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INTRODUCTION
This report contains the environmental noise impact study of the new Sky Valley Shooting Range project
in Sultan, Washington. Stantec conducted this analysis by use of site surveys, area maps, analysis of
existing literature on gun noise profiles, draft conceptual site layout drawings dated February 12, 2021,
and existing ambient noise measurements at the site and at the closest noise-sensitive receptors
(measured on April 29 thru May 2, 2021). Noise fundamentals and definitions are included in Appendix
A.
To understand the noise impact to the neighboring properties, this report contains the following
information:
•

Summary of existing noise regulations.

•

The results of a site noise survey on the property and adjacent residential neighborhood.

•

Projected noise levels from the proposed Sky Valley Shooting Range Facility.

•

Predicted noise levels from change in traffic patterns due to the new facility.

•

Predicted noise levels from construction activity such as excavating, grading, building
construction, plant matter and tree removal.

•

SEPA Checklist

•

Mitigation Plan, as necessary

PROJECT SITE AND ZONING
The Sky Valley Shooting Range project site is located along Sultan Basin Road with the entrance near
the intersection of Kellog Lake Road. The site location for the shooting range is shown in Figure 1. The
site falls within the Snohomish County F zoning code (Forestry) which is considered “Rural”. All the
surrounding properties are also considered “Rural”.
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FIGURE 1. Snohomish County Zoning Map for the New Sky Valley Shooting Range Site (Outlined in Red).

NOISE REGULATIONS/CRITERIA
Criteria I: Snohomish County Code (SCC)
Per Snohomish County Code Chapter 10.01.030, the maximum permissible sound levels are established
based on the zoning of the source property as well as the zoning of the adjacent surrounding properties.
These include Rural, Residential, Commercial, and Industrial zoning designations.
As stated above, the Sky Valley Shooting Range project site is zoned Rural. The properties adjacent to
the site are zoned as follows.
•

To the south-west: R-5, Rural 5-Acre.

•

To the north, south, east, west: F, Forestry (Rural)
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Noise generated on the new Sky Valley Shooting Range property and received by surrounding properties
is regulated by the Chapter 10.01 of the Snohomish County Code. Section 10.01.030 lists the
quantitative limits for sound transmitted between properties. The portion of the section that pertains to
the Sky Valley Shooting Range and the surrounding properties is given in Table 1.
Zoning of Surrounding Property

Maximum Leq Day Level

Maximum Leq Night Level

Rural

49 dBA

39 dBA

Residential

52 dBA

42 dBA

Industrial

57 dBA

57 dBA

TABLE 1: Maximum Allowable Sound Pressure Levels Emitted to Neighboring Sites from Rural Sites Based
on Zoning Classification

•

•

Short duration sounds may exceed maximum permissible levels above by no more than 15
minutes in any hour period, comprised of any one or combination of the following exceedances:
o

5 dBA – 15 minutes

o

10 dBA – 5 minutes

o

15 dBA – 1.5 minutes

If sounds have a periodic, impulsive, or pure tone character, the levels in Table 1 are reduced by
five decibels during night hours.

Although the noise level limits in the Snohomish County code are labeled “Maximum Permissible Sound
Levels”, as indicated by the allowable increase for short duration noises, the levels given in Table 1 are
actually average sound levels during any one hour, not maximum levels. The absolute maximum noise
levels allowed by the noise ordinance are the Table 1 levels plus 15 dB for short duration sounds. For a
property zoned Rural surrounding the shooting range site, the maximum allowable sound level during
daytime hours is 64 dBA and 49 dBA during nighttime hours.
Note: Per Snohomish County code Chapter 10.01.050, a shooting range developed in accordance with
the provisions of the purpose of the established zone (SCC 30.2) is exempt from the maximum
permissible sound levels (10.01.030) during daytime hours. Also, noise associated with traffic for this
project is currently exempt from maximum noise levels outlined in the Snohomish County Code
exemptions.
Note: Per Snohomish County code Chapter 10.01.050, “Sounds Exempt During Daytime Hours. The
sounds created by construction equipment, including special construction vehicles, at temporary
construction sites are exempt, during daytime hours, from the maximum permissible sound levels
established in SCC 10.01.030(2) and 10.01.030(3) except that such sounds produced by operations or
activities requiring the issuance of a Conditional Use Permit or a SEPA determination shall only be
exempt in so far as the conditions regarding noise of the Conditional Use Permit or SEPA determination
are being complied with.
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Criteria II: WAC 197-11-960, “Environmental Checklist”
The State Environmental Policy Act (SEPA) in the WAC has issued the following checklist to identify
potential noise impacts to the surrounding environment.
1. What types of noise exist in the area which may affect your project (for example: traffic,
equipment, operations, other)?
2. What types and level of noise would be created by or associated with the project on a short-term
or a long-term basis (for example: traffic, construction, operations, other)? Indicate what hours
noise would come from the site.
3. What are the proposed measures to reduce or control noise impacts? If any exist.
Criteria III: Washington State Department of Transportation, “Guidelines for Noise Levels”
(WSDOT)
Noise associated with traffic for this project is currently exempt from maximum noise levels outlined in the
Snohomish County Code. However, noise impacts due to changes in operations can be evaluated. The
criteria described in WSDOT make reference to the Federal Highway Administration (FHWA) Code of
Federal Regulations (CFR), Title 23, Part 772, “Procedures for Abatement of Highway Traffic Noise and
Construction Noise” which defines noise impacts. The noise abatement criteria are provided in the
following table FHWA Noise Abatement Criteria (Table 1 taken from Part 772).
For this project, impacts to the existing adjacent properties applies to Category B.
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PROPOSED SITE PLAN
The proposed Sky Valley shooting range is located just north of Kellogg Lake between Sultan Basin Road
and Kellogg Lake Road as shown in Figure 2. The nearest residential area is to the south-west of the
new shooting range approximately 1,975 feet from the entrance to the site.
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FIGURE 2. Sky Valley Shooting Range Site Plan.
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EXISTING SITE CONDITIONS
Initial ambient noise conditions were measured between April 29 and May 2, 2021. Long-term
measurements of ambient sound levels were made at two locations on the site (L1, L2). Short-term
measurements (S1, S2, S3, S4) and observations were taken at the start and end of the measurement
period to determine the sounds that comprise the background sound levels in the residential area
adjacent to the site. The measurement locations are shown in Figure 3.

FIGURE 3. Ambient Noise Measurement Locations; Sky Valley Shooting Range and Adjacent Residential
Area to the Southwest of the Project.

A plan of the project is superimposed on a current google map in Figure 4, but structures were not
present during the measurements. Tables 2 and 3 below shows the range of sounds across the site
during different times of day of the long-term measurements. The leftmost column documents the day the
measurements were conducted. The next two columns document the daytime and nighttime ranges of
the average sound level per hour (Leq). The final column documents the day-night level at each location
(Ldn). Additionally, Figures 5 and 6 show the measured hourly Leq from Thursday to Sunday.
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FIGURE 4. Sky Valley Shooting Range Plan Superimposed on the Google Map to Show the Relative Distance
to Sensitive Residential Area to the Southwest.

Measurement Location 1
Range 1 Hr Leq
Day (dBA)

Range 1 Hr Leq Night
(dBA)

Ldn

Saturday -May 1

40-56

17-43

56

Friday-Apr 30

32-54

17-41

54

Thursday-Apr 29

37-65

22-56

63

Date/Day

TABLE 2. Range of Ambient Background Noise at the Sky Valley Shooting Range Site Location 1 During
2021 Measurement (April 29- May 2).
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Measurement Location 2
Range 1 Hr Leq
Day (dBA)

Range 1 Hr Leq
Night (dBA)

Ldn

Saturday -May 1

40-52

20-40

45

Friday-Apr 30

34-50

19-41

52

Thursday-Apr 29

37-53

23-44

53

Date/Day

TABLE 3. Range of Ambient Background Noise at the Sky Valley Shooting Range Site Location 2 During
2021 Measurement (April 29- May 2).

FIGURE 5. Measured Hourly Noise Levels (Leq) at Location 1 Near the New Sky Valley Shooting Range
Entrance (Nighttime Hours Shown Highlighted Blue).

The spike in noise levels shown in at 11:00 PM on Saturday evening is considered an “outlier” level and is
most likely the result of a loud motorcycle, emergency vehicle, or loud passenger vehicle passing the
microphone location close to 11:00 PM. It is not indicative of the ambient noise levels at the site when
compared with the noise levels measured on Thursday or Friday.
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FIGURE 6. Measured Hourly Noise Levels (Leq) at Location 2 Near the New Sky Valley Shooting Range.
(Nighttime Hours Shown Highlighted Blue)
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Table 4 below shows the results of the short-term measurements at locations S1, S2, S3, and S4 to
document existing noise levels in the residential area southwest to the entrance to the new site.
Short-Term Measurements – April 29, 2021 (Thursday)
Measurement Location

Average 15 min. Leq, dBA

Time

S1

33

11:45 am

S2

35

12:13 pm

S3

36

12:34 pm

S4

36

12:57 pm

L1

53

09:43 am

L2

43

10:23 am

TABLE 4: Measured Ambient Background Noise Near the New Shooting Range Site at Locations L1, L2, S1,
S2, S3 ANDS4 During 2021 Measurement Period.

The results of the measurements found that the ambient noise levels at and around the project site are
considered very quiet, with hourly Leq noise levels between 35-65 dBA during weekdays and between
40-56 dBA during the weekend. These noise levels do extend above the 49 dBA daytime limit for rural
properties as stated in Section 10.01.030 of the Snohomish County Code and below the 39 dBA nighttime
limit. The main source of ambient noise in the project area is traffic on Sultan Basin Road for most times
of day, both during weekdays and weekends,
Short-term ambient noise levels at the closest residential receptors at 33-36 dBA were all below the
Snohomish County Code limits for rural properties.
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PREDICTED NOISE LEVELS FROM SHOOTING RANGE ACTIVITY
The noise levels from the shooting range were predicted using SoundPlan Acoustic Modeling software.
SoundPlan uses standardized prediction techniques (per ISO 9613) and accounts for distance,
topography, vegetation, and the effect of shielding and reflections produced by buildings and acoustic
barriers.
Shooting Range Site Analysis Conditions and Assumptions
The following conditions and assumptions were included in the exterior noise analysis of the shooting
range activity:
•

All noise-sensitive receptor locations were positioned at 5’ above ground level.

•

Each firearm was represented as a point source.

•

Firearm octave band sound levels were obtained through the source library within the SoundPlan
software.

•

The distances between the various areas of activity at the project site and the adjacent
neighborhood to the southwest of the site were assumed to be as follows (Table 5)
Project Activity Location

Distance to Nearby Residential Area (ft)

Shotgun Range

4,698

Rifle Range

5,052

Pistol Range

6,358

Camping

3,996

Maintenance Building/Yard

4,747

Competition target Archery

3,236

Hunter Education Course

2,594

3D Archery

5,554

Recreational Target Archery

7,214

Broadhead Archery

7,648

TABLE 5: Distances Between Various Project Activity Locations and the Neighboring Residents.

•

The shotgun noise profile assumes a black powder 45-caliber rifle.

•

The rifle noise profile assumes black powder 45-caliber rifle.

•

The pistol noise profile assumes a high-speed fire 5.6mm caliber pistol.

•

No additional barriers or earth berms were considered in the analysis beyond the structures
shown in the initial drawings.
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•

The camping area was limited to directors and not general population camping.

•

During competitions, the analysis assumed approximately 900 guests and assumes a worst-case
condition that 1/3 of the firearms would be discharged simultaneously.

•

Traffic rates are based on Snohomish County traffic operations (counts) for Sultan Basin Road
dated 5/16/2018 -5/22/20181.

Shooting Range Analysis Results and Recommendations
Several conditions were analyzed, and the description of those conditions are presented in Table 6.
Further discussions and analysis conditions can be evaluated as necessary.

Condition #

Description

1

One Shotgun

2

One Rifle

3

One Pistol

4

Camp Area Crowd, Loud Talking, Laughing

5

Maintenance Building/Yard Activity

6

Full Festival Activity -Crowds-900 people, Activity at All Locations

7

Initial Weekday Traffic Noise (No Shooting Range)

8

Initial Weekend Traffic Noise (No Shooting Range)

9

Traffic Due to Competition on New Shooting Range (900 Guests)

TABLE 6. Descriptions of the Various Conditions Analyzed at New Sky Valley Shooting Range Site.

The results of the exterior noise analysis of the Sky Valley Shooting Range and its’ potential impact to the
nearest adjacent residential area as compared with Section 10.01.030 in the Snohomish County Code
are shown in Table 7 below. SoundPlan noise contour maps of the analysis conditions are included in
Appendix B.

1

http://www.snoco.org/Docs/TES/TRAFFIC%20STUDIES/24%20HR%20MACHINE%20COUNTS/2018/SZ/SULTAN%20BASIN%20RD%20NO%20124%20ST%20SE%2018.pdf . Last accessed, May 24, 2021.
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at Resident Area

Description

Condition #
1
2
3

One Shotgun
One Rifle
One Pistol

4

Camp Area-crowd, loud talking, laughing

5
6

Maintenance Building/Yard activity
Full Competition Activity -crowds-900
people, activity at all locations

7

Weekday traffic noise (no Shooting Range)

8

Weekend traffic noise (no Shooting Range)
Traffic due to Competition on new shooting
Range 900 guests

9

Predicted Sound Pressure Level
dBA at nearest residential area
(SW)

Met Daytime Met Nighttime
Code (Y/N)
Code (Y/N)

46

Y

Y

43
16
13

Y
Y
Y

Y
Y
Y

13

Y

Y

52

N

N

39

Y

Y

37

Y

Y

40

Y

N

TABLE 7. Predicted Sound Pressure Levels (dBA) at the Neighboring Southwest Residences.

The predicted maximum noise levels in Table 7 show that with no mitigation, noise levels at the
residential areas due to active shooting at the shotgun and rifle ranges are expected to be just below the
reference Snohomish County nighttime limit (49 dBA for impulse noise) and most likely above the existing
ambient noise in the area. Noise generated from activity in the pistol range, in the camping area, and
from maintenance activity at the shooting range is expected to be well below both the Snohomish County
code limits and the existing ambient noise levels in the area.
Where the Snohomish County Code daytime noise limit is predicated to be exceeded is during the worstcase scenario, a competition at the shooting range with approximately 900 guests, which is expected to
happen 2-3 times a year. The worst-case scenario assumes that 1/3 of all the firing lanes are discharging
at the same time and crowds of people are gathered around the site. In this case, it is predicted that
noise levels could be as high as 64 dBA at the entrance to the new site (property line) and 52 dBA at the
nearest residential area. These levels are shown in comparison to the measured ambient levels and the
predicted sound pressure level during a typical day at the shooting range in Tables 8 and 9, below.

Measured and Predicted Conditions

Sound Pressure Level dBA in Residential Area

Predicted Competition Day-Worst Case Scenario
(Traffic + Firearms)

52

Predicted Typical Day (Traffic + Firearms)

48

Ambient Measured (4/29/2021)

36

TABLE 8. Predicted Noise, Worst Case Scenario, 900 Guest Firearm Competition Compared with the
Measured Ambient Noise at the Nearest Noise-Sensitive Residential Area.
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Sound Pressure Level dBA
at L1

Sound Pressure Level dBA at
L2

Predicted Competition Day
(Traffic +Firearms)

61

64

Predicted Typical Day
(Traffic + Firearms)

57

60

Ambient measured (4/29/2021)

56

53

Measured and Predicted Conditions

TABLE 9. Predicted Noise, Worst Case Scenario, 900 Guest Firearm Competition Compared with the
Measured Ambient Noise at the West Property Line.

PREDICTED NOISE LEVELS FROM CONSTRUCTION EQUIPMENT & OTHER SOURCES (SHORTTERM)
Two types of short-term noise impacts could occur during construction of the proposed project. First,
construction crew commutes and the transport of construction equipment and materials to the project site
would incrementally increase noise levels on access roads leading into the project site. This increased
traffic would be composed of vehicles, medium trucks, and heavy trucks. Second is the noise impact
related to the actual construction of the firing range.
The second type of short-term noise impact is related to noise generated during construction.
Construction activities would include excavation activities and grading, foundation work, and building
construction. Each construction stage has its own mix of equipment and, consequently, its own noise
characteristics. These various construction operations would change the character of the noise
generated at the project site and, therefore, the ambient noise level as construction progresses. The
loudest phases of construction include excavation, building construction, and grading phases, as the
noisiest construction equipment is downing trees with a chain saw, earthmoving and grading equipment.
The FHWA Roadway Construction Noise Model (RCNM) was used to estimate the impact from short-term
construction activities. The RCNM is used as the FHWA’s national standard for predicting noise
generated from construction. The RCNM analysis includes the calculation of noise levels at a defined
distance for a variety of construction equipment. The spreadsheet inputs include acoustical use factors
and distance to receptors and calculates the expected Lmax and Leq values at a selected receptor.
Table 10 below lists types of construction equipment that may be used throughout construction and the
maximum and average operational noise level as measured at 1,975 feet from the operating equipment.
The 1,975-foot distance represents the distance between the west edge at the entrance area of the
project site and the existing residential area southwest of the site.
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Sound Levels at Residence (SW)
Distance to Nearest
Sensitive Receiver
(ft)

Lmax (dBA)

Leq (dBA)

Acoustical Use
Factor %

Chain Saw

1,975

52

45

20

Ground Compactor

1,975

51

44

20

Dozer

1,975

50

46

40

Flat Bed Truck

1,975

42

38

40

Excavator

1,975

49

45

40

Pickup Truck

1,975

43

39

40

Dump Truck

1,975

45

41

40

Tractor

1,975

52

48

40

Source

TABLE 10. Summary of Federal Highway Administration Roadway Construction Noise Model at Existing
Residential Receivers2.

A reasonable worst-case noise condition for the general construction activity is that a chain saw, dozer,
and a tractor would operate simultaneously at the same location. This represents a conservative
scenario, as it assumes that all three pieces of equipment would be operating at the same time and same
place. Construction would occur in sequential phases, thus in reality, it is not likely the three loudest
pieces of equipment would be operating simultaneously at the exact location of the project site closest to
the nearest noise-sensitive receivers. Nevertheless, the RCNM calculated that this scenario would result
in a combined noise level of 56.1 dBA Lmax and 51 dBA Leq at the existing residential area, 1,975 feet
from the project site. The construction noise modeling output results are attached to this memo in
Appendix C.
Although noise levels could be above both the day and nighttime limits, as defined in the Snohomish
County Noise Code, construction activities are exempt from these limits during the daytime hours (7:00
AM – 10:00 PM). The increases in noise levels from construction activities would be temporary and
construction activities would be limited to the restrictions set in the mitigation section of this document.

Short-Term Construction Vibration Impacts
During construction of the project, equipment such as excavators, graders, loaders, backhoes, and
bulldozers may be used but will be approximately 1,975 feet from the nearest sensitive receptor.
Construction equipment that would be used during project construction would generate vibration levels
between 0.000004 PPV and 0.0001 PPV at 1,975 feet, as shown below in Table 11. All the groundborne
vibration levels are below the Federal Transit Administration vibration threshold at which human
annoyance could occur of 0.10 PPV. Additionally, construction activities would be temporary in nature

2

Source: Stantec 2021, Federal Highway Administration RCNM v1.1 2008
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and would likely occur during normal daytime working hours. Therefore, construction vibrations are not
predicted to cause damage to existing buildings or cause annoyance to sensitive receptors. As such,
implementation of the project would have a less than significant impact related to vibration.

Peak Particle
Velocity at 25
Feet

Peak Particle
Velocity at 50
Feet

Peak Particle
Velocity at
1,975 Feet

Threshold at which
Human Annoyance
Could Occur

Potential for
Project to
Exceed
Threshold

Large
Bulldozer

0.089

0.031

0.0001

0.10

None

Loaded
Trucks

0.076

0.027

0.0001

0.10

None

Small
Bulldozer

0.003

0.001

0.000004

0.10

None

Jackhammer

0.035

0.012

0.00005

0.10

None

Vibratory
Hammer

0.070

0.025

0.0001

0.10

None

Type of
Equipment

TABLE 11. Vibration Source Levels for Construction Equipment. 3

SEPA NOISE QUESTIONS
1. What types of noise exist in the area which may affect your project (example: traffic, equipment,
operations, other).
o

Given the rural surroundings, there is no potential noise impact to the project from
surrounding sources.

2. What types and levels of noise would be created by or associated with the project on a short-term
or a long-term basis (example: traffic, construction, operations, other)? Indicate what hours noise
would come from the site.
o

Short-term:
▪

Operations to preparing site; downing trees, stump grinding, earth excavation.

▪

See the “Predicted Noise Levels from Construction Equipment and Other
Sources” of this document for calculated noise levels.

3

Source: Federal Transit Administration Transit Noise and Vibration Impact Assessment Manual, September 2018
(https://www.transit.dot.gov/sites/fta.dot.gov/files/docs/research-innovation/118131/transit-noise-and-vibration-impact-assessmentmanual-fta-report-no-0123_0.pdf), Last Accessed May 28, 2021
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o

Long-term:
▪

Impulse noise from firearms.

▪

Potential increased traffic on Sultan Basin Road to/from the new shooting range
with campgrounds (day and night, emphasis on weekends).

▪

Potential ongoing maintenance operations, mowing, earth exevations, tractors,
etc.

▪

Potential continuous rooftop mechanical noise and/or other HVAC equipment at
the new site.

▪

Potential gathering, party noise during daytime and nighttime hours from guests.

3. Propsed measures to reduce or control noise impacts, if any.
o

See “Mitigation Plan” section of this document.

MITIGATION PLAN
Shooting Range Activity
When a shotgun or rifle is discharged in the designated areas, the noise levels experienced by the
residences may be detectable, especially during nighttime hours. Rules may need to be established at
the new site to ensure that shotguns and rifles are not discharging during the nighttime hours (10:00 PM
thru 7:00 AM).
Also, to help reduce noise from the rifle and shotgun ranges to the neighboring properties, especially
during competition events, it is recommended to consider installing additional berms or solid barriers to
block the line of sight between the ranges and the closest residential receptors to the southwest. The
earth berms or solid barriers should be long and tall enough to completely cover the range and shall not
have any holes or gaps in the construction. (Further discussion should take place regarding additional
berms and barriers and they can be added to the model before the final issuance of this report.)
Construction Activity
The Federal Transit Administration offers the following construction mitigation measures listed in Section
12.1.3 “Mitigation of Construction Noise” in the Transit Noise and Vibration Impact Assessment document
(FTA-VA-90-1003-06 May 2006).
•

Design considerations and project layout
o

Construct noise barriers, such as temporary walls or piles of excavated material, between
noisy activities and noise-sensitive receivers.

o

Site equipment on the construction lot as far away from noise sensitive sites as possible.
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o

•

Construct walled enclosures around especially noisy activities or clusters of noisy
equipment. For example, shields can be used around pavement breakers, and loaded
vinyl curtains can be draped under elevated structures.

Sequence of operations
o

Combine noisy operations to occur in the same time period. The total noise level
produced will not be substantially greater than the level produced if the operations were
performed separately.

o

Avoid nighttime activities. Sensitivity to noise increases during the nighttime hours in
residential neighborhoods.

SUMMARY
Noise generation associated with the proposed Sky Valley Shooting Range is typically attributed to the
short-term project construction activities and the long-term site activity due to guests and various impulse
sounds from firearms. The short-term construction activities include downing trees, site grading,
construction of the building and apparatuses, and the increase traffic related to facility use.
Based on the FHWA RCNM the proposed project can generate, high levels of construction noise, which
are temporary and will not result in long-term impacts from construction. While the noise level impacts
presented for each phase of construction are a “worst-case” scenario and may at times be audible over
traffic-related noise level impacts surrounding the area, these high levels are not expected to be
continuous. Moreover, these noise levels will be reduced by the application of noise control techniques
affecting and controlling the construction noise at the source.
The long-term activities that will generate high levels of noise at the new shooting range site include the
impulse discharge of firearms. These shots will likely be heard at the closest adjacent residential area
periodically. On a typical day the discharge noise from these firearms would exceed the night-time limits
outlined in the Snohomish Noise Code and should be limited to daytime hours to not disturb the adjacent
residents. During large competitions (worst-case-scenario) exceeding the daytime limits outlined in the
Snohomish Noise Code are expected periodically but not often. Noise levels generated from the range
activity would also be reduced through the use of berms and/or barriers to physically block the ranges
from the closest residential receptors.
This concludes the environmental noise impact evaluation and mitigation plan for the proposed new Sky
Valley Shooting Range.
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APPENDIX A – NOISE FUNDAMENTALS AND TERMINOLOGY

Noise is generally defined as unwanted sound that annoys or disturbs people and potentially causes an
adverse psychological or physiological effect on human health. Because noise is an environmental
pollutant that can interfere with human activities, evaluation of noise is necessary when considering the
environmental impacts of a proposed project.
Sound is mechanical energy (vibration) transmitted by pressure waves over a medium such as air or
water. Sound is characterized by various parameters that include the rate of oscillation of sound waves
(frequency), the speed of propagation, and the pressure level or energy content (amplitude). In particular,
the sound pressure level is the most common descriptor used to characterize the loudness of an existing
sound level.
Although the decibel (dB) scale, a logarithmic scale, is used to quantify sound intensity, it does not
accurately describe how sound intensity is perceived by human hearing. The perceived loudness of
sound is dependent upon many factors, including sound pressure level and frequency content. The
human ear is not equally sensitive to all frequencies in the entire spectrum, so noise measurements are
weighted more heavily for frequencies to which humans are sensitive in a process called A-weighting,
written as dB(A) and referred to as A-weighted decibels. There is a strong correlation between Aweighted sound levels and community response to noise. For this reason, the A-weighted sound level
has become the standard tool of environmental noise assessment. Table 12 summarizes typical Aweighted sound levels for different common noise sources.
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Common Outdoor Activities

Noise Level (dBA)
-110-

Common Indoor Activities
Rock band

Jet flyover at 1,000 Feet
-100Gas lawnmower at 3 Feet
-90Diesel truck at 50 Feet at 50 MPH
Noisy urban area, daytime
Gas lawnmower, 100 Feet
Commercial area
Heavy traffic at 300 Feet

-80-70-

Food blender at 3 Feet
Garbage Disposal at 3 Feet
Vacuum Cleaner at 10 Feet
Normal Speech at 3 Feet

-60Quiet urban daytime
-50Quiet urban nighttime
Quiet suburban nighttime

-40-

Quiet rural nighttime

-30-20-10-

Large business office
Dishwasher in next room
Theater, large conference room
(Background)
Library
Bedroom at night, concert hall
(Background)
Broadcast/recording studio

-0Source: Caltrans, Technical Noise Supplement Traffic Noise Analysis Protocol, September 2013 (https://dot.ca.gov//media/dot-media/programs/environmental-analysis/documents/env/tens-sep2013-a11y.pdf)

TABLE 12. Typical A-Weighted Sound Levels

Different types of measurements are used to characterize the time-varying nature of sound. These
measurements include the equivalent sound level (Leq), the minimum and maximum sound levels (Lmin
and Lmax), percentile-exceeded sound levels (such as L10, L20), the day-night sound level (Ldn), and
the community noise equivalent level (CNEL). Ldn and CNEL values often differ by less than 1 dB. As a
matter of practice, Ldn and CNEL values are considered to be equivalent and are treated as such in this
assessment. Table 13 defines sound measurements and other terminology used in this report.
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Sound Measurements

Definition

Decibel (dB)

A unitless measure of sound on a logarithmic scale, which indicates the
squared ratio of sound pressure amplitude to a reference sound pressure
amplitude. The reference pressure is 20 micro-pascals.

A-Weighted Decibel (dB(A))

An overall frequency-weighted sound level in decibels that approximates
the frequency response of the human ear.

Maximum Sound Level (Lmax)

The maximum sound level measured during the measurement period.

Minimum Sound Level (Lmin)

The minimum sound level measured during the measurement period.

Equivalent Sound Level (Leq)

The equivalent steady state sound level that in a stated period of time
would contain the same acoustical energy.

Percentile-Exceeded Sound Level
(Lxx)

The sound level exceeded xx % of a specific time period. L10 is the sound
level exceeded 10% of the time. L90 is the sound level exceeded 90% of
the time. L90 is often considered to be representative of the background
noise level in a given area.

Day-Night Level (Ldn)

The energy average of the A-weighted sound levels occurring during a 24hour period, with 10 dB added to the A-weighted sound levels occurring
during the period from 10:00 p.m. to 7:00 a.m.

Community Noise Equivalent
Level (CNEL)

The energy average of the A-weighted sound levels occurring during a 24hour period with 5 dB added to the A-weighted sound levels occurring
during the period from 7:00 p.m. to 10:00 p.m. and 10 dB added to the Aweighted sound levels occurring during the period from 10:00 p.m. to 7:00
a.m.

Peak Particle Velocity (PPV)

A measurement of ground vibration defined as the maximum speed
(measured in inches per second) at which a particle in the ground is
moving relative to its inactive state. PPV is usually expressed in
inches/second.

Frequency: Hertz (Hz)

The number of complete pressure fluctuations per second above and
below atmospheric pressure.

Source: Federal Highway Administration Construction Noise Handbook, 2006 4

TABLE 13. Definition of Sound Measurement

With respect to how humans perceive and react to changes in noise levels, a 1 dB(A) increase is
imperceptible, a 3 dB(A) increase is barely perceptible, a 5 dB(A) increase is clearly noticeable, and a 10
dB(A) increase is subjectively perceived as approximately twice as loud. These subjective reactions to
changes in noise levels were developed on the basis of test subjects’ reactions to changes in the levels of
steady-state pure tones or broadband noise and to changes in levels of a given noise source. These

4

https://www.fhwa.dot.gov/environment/noise/construction_noise/handbook/handbook02.cfm , Last Accessed May 28, 2021.
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statistical indicators are thought to be most applicable to noise levels in the range of 50 to 70 dB(A), as
this is the usual range of voice and interior noise levels. Numbers of agencies and municipalities have
developed or adopted noise level standards, consistent with these and other similar studies to help
prevent annoyance and to protect against the degradation of the existing noise environment.
For a point source such as a stationary compressor or construction equipment, sound attenuates based
on geometry at a rate of 6 dB per doubling of distance. For a line source such as free-flowing traffic on a
freeway, sound attenuates at a rate of 3 dB per doubling of distance. Atmospheric conditions including
wind, temperature gradients, and humidity can change how sound propagates over distance and can
affect the level of sound received at a given location. The degree to which the ground surface absorbs
acoustical energy also affects sound propagation. Sound that travels over an acoustically absorptive
surface, such as grass, attenuates at a slightly greater rate than sound that travels over a hard surface,
such as pavement. The increased attenuation is typically in the range of 1–2 dB per doubling of distance.
Barriers, such as buildings and topography that block the line of sight between a source and receiver,
also increase the attenuation of sound over distance.
Decibel Addition
Because decibels are logarithmic units, sound pressure levels cannot be added or subtracted through
ordinary arithmetic. On the dB scale, a doubling of sound energy corresponds to a 3 dB increase. In
other words, when two identical sources are each producing sound of the same loudness, their combined
sound level at a given distance would be 3 dB higher than one source under the same conditions. For
example, if one source produces a sound pressure level of 70 dB(A), two identical sources would
combine to produce 73 dB(A). The cumulative sound level of any number of sources can be determined
using decibel addition.
Vibration Standards
Vibration is like noise such that vibration involves a source, a transmission path, and a receiver. While
related to noise, vibration differs in that noise is generally considered to be pressure waves transmitted
through air, whereas vibration usually consists of the excitation of a structure or surface. As with noise,
vibration consists of an amplitude and frequency. A person’s perception to vibration depends on their
individual sensitivity to vibration, as well as the amplitude and frequency of the source and the response
of the system that is vibrating.
Vibration can be measured in terms of acceleration, velocity, or displacement. A common practice is to
monitor vibration in terms of peak particle velocity in inches per second (PPV). Standards pertaining to
perception as well as damage to structures have been developed for vibration levels defined in terms of
PPV.
Human and structural response to different vibration levels is influenced by a number of factors, including
ground type, distance between source and receptor, duration, and the number of perceived vibration
events. Table 14 notes the general threshold at which human annoyance could occur is 0.1 PPV for
continuous/frequent sources. Table 15 indicates the threshold for damage to typical residential and
commercial structures ranges from 0.3 to 0.5 PPV for continuous/frequent sources.
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Maximum PPV (in/sec)
Human Response
Transient Sources

Continuous/Frequent Sources

Barely perceptible

0.035

0.012

Distinctly perceptible

0.24

0.035

Strongly perceptible

0.90

0.10

Severe

2.0

0.40

Notes: Transient sources create a single isolated vibration event, such as blasting or drop balls. Continuous/frequent inter mittent
sources include impact pile drivers, pogo-stick compactors, crack-and-seal equipment, vibratory pile drivers, and vibratory
compaction equipment.
Source: California Department of Transportation, Transportation and Construction Vibration Guidance Manual, April 2020 5

TABLE 14. Guideline Vibration Annoyance Potential Criteria

Maximum PPV (in/sec)
Structure and Condition
Transient Sources

Continuous/Frequent Sources

Extremely fragile historic buildings,
ruins, ancient monuments

0.12

0.08

Fragile buildings

0.30

0.12

Historic and some old buildings

0.50

0.20

Older residential structure

0.70

0.30

New residential structures

1.2

0.50

Modern industrial/commercial
buildings

2.0

0.50

Notes: Transient sources again create a single isolated vibration event, such as blasting or drop balls. Continuous/frequent
intermittent sources include impact pile drivers, pogo-stick compactors, crack-and-seal equipment, vibratory pile drivers, and
vibratory compaction equipment.
Source: California Department of Transportation, Transportation and Construction Vibration Guidance Manual, April 2020

TABLE 15. Guideline Vibration Damage Potential Criteria

5

https://dot.ca.gov/-/media/dot-media/programs/environmental-analysis/documents/env/tcvgm-apr2020-a11y.pdf, Last
Accessed March 10, 2021.
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The operation of heavy construction equipment, particularly pile driving and other impact devices, such as
pavement breakers, create seismic waves that radiate along the surface of the ground and downward into
the earth. These surface waves can be felt as ground vibration. Vibration from the operation of this
equipment can result in effects ranging from annoyance of people to damage of structures. Varying
geology and distance will result in different vibration levels containing different frequencies and
displacements. In all cases, vibration amplitudes will decrease with increasing distance. Perceptible
groundborne vibration is generally limited to areas within a few hundred feet of construction activities.
Table 7-4 “Vibration Source Levels for Construction Equipment” in the 2018 Federal Transit
Administration (FTA) Transit Noise and Vibration Impact Assessment Manual6 lists vibration source levels
for the construction equipment most likely to generate high levels of ground vibration. The equipment
listed in the FTA table includes impact and sonic pile drivers, clam shovel drops, hydromills, vibratory
rollers, hoe rams, large and small bulldozers, caisson drilling, loaded trucks, and jackhammers. Table 16
below summarizes typical reference vibration levels generated by select construction equipment
proposed for this Project.
Equipment

PPV at 25 Feet

Vibratory roller

0.210

Large bulldozer

0.089

Loaded trucks

0.076

Small bulldozer

0.003

Notes: PPV = peak particle velocity
Source: Federal Transit Administration Transit Noise and Vibration Impact Assessment Manual, September 2018

TABLE 16. Vibration Source Levels for Construction Equipment

Vibration amplitude attenuates over distance and is a complex function of how energy is imparted into the
ground and the soil conditions through which the vibration is traveling. Equation 7-2 in the FTA 2018
Transit Noise and Vibration Impact Assessment Manual can be used to estimate the vibration level at a
given distance for typical soil conditions. “PPVref” is the reference PPV from Table 3.13-5 and “Distance”
is the distance between the source and the receptor:
PPV = PPVref x (25/Distance)^1.5

6

https://www.transit.dot.gov/sites/fta.dot.gov/files/docs/research-innovation/118131/transit-noise-and-vibration-impact-assessmentmanual-fta-report-no-0123_0.pdf, Last Accessed May 28, 2021.
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APPENDIX B – SOUNDPLAN NOISE CONTOUR MAPS
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APPENDIX C – RCNM CONSTRUCTION NOISE CALCULATIONS

38

39

