, m
d} 1000 Hz
°r
6
@
o
kS
‘T
2 e h=15m
hz30m
1 | I Il i |
20 50 125 250 500 1000 2000

Distance dp, m

Figure 2 — Functions a’, &', ¢" and 4’ representing the influence of the source-to-receiver distance 4, and the
sourca or recsiver height 7, respectively, on the ground attenuation Agr lcomputed from equations in tabie 3)
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Table 3 — Expressions to be used for calculating ground attenuation contributions A, A, and A,
in octave bands

Nominal midband frequency A or Al Am

Hz dB

63 -3¢2
125 -1.5+Gxa'ln

250 - 1.5+ Gxbn)

500 -15+Gxch

1000 - 1,5+ Gxdh) -3401 - G}
2000 -15(1-0G)
4 000 -15(1-G)

8 000 -15(1-0G)

NOTES

b'(h)=1,5+ 8,6 x e~ 009 (1 g=4p/%0)
c'(h)=15+14,0x o~ 0.4642 (1 e deSO)

d'(h)=15+50x% o—0.942 (1 - e-dp/sg)

2 6y 42
a'(h)=1,5+3,0><e‘0'12("‘5) (‘I—e“‘p’5°)+5,7><e‘°-°9h2(1—e‘213>"0 x4 )

ground surfaces.
2) g =0when d, < 30(h + k)

1 30(k + i)

p when dg, > 30(hs + &)

P

1) For calculating Ag, take G = G5 and h = hg. For calculating 4A,, take G = G, and k = h,. See 7.3.1 for values of G for various

where d,, is the source-to-receiver distance, in metres, projected onto the ground planes.

7.3.2 Alternative method of calculation for
A-weighted sound pressure levels

Under the following specific conditions

— only the A-weighted sound pressure level at the
receiver position is of interest,

— the sound propagation occurs over porous ground
or mixed ground most of which is porous (see
7.3.1),

— the sound is not a pure tone,

and for ground surfaces of any shape, the ground at-
tenuation may be calculated from equation {10):

Age = 4,8~ (2hr/d)[17 +(300/d)] =0 dB ... (10)
where 7

h is the mean height of the propagation path
above the ground, in metres;

Ore ion for
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d is the distance from the source to receiver, in
metres.

The mean height A, may be evaluated by the method
shown in figure 3. Negative values for Ay from
equation {10) shall be replaced by zeros.

NQTE 12 For short distances d, equation (10) predicts no
attenuation and equation (8) may be more accurate.

When the ground attenuation is calculated using
equation (10), the directivity correction D, in
equation (3} shall include a term Dg, in decibels, to ac-
count for the apparent increase in sound power level
of the source due to reflections from the ground near
the source.

Do = 1010 {1 +[d? + (ke = h)*] /[d? + (1o +hr)2]}dB

0
where

hs is the height of the source above the ground,
in metres;
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h. is the height of the receiver above the
ground, in metres;

d, is the source-to-receiver distance projected
onto the ground plane, in metres.

7.4 Screening (Ap,)

An object shall be taken into account as a screening
obstacle (often called a barrier) if it meets the follow-
ing requirements:

— thé surface density is at least 10 kg/mZ;

Source

@ISO

— the object has a closed surface without large
cracks or gaps (consequently process installations
in chemical plants, for example, are ignored);

— the horizontal dimension of the object normal to
the source-receiver line is larger than the acoustic
wavelength A at the nominal midband frequency
for the octave band of interest; in other words
I + I > A (see figure 4).

Each object that fuifils these requirements shall be
represented by a barrier with vertical edges. The top
edge of the barrier is a straight line that may be slop-
ing.

Receiver

Ground profite

hy, = Fid, where F is the area

Figure 3 — Method for evaluating the mean height 5,

te

NOTE — An object is only considered to be a screening obstacle when its horizontal dimension perpendicuiar to the source-

receiver line SR is larger than the wavelength: {f; + [ )> A

Figure 4 — Plan view of two obstacles between the source {S) and the receiver (R)

-
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For the purposes of this part of 1ISO 8613, the attenu-
ation by a barrier, Ay, shall be given by the insertion
loss. Diffraction over the top edge and around a verti-
cal edge of a barrier may both be important. (See fig-
ure 5.} For downwind sound propagation, the effect of
diffraction (in decibels) over the top edge shall be cal-
culated by

Apar = Dz = Age >0 -..012)
and fc%r diffraction around a vertical edge by

f;bar=Dz>0 ... {13)
Where:z‘E

D, is the barrier attenuation for each octave
band [see equation {14)];

Ag is the ground attenuation in the absence of
the barrier (i.e. with the screening obstacle
removed) (see 7.3).

-

Figure 5 — Different sound propagation paths
at a barrier

S

NOTES

13 When Ay as defined by equation (12) is substituted in
equation (4) to find the total attenuation A, the two Ag
terms in equation {4} will cancel. The barrier attenuation D,
in equation (12} then includes the effect of the ground in
the presence of the barrier.

14 For large distances and high barriers, the insertion loss

calculated by equation (12} is not sufficiently confirmed by
measurements.

15 In calculation of the insertion loss for multisource in-
dustrial plants by high buildings {more than 10 m above the
ground), and also for high-noise sources within the plant,
equation (13) should be used in both cases for determining

the long-term average sound pressure level [using equation
{B)).

16 For sound from a depressed highway, there may be
attenuation in addition to that indicated by equation (12}

along a ground surface outside the depression, due to that
ground surface.

ion for
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To calculate the barrier attenuation D, assume that
only one significant sound-propagation path exists
from the sound source to the receiver. If this assump-
tion is not valid, separate calculations are required for
other propagation paths (as illustrated in figure 5) and
the contributions from the varicus paths to the
squared sound pressure at the receiver are summed.

The barrier attenuation D,, in decibels, shall be calcu-
lated for this path by equation (14);

D, =101g[3+(Cp/4) C32Kmet | -dB .04

where

C, is equal to 20, and includes the effect of
ground reflections; if in special cases
ground reflections are taken into account
separately by image sources, C, = 40;

C; is equal to 1 for single diffraction {see fig-
ure 6);

C=[1+6 ;L/e)2]/[(1/3)+ Gye?] . (5

for double diffraction {see figure 7);

A is the wavelength of sound at the nominal
midband frequency of the octave band, in
metres;

z is the difference between the pathlengths
of diffracted and direct sound, as calculated
by equations {16} and {17), in metres;

Kot IS the correction factor for meteorclogical
effects, given by equation (18);

e is the distance betwaen the two diffraction
edges in the case of double diffraction {see
figure 7).

For single diffraction, as shown in figure 8, the path-
length difference z shall be calculated by means of
equation (16):

2 2 2
z=[(dss+dsr) +a] ~d ... (18

where

dys is the distance from the source to the (first)
diffraction edge, in metres;

dg, is the distance from the (second) diffraction
edge to the receiver, in metres;

a is the component distance parallel to the
barrier edge between source and receiver, in
metres.
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Figure 6 — Geometrical quantities for determining
the pathlength difference for single diffraction

I

ToTololole

7

Figure 7 — Geometrical quantities for determining
the pathlength difference for double diffraction

If the line of sight between the source S and receiver
R passes above the top edge of the barrier, z is given
a negative sign.

For double diffraction, as shown in figure 7, the path-
length difference z shall be calculated by

1/2
z=[(dss+ds,+e)z+a2} -d 1)

The correction factor K4 for meteorological con-
ditions in equation (14) shall be calculated using
equation (18):

Kmet = €xp |- (2000) Jdgodordf(22)]  forz>0
...(18)

Kyet =1 forz=<0

Copyright O i for
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For lateral diffraction around obstacles, it shall be as-
sumed that K¢, = 1 (see figure 5).

NOTES

17 For source-to-receiver distances less than 100 m, the
calculation using equation (14) shows that K,z may be as-
sumed equal to 1, to an accuracy of 1 dB.

18 Equation {15) provides a continuous transition from the
case of single diffraction (e = 0) where C3 =1, to that of a
well-separated double diffraction (e 3> A} where C3 = 3.

19 A barrier may be less effective than calculated by
equations {12) to (18) as a result of reflections from other
acoustically hard surfaces near the sound path from the
source to the receiver or by multiple reflections between an
acoustically hard barrier and the source.
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The barrier attenuation D,, in any octave band, should
not be taken to be greater than 20 dB in the case of
single diffraction {i.e. thin barriers) and 25 dB in the
case of double diffraction (i.e. thick barriers).

The barrier attenuation for two barriers is calculated
using equation {14) for double diffraction, as indicated
in the lower part of figure 7. The barrier attenuation for
more than two barriers may also be calculated
approximately using equation (14), by choosing the
two most effective barriers, neglecting the effects of
the others.

7.5 Reflections

Reflections are considered here in terms of image
sources. These reflections are from outdoor ceilings
and more or less vertical surfaces, such as the fa-
gades of buildings, which can increase the sound
pressure levels at the receiver. The effect of reflec-
tions from the ground are not included because they
enter into the calculation of Ag,.

The reflections from an obstacle shall be calculated for
all octave bands for which all the following require-
ments are met:

— a specular reflection can be constructed, as
shown in figure 8;

— the magnitude of the sound reflection coefficient
for the surface of the obstacle is greater than 0,2;

— the surface is large enough for the nominal mid-
band wavelength A (in metres) for the octave
band under consideration to obey the relationship

A > [2/ (Emin COS ,8)2} [ds.0dar (dso +dof)]
... (19)

1ISO 9613-2:1996(E)

where
A is the wavelength of sound (in metres} at

the nominal midband frequency f (in hertz)

of the octave band | A = 3_40_mE_J }

'

ds o is the distance between the source and
the point of reflection on the obstacle;

d,, is the distance between the point of re-
flection on the obstacle and the receiver;

B is the angle of incidence, in radians (see
figure 8);

Inin is the minimum dimension (length or
height) of the reflecting surface (see fig-
ure 8).

If any of these canditions is not met for a given octave
band, then reflections shall be neglected.

The real source and source image are handled sepa-
rately. The sound power level of the source image
Ly im shali be calculated from

Lyjm=Ly +101g(p)dB + Dy ... (20)

where

p is the sound reflection coefficient at angle f
on the surface of the obstacle (= 0,2} (see
figure 8);

Dy, is the directivity index of the source in the di-
rection of the receiver image.

If specific data for the sound reflection coefficient are
not available, the value may be estimated using
table 4.

For the sound source image, the attenuation terms of
equation (4), as well as p and Dy, in equation (20}, shall
be determined according to the propagation path of
the reflected sound.

Obstacle

NOTE — A path ds ; + dy,; cOnnecting the source S and receiver R by reflection from the obstacle exists in which B, the angle
of incidence, is equal to the angle of reflection. The reflected sound appears to come from the source image S;.

Figure 8 — Specular reflection from an obstacle
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Table 4 — Estimates of the sound reflection coefficlent p

Objsct P
Flat hard walls 1
Walls of building with windows and small additions or bay 08
Factory walls with 50 '% of the surface consisting of open- 04
ings, installations or pipes ‘
Cylinders with hard surfaces {tanks, silos) Dsin(p/2) ®
2dSC

where

D is the diameter of the cylinder;

ds. s the distance from the source to the centre C of

the cylinder;

¢ is the supplement of the angle between lines SC
and CR.

Opeh installations (pipes, towers, etc.)

0

*) This expression applies only if the distance ds; from the source S to cylinder C is much smaller than the distance d,

froni the cylinder to receiver; see figure 9.

dsc

Figure 9 — Estimation of sound reflection coefficient for a ¢cylinder

8 Meteorological correction (Cpey)

Use of equation (3) leads directly to an equivalent
continuous A-weighted sound pressure level Lyy at
the receiver for meteorological conditions which are
favourable for propagation from the sound source to
that receiver, as described in clause 5. This may be
the appropriate condition for meeting a specific com-
munity noise limit, i.e. a level which is seldom ex-
ceeded (see ISO 1996-3). Often, however, a long-term
average A-weighted sound pressure level Ly (LT) is
required, where the time interval 7 is several months
or a year. Such a period will normally include a variety
of meteorological conditions, both favourable and un-
favourable to propagation. A value for La7 (LT} may be
obtained in this situation from that calculated for
L,y (DW) via equation (3), by using the meteorological
correction Cp,g, in equation (8},

A value (in decibels) for C,,, in equation (8) may be
calculated using equations {21} and {22) for the case of
a point sound source with an output which is effec-
tively constant with time:

Crer =0
if d, < 10hg + k)

o (21}

L e ]

Copyright Ir
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Cmet = Cy [1 - 1O(hs +hr)/dp] ... (22)

if dy, > 10{hg + h,)
where
hs is the source height, in metres;

h, s the receiver height, in metres;

d, is the distance between the source and re-
ceiver projected to the horizontal ground
plane, in metres;

C, s a factor, in decibels, which depends on local

meteorological statistics for wind speed and
direction, and temperature gradients.

The effects of meteorological conditions on sound
propagation are small for short distances d,, and for
longer distances at greater source and receiver
heights. Equations (21) and {22) account approxi-
mately for these factors, as shown in figure 10.
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Figure 10 — Meteorological correction C,,;

NOTES

20 A value for Cy in equations (21) and (22) may be esti-
mated from an elementary analysis of the local meteoro-
logical statistics. For example, if the meteorological
conditions favourable to propagation described in clause 5
are found to occur for 50 % of the time period of interest,
and the attenuation during the other 50 % is higher by
10 dB or more, then the sound energy which arrives for
meteorological conditions unfavourable to propagation may
be neglected, and C¢ will be approximately + 3 dB.

21 The meteorological conditions for evaluating Cy may be
established by the local authorities.

22 Experience indicates that values of Cp in practice are
limited to the range from zero to approximately + 5 dB, and
values in excess of 2 dB are exceptional. Thus only very

elernentary statistics of the local meteorology are needed
fora + 1 dB accuracy in C.

For a source that is composed of several component
point sources, k¢ in equations (21} and {22) represents
the predominant source height, and d,, the distance
from the centre of that scurce to the receiver.

9 Accuracy and limitations
of the method

The attenuation of sound propagating outdoors be-
tween a fixed source and receiver fluctuates due to
variations in the meteorological conditions along the
propagation path. Restricting attention to moderate
downwind conditions of propagation, as specified in
clause 5, limits the effect of variable meteorological
conditions on attenuation to reasonable values.

There is information to support the method of calcula-
tion given in clauses 4 to 8 (see annex B} for broad-
band noise sources. The agreement between
calculated and measured values of the average A-
weighted sound pressure level fer downwind propa-
gation, Lar(DW), supports the estimated accuracy of
calculation shown in table 5. These estimates of accu-
racy are restricted to the range of conditions specified
for the validity of the eguations in clauses 3 to 8 and
are independent of uncertainties in sound power de-
termination.

NOTE 24 The estimates of accuracy in tableS are for
downwind conditions averaged over independent situations
(as specified in clause B). They should not necessarily be
expected to agree with the variation in measurements
made at a given site on a given day. The latter can be ex-
pected to be considerably larger than the values in table 5.

The estimated errors in calculating the average
downwind octave-band sound pressure levels, as well
as pure-tone sound pressure levels, under the same
conditions, may be somewhat larger than the esti-
mated errors given for A-weighted sound pressure
levels of broad-band sources in table 5.

In table 5, an estimate of accuracy is not provided in
this part of 1SO 9613 for distances d greater than the
1 000 m upper limit,

Throughout this part of ISO 9613 the meteorological
conditions under consideration are limited to only two
cases:

al moderate downwind conditions of propagation, or
their equivalent, as defined in clause 5;

b} a variety of meteorological conditions as they
exist over months or years.

13
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The use of equations (1) to (5} and (7) to (20) (and
therefore also table 5) is limited to case a): meteoro-
logical conditions only. Case b) is relevant only to the
use of equations (6}, (21} and (22). There are also a

substantial number of limitations {non-meteorological)

© SO

in the use of individual equations. Equation (9} is, for
example, limited to approximately flat terrain. These
specific limitations are described in the text ac-
companying the relevant equation.

f Table 5 — Estimated accuracy for broadband noise of L,;(DW) calculated using equations {1} to (10)

Height, # * Distance, 4 *
0<d<100m 100m<d<1000m
O<h<bm +3dB +3dB
Em<h<30m +1dB +3dB

*)  his the mean height of the source and receiver.

d is the distance between the source and receiver. |

to screening.

NOTE — These estimates have been made from situations where there are no effects due to reflection or attenuation due
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Annex A
{informative)

Additional types of attenuation (A ;)

The term Apse In equation (4) covers contributions to
the attenuation from miscellaneous effects not ac-
cessible by the general methods of calculating the at-
tenuation specified in clause 7. These contributions
include

— Ay the attenuation of sound during propagation
through foliage,

— Agye the attenuation during propagation through
an industrial site, and

—  Apous: the attenuation during propagation through
a built-up region of houses,

which are all considered in this annex.

For calculating these additional contributions to the
attenuation, the curved downwind propagation path
may be approximated by an arc of a circle of radius
5 km, as shown in figure A.1.

A.1 Foliage (A;y)

The foliage of trees and shrubs provides a small
amount of attenuation, but only if it is sufficiently
dense to completely block the view along the propa-
gation path, i.e. when it is impossible to see a short
distance through the foliage. The attenuation may be
by vegetation close to the source, or close to the re-
ceiver, or by both situations, as illustrated in figure
A.1. Alternatively, the path for the distances d, and d,
may be taken as falling along lines at propagation an-
gles of 15° to the ground.

The first line in table A.1 gives the attenuation to be
expected from dense foliage if the total path length
through the foliage is between 10m and 20 m, and
the second line if it is between 20 m and 200 m. For
path lengths greater than 200 m through dense foli-
age, the attenuation for 200 m should be used.

NOTE*d{ =dy + d2

For calculating d1 and d,, the curved path radius may be assumed to be & km.

Figure A.1 — Attenuation due to propagation through foliage increases linearly with propagation distance
d; through the foliage

Table A.1 — Attenuation of an octave band of noise due to propagation a distance 4; through
dense foliage

Propagation distance d; Nominal midband frequency
Hz
m 62 | 125 250 500 1000 | 2000 | 4000 | 8000
Attenuation, dB:
10 <d;< 20 o | o 1 1 1 2 3
Attenuation, dB/m:
20 < d; < 200 002 | o003 0,04 0,08 0.06 0.08 0,09 0,12
15
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A2 Industrial sites (4c)

At industrial sites, an attenuation can occur due to
scattering from installations (and other objects), which
may be described as Ay, unless accounted for under
Apa. OF the sound source radiation specification. The
term installations includes miscellaneous pipes, valves,
boxes, structural elements, etc.

As the value of Ag,, depends strongly on the type of
site, it is recommended that it is determined by
measurements. However, for an estimate of this at-
tenuation, the values in table A.2 may be used. The
attenuation increases linearly with the length of the
curved path dg through the installations (see fig-
ure A.2), with a maximum of 10 dB.

A.3 Housing (Apgys)

A.3.1 When either the source or receiver, or both
are situated in a built-up region of houses, an attenua-
tion will occur due to screening by the houses. How-
ever, this effect may largely be compensated by
propagation between houses and by reflections from
other houses in the vicinity. This combined effect of
screening and reflections that constitutes A,,,s can be
calculated for a specific situation, at least in principle,
by applying the procedures for both Ay, and reflec-
tions described in 7.4 and 7.5. Because the value of
Anous 18 very situation-dependent, such a calculation
may be justified in practice. A more useful alternative,
particularly for the case of muitiple reflections where
the accuracy of calculation suffers, may be to
measure the effect, either in the field or by modeliing.

® |ISO

A.3.2 An approximate value for the A-weighted at-
tenuation Ay, Which should not exceed 10 dB, may
also be estimated as follows. There are two separate
contributions

Anous = Ahous,1 + Anous.2 - A)

A.3.3 An average value for Apg,s¢ (in decibels) may
be calculated using the equation

Anous: = 0,1Bdy, dB . .A2)

where

B is the density of the buildings along that path,
given by the total plan area of the houses di-
vided by the total ground area (including that
covered by the houses);

dy, is the length of the sound path, in metres,
through the built-up region of houses, de-
termined by a procedure analogous to that
shown in figure A 1.

The path length d, may include a portion d, near the
source and a portion d near the receiver, as indicated
in figure A.1.

The value of Ay, shall be set equal to zero in the
case of a small source with a direct, uncbstructed line
of sight to the receiver down a corridor gap between
housing structures.

NOTE 25 The A-weighted sound pressure level at specific
individual positions in a region of houses may differ by up to
10 dB from the average value predicted using equations
{A.1} and (A.2).

Table A.2 — Attenuation coefficient of an octave band of noise during propagation through
installations at industrial plants

Nominal midband frequency, Hz 83 125

500 1000 2000 4 000 8 OOG

Agire, dB/M 0 0.015

0025 | 0025 | 002 | 002 | 0015 | 0015

—— e — —
—-—— ——

-—
"
- -

s

7

Figure A.2 — The attenuation 4, increases linearly with the propagation distance 4 through
the instailations at industrial plants
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A.3.4 if there are well-defined rows of buildings near
a road, a railway, or a similar corridor, an additional
term Apgys2 mMay be included (provided this term is
less than the insertion loss of a barrier at the same
position with the mean height of the buildings):

Anous,2 = — 101gl1 - (p/100})] dB ... (A3)
where p (the percentage of the length of the fagades
relative to the total length of the road or railway in the
vicinity) is < 90 %.

A.3.5 In a built-up region of houses, the value of
Apgys.1 [as calculated by equation (A.2)] interacts as
follows with the value for Ay, the attenuation due to

ion for Star
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the ground [as calculated by equation (9) or equa-
tion (101

Let Ay, be the ground attenuation in the built-up re-
gion, and Ag 0 be the ground attenuation if the houses
were removed [i.e. as calculated by equation (9) or
equation (10)]. For propagation through the built-up
region in general, gy, is assumed to be zero in equa-
tion (4). If, however, the value of Agro i5 greater than
that of Apg,e. then the influence of Ay, is ignored and
only the value of A, ¢ is included in equation (4).

The interaction above is essentially to allow for a
range of housing density B. For low-density housing,
the value of Ay is dominant, while for high-density
housing Apgys dominates.

17
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XQ Line Genecutor

Rental Package

Sound Attenuated 350 kW
225 kW

125 kW
Primg Power including 10% overload

Arrangement shown
with optional trailer
with pintle hitch.

FEATURES

m ENCLOSURE - SOUND ATTENUATED m RELIABLE, FUEL EFFICIENT DIESEL
Made with 12 gauge steel. Includes single The compact, four-stroke-cycle diesel engine
point lifting eye. Sound levels — low 70s dbA combines durability with minimum weight
@ 7 m (22 ft) at no lead. See chart on page 2 while providing dependability and economy.
for specifics. Generator Se EMCP I m MULTI-VOLTAGE DISTRIBUTION PANEL

epower futs a pawer. WITH LOCKABLE DOORS

= RUGGED DESIGN FOR RENTAL Rust-free hinges on side opening doors.
ENVIRONMENT Adequate space for line and plug
Packages designed to survive in rugged and connection without interference when door
maintenance starved environments. is closed.

m EMCP 1l CONTROL PANEL m EPA AND CARB CERTIFIED
Shock mounted with panel lights. XQ350, XQ225, and XQ125 emission

certified for non-road maobife applications.

XQ350, CATERPILLAR® 3406 ENGINE XQ125, CATERPILLAR® 3304 ENGINE
I-8, Four-Stroke-Cycle Watercooled Diesel I-4, Four-Stroke-Cycle Watercooled Diesel
Bore—mm{in).............. ool 137 {5.4) Bore —mm(in)..................... 121 (4.75)
Stroke—mm{in} ......... ... ... 165 (6.5) Stroke—mm{in}..................... 152 (6.5}
Displacement—L {cuin}........ ... 14,6 (893) Displacement — L {cuin)............. 7.0 (425)
CompressionRatio..................... 14.5:1 Compression Ratio.................... ... 16:1
Aspiration .......... Turbocharged-Aftercooled Aspiration ......... Turbocharged-Aftercooled
g ® Voltages available - Caterpillar EMCP I
XQZZE" CATERPILLAR® 3306 ENGINE 60 Hz 3406 Control Panel 24 Voit DC
6, F _Stroke-Cvecle Wat led Di | 120/208, 277/480, 600, Control
'Bme‘?_‘i'mnsoﬁf) e e a1 (a5 1387220 Vibration isolated
A ) 3306 8 3304 NEMA 12 enclosure
S?roke —mm {in)..... RESPRRPRRPRERRR 152 {6.0) 120/208, 139/240, Dead front
Displacement —L {cuin)............ 10.5 (638} 277/480, 600 Lockable hinged door
Compressiocn Ratio..................o.. . 16:1 (Adjustable a minimum Generator instruments
Aspiration .......... Turbocharged-Aftercooled of x10%). meet ANSI C-39-1-

Some voltages require
derating.



CATERPILLAR

STANDARD EQUIPMENT

Generator Set Package
Air cleaner, dual element
Alternator, charging battery and mounting
Base, fuel tank skidable, 8 hour min.,
full load fuel capacity
Breather, crankcase oil, lubricating
EMCP || control panel
Enclosure, 12-gauge steel
with foam sound suppression
Fuel level gauge
Generator with VR3 voltage regulator
Guards, protection
alternator, fan, belts
Radiator, 112° F
cootant, 50% glycol

Turbocharged-aftercooled on XQ125, XQ225

& XQ350

Woodward electronic 524 governor on XQ125,

X0225 & XQ350

Distribution Panel
Bus bar connections

easy access for connections through bottom of
unit, even when it is lowered to the ground

Lockable doors

side hinged lockable doors with rust-free pinned
hinges. Designed with adequate space to allow for
connection of the 250 volt twist lock plug with the

XQ LINE RENTAL PACKAGE

Receptacles with Individual Circuit Breakers
1- 240V, 50 amp

2 -120V, 15 amp duplex

2 - 120V, 20 amp twist lock

Remote start/stop contacts

Main Circuit Breakers
Current transformers, hard mounted
built-in quick change 240/480V
voltage board on XQ350
Separate 240V and 480V bus bar sets on XQ225 &
XQ125 with both veltages available simultaneously
240V and 480V or 600V, CSA approved

OPTIONAL EQUIPMENT

Trailer with adjustable hitches on XQ225 & XQ125
Air inlet shutoff

Battery charger

CSA approval

Jacket water heater

Space heater

Trailer with pintle hitch on XQ350

door closed.
TECHNICAL DATA
3408, 3306, 3304 Generator Sets XQ350 XQ2z2s XQ12s
Engine 3406 3306 3304
Prime power rating (w/10% overioad)

@ 0.8PF with fan kw 350 225 125
Engine horsepower bhp 519 316 196
Aspiration TA TA TA
Dimensions with Trailer
Length mm {in) 6147 (248) 5385 (221) 5385 (220)
Width mm (in} 2388 (95} 1956 (75} 1956 (75)
Height {with lifting eye) mm (in) 3531 (140) 2612 {103} 2612 (103)
Shipping weight (wet} kg (Ib) 6356 (14 000) 4990 {11 000) 4404 (9800)
Engine lubricating oil capacity L (gts} 37.9 {40.0) 29.0 (31.0) 21.8 {23.0}
Engine coolant capacity w/radiator L (gah 89.1 (23.5) 45,5 (12.0) 31.8 (8.4)
Fuel tank capacity L {gal) 758 (200) 530 (140) 530 (140)
Fuel consumption prime +10% load w/fan L/hr (gph) 100.8 (26.6) 66.2 (17.5) 37.3 (9.9}
Fuel consumption {100% prime} w/fan L/hr {gph) 92 {24.3) 59.9 {15.8} 33.8 {8.0}
Fuel consumptidn (75% prime) wifan L/hr {gph) 70.4 {18.6) 44.8{11.9) 25.6 (6.8)
Running time @ 75% prime hr 10.8 11.8 20.6
Sound level — Prime +10% dbA 74.1 72.3 68.8

Prime @ 7 meters dbA 73.2 71.1 68.4
No Load @ 7 meters dbA 69.6 70.8 64.9
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Introduction

No one has ever attempted to publish a pamphlet w
Mix plants. This pamphlet is made possible through
Pavement Association Environmental Committee, an

ritten specifically about environmental noise around Hot-
the sponsorship and assistance of the National Asphalt
d the support of Hot-Mix asphalt producers. It contains

useful information and facts carefully gathered by the NAPA Environmental Task Force on Noise.
We request you read this pamphlet in its entirety so that you will have a better understanding of the industry’s
problems concerning noise. If you find unfamiliar terminologies, skip over them—BUT DO CONTINUE reading

the entire pamphlet.

This brochure was written to clarify much of the misunderstandings about noise problems in and around
asphalt plants. It points out some of the problems and offers some general guidelines towards their most

expedient and economical solutions.

l. Noise Theory

Noise by definition is unwanted sound. More
specifically, it is sound which annoys, is unpleasant,
or irritating to us. It may be as gentle as dripping
faucet which robs us of our sleep, or as ear-shatter-
ing as a sonic boom, capable of shattering glass
windows and cracking walls. But in all cases, it is
undesirable.

Sound is defined as any pressure variation ina
gaseous or liquid medium that the human ear can
detect. The speed with which the pressure varies is
known as frequency, measured in cycles per second,
_ or hertz (Hz). The frequency range of human-hearing
extends from approximately 20 Hz to 20,000 Hz. Pres-
sure variations outside of this range would normally
be considered as vibrations rather than sound since
they are beyond the range of human hearing.

An equally important term which is used to de-
scribe the quality of sound is intensity. Sound in-
tensity, or loudness, is the magnitude of pressure
changes.

The human ear is an amazing instrument. The
weakest sound intensity that the ear can detect is
about 20 micro pascals; the highest intensity sound
which the ear can perceive without pain is approx-
imately 100,000,000 micro pascals. Thus if we were to
work with sound in micro pascals, we would en-
counter very large unmanagable numbers. To sim-
plify computations and reduce the size of the num-
bers encountered in sound work, a unit called “The
Decibel”” is used. While the pascal units are ex-
pressed in linear form, dB's are determined by a
logarithmic scale (Figure 1).

dB
Logarithmic Linear
Sound Studio 20dB 200 micro pascals
Quiet Office 40dB 2,000 micro pascals

Conversation (3ft)  60dB 20,000 micro pascals

Noisy restaurant 80dB 200,000 micro pascals
Printing press 100dB 2,000,000 micro pascals
50 HPsiren (100 ft) * 120dB 20,000,000 micro pascals

Jet Plane 140dB 200,000,000 micro pascals

Figure 1 Representaii)ve Noise Levels

A. Sound Loudness

The factors determining the loudness we hear are
extremely complex and well beyond the scope of this
report. One factor we must address, however, is the
human ear's unequal sensitivity to frequencies. The
ear is not equally sensitive to all frequencies or to the
same frequency at widely varying sound intensities.
Figure 2 shows the relative response of the human
ear near the threshold of hearing at various frequen-
cies. Since we are interested in sound measure-
ments representing the human ear's response 1o

 sound intensity, we must design an instrument

which approximates the curve shown in Figure 2.
The manufacturers of sound meters have developed
a device known as the A weighting network (A-Scale)
also shown in Figure 2. This weighted measure of
sound intensity is known as the dBA and is the ac-
cepted criteria for sound measurements on which
most noise regulations are based.

B. Sound Power Level

Sound power level (PWL)is a theoretical value rep-
resenting the sound energy being emitted from any
sound source. It assumes an idealized condition of
being a point source of acoustic energy in a free
field. In actual practice, it is a value which is cal-
culated from sound pressure level (SPL)and distance
data. It is of great:value in calculating: the sound
pressure level at various distances from a sound
source. The relationship between the sound power
level (PWL), distance (r), and sound pressure level
(SPL)is as follows:

PWL*=SPL+20log,,r —25

*for hemispherical conditions.

Sound pressure level (SPL) is the sound level ex-
pressed in dB or dBA. Sound pressure is sound we
actually hear or to which a sound level meter re-
sponds.‘Sound pressure level is affected by the dis-
tance from the sound source. Sound pressure level
can also be affected by other sound sources, reflec-
tions, and a variety of other factors. The unit of meas-
ure of sound pressure level which is normally used
is the dBA which most nearly approximates the
response of the human ear to sound.

Rt . 1
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Figure 2 Response characteristics of weighting scales and of ear at threshold of hearing.

If one desires to find the resulting noise level of
two or more pieces of equipment running simultane-
ously, the sound levels in dB cannot be added arith-
metically. A simple method of making the addition
without using logs is to use the correction factor in
Figure 3, which is added to the larger of the two
sound levels to find the resulting sound [evel.

Example
Machine 1 - 100dBA
Machine 2 84 dBA
Difference 6 dBA
Correction Factor
(from Fig.3at 6 dB) 1dBA
Highest Level 100 dBA
Resultant Noise Level 101 dBA

In a free field environment, the sound pressure
(SPL) varies with the distance (d).- As distance in-
creases away from the sound source, the sound
pressure level diminishes. The relationship between
sound pressure level (SPL) and distance (d) is:

SPL2=8SPL1-20(log,d; — 10g,sd,)

It is interesting to note that each time the distance
is doubled, the sound pressure level (SPL) diminishes
by 8 dB (Figure 4).

Example: The sound pressure level at peint 1, which
is 10 feet from the sound source,is 80 dB.
Find the sound pressure at point 2 which
is 40 feet from the sound source, and at
point 3 which is 80 feet from the sound
source.

SPL2=80-20{(0g,40 - log,,10)=68 dB

Since the distance from the source to point 3 is
double the distance of from the source to point 2,
we only need o deduct 6 decibels from the sound
pressure level at 2 to find the sound pressure level
at point 3.

SPL3=68—6=62dB

Il. Legal Implications

Legislation to control noise is not new. Because
noise bothered him, Julius Caesar banned chariot
driving at night. The first documented legal action
relating to noise dates back to the year 1800. At that
time, a group of irate citizens filed a complaint
against the local blacksmith whose shop contained
a large forging hammer that was used throughout
the night. The court ruled that the shop could not
operate between the hours of 800 P.M. and 8:00

1 \

\\

CORRECTION FACTORTO BE
ADDED TO HIGHER SOUND LEVEL

4 6 8

10 12

Figure 3 Difference in sound levels.
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AM. Since Caesar's time many cases have been

heard and numerous decisions handed down. How-

ever, it has only been in the past ten years that any
significant legislation has been passed. Much of
this legislation was based on emotion rather than
on attainable goals.

Although nearly all of the 50 states had prepared
and passed legislation pertaining to noise, the first
momentous step was made on May 20, 1968, with
the passaae of the so-called Walsh-Healey Public
Contracts Act. This Act was truly the forerunner of
all important noise legislation. Yet it failed to accom-
plish the job for which it was designed.

With the ever-increasing cry for more protection
for workers, Congress passed the Occupational
Safety and Health Act (OSHA), of 1870, which pro-
vides enforcement procedures with sufficient ‘power
to compel compliance with its edicts. The OSHA
Act covers a variety of subjects including noise.
Section 1910.95, entitled Occupational Noise Ex-
posure, is the section that concerns us. (See Fig-
ure 5.)

The OSHA Act is not concerned with ambient
noise but with the exposure of the worker to that
noise; meaningful exposure measurement can only
be accomplished by individual dosemeter readings.

The U.S. Environmental Protection Agency (EPA)
is also involved in writing model noise legislation.
The EPA initially wrote noise legislation which was
essentially limited to the noise at and beyond the
property line rather than on-site noise. Now the EPA
is encouraging state and local governments to take
over the job of writing this legislation and is involving
itself only in writing model legislation for its own use.

The EPA is very actively working on a program of
setting noise standards for various types of equip-
ment. As time permits, they will be setting standards
for individual pieces of equipment selected from a
list of major sources of noise pollution. The signifi-
cant difference between this legislation and OSHA’s
is that the manufacturer will be held responsible for
seeing that his equipment meets the EPA standard.

The U.S. Bureau of Mines, Mining Enforcement
Safety Administration, also has powers similar to
those of OSHA. Although their activities are general-
ly limited to mining operations, they may, under
some circumstances, involve themselves in opera-
tions not directly connected with mining.

The enactment of state and city noise ordinances
continues to grow in the Ur)iteg States. In 1976 there

Y

was an increase of 21% in the noise legislation
written by municipalities. These ordinances cover a
wide variety of topics such as nuisance, zoning,
vehicle, recreational vehicles, railroad, aircraft, con-
struction, building, etc. The types of legislation are
so varied that it would be impossible to summarize

£

them. For detailed information it is suggested that

you contact the local, city or state agency involved.

1. NAPA Sound Tests

NAPA has sponsored a noise test program which
attempted to develop a general picture of the noise
problem in hot-mix plants. For purposes of this test
program, 10 asphalt plants of diverse manufacturing
origin and sizes, and equipped with burners of differ-
ent makes operating on both oil and gas, were se-
lected. A series of sound tests were conducted and
isodyne diagrams prepared for each plant. Figure 6
shows the basic information on each of the ten
plants. With the exception of plant four, which con-
tains some erroneous data, test results showed
trends indicating the noise level from any plant may
be predicted based on its firing rate, type of fuel,
and type of burner equipment. Figure 7 shows a chart
which may be used to predict the sound power level
of a burner from the actual heat release, or firing rate.
This chart is based primarily on low pressure air
atomizing burners and may be somewhat difficult to
use for other types of equipment. When used in con-
junction with Figure 8, the sound pressure level in
dBA may be predicted at any distance from the
burner. It should be noted that these charts only
give representative values for hot-mix plants; one
must understand that there will be slight variations
from plant to plant.

The following examples show how these charts

can be used to predict noise levels due to asphalt
plant burner systems. :
Problem: Assume your plant burns 50 million Btu's
per hour using fuel oil. You are going to relocate your
plant near the edge of your property and note that it
will be 300 feet from the property line. You would like
to know the approximate noise level in dBA at the
boundary line of your property.

Known quantities Q=50 Million Btu/hr.
R =300 Feet
Find SPL at 300 feet.

1. Enter chart Figure 7 at 50 Million BTU/Hr and draw
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§ 1910.95 - Occupational noise exposure.

(a) Protection against the effects of
noise exposure shall be provided when
the sound levels exceed those shown in
Table G-16 when measured on the A
scale of a standard sound level meter at
slow response. When noise levels are de-
termined by octave band analysis, the

(b) (1) When employees are subjected
to sound exceeding those listed in Table
G-16, feasible administrative or engi-
neering controls shall be utilized. If such
controls fail to reduce sound levels within
the levels of Table &-16, personal pro-
tective equipment shall be provided and
used to reduce sound levels within the
levels of the table. ‘

equivalent A-weighted sound level may

in noise level in-
be determined as follows: (2) If the variations = A

volve maxima ab intervals of 1 second
or less, it is to be considered continuous.

Figure G-9
140 (3) In all cases where the sound levels
exceed the values shown herein, a con-
o T \ \ \ @ tinuing, effective hearing conservation
Z 130 i 125 4 program shall be administered.
= T \ \ \ 120 2 TABLE G-16—PERMISSIBLE NOISE EXPOSTRES !
2 120 AN / ns 8 Sound level
gm \ \ \ N \‘7 - dBA slow
:Ef T N 1o B Duration per day, hours response
ZEmo AN \\\ z et 90
w B B ———————
8; 1 N N N \_,/ 105y oo 95
2= NN \ 100 < B 97
Z 00
=3 NI N s P 100
5 T '\\\\ // 95 2 1 cemmmmmmmommmmomemmnns igg
g % MR- 2 R T
° in 0 g 14, OF 1885-ccmmmmmmccmmm=- 115
80 ! : . ; . 1 When the daily noise exposure is ecom-
posed of two or more periods of nolse ex-
100 200 500 1000 2000 4000 80% posure of different levels, thelr combined

BAND CENTER FREQUENCY IN CYCLES PER SECOND

Equivalent sound level - contours. Octave
pand sound pressure levels may be con-
verted to the equivalent A-weighted sound
level by plotting them OB this graph and

- noting the A.weighted sound level corre-
sponding to the point of highest penetration
into the sound level contours. This equiva-
lent A-welghted sound level, which may
differ from the actual A-welghted sound
level of the nolse, is used to determine
exposure limits from Table 1.G-18.

effect should be considered, rather than the
individual effect of each. If the sum of the
following fractions: Ci/Ti+C2/T2 Ca/Tn
exceeds unity, then, the mixed exposure
should, be considered to exceed the limit
value. Cn indicates the total time of ex-
posure at 8 specified noilse level, and Tn .
indicates the total time of exposure permit-
ted at that level. :

Exposure to impulsive or {mpact noise
should not exceed 140 dB pesk sound pres-
sure level.

Figure 5 Reprint of Section 1910.95

Plant Type Bumer Plant Fan Avg. Avg. Acoustic Heat
No. Fuel Size Output Size PWL SPL at 60 Power Release
Million BTU’s TPH CFM dB dBA Watts Millions BTU/Hr
1 Oil 170 160 58000 128 85 8.3 41
2 Oil 50 125 40000 122 88 1.8 35
3 Gas 200 280 64000 132 99 15.8 78
4 Gas 80 120 36000 123 80 20 33
5 Oil 40 120 32000 117 84 0.5 30
6 Qil 130 300 60000 115 82 0.31 80
7 Oil 20 250 44000 127 94 4.0 50
8 Oil 80 180 39000 114 80 0.2 53
9 Gas 50 180 44000 123 80 2.0 32
10 Oil 167 240 60000 125 92 3.2 58
Figure 6 Asphalt Hot-Mix Plant Data

- If we had to have a reading of 70 dBA or less at
that point on the property line, we could try to in-
crease the distance, thereby reducing the sound
pressure level. In order to find the approximate
distance we would need to proceed as follows:

a horizontal line intersecting the oil-fired line. At
this point drop a vertical line and read the sound
power level equal to 125 dBA.

2 Enter Curve Figure 8 at a distance of 300 feet and
draw horizontal line to intersect the curve, then
drop a vertical line and read a correction factor

. K equal to 47 dBA. ‘ .

3. Th: sound pressure level at 300 feet from the 4. The sound power from the burner chart Figure 7

dryer will be equal to is equal to 125 dBA as previously determined in

Step 1. If we require 70 dBA, then we must deter-

SPL=PWL-K mine what sound pressure correction factor is
SPL=125-47=78dBA necessary to get down to 70 dBA.

;

S

et b e




140

=
7
[}
|
!
]
;
:
|
-
PSR
PWLE

g

7
1
T
1
|
|
1
: [
T
;]
I
I
7
T
3
iy
i
+
Ya Y

130

dBA

T
. TN TTT THTHT Th[ @
i HE \ + * \ Il L s tillun LT T )
R R T R M [T I NgyianAuan AR T
T ] A1 < B
i T - i "D

aALIF-B
T O UL

I ; g O 11 S
| il R R R T L A SR TR N ST R AR NN L I 0 TR T T ]
i ! — i
i

HPWLU

—;’—-—-—V—-{‘

Figure 7

!
[}
i
RS
K
P

Al
b

T

i

[

!

i

L
i
|
]
-

120

3,
9|
]
L
i
L
}
.
i

1
.
S
=

KW N

EALY
X
oy
>

i

[
e ¥

SOUND POWER LEVEL

110

sea iR - | \ ‘/‘ | : T
st T il /_ Lilisiee I-//ﬁ 1 -
_ " .. \ 1
a N .. ) - : !I

it
g8 8 8§ 238288 @ 8 R gem~ ® © < o N

HNOH Y3d Nig NOITIIA «0y ALVH ISVATIH LV3H




70

T
T
:
:
1
—
o

R ] SRR RN T AR O SR B 0 1 | A= T .
e AR i e SRR R | TR AT B

“F CORBECTION|FAL

y 4
"
N
I
T
n
i
T

|
T
T
I
1
i
|
|
Lt
|
il
T
T
;4
F 4
—— A
=7
-
1
?
I
T
1
i
i
f—
n
T
T
I
T
;
[
L
i
CIST
]
|
!

Figure 8

_ HHEE HHTH - . . N O B A
H - - Y - - 1 - |- N 1 X

CORRECTION FACTOR K {dBA)

i H u | 4 ! ] 'A Ui <
il 1Nt AR I i i Q
I Tiga i T = i i il

i3 REAR N O O O X - . ] 44 1
1 11 Hi N IRIERRRA NN | ] 1 iR jt

10

5588888 § 8 g888 88 8 8 8§ 8832 8 8 8 8 8 2

v i () H3ONV1SIA




el

R L

K=PWL -SPL
K=125-70=55dBA

We need a distance correction factor of 55. Enter
chart Figure 8 at a correction factor equal to 55,
read vertically to intersect the curve, then draw
a horizontal line and read 750 feet from the burner
to the property line to get 70 dBA.

. If it were not practical to increase the distance

from the burner to the property line to 750 feet,
we could consider the use of a low-noise level, or
silent type of burner. To check the sound pressure
level at 300 feet for the low-noise level burner,
proceed as follows:

Take similar steps to steps 1 and 2 in the previous
example. Enter curve Figure 7 at 50 million Btu
and read horizontally to the silent burner line.
Read vertically to show a sound power level of
111 dBA.

To find the sound pressure level at 300 feet
using a silent type of burner, we can use the same
correction factor determined for 300 feet, found in
Step 2.

SPLagopt,=PWL-K
SPLagg rt. = 111 — 47 which equals 84 dBA

The 64 dBA is well below the 70 dBA required at
the property line. It would be safe to locate the
dryer at 300 feet from the property line.

Certain other generalized conclusions may be
drawn from the test work:

1. Gas burners, at the same heat release rate,
are generally noisier than oil burners. This may
be seen from Figure 6.

2. The burner, or firing system, is generally the
most noisy stationary piece of equipment on
the site. :

3. Sound intensity emerging from an open fired
burner is generally higher than the sound level
emerging from the exhaust stack.

4. The sound intensity emerging from the ex-
haust stack is generally directed upwards and,
therefore, less of a problem than the open
burner end. However, thé noise from the stack
may cause problems where low-noise level
burners have been used to reduce sound in-
tensities on the site.

5. Fan intakes and turbo compressor intakes
prove to be a significant source of noise, the
intensity of which is proportional to fan horse-
power.

6. Noise from the dryer drum can be significant
when large size aggregate or stone is being
run without fine aggregate to absorb the im-

 pact of falling rock on the steel shell.

7. Aggregate stockpiles, when properly located,
can greatly aid in reducing noise problems.
The stockpiles act as absorbers and also as
defiectors, and in some cases, as reflectors.
When judiciously used, they may serve as very
effective tools in reducing noise levels at spe-
cific locations.

8. Buildings and large objects may serve as bar-
riers or deflectors to reduce noise at certain
locations. However, it must be realized that
they can also act as reflectors, intensifying

)

o

[
sound in othef areas, Groups of buildings or
other large objects will generally intensify the
sound field on the side facing the burner, or
noise source, and will generally reduce the
sound intensity on the side facing away from
the noise source.

IV. Method of Controlling
Noise Exposure

There are numerous methods and combinations of
methods which may be used to control noise. Most
of these methods can be grouped into five basic
categories:

Move it.

Absorb it.

Block it.

Reduce it.

Reduce exposure time.

O~

Move it.

The offending sound source may be moved to a
new location where the noise does not affect em-
ployees or other persons. An alternative method
would be to relocate the work stations of employees
so that they are remotely located from the noise
source thereby reducing the exposure.

Absorb ii.

Materials such as glass or mineral wool, cork, felt,
etc. have the ability to absorb and dissipate sound
pressure waves. These materials may be used to line
walls, enclosures, screens, and barriers, thereby
absorbing the offending sounds. Attenuators, or
mutes, may also be used to contain and absorb
noise.

Block it.

Sound waves can be blocked by walls, or barriers
made of or lined with dense material such as lead,
or the absorbing materials' referred to above. The
noise source may be enclosed by materials having
low transmission properties, thereby preventing the
escape of the noise. An.aliernative method would be
to enclose employees in protective ‘booths, thereby
reducing exposure. Ear protectors, such as earplugs
or earmuffs, would also fall within this category.

Reduce it.

The offending piece of machinery may be re-
designed to reduce its noise output. The installation
of quiet burners and low noise level motors to re-

- place conventional burners and/or motors is a typical

method.

r

Reduce exposure time.

In severe cases, where it is impractical to use the
methods previously discussed, it may be useful to
reduce operator exposure time by rotating operating

7
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personnel, reducing their overall exposure time and,
as a result, be able to expose them to higher inten-
sities. (See Figure 9)

There are a wide variety of products on the market
which can be used to reduce noise.

Sound level

dBA slow
Duration per day, hours re,spggae
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1 When the dally noise exposure is com-
posed of two or more periods of noise ex-
posure of different levels, thelr combined
effect should be considered, rather than the
individual effect of each. If the sum of the
following Iractions: Ci/T1+C2/T2 Cn/Ta
exceeds unity, then, the mixed exposure
should be considered to exceed the lmit
value. Cn indicates the total time of ex-
posure at a specified -nolse level, and Tn
i{ndicates the total time of exposure permit-
ted at that level.

Exposure to impulsive or {mpact nolse
should not exceed 140 dB peak sound pres-
sure level. .

Figure9 Permissible Noise Exposures

V. Procedure to Follow

Up to now authorities have given priority to model
regulations rather than the enforcement of existing
legislation. In the future one can expect ever-increas-
ing pressure will be brought to bear on industry to
comply with present noise legislation. We think it
wise to take advantage of the lead time and attempt
to gain control of our noise problems while time per-
mits, before being forced to take actions which may
be economically detrimental to our industry.

If you operate an asphalt plant, you probably
shouid plan to correct it in the near future. Do it
before you receive a citation and face the possibility
of being shut down, having to take immediate action
without a chance to investigate the variety of solu-
tions available to you. If you act now, you can prob-
ably save yourself considerable money. in fines,
equipment costs and loss of production.

Once you have decided to correct your problem,
consider the following plan of action:

1. Conduct a walk-around survey of your plant. Lis-
ten to the various noises and try to determine

J

, e
which are the loud, offensive pieces of equip-
ment. If available, the A-scale sound level meter
readings could prove to be helpful, but it is not
absolutely necessary to use a sound level meter
in doing this. :

. Employ a noise consultant to run sound tests on

your plant. It is important that you employ a man
who is qualified to do noise studies and who has
already done similar studies on asphalt plants or
similar types of equipment. Significant savings in
consulting costs can be made by employing
someone having a familiarity with the industry
and the procedures which must be followed. Your
national or state association should be able to
recommend such an individual.

. Prior to making the study, discuss with your con-

sultant your ideas developed during your walk-
around survey. Make it very clear that your ideas
are intended to help him make his study, but that
the responsibility for a complete and thorough
test will rest with him.

. Have the consultant run a complete dBA survey

of your plant site, mapping his findings on an iso-
dyne diagram of at least five dBA isodyne incre-
ments. This map will be used for evaluating your
compliance with noise laws.

5. Have an octave band analysis run on all mobile

and sfationary equipment considered prime noise
offenders. This octave band analysis will give
clues as to the methods which can be used to
silence the equipment.

. Study the isodyne map to locate areas of high

noise level. This study must be done with federal,
state, and local ordinances in mind since they will
vary from place to place.

. Consider the five methods of controlling noise:

1. Move it.

2. Absorbit.

3. Block it.

4, Reduceit.

5. Reduce exposure time.
The 1st and 5th methods can be considered by
yourself, using your isodyne plot to locate the
magnitude and location of your trouble areas. The
2nd, 3rd and 4th methods should only be used in
conjunction with a competent consulting engi-
neer.

. Care should be exercised to get ambient back-

ground noise measurements along property lines,
with the Hot-Mix plant SHUT DOWN. These meas-
urements will set the minimum noise level which
can be achieved. .

. One last caution. This paper is intended to give

to you a basic understanding of noise, noise legis-
lation, and methods of controlling noise, resulting
in a working knowledge of the subject so that you
can intelligently appraise your noise problem. It
gives criteria for selecting a qualified consultant
so that you can work with him and assist him in
defining your noise problem and find the least
expensive, yet acceptable, solution to it. It is not,
nor is it intended to be, a do-it-yourself guide to
noise control. :




ASPHALT DRUM MIXERS, INC.

SOUND LEVELS/dba

ITEM 50ft. JoOft. 300ft. 500ft.
Burner 41lm 85 79 69 65
Exhaust Stack 85 79 69 65
Drum (approx) 50 44 34 30
Turbo-Blower 68 62 52 48
Air Compressor 58 52 42 38
Resulting noise level 87.5. B1.5 71.5 67.5

of all equipment running
simultaneously.

Permissible noise exposure in accordance with OSHA
regulations:

Duration per day, hours Sound level, dba
90
92
95
97
100
102
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Representative noise levels that you are accustomed to
hearing are as follows:

Sound Studio 20db
Quiet Office 40db
Conversation (3ft.0) 60db
Noisy Restaurant 80db
Printing Press 100db
50 H.P. Siren 1204b
Jet Plane 140db

1 ADM PARKWAY — HU&ITERTOWN, INDIANA 46748 — PH. 219-637-5729 — FAX 219-637-3164




1 ADM Parkway, Huntertown, IN 46748 USA
260-637-5729 o Fax 260-637-3164
sales@admasphaltplants.com
www.admasphaltplants.com

Rsphalt Drum Mixers, Inc.

84dBA

SOUND PRESSURE LEVELS WILL DROP BY APPROXIMATELY
6dBA EACH TIME THE DISTANCE FROM THE SOUND
SOURCE IS DOUBLED.

THE APPROXIMATE DECIBEL LEVEL AT 980’ IS 54 Dba

Representative Noise Levels You Are Accustomed To Hearing:

Sound Studio 20dBA
Quiet Office 40dBA
Conversation(3 ft) 60dBA

Noisy Restaurant 80dBA




