TO:

Luis Tovar, Mulhern MRE, Inc.

FROM:

Stacey Nerger, Associate Planner

DATE:

May 20, 2020

SUBJECT:

Cottonwood Filing No. 1 Tract A- Use by Special Review
[Application Z20-003]

The following are the comments regarding your application. All comments must be
responded to, and if you disagree with a comment please indicate the reasoning of your
disagreement. Please sign and return this memo with your next submittal. A follow-up
meeting with the reviewing agencies can be scheduled to provide additional guidance.
TOWN OF PARKER PLANNING DEPARTMENT:
ATTN: STACEY NERGER
E-MAIL: snerger@parkeronline.org
FAX: 303-841-3223
PHONE: 303-805-3199
COTTONWOOD FILING NO. 1 TRACT A – USE BY SPECIAL REVIEW
General Comments:
1. Please submit you plan for notifying the adjacent property owners along with any additional
notifications the water district will be completing. Please include how and when these
notifications will be sent.
Complied:

Yes

No

Response: Project updates will be posted on the District’s website, every other Monday
following the commencement of the project. Project updates will also be sent to property
owners who choose to participate to receive biweekly updates via email from the Cottonwood
Water and Sanitation District. Included with this response letter is a copy of the second
project notice that was mailed out on April 27th to the properties adjacent to the construction
site (53 properties total).
2. Please submit the noise mitigation study to be a part of this application.
Complied:

Yes

No

Response: Attached for your information is the Noise Mitigation Studies, dated February 21
and April 2, 2020 that were prepared for this project by Behrens and Associates, Inc.
(“Behrens”). Modifications to the February report were made to allow the drilling contractor

a larger footprint within the wall to provide additional room for their operation. Behrens used
the proposed layout and revised the dimensions of the sound wall in their noise model (April
2, 2020 report) which resulted in no noise change or an increased thereof higher than those
shown in the February report. Cottonwood will be implementing the wall footprint
recommended by Behrens’ April 2, 2020 report.
3. Please include an image of the proposed sound wall. In addition, is the site plan on the narrative
which shows the small location for the sound wall the correct location? Will the sound wall
be a single wall or will it enclose the drilling operation?
Complied:

Yes

No

Response: Enclosed with this response letter are two images (Images 1 & 2) that closely
represent the type of wall to be used for our project. The location of the sound wall shown on
the project narrative is the correct location of the sound walls. There will be two walls. The
primary wall (400 ft L x 32 ft H) will be a three-sided wall with an open side facing Cherry
Creek. A secondary wall (24 ft L x 24 ft H) will be placed next to the rig engine in order to
attain the maximum noise mitigation from the equipment. The primary wall will
enclose/block the view of the drilling equipment, including its lighting, from the north, south
and east of the site. Please refer to Behrens’ April 2, 2020 report, page 14 for a general
representation and location of the sound walls.
OUTSIDE REFERRAL AGENCY COMMENTS
4. Please address all outside referral agency comments with a written response. Copies of these
comments can be found within the case file in TRAKiT.
Complied:

Yes

No

Response: Acknowledged.
`
Property Owner (CWSD – General Manager)

May 20, 2020
Date
May 20, 2020

Project Representative

Date

COTTONWOOD

WATER AND SANITATION DISTRICT
C/O Mulhern MRE, Inc.
188 Inverness Drive West, Suite 150
Englewood, CO 80112
303-792-9509
Fax 303-414-0671

2nd NOTICE OF PLAN TO RE-DRILL WATER WELL ADJACENT TO
COTTONWOOD RESIDENCES ALONG CHERRY CREEK TRAIL
April 27, 2020

The Cottonwood Water and Sanitation District (“Cottonwood Water”) is moving forward with
the well re-drill project located in the open space west of Cherry Creek (Figure 1). Pending approval
and permitting from the Town of Parker, Cottonwood Water expects to access the site during the week
of May 25, or early during the week of June 1 with sound wall installation. Cottonwood Water
anticipates drilling activity to begin shortly after the wall contractor is done with the erection of the
wall. If you would like to get bi-weekly updates after the project gets started, please email us at
info@cottonwoodwater.org to be added to the project’s update list.
Figure 1

We apologize for the inconvenience of this operation. If you have questions regarding this
project, please contact us at the following:
Cottonwood Water (c/o Mulhern MRE, Inc.):
Office:
303-649-9857
Luis Tovar or Kelly Conover
Project Engineer:
720-274-8352
Scott Barnett
After Hours:
303-426-3167
Notify Answering Service for return call

Behrens and Associates, Inc.
Environmental Noise Control

CWSD Well D-1 Redevelopment
Noise Modeling Report
February 21, 2020

Prepared for:
Mulhern MRE, Inc
188 Inverness Drive West, Suite 150
Englewood, Colorado 80112

Prepared by:
Behrens and Associates, Inc.
13806 Inglewood Avenue
Hawthorne California, 90250

Antonio King
Staff Acoustical Engineer

Jason Peetz
Engineering Manager

Corporate Office: Hawthorne, California
Introduction
Carson, California ~ Aledo, Texas ~ Napa California ~ Longmont, Colorado ~ McDonald, Pennsylvania ~ Calgary,
Canada
Phone 800-679-8633 ~ Fax 310-331-1538
www.environmental-noise-control.com ~ www.drillingnoisecontrol.com
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1. Introduction
The following report provides a noise modeling assessment of the proposed activities at the Cottonwood Water and
Sanitation District (CWSD) Well D-1 Redevelopment site. Per Douglas County code, the project will be assessed in
relation to the Colorado Revised Statutes (CRS) noise regulations. The assessment includes a modeling analysis of
the Challenger 360 Drilling Rig operated by Hydro Resources. The CWSD Well D-1 Redevelopment site
(39°33'32.27"N, 104°47'9.04"W) is located approximately 0.7 miles north of the E-470 Toll Road and 0.25 miles
west of South Parker Road in Parker, Colorado as shown in Figure 1-1.
To assess the operational noise levels of the proposed activities at the CWSD Well D-1 Redevelopment site, file noise
level data previously measured and similar to equipment associated with the Challenger 360 Drilling Rig was utilized
in the noise modeling. The noise models were developed using SoundPLAN 8.0 software.
The following is provided in this report:
•
•
•
•

A brief introduction of the fundamentals of noise
A review of applicable noise standards
A discussion of noise modeling methodology
An assessment of the predicted operational noise levels in relation to the CRS noise limits

CWSD Well D-1
Redevelopment Site

Figure 1-1 Site Location
Introduction

1

Behrens and Associates, Inc.
Environmental Noise Control

2. Noise Fundamentals
Sound is most commonly experienced by people as pressure waves passing through air. These rapid fluctuations in
air pressure are processed by the human auditory system to produce the sensation of sound. The rate at which sound
pressure changes occur is called the frequency. Frequency is usually measured as the number of oscillations per
second or Hertz (Hz). Frequencies that can be heard by a healthy human ear range from approximately 20 Hz to
20,000 Hz. Toward the lower end of this range are low-pitched sounds, including those that might be described as a
“rumble” or “boom”. At the higher end of the range are high-pitched sounds that might be described as a “screech”
or “hiss”.
Environmental noise generally derives, in part, from a combination of distant noise sources. Such sources may include
common experiences such as distant traffic, wind in trees, and distant industrial or farming activities. These distant
sources create a low-level "background noise" in which no particular individual source is identifiable. Background
noise is often relatively constant from moment to moment but varies slowly from hour to hour as natural forces
change or as human activity follows its daily cycle.
Superimposed on this low-level, slowly varying background noise is a succession of identifiable noisy events of
relatively brief duration. These events may include the passing of single-vehicles, aircraft flyovers, screeching of
brakes, and other short-term events. The presence of these short-term events causes the noise level to fluctuate.
Typical indoor and outdoor A-weighted sound levels are shown in Figure 2-1. Detailed acoustical definitions have
been provided in Appendix A – Glossary of Acoustical Terms.

Figure 2-1 Typical Indoor and Outdoor A-Weighted Sound Levels
Noise Fundamentals
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3. Noise Standards
3.1

CRS 25-12-103 Noise Standards

Per the Douglas County code, the modeling analysis was developed to predict operational noise levels at code
compliance points and verify compliance of operations with the Colorado Revised Statutes (CRS) 25-12-103 noise
standards. The CRS code establishes permissible sound levels by type of property and hours of the day. The
measurement location is defined in Section 25-12-103(1) as “Sound levels of noise radiating from a property line at
a distance of twenty-five feet or more therefrom in excess of the dB(A) established for the following time periods
and zones shall constitute prima facie evidence that such noise is a public nuisance”.
Based on the specifications of CRS 25-12-103 and the project USR, the residential noise level limits listed in Table
3-1 will be used to assess the noise impact of the site.
Table 3-1 Colorado Noise Related Statutes 25-12-103 (1) – Maximum Permissible Noise Levels
Zone

Maximum Noise (dBA)
7:00 am to next 7:00 pm

Maximum Noise (dBA)
7:00 pm to next 7:00 am

Residential

55 dBA

50 dBA

Commercial

60 dBA

55 dBA

Light Industrial

70 dBA

65 dBA

Industrial

80 dBA

75 dBA

Noise Standards
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4. Ambient Sound Level Survey
4.1

Ambient Sound Level Survey Procedure

Two Type 1 SVANTEK SVAN 971 sound level meters were utilized to conduct a 72-hour ambient sound level
survey adjacent to the CWSD Well D-1 Redevelopment site. The sound level meters conform to Type 1 as per ANSI
S1.4 Specification for Sound Level Meters. The sound level meters were calibrated with a Quest QC-10 calibrator
before and after the measurement period. The sound monitoring period began on Friday, February 14, 2020 with the
meter programmed to continuously monitor and record A-weighted sound levels. The monitoring period ended on
Monday, February 17, 2020. The locations of the sound level meters used to conduct the ambient survey can be seen
in Figure 4-1. The instrumentation details are presented in Table 4-1.
Table 4-1 Instrumentation Details
Instrument
Manufacture/Model
Sound Level Meter
SVANTEK SVAN 971
Weather Station
Larson Davis Vantage Vue
Sound Level Meter
SVANTEK SVAN 971

Location
1
1
2

4.2

Ambient Sound Level Survey Results

The measured A-weighted daytime and nighttime average sound levels for monitoring locations 1 and 2 are listed in
Table 4-2. The measured A-weighted hourly average Leq for monitoring locations 1 and 2 are shown in Figure 4-2
and Figure 4-3, respectively. Weather data was collected using a Larson Davis Technologies Vantage Vue weather
station and used to omit data when wind speeds are in excess of 5 mph per CRS code. Wind speeds were less the 5
mph for the entire duration of the ambient survey, therefore, all collected data was included in the daytime and
nighttime calculated averages.
Table 4-2 Measured Ambient Sound Levels
Location 1
Location 2
Day

1
2
3
4
Overall Leq

Daytime Leq
Ambient Noise
Levels

Nighttime Leq
Ambient Noise
Levels

Daytime Leq
Ambient Noise
Levels

Nighttime Leq
Ambient Noise
Levels

dBA
52.7
51.5
50.8
54.8
52.7

dBA
48.2
47.8
50.8

dBA
65.2
65.2
64.1
64.3
64.7

dBA
59.4
58.7
59.1

49.2

59.1

The results of the ambient survey indicate that nighttime ambient sound levels at monitoring location 1 may fluctuate
above the nighttime noise limit allowable for residential zones. Additionally, the ambient levels at monitoring location
2 are consistently above the daytime and nighttime noise limits allowable for commercial zones.

Ambient Sound Level Survey
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Monitoring
Location #1

CWSD Well D-1

Monitoring
Location #2

Figure 4-1 Ambient Sound Level Survey Monitoring Locations

Ambient Sound Level Survey
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Figure 4-2 Ambient Hourly Average Sound Levels for Location 1 (Leq)
Ambient Sound Level Survey
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Figure 4-3 Ambient Hourly Average Sound Levels for Location 2 (Leq)
Ambient Sound Level Survey
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5. CWSD Well D-1 Redevelopment Site Noise Modeling
5.1

Noise Modeling Methodology

The noise modeling was completed with use of three-dimensional computer noise modeling software. All models in
this report were developed with SoundPLAN 8.0 software using the ISO 9613-2 standard. Noise levels are predicted
based on the locations, noise levels and frequency spectra of the noise sources, and the geometry and reflective
properties of the local terrain, buildings and barriers. To ensure a conservative assessment and compliance with ISO
9613-2 standards, light to moderate winds are assumed to be blowing from the source to receptor. The predicted noise
levels represent only the contribution of the proposed operations and do not include ambient noise or noise from other
facilities. Actual field sound level measurements may vary from the modeled noise levels due to other noise sources
such as traffic, other facilities, other human activity, or environmental factors.
Sound level data utilized in the model was based on file data previously measured and similar to equipment associated
with the Challenger 360 Drilling Rig operated by Hydro Resources. Rig placement and orientation was coordinated
to minimize noise impact when possible. The predicted modeling results are dependent on equipment and mitigation
orientation as indicated. Figure 5-1 shows the site plan utilized in the study (dated 12/23/20) provided by Mulhern
MRE, Inc.
At the time of this study, a drilling subcontractor has not yet been assigned. Therefore, drilling equipment associated
with the Hydro Resources Challenger 360 Drilling Rig was used as a baseline guide to model a drilling rig typical
for the proposed operations. The modeled equipment and associated sound power levels are presented in Table 5-1.
Table 5-1 Modeled Equipment and Sound Power Levels (Lw)
Quantity

Equipment Type

Proposed Equipment

Data Source

Source Sound
Power Level
(Lw, dBA)

2

Air Compressor

Sullair HH700

File data, FHWA

*114.3

1

Rig Engine

CAT C-15, 475 hp @ 2100
rpm

File Data

115.9

1

Rig Engine Silencer
Exhaust

Not Specified

File Data

110.8

1

Mud Shaker

MiSWACO Mongoose Pro
Linear Shaker

File Data

97.7

1

Small Generator

Generac MM130, 100kw

File Data

98.5

*Sound power level calibrated according to the U.S. Department of Transportation, Federal Highway Administration,
Construction Noise Handbook; https://www.fhwa.dot.gov/environment/noise/construction_noise/handbook/handbook09.cfm

5.2

Noise Sensitive Receptors

The noise sensitive receptors have been chosen to be consistent with the requirements of the CRS 25-12-103 noise
standards. The requirements indicate that “sound levels of noise radiating from a property line at a distance of twentyfive feet or more therefrom in excess of the dB(A) established for the following time periods and zones shall constitute
CWSD Well D-1 Redevelopment Site Noise Modeling

8

Behrens and Associates, Inc.
Environmental Noise Control

prima facie evidence that such noise is a public nuisance”. As such, receptor locations were chosen at 25 ft. from the
surrounding property lines of the CWSD Well D-1 Redevelopment site to represent potential regulatory measurement
points should a complaint be made. Figure 5-2 shows the dBA noise sensitive receptor locations.

CWSD Well D-1 Redevelopment Site Noise Modeling
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Figure 5-1 CWSD Well D-1 Redevelopment Site Plan (dated 12/23/20)
CWSD Well D-1 Redevelopment Site Noise Modeling
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dBA Compliance
Assessment Locations

Receptor 2

Receptor 3
Receptor 1
Receptor 4
Receptor 5
Receptor 6

CWSD Well D-1

Receptor 7

Figure 5-2 Noise Sensitive Receptor Locations
CWSD Well D-1 Redevelopment Site Noise Modeling
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5.3

Unmitigated Noise Modeling Results

The results of the unmitigated noise modeling are presented in Table 5-2. The locations in the tables correspond to
the locations identified in Figure 5-2. The predicted noise levels represent only the contribution of the proposed
operations and do not include ambient noise or noise from other facilities.
Table 5-2 Unmitigated Noise Modeling Results (dBA)
Location Description
Drilling
17572 Ponderosa Ave
64.4
17584 Ponderosa Ave
66.9
17606 Junegrass Place
69.4
8669 Aspen Circle
77.5
8677 Aspen Circle
74.6
8697 Aspen Circle
68.8
17295 Silver Mound Lane
53.6
55.0 Day / 50.0
CRS Noise Limit
25 feet from the property line
Night
Receptor
Location 1
Location 2
Location 3
Location 4
Location 5
Location 6
Location 7

The results of the unmitigated noise modeling are also shown as noise contour maps. Figure 5-3 shows the
Unmitigated Drilling Noise Contour Map in dBA. The noise contours are provided in 5 dB increments with the color
scale indicating the sound level of each contour.
The results of the unmitigated noise modeling indicate that the proposed operations will exceed the CRS A-weighted
daytime and nighttime noise limits at multiple modeled receptor locations. Therefore, mitigation will be
recommended for the proposed operations.

CWSD Well D-1 Redevelopment Site Noise Modeling
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Site Boundary

Property Line

Figure 5-3 Unmitigated Drilling Noise Contour Map (dBA)

CWSD Well D-1 Redevelopment Site Noise Modeling
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5.4

Mitigation Recommendations

Noise mitigation for the proposed operations has been included in the modeling to reduce noise levels in the
surrounding environment. The modeled noise mitigation is described below:
•
•

Approximately 360 total linear feet of 32-foot-high, Sound Transmission Class (STC) 32 acoustical wall
installed on the north, east, and south perimeter of the site, surrounding the drilling rig.
Approximately 32 linear feet of 24-foot-high, Sound Transmission Class (STC) 43 portable acoustical panels
installed adjacent to the rig engine and exhaust silencer.

The modeled mitigation layout for the site is shown in Figure 5-4.
Rig Engine and Exhaust
Air Compressor
Generator
Doghouse / Trailer

32 Linear Feet of
24-foot-high STC-43
Portable Acoustical Panels

Shaker

180 ft

C
o
m
p

360 Total Linear Feet of
32-foot-high STC-32
Acoustical Perimeter Wall

Figure 5-4 CWSD Well D-1 Redevelopment Site Mitigation Layout
CWSD Well D-1 Redevelopment Site Noise Modeling
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5.5

Mitigated Noise Modeling Results

The results of the mitigated noise modeling are presented in Table 5-3. The locations in the table correspond to the
locations identified in Figure 5-2. The predicted noise levels represent only the contribution of the proposed
operations and do not include ambient noise or noise from other facilities. Actual field sound level measurements
may vary from the modeled noise levels due to other noise sources such as traffic, other facilities, other human
activity, or environmental factors.

Receptor
Location 1
Location 2
Location 3
Location 4
Location 5
Location 6
Location 7
CRS Noise Limit

Table 5-3 Mitigated Noise Modeling Results (dBA)
Location Description
17572 Ponderosa Ave
17584 Ponderosa Ave
17606 Junegrass Place
8669 Aspen Circle
8677 Aspen Circle
8697 Aspen Circle
17295 Silver Mound Lane
25 feet from the property line

Drilling
51.2
51.3
48.2
55.0
52.2
53.4
54.0
55.0 Day / 50.0
Night

The results of the mitigated noise modeling are also shown as noise contour maps. Figure 5-5 shows the Mitigated
Drilling Noise Contour Map in the A-weighted scale. The noise contours are provided in 5 dB increments with the
color scale indicating the sound level of each contour.
The results of the mitigated noise modeling indicate that with the implementation of the recommended mitigation the
proposed operations are predicted to comply with the CRS A-weighted daytime noise limit at all modeled receptor
locations, however, they are still predicted to exceed the CRS A-weighted nighttime noise limit at Receptors 1, 2, 4,
5, 6 and 7 by as much as 5.0 dBA. Implementation of the recommended mitigation is predicted to achieve reductions
of up to 22.4 dBA.

CWSD Well D-1 Redevelopment Site Noise Modeling

15

Behrens and Associates, Inc.
Environmental Noise Control

Site Boundary

Property Line

Figure 5-5 Mitigated Drilling Noise Contour Map (dBA)

CWSD Well D-1 Redevelopment Site Noise Modeling
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6. Conclusion
A noise model representing the proposed operations at the CWSD Well D-1 Redevelopment site was created to assess
the operational noise levels in relation to the CRS A-weighted daytime and nighttime noise limits. The results of the
unmitigated noise modeling indicate that the proposed operations were predicted to exceed the allowable daytime
and nighttime noise limits at multiple receptors. Therefore, mitigation was recommended for the proposed operations.
The results of the mitigated noise modeling indicate that with the implementation of the recommended mitigation,
the proposed operations are predicted to comply with the allowable daytime noise limit at all modeled receptor
locations, however, they are still predicted to exceed the allowable nighttime noise limit at Receptors 1, 2, 4, 5, 6,
and 7 by as much as 5.0 dBA. With implementation of the recommended mitigation, a reduction of up to 22.4 dBA
may be achieved.

Conclusion
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Ambient Noise
The all-encompassing noise associated with a given environment at a specified time, usually a composite of sound
from many sources both near and far.
Average Sound Level
See Equivalent-Continuous Sound Level
A-Weighted Sound Level (dBA)
The sound level obtained by use of A-weighting. Weighting systems were developed to measure sound ina way that
more closely mimics the ear’s natural sensitivity relative to frequency so that the instrument is less sensitive to noise
at frequencies where the human ear is less sensitive and more sensitive at frequencies where the human ear is more
sensitive.
C-Weighted Sound Level (dBC)
The sound level obtained by use of C-weighting. Follows the frequency sensitivity of the human ear at very high
noise levels. The C-weighting scale is quite flat and therefore includes much more of the low-frequency range of
sounds than the A and B scales. In some jurisdictions, C-weighted sound limits are used to limit the low-frequency
content of noise sources.
Community Noise Equivalent Level (CNEL)
A 24-hour A-weighted average sound level which takes into account the fact that a given level of noise may be more
or less tolerable depending on when it occurs. The CNEL measure of noise exposure weights average hourly noise
levels by 5 dB for the evening hours (between 7:00 pm and 10:00 pm), and 10 dB between 10:00 pm and 7:00 am,
then combines the results with the daytime levels to produce the final CNEL value. It is measured in decibels, dB.
Day-Night Average Sound Level (Ldn)
A measure of noise exposure level that is similar to CNEL except that there is no weighting applied to the evening
hours of 7:00 pm to 10:00 pm. It is measured in decibels, dB.
Daytime Average Sound Level
The time-averaged A-weighted sound level measured between the hours of 7:00 am to 7:00 pm. It is measured in
decibels, dB.
Decibel (dB)
The basic unit of measurement for sound level.
Direct Sound
Sound that reaches a given location in a direct line from the source without any reflections.
Divergence
The spreading of sound waves from a source in a free field, resulting in a reduction in sound pressure level with
increasing distance from the source.
Energy Basis
This refers to the procedure of summing or averaging sound pressure levels on the basis of their squared pressures.
This method involves the conversion of decibels to pressures, then performing the necessary arithmetic calculations,
and finally changing the pressure back to decibels.
Appendix A – Glossary of Acoustical Terms
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Equivalent-Continuous Sound Level (Leq)
The average sound level measured over a specified time period. It is a single-number measure of time-varying noise
over a specified time period. It is the level of a steady sound that, in a stated time period and at a stated location, has
the same A-Weighted sound energy as the time-varying sound. For example, a person who experiences an Leq of 60
dB(A) for a period of 10 minutes standing next to a busy street is exposed to the same amount of sound energy as if
he had experienced a constant noise level of 60 dB(A) for 10 minutes rather than the time-varying traffic noise level.
Fast Response
A setting on the sound level meter that determines how sound levels are averaged over time. A fast sound level is
always more strongly influenced by recent sounds, and less influenced by sounds occurring in the distant past, than
the corresponding slow sound level. For the same non-steady sound, the maximum fast sound level is generally
greater than the corresponding maximum slow sound level. Fast response is typically used to measure impact sound
levels.
Field Impact Insulation Class (FIIC)
A single number rating similar to the impact insulation class except that the impact sound pressure levels are measured
in the field.
Field Sound Transmission Class (FSTC)
A single number rating similar to sound transmission class except that the transmission loss values used to derive this
class are measured in the field.
Flanking Sound Transmission
The transmission of sound from a room in which a source is located to an adjacent receiving room by paths other
than through the common partition. Also, the diffraction of noise around the ends of a barrier.
Frequency
The number of oscillations per second of a sound wave
Hourly Average Sound Level (HNL)
The equivalent-continuous sound level, Leq, over a 1-hour time period.
Impact Insulation Class (IIC)
A single number rating used to compare the effectiveness of floor/ceiling assemblies in providing reduction of impactgenerated sound such as the sound of a person’s walking across the upstairs floor.
Impact Noise
The noise that results when two objects collide.
Impulse Noise
Noise of a transient nature due to the sudden impulse of pressure like that created by a gunshot or balloon bursting.
Insertion Loss
The decrease in sound power level measured at the location of the receiver when an element (e.g., a noise barrier) is
inserted in the transmission path between the sound source and the receiver.

Appendix A – Glossary of Acoustical Terms
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Inverse Square Law
A rule by which the sound intensity varies inversely with the square of the distance from the source. This results in a
6dB decrease in sound pressure level for each doubling of distance from the source.
Ln Sound Level
Time-varying noise environments may be expressed in terms of the noise level that is exceeded for a certain
percentage of the total measurement time. These statistical noise levels are denoted Ln, where n is the percent of time.
For example, the L50 is the noise level exceeded for 50% of the time. For a 1-hour measurement period, the L50 would
be the noise level exceeded for a cumulative period of 30 minutes in that hour.
Masking
The process by which the threshold of hearing for one sound is raised by the presence of another sound.
Maximum Sound Level (Lmax)
The greatest sound level measured on a sound level meter during a designated time interval or event.
NC Curves (Noise Criterion Curves)
A system for rating the noisiness of an occupied indoor space. An actual octave-band spectrum is compared with a
set of standard NC curves to determine the NC level of the space.
Noise Reduction
The difference in sound pressure level between any two points.
Noise Reduction Coefficient (NRC)
A single number rating of the sound absorption properties of a material. It is the average of the sound absorption
coefficients at 250, 500, 1000, and 2000 Hz, rounded to the nearest multiple of 0.05.
Octave
The frequency interval between two sounds whose frequency ratio is 2. For example, the frequency interval between
500 Hz and 1,000 Hz is one octave.
Octave-Band Sound Level
For an octave frequency band, the sound pressure level of the sound contained within that band.
One-Third Octave
The frequency interval between two sounds whose frequency ratio is 2^(1/3). For example, the frequency interval
between 200 Hz and 250 Hz is one-third octave.
One-Third-Octave-Band Sound Level
For a one-third-octave frequency band, the sound pressure level of the sound contained within that band.
Outdoor-Indoor Transmission Class (OITC)
A single number rating used to compare the sound insulation properties of building façade elements. This rating is
designed to correlate with subjective impressions of the ability of façade elements to reduce the overall loudness of
ground and air transportation noise.
Peak Sound Level (Lpk)
The maximum instantaneous sound level during a stated time period or event.
Appendix A – Glossary of Acoustical Terms
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Pink Noise
Noise that has approximately equal intensities at each octave or one-third-octave band.
Point Source
A source that radiates sound as if from a single point.
RC Curves (Room Criterion Curves)
A system for rating the noisiness of an occupied indoor space. An actual octave-band spectrum is compared with a
set of standard RC curves to determine the RC level of the space.
Real-Time Analyzer (RTA)
An instrument for the determination of a sound spectrum.
Receiver
A person (or persons) or equipment which is affected by noise.
Reflected Sound
Sound that persists in an enclosed space as a result of repeated reflections or scattering. It does not include sound that
travels directly from the source without reflections.
Reverberation
The persistence of a sound in an enclosed or partially enclosed space after the source of the sound has stopped, due
to the repeated reflection of the sound waves.
Room Absorption
The total absorption within a room due to all objects, surfaces and air absorption within the room. It is measured in
Sabins or metric Sabins.
Slow Response
A setting on the sound level meter that determines how measured sound levels are averaged over time. A slow sound
level is more influenced by sounds occurring in the distant past that the corresponding fast sound level.
Sound
A physical disturbance in a medium (e.g., air) that is capable of being detected by the human ear.
Sound Absorption Coefficient
A measure of the sound-absorptive property of a material.
Sound Insulation
The capacity of a structure or element to prevent sound from reaching a receiver room either by absorption or
reflection.
Sound Level Meter (SLM)
An instrument used for the measurement of sound level, with a standard frequency-weighting and standard
exponentially weighted time averaging.
Sound Power Level
A physical measure of the amount of power a sound source radiates into the surrounding air. It is measured in decibels.
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Sound Pressure Level
A physical measure of the magnitude of a sound. It is related to the sound’s energy. The terms sound pressure level
and sound level are often used interchangeably.
Sound Transmission Class (STC)
A single number rating used to compare the sound insulation properties of walls, floors, ceilings, windows, or doors.
This rating is designed to correlate with subjective impressions of the ability of building elements to reduce the overall
loudness of speech, radio, television, and similar noise sources in offices and buildings.
Source Room
A room that contains a noise source or sources
Spectrum
The spectrum of a sound wave is a description of its resolution into components, each of different frequency and
usually different amplitude.
Tapping Machine
A device used in rating different floor constructions against impacts. It produces a series of impacts on the floor under
test, 10 times per second.
Tone
A sound with a distinct pitch
Transmission Loss (TL)
A property of a material or structure describing its ability to reduce the transmission of sound at a particular frequency
from one space to another. The higher the TL value the more effective the material or structure is in reducing sound
between two spaces. It is measured in decibels.
White Noise
Noise that has approximately equal intensities at all frequencies.
Windscreen
A porous covering for a microphone, designed to reduce the noise generated by the passage of wind over the
microphone.
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1. Introduction
The following report provides a noise modeling assessment of the proposed activities at the Cottonwood Water and
Sanitation District (CWSD) Well D-1 Redevelopment site. Per Douglas County code, the project will be assessed in
relation to the Colorado Revised Statutes (CRS) noise regulations. The assessment includes a modeling analysis of
the Challenger 360 Drilling Rig operated by Hydro Resources. The CWSD Well D-1 Redevelopment site
(39°33'32.27"N, 104°47'9.04"W) is located approximately 0.7 miles north of the E-470 Toll Road and 0.25 miles
west of South Parker Road in Parker, Colorado as shown in Figure 1-1.
To assess the operational noise levels of the proposed activities at the CWSD Well D-1 Redevelopment site, file noise
level data previously measured and similar to equipment associated with the Challenger 360 Drilling Rig was utilized
in the noise modeling. The noise models were developed using SoundPLAN 8.0 software.
The following is provided in this report:
•
•
•
•

A brief introduction of the fundamentals of noise
A review of applicable noise standards
A discussion of noise modeling methodology
An assessment of the predicted operational noise levels in relation to the CRS noise limits

CWSD Well D-1
Redevelopment Site

Figure 1-1 Site Location
Introduction
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2. Noise Fundamentals
Sound is most commonly experienced by people as pressure waves passing through air. These rapid fluctuations in
air pressure are processed by the human auditory system to produce the sensation of sound. The rate at which sound
pressure changes occur is called the frequency. Frequency is usually measured as the number of oscillations per
second or Hertz (Hz). Frequencies that can be heard by a healthy human ear range from approximately 20 Hz to
20,000 Hz. Toward the lower end of this range are low-pitched sounds, including those that might be described as a
“rumble” or “boom”. At the higher end of the range are high-pitched sounds that might be described as a “screech”
or “hiss”.
Environmental noise generally derives, in part, from a combination of distant noise sources. Such sources may include
common experiences such as distant traffic, wind in trees, and distant industrial or farming activities. These distant
sources create a low-level "background noise" in which no particular individual source is identifiable. Background
noise is often relatively constant from moment to moment but varies slowly from hour to hour as natural forces
change or as human activity follows its daily cycle.
Superimposed on this low-level, slowly varying background noise is a succession of identifiable noisy events of
relatively brief duration. These events may include the passing of single-vehicles, aircraft flyovers, screeching of
brakes, and other short-term events. The presence of these short-term events causes the noise level to fluctuate.
Typical indoor and outdoor A-weighted sound levels are shown in Figure 2-1. Detailed acoustical definitions have
been provided in Appendix A – Glossary of Acoustical Terms.

Figure 2-1 Typical Indoor and Outdoor A-Weighted Sound Levels
Noise Fundamentals
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3. Noise Standards
3.1

CRS 25-12-103 Noise Standards

Per the Douglas County code, the modeling analysis was developed to predict operational noise levels at code
compliance points and verify compliance of operations with the Colorado Revised Statutes (CRS) 25-12-103 noise
standards. The CRS code establishes permissible sound levels by type of property and hours of the day. The
measurement location is defined in Section 25-12-103(1) as “Sound levels of noise radiating from a property line at
a distance of twenty-five feet or more therefrom in excess of the dB(A) established for the following time periods
and zones shall constitute prima facie evidence that such noise is a public nuisance”.
Based on the specifications of CRS 25-12-103 and the project USR, the residential noise level limits listed in Table
3-1 will be used to assess the noise impact of the site.
Table 3-1 Colorado Noise Related Statutes 25-12-103 (1) – Maximum Permissible Noise Levels
Zone

Maximum Noise (dBA)
7:00 am to next 7:00 pm

Maximum Noise (dBA)
7:00 pm to next 7:00 am

Residential

55 dBA

50 dBA

Commercial

60 dBA

55 dBA

Light Industrial

70 dBA

65 dBA

Industrial

80 dBA

75 dBA

Noise Standards
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4. Ambient Sound Level Survey
4.1

Ambient Sound Level Survey Procedure

Two Type 1 SVANTEK SVAN 971 sound level meters were utilized to conduct a 72-hour ambient sound level
survey adjacent to the CWSD Well D-1 Redevelopment site. The sound level meters conform to Type 1 as per ANSI
S1.4 Specification for Sound Level Meters. The sound level meters were calibrated with a Quest QC-10 calibrator
before and after the measurement period. The sound monitoring period began on Friday, February 14, 2020 with the
meter programmed to continuously monitor and record A-weighted sound levels. The monitoring period ended on
Monday, February 17, 2020. The locations of the sound level meters used to conduct the ambient survey can be seen
in Figure 4-1. The instrumentation details are presented in Table 4-1.
Table 4-1 Instrumentation Details
Instrument
Manufacture/Model
Sound Level Meter
SVANTEK SVAN 971
Weather Station
Larson Davis Vantage Vue
Sound Level Meter
SVANTEK SVAN 971

Location
1
1
2

4.2

Ambient Sound Level Survey Results

The measured A-weighted daytime and nighttime average sound levels for monitoring locations 1 and 2 are listed in
Table 4-2. The measured A-weighted hourly average Leq for monitoring locations 1 and 2 are shown in Figure 4-2
and Figure 4-3, respectively. Weather data was collected using a Larson Davis Technologies Vantage Vue weather
station and used to omit data when wind speeds are in excess of 5 mph per CRS code. Wind speeds were less the 5
mph for the entire duration of the ambient survey, therefore, all collected data was included in the daytime and
nighttime calculated averages.
Table 4-2 Measured Ambient Sound Levels
Location 1
Location 2
Day

1
2
3
4
Overall Leq

Daytime Leq
Ambient Noise
Levels

Nighttime Leq
Ambient Noise
Levels

Daytime Leq
Ambient Noise
Levels

Nighttime Leq
Ambient Noise
Levels

dBA
52.7
51.5
50.8
54.8
52.7

dBA
48.2
47.8
50.8

dBA
65.2
65.2
64.1
64.3
64.7

dBA
59.4
58.7
59.1

49.2

59.1

The results of the ambient survey indicate that nighttime ambient sound levels at monitoring location 1 may fluctuate
above the nighttime noise limit allowable for residential zones. Additionally, the ambient levels at monitoring location
2 are consistently above the daytime and nighttime noise limits allowable for commercial zones.

Ambient Sound Level Survey
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Monitoring
Location #1

CWSD Well D-1

Monitoring
Location #2

Figure 4-1 Ambient Sound Level Survey Monitoring Locations

Ambient Sound Level Survey
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Figure 4-2 Ambient Hourly Average Sound Levels for Location 1 (Leq)
Ambient Sound Level Survey
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Figure 4-3 Ambient Hourly Average Sound Levels for Location 2 (Leq)
Ambient Sound Level Survey
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5. CWSD Well D-1 Redevelopment Site Noise Modeling
5.1

Noise Modeling Methodology

The noise modeling was completed with use of three-dimensional computer noise modeling software. All models in
this report were developed with SoundPLAN 8.0 software using the ISO 9613-2 standard. Noise levels are predicted
based on the locations, noise levels and frequency spectra of the noise sources, and the geometry and reflective
properties of the local terrain, buildings and barriers. To ensure a conservative assessment and compliance with ISO
9613-2 standards, light to moderate winds are assumed to be blowing from the source to receptor. The predicted noise
levels represent only the contribution of the proposed operations and do not include ambient noise or noise from other
facilities. Actual field sound level measurements may vary from the modeled noise levels due to other noise sources
such as traffic, other facilities, other human activity, or environmental factors.
Sound level data utilized in the model was based on file data previously measured and similar to equipment associated
with the Challenger 360 Drilling Rig operated by Hydro Resources. Rig placement and orientation was coordinated
to minimize noise impact when possible. The predicted modeling results are dependent on equipment and mitigation
orientation as indicated. Figure 5-1 shows the site plan utilized in the study (dated March 2020) provided by Mulhern
MRE, Inc.
At the time of this study, a drilling subcontractor has not yet been assigned. Therefore, drilling equipment associated
with the Hydro Resources Challenger 360 Drilling Rig was used as a baseline guide to model a drilling rig typical
for the proposed operations. The modeled equipment and associated sound power levels are presented in Table 5-1.
Table 5-1 Modeled Equipment and Sound Power Levels (Lw)
Quantity

Equipment Type

Proposed Equipment

Data Source

Source Sound
Power Level
(Lw, dBA)

2

Air Compressor

Sullair HH700

File data, FHWA

*114.3

1

Rig Engine

CAT C-15, 475 hp @ 2100
rpm

File Data

115.9

1

Rig Engine Silencer
Exhaust

Not Specified

File Data

110.8

1

Mud Shaker

MiSWACO Mongoose Pro
Linear Shaker

File Data

97.7

1

Small Generator

Generac MM130, 100kw

File Data

98.5

*Sound power level calibrated according to the U.S. Department of Transportation, Federal Highway Administration,
Construction Noise Handbook; https://www.fhwa.dot.gov/environment/noise/construction_noise/handbook/handbook09.cfm

5.2

Noise Sensitive Receptors

The noise sensitive receptors have been chosen to be consistent with the requirements of the CRS 25-12-103 noise
standards. The requirements indicate that “sound levels of noise radiating from a property line at a distance of twentyfive feet or more therefrom in excess of the dB(A) established for the following time periods and zones shall constitute
CWSD Well D-1 Redevelopment Site Noise Modeling
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prima facie evidence that such noise is a public nuisance”. As such, receptor locations were chosen at 25 ft. from the
surrounding property lines of the CWSD Well D-1 Redevelopment site to represent potential regulatory measurement
points should a complaint be made. Figure 5-2 shows the dBA noise sensitive receptor locations.

CWSD Well D-1 Redevelopment Site Noise Modeling
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Figure 5-1 CWSD Well D-1 Redevelopment Site Plan (dated March 2020)
CWSD Well D-1 Redevelopment Site Noise Modeling
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dBA Compliance
Assessment Locations

Receptor 2

Receptor 3
Receptor 1
Receptor 4
Receptor 5
Receptor 6

CWSD Well D-1

Receptor 7

Figure 5-2 Noise Sensitive Receptor Locations
CWSD Well D-1 Redevelopment Site Noise Modeling
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5.3

Unmitigated Noise Modeling Results

The results of the unmitigated noise modeling are presented in Table 5-2. The locations in the tables correspond to
the locations identified in Figure 5-2. The predicted noise levels represent only the contribution of the proposed
operations and do not include ambient noise or noise from other facilities.
Table 5-2 Unmitigated Noise Modeling Results (dBA)
Location Description
Drilling
17572 Ponderosa Ave
64.4
17584 Ponderosa Ave
66.9
17606 Junegrass Place
69.4
8669 Aspen Circle
77.5
8677 Aspen Circle
74.6
8697 Aspen Circle
68.8
17295 Silver Mound Lane
53.6
55.0 Day / 50.0
CRS Noise Limit
25 feet from the property line
Night
Receptor
Location 1
Location 2
Location 3
Location 4
Location 5
Location 6
Location 7

The results of the unmitigated noise modeling are also shown as noise contour maps. Figure 5-3 shows the
Unmitigated Drilling Noise Contour Map in dBA. The noise contours are provided in 5 dB increments with the color
scale indicating the sound level of each contour.
The results of the unmitigated noise modeling indicate that the proposed operations will exceed the CRS A-weighted
daytime and nighttime noise limits at multiple modeled receptor locations. Therefore, mitigation will be
recommended for the proposed operations.

CWSD Well D-1 Redevelopment Site Noise Modeling
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Site Boundary

Property Line

Figure 5-3 Unmitigated Drilling Noise Contour Map (dBA)

CWSD Well D-1 Redevelopment Site Noise Modeling
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5.4

Mitigation Recommendations

Noise mitigation for the proposed operations has been included in the modeling to reduce noise levels in the
surrounding environment. The modeled noise mitigation is described below:
•
•

Approximately 400 total linear feet of 32-foot-high, Sound Transmission Class (STC) 32 acoustical wall
installed on the north, east, and south perimeter of the site, surrounding the drilling rig.
Approximately 32 linear feet of 24-foot-high, Sound Transmission Class (STC) 43 portable acoustical panels
installed adjacent to the rig engine and exhaust silencer.

The modeled mitigation layout for the site is shown in Figure 5-4.
Rig Engine and Exhaust
Air Compressor
Generator
Doghouse / Trailer

32 Linear Feet of
24-foot-high STC-43
Portable Acoustical Panels

Shaker

200 ft

C
o
m
p

400 Total Linear Feet of
32-foot-high STC-32
Acoustical Perimeter Wall

Figure 5-4 CWSD Well D-1 Redevelopment Site Mitigation Layout
CWSD Well D-1 Redevelopment Site Noise Modeling
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5.5

Mitigated Noise Modeling Results

The results of the mitigated noise modeling are presented in Table 5-3. The locations in the table correspond to the
locations identified in Figure 5-2. The predicted noise levels represent only the contribution of the proposed
operations and do not include ambient noise or noise from other facilities. Actual field sound level measurements
may vary from the modeled noise levels due to other noise sources such as traffic, other facilities, other human
activity, or environmental factors.

Receptor
Location 1
Location 2
Location 3
Location 4
Location 5
Location 6
Location 7
CRS Noise Limit

Table 5-3 Mitigated Noise Modeling Results (dBA)
Location Description
17572 Ponderosa Ave
17584 Ponderosa Ave
17606 Junegrass Place
8669 Aspen Circle
8677 Aspen Circle
8697 Aspen Circle
17295 Silver Mound Lane
25 feet from the property line

Drilling
51.1
51.6
48.3
55.0
52.2
54.0
54.1
55.0 Day / 50.0
Night

The results of the mitigated noise modeling are also shown as noise contour maps. Figure 5-5 shows the Mitigated
Drilling Noise Contour Map in the A-weighted scale. The noise contours are provided in 5 dB increments with the
color scale indicating the sound level of each contour.
The results of the mitigated noise modeling indicate that with the implementation of the recommended mitigation the
proposed operations are predicted to comply with the CRS A-weighted daytime noise limit at all modeled receptor
locations, however, they are still predicted to exceed the CRS A-weighted nighttime noise limit at Receptors 1, 2, 4,
5, 6 and 7 by as much as 5.0 dBA. Implementation of the recommended mitigation is predicted to achieve reductions
of up to 22.5 dBA.

CWSD Well D-1 Redevelopment Site Noise Modeling

15

Behrens and Associates, Inc.
Environmental Noise Control

Site Boundary

Property Line

Figure 5-5 Mitigated Drilling Noise Contour Map (dBA)
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6. Conclusion
A noise model representing the proposed operations at the CWSD Well D-1 Redevelopment site was created to assess
the operational noise levels in relation to the CRS A-weighted daytime and nighttime noise limits. The results of the
unmitigated noise modeling indicate that the proposed operations were predicted to exceed the allowable daytime
and nighttime noise limits at multiple receptors. Therefore, mitigation was recommended for the proposed operations.
The results of the mitigated noise modeling indicate that with the implementation of the recommended mitigation,
the proposed operations are predicted to comply with the allowable daytime noise limit at all modeled receptor
locations, however, they are still predicted to exceed the allowable nighttime noise limit at Receptors 1, 2, 4, 5, 6,
and 7 by as much as 5.0 dBA. With implementation of the recommended mitigation, a reduction of up to 22.5 dBA
may be achieved.

Conclusion
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Ambient Noise
The all-encompassing noise associated with a given environment at a specified time, usually a composite of sound
from many sources both near and far.
Average Sound Level
See Equivalent-Continuous Sound Level
A-Weighted Sound Level (dBA)
The sound level obtained by use of A-weighting. Weighting systems were developed to measure sound ina way that
more closely mimics the ear’s natural sensitivity relative to frequency so that the instrument is less sensitive to noise
at frequencies where the human ear is less sensitive and more sensitive at frequencies where the human ear is more
sensitive.
C-Weighted Sound Level (dBC)
The sound level obtained by use of C-weighting. Follows the frequency sensitivity of the human ear at very high
noise levels. The C-weighting scale is quite flat and therefore includes much more of the low-frequency range of
sounds than the A and B scales. In some jurisdictions, C-weighted sound limits are used to limit the low-frequency
content of noise sources.
Community Noise Equivalent Level (CNEL)
A 24-hour A-weighted average sound level which takes into account the fact that a given level of noise may be more
or less tolerable depending on when it occurs. The CNEL measure of noise exposure weights average hourly noise
levels by 5 dB for the evening hours (between 7:00 pm and 10:00 pm), and 10 dB between 10:00 pm and 7:00 am,
then combines the results with the daytime levels to produce the final CNEL value. It is measured in decibels, dB.
Day-Night Average Sound Level (Ldn)
A measure of noise exposure level that is similar to CNEL except that there is no weighting applied to the evening
hours of 7:00 pm to 10:00 pm. It is measured in decibels, dB.
Daytime Average Sound Level
The time-averaged A-weighted sound level measured between the hours of 7:00 am to 7:00 pm. It is measured in
decibels, dB.
Decibel (dB)
The basic unit of measurement for sound level.
Direct Sound
Sound that reaches a given location in a direct line from the source without any reflections.
Divergence
The spreading of sound waves from a source in a free field, resulting in a reduction in sound pressure level with
increasing distance from the source.
Energy Basis
This refers to the procedure of summing or averaging sound pressure levels on the basis of their squared pressures.
This method involves the conversion of decibels to pressures, then performing the necessary arithmetic calculations,
and finally changing the pressure back to decibels.
Appendix A – Glossary of Acoustical Terms
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Equivalent-Continuous Sound Level (Leq)
The average sound level measured over a specified time period. It is a single-number measure of time-varying noise
over a specified time period. It is the level of a steady sound that, in a stated time period and at a stated location, has
the same A-Weighted sound energy as the time-varying sound. For example, a person who experiences an Leq of 60
dB(A) for a period of 10 minutes standing next to a busy street is exposed to the same amount of sound energy as if
he had experienced a constant noise level of 60 dB(A) for 10 minutes rather than the time-varying traffic noise level.
Fast Response
A setting on the sound level meter that determines how sound levels are averaged over time. A fast sound level is
always more strongly influenced by recent sounds, and less influenced by sounds occurring in the distant past, than
the corresponding slow sound level. For the same non-steady sound, the maximum fast sound level is generally
greater than the corresponding maximum slow sound level. Fast response is typically used to measure impact sound
levels.
Field Impact Insulation Class (FIIC)
A single number rating similar to the impact insulation class except that the impact sound pressure levels are measured
in the field.
Field Sound Transmission Class (FSTC)
A single number rating similar to sound transmission class except that the transmission loss values used to derive this
class are measured in the field.
Flanking Sound Transmission
The transmission of sound from a room in which a source is located to an adjacent receiving room by paths other
than through the common partition. Also, the diffraction of noise around the ends of a barrier.
Frequency
The number of oscillations per second of a sound wave
Hourly Average Sound Level (HNL)
The equivalent-continuous sound level, Leq, over a 1-hour time period.
Impact Insulation Class (IIC)
A single number rating used to compare the effectiveness of floor/ceiling assemblies in providing reduction of impactgenerated sound such as the sound of a person’s walking across the upstairs floor.
Impact Noise
The noise that results when two objects collide.
Impulse Noise
Noise of a transient nature due to the sudden impulse of pressure like that created by a gunshot or balloon bursting.
Insertion Loss
The decrease in sound power level measured at the location of the receiver when an element (e.g., a noise barrier) is
inserted in the transmission path between the sound source and the receiver.
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Inverse Square Law
A rule by which the sound intensity varies inversely with the square of the distance from the source. This results in a
6dB decrease in sound pressure level for each doubling of distance from the source.
Ln Sound Level
Time-varying noise environments may be expressed in terms of the noise level that is exceeded for a certain
percentage of the total measurement time. These statistical noise levels are denoted Ln, where n is the percent of time.
For example, the L50 is the noise level exceeded for 50% of the time. For a 1-hour measurement period, the L50 would
be the noise level exceeded for a cumulative period of 30 minutes in that hour.
Masking
The process by which the threshold of hearing for one sound is raised by the presence of another sound.
Maximum Sound Level (Lmax)
The greatest sound level measured on a sound level meter during a designated time interval or event.
NC Curves (Noise Criterion Curves)
A system for rating the noisiness of an occupied indoor space. An actual octave-band spectrum is compared with a
set of standard NC curves to determine the NC level of the space.
Noise Reduction
The difference in sound pressure level between any two points.
Noise Reduction Coefficient (NRC)
A single number rating of the sound absorption properties of a material. It is the average of the sound absorption
coefficients at 250, 500, 1000, and 2000 Hz, rounded to the nearest multiple of 0.05.
Octave
The frequency interval between two sounds whose frequency ratio is 2. For example, the frequency interval between
500 Hz and 1,000 Hz is one octave.
Octave-Band Sound Level
For an octave frequency band, the sound pressure level of the sound contained within that band.
One-Third Octave
The frequency interval between two sounds whose frequency ratio is 2^(1/3). For example, the frequency interval
between 200 Hz and 250 Hz is one-third octave.
One-Third-Octave-Band Sound Level
For a one-third-octave frequency band, the sound pressure level of the sound contained within that band.
Outdoor-Indoor Transmission Class (OITC)
A single number rating used to compare the sound insulation properties of building façade elements. This rating is
designed to correlate with subjective impressions of the ability of façade elements to reduce the overall loudness of
ground and air transportation noise.
Peak Sound Level (Lpk)
The maximum instantaneous sound level during a stated time period or event.
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Pink Noise
Noise that has approximately equal intensities at each octave or one-third-octave band.
Point Source
A source that radiates sound as if from a single point.
RC Curves (Room Criterion Curves)
A system for rating the noisiness of an occupied indoor space. An actual octave-band spectrum is compared with a
set of standard RC curves to determine the RC level of the space.
Real-Time Analyzer (RTA)
An instrument for the determination of a sound spectrum.
Receiver
A person (or persons) or equipment which is affected by noise.
Reflected Sound
Sound that persists in an enclosed space as a result of repeated reflections or scattering. It does not include sound that
travels directly from the source without reflections.
Reverberation
The persistence of a sound in an enclosed or partially enclosed space after the source of the sound has stopped, due
to the repeated reflection of the sound waves.
Room Absorption
The total absorption within a room due to all objects, surfaces and air absorption within the room. It is measured in
Sabins or metric Sabins.
Slow Response
A setting on the sound level meter that determines how measured sound levels are averaged over time. A slow sound
level is more influenced by sounds occurring in the distant past that the corresponding fast sound level.
Sound
A physical disturbance in a medium (e.g., air) that is capable of being detected by the human ear.
Sound Absorption Coefficient
A measure of the sound-absorptive property of a material.
Sound Insulation
The capacity of a structure or element to prevent sound from reaching a receiver room either by absorption or
reflection.
Sound Level Meter (SLM)
An instrument used for the measurement of sound level, with a standard frequency-weighting and standard
exponentially weighted time averaging.
Sound Power Level
A physical measure of the amount of power a sound source radiates into the surrounding air. It is measured in decibels.
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Sound Pressure Level
A physical measure of the magnitude of a sound. It is related to the sound’s energy. The terms sound pressure level
and sound level are often used interchangeably.
Sound Transmission Class (STC)
A single number rating used to compare the sound insulation properties of walls, floors, ceilings, windows, or doors.
This rating is designed to correlate with subjective impressions of the ability of building elements to reduce the overall
loudness of speech, radio, television, and similar noise sources in offices and buildings.
Source Room
A room that contains a noise source or sources
Spectrum
The spectrum of a sound wave is a description of its resolution into components, each of different frequency and
usually different amplitude.
Tapping Machine
A device used in rating different floor constructions against impacts. It produces a series of impacts on the floor under
test, 10 times per second.
Tone
A sound with a distinct pitch
Transmission Loss (TL)
A property of a material or structure describing its ability to reduce the transmission of sound at a particular frequency
from one space to another. The higher the TL value the more effective the material or structure is in reducing sound
between two spaces. It is measured in decibels.
White Noise
Noise that has approximately equal intensities at all frequencies.
Windscreen
A porous covering for a microphone, designed to reduce the noise generated by the passage of wind over the
microphone.
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