
Item 4b

CITY OF WEST DES MOINES
STAFF REPORT COMMUNICATION

Meeting Date: April 22. 2024

ITEM: Arcadia Building Amenities, 7000 Vista Drive - Approve Level 2 Minor Modification to Site Plan
to allow the removal of parking and install grass, trees and shrubs, trails, a vestibule, and a
pickleball court - Dallas County Partners ll, - MML2-0063S0-2024

Resolution: Approval of Level 2 Minor Modification to Site plan

Background: Dallas County Partners ll, property owner, requests approval of the Level 2 Minor
Modification to Site Plan for the approximately 34.25-acre property located at 7000 Vista Drive. The
applicant proposes to replace 554 parking stalls with grass, trails, trees, shrubs, a pickleball court and add
a vestibule to the entrance of the building. This minor modification to an approved site plan normally would
be subject to administrative approval; however, neighboring residents have inquired into the pickleball
court and have expressed concern about noise. Therefore, Staff requests review of the location of the
pickleball court by the Planning and Zoning Commission and City Council. (See Key Development Aspects,
bullet #1 section below for details on the pickleball court and neighboring resident's concerns).

Staff Review & Comment:
o Financial Impact: No City funding of the project. Staff time for processing of development

application and inspections during construction.

Kev Development Aspects:
1. Pickleball Court: As part of the initial Minor Modification site plan submittal, the pickleball

area with two courts were shown tucked into an area towards the southeastern portion of
the proposed greenspace (see enclosed illustration). Staff requested that the courts be
moved further north away from the residential dwelling units to the south and the property
owner agreed. The new location provides an approximate 300-foot separation from the
dwelling units to the south and over 900 feet away from dwellings to the east over an
intervening property.

a

Garry Pshonik, a resident in the single-family area to the east of the location of the
improvement, has provided three pieces of information regarding the proposed courts. All
three pieces of information, an email thread between Mr. Pshonik and the Lead Case
Planner, a communication from Mr. Pshonik, and an ordinance and assessment report for
the City of Centennial, Colorado are included within this staff report. Communication from
"waisty", the word from the email address, was received as well; a copy of that
communication is included as well.

The applicant, Dallas County Partners ll provided the following information in an email
response to another interested resident who lives in the single-family development to the
east:

' The pickleball courts will be for the sole use of the tenants of the Country Club Office
Plaza, which includes other buildings which RR Realty owns or manages. Signage
to that affect will be posted.

' Time of operation will be from morning to 10 p.m.; property management will be
observing the usage, which will likely include video monitoring.

' Trees will be planted on the south side of the court, along with the established trees
on the property boundaries.
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a

Users will be bringing their own equipment or equipment provided by the respective
tenant.

Staff supports the revised location of the courts for the following reasons:

' Seven (7) West Des Moines parks have pickleball opportunities, allare in residential
areas and are open 6 a.m. to 10 p.m.

' The property owner is placing evergreen trees on the southeast side of the courts
for sound mitigation and several other trees are within the project area. There are
existing buffers along the residential areas.

' The City has no specific regulations regarding separation of sports related courts
from property boundaries or allowed hours of use.

' A review of the City's ordinance, (Title 4 Health and Safety Regulations, Chapter 7
Noise Control), did not indicate a violation as nonprofessional athletic activities are
exempt from most provisions.

' A minimum 300 feet separation is consistent with the separation distance that the
city uses for outdoor activity areas associated with restaurants and bars.

2. Parking: the approved site plan for the office building provided the required 1,O22 parking
spaces and an additional 800 parking spaces. Today's City Code requires 991 spaces.
This application proposes to remove approximately 554 parking spaces and return the area
to open space while still providing more than the minimum number of parking stalls required.

Development & Plannins Subcommittee; The Minor Modification Level 2 was listed on the April 1,
2024, Development and Planning City Council Subcommittee agenda. As the project complies with
all applicable zoning regulations, no discussion of the project occurred.

t Vestinq of Entitlement: Per City Code, entitlement (approval to construct or implement) shall remain
in effect so long as substantial site work has progressed beyond grading and completion of
structural foundations and twenty-five percent (25o/o) of the total building area has occurred above
grade within twenty-four (24) months of the effective date of the approval, unless a greater time
period is authorized at time of the original entitlement, or by approval of an extension of the original
entitlement. lt is the responsibility of the developer to be aware of this deadline and request an
extension of the approval prior to the expiration date.

Outstanding lssues: There are no outstanding issues.

Planninq and Zoninq Commission Action:
Date: April22,2}24
Vote:
Recommendation:

Recommendation: Approve the Level 2 Minor Modification to Site Plan request, subject to the applicant
meeting all City Code requirements.
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Lead Staff Member: Kara Tragesser
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Location Map
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Approximate Distance to Residential Land Use lllustration
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A RESOLUTION OF THE PLANNING AND ZONING COMMISSION
NO. PZC-24-016

WHEREAS, pursuant to the provisions of Title 9, Zoning of the West Des Moines Municipal Code,
Dallas County Partners ll, property owner, requests approval of the Level 2 Minor Modification to Site
Plan for the 34.25-acre property located at 7000 Vista Drive as depicted on the location map included in
the staff report. The applicant requests approval to remove parking and add grass, trees and shrubs,
trails, a vestibule, and a pickleball court; and

WHEREAS, the Level 2 Minor Modification to Site Plan request complies with the findings stated
in the applicable provisions of Title 9, the comprehensive Plan and City code.

NOW THEREFORE, the Planning and Zoning Commission of the City of West Des Moines
recommends the City Council approve the Level 2 Minor Modification to Site Plan (MML2-006350-2024),
subject to compliance with all the conditions of approval as stated in the staff report, including conditions
added at the meeting, and attached hereto as Exhibit uA", if applicable.

PASSED AND ADOPTED on Aoril 22.2024.

Tina Shaw, Chair
Planning and Zoning Commission

I HEREBY CERTIFY that the foregoing resolution was duly adopted by the Planning and Zoning
Commission of the City of West Des Moines, lowa, at a regular meeting on Aoril22. 2024, by the
following vote:

AYES:
NAYS:
ABSTENTIONS:
ABSENT:

ATTEST

Recording Secretary
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Ft Gmail Garry Pshonik <gpshonik@gmail.com>

RE: [EXT] Proposed Arcadia Building Pickleball Courts
1 message

Kara Tragesser <Kara.Tragesser@wdm. iowa.gov>
To: Garry Pshonik <gpshonik@gmail.com>

Tue, Apr 9,2024 at 5:34 PM

Hello,

I have discussed your concern with my supervisor and the department director. We will schedule the application to go
before the Plan & Zoning Commission and City Council where you will have the opportunity to bring youi concern toihe
Commission and attend the Council meeting.

The Commission meeting will be on Monday, April 22nd starting at 5:30p at West Des Moines City Hall
meeting will be May 6th starting at 5:30p at West Des Moines City Hall.

The Council

lf you have anything written that you would like the Commission and Council to read, please provide that to me by April
16, next Tuesday, for inclusion in my report. Email works just fine for this.

I look forward to meeting you on lhe ZTnd

Kara

From: Garry Pshonik <gpshonik@gmail.com>
Sent: Tuesday, April 9, 2024 1 :13 PM
To: Kara Tragesser <Kara.Tragesser@wdm. iowa. gov>
Subject: Re: [EXT] Proposed Arcadia Building Pickleball Courts

Hi Kara,

Thank you for the updated information. lt looks to me like this is only a minor adjustment from the original plan, and
doesn't substantively address the noise nuisance concerns to the south and east residential areas. Would it be
unreasonable to request a noise impact assessment study? Are there any avenues left to request that these plans for the
pickleball courts be reevaluated?

Thank you,

Garry



OnTue, Apr9,2024al 12:49 PM KaraTragesser<Kara.Tragesser@wdm.iowa.gov>wrote

: Hello Garry,

l've attached an excerpt from the site plan set for the changes at the Arcadia Building.

They have moved the courts north and l've requested some evergreen buffer along the south side of the courts.

This plan is supported by staff. The site plan for these changes is subject to administrative review.

Its not approved yet, there is other information needed from them for erosion control before it gets approved

Thank you for contacting me.

Kara

From: Garry Pshonik <gpshonik@gmail.com>
Sent: Monday, April 8,2024 9:39 AM
To : Kara Tragesser < Kara. Tra gesser@wdm. iowa. g ov>
Subject: Re: [EXT] Proposed Arcadia Building Pickteball Courts

HiKara,

Just following up to ask if you have heard back from R&R regarding your comment and see what the status of things
are at this point.

Thank you,

Garry Pshonik

On Tue, Mar 5,2024 al 1O:41 AM Kara Tragesser <Kara.Tragesser@wdm.iowa.gov> wrote:

Yes, I need to wait for their resubmittal to see if they took up my comment. lf they did take up the comment, I don't
have any idea when they will resubmit. l'll try to remember to let you know and perhaps t can share the submittal,.

Kara -



From: Garry Pshonik <gpshonik@gmail.com>
Sent Tuesday, March 5,202410:28 AM
To: Kara Tragesser <Kara.Tragesser@wdm.iowa.gov>
Subject: Re: [EXT] Proposed Arcadia Building Pickleball Courts

No no! So at this point do we just wait for RR to formally respond? When would it be appropriate for me to follow up
with you next?

Thank you again for all your help!

On Tue, Mar 5,2024 at 10:19AM Kara Tragesser <Kara.Tragesser@wdm.iowa.gov> wrote

Yes, RR has submitted a modification to their parking lot and, despite my warning, have shown a pickleball court
on the south side.

l've already commented officially to move the court closer to the building, away from the townhomes and the
apartments.

This application is subject to administrative approval. lf they disagree with my comment, I can take it to the Plan
& Zoning Commission and City Council if needed.

We'll see what their response is.

Kara -

From: Garry Pshonik <gpshonik@gmail.com>
Sent: Tuesday, March 5, 2024 10:14 AM
To: Kara Tragesser <Kara.Tragesser@wdm.iowa. gov>
Subject Re: [EXT] Proposed Arcadia Building Pickleball Courts

HiKara,

Just touching base again to ask if there have been any new developments

Thank you,

Garry Pshonik

On Mon, Feb 5,2O24 al2.49 PM Kara Tragesser <Kara.Tragesser@wdm.iowa.gov> wrote:



Hi,

They haven't submitted a plan to install the court as of now Thanks for checking in

Kara -

From: Garry Pshonik <gpshonik@gmail.com>
Sent: Monday, February 5,20242:47 PM
To: Kara Tragesser <Kara.Tragesser@wdm.iowa.gov>
Subject: Re: [EXT] Proposed Arcadia Building Pickleball Courts

HiKara,

Just wanted to send a quick note to ask if you have any new information on this project.

Thank you!

Garry Pshonik

On Thu, Dec 28, 2023 al ll:08 AM Kara Tragesser <Kara.Tragesser@wdm.iowa.gov> wrote:

Garry,

Thank you for calling and expressing your concerns. lf R&R does submit a plan in the future, I will be more
alert to the location of any significant noise improvement they propose next to the residential.

Regards,

Kara

Kara V. Tragesser, AICP

Development Services

City of West Des Moines

PO Box 65320

4200 Mills Civic Parkway Suite 1D

West Des Moines lA 50265-0320

P:515-222-362O



From: Garry Pshonik <gpshonik@gmail.com>
Sent: Wednesday, December 27,2023 4:37 PM
To : Kara Tragesse r < Kara.Tra gesser@wd m. iowa. g ov>
Subject: [EXT] Proposed Arcadia Building Pickleball Courts

Hi Kara,

Thank you so much for your time today regarding the proposed pickleball courts for the Arcadia office
building makeover. I truly appreciate your willingness to discuss these matters with R&R Realty, and also
want to express my sincere gratitude for your empathy and professionalism listening to my concerns.

As we discussed, from both a homeowner's and professional office worker's perspective, I firmly believe
pickleball courts are a poor fit for residential areas and corporate office settings due to the extremely loud
and highly repetitive noise associated with the sport, which causes significant disturbance and distress to
individuals in their homes and workplaces. Should R&R decide to proceed with installing these courts, your
suggestion to ask them to relocate farther west near Office Plaza Drive and implement additional noise
mitigation measures seems a better fit to the area. The birds and other wildlfe who enjoy the peaceful
setting of the two ponds would no doubt agree!

For reference, I am including a map of the area that appeared in the Des Moines Register article with the
proposed pickleball court location and have highlighted the areas of concern regarding noise nuisance.
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I will follow up with you in about a month as you suggested



Thank you again for your help!

Garry Pshonik

1248 66th St.

51 5-577-8645



Members of West Des Moines Planning and Zoning Commission and City Council,

I am writing to express my concerns about the proposed installation of two outdoor pickleball courts by R&R Realty near
residential homes as part of the Arcadia Building renovation. While community development is welcome, the potential
noise impact of pickleball courts poses a significant threat to the peace and quality of life for neighboring residents.

Pickleball can generate extremely high noise levels, reaching up to 85 dBA (as loud as freeway traffic sound) and is

significantly louder than normal outdoor background noise of around 55 dBA. The high pitch of the paddle hitting the
ball and the unpredictable, rapid tempo of the game contribute to the disturbance. These elements combine to create a

repetitive, impulsive sound that can be particularly irritating as the human ear is especially sensitive to the frequencies
produced by the pickleball "pop," making the perceived loudness even worse. "Pickleball sound exists right in that most
sensitive range. An interesting thing (...) is that garbage truck backup beepers are right in the same pitch of pickleball.
Why did they pick that sound for beepers? Because it's the most annoying frequency." (Bob IJnetich, picktebott player and
certified pickleball referee, owner Pickleball Sound Mitigation, LLC, lnterview, lowa Pubtic Radio/NPR, Fixing pickleball's
noise problem, 2023)- Research also shows that excessive noise from pickleball courts can have a detrimental effect on
nearby property values, potentially reducing them by tO-20% (Financial Samurai, 20231. This presents an undue financial
burden on residents through no fault of their own.

To further substantiate these concerns, I would like to submit the following references for your consideration:

1. The "Pickleball Noise lmpact Assessment and Abatement Planning" [Lance Willis, PhD, Spendiarian & Willis
Acoustics & Noise Control tLC, 20231 study conducted in 2023 by an acoustical engineering firm for the City of
Centennial, Colorado, which describes the noise issues of pickleball courts near residential areas and the
limitations of typical noise mitigation strategies (Centennial, ZO23l.

Executive Summary

As pickleball grows in popularity across North America it has Lrecorne necessary to define more
accurate methods of assessing the noise impact of the sport on the srlrroun<ling cornmunity and
plan eflbctive strategies fbr integrating it into various recreational venues. 'l'he purpose of this
docutnent is to provide descriptions of measurement protocols appropliate lbr assessing short
duration irnpulsive sound such as pickleball and paddle impacts, definitions of terms and
acoustical metrics, and guidance fbr acoustical ptanning of new pickleball courts. Basic
methodologies and best practices for comrnunity noise assessment, environmental acoustics
lrreasurements, ancl noise regulation docuruents are described.

The main concern fbr neighbors living close to pickleball courts is the popping souncl produced
by the paddle when it strikes the ball. This sound is narorvband, imparting a sensation of pitch,
and very short in duration. For the latter reason, measurernent techniques that involve avcraging
the sound pressure over time tend to underestimate the noise impact of the impulsive sound
producecl by the paddles. For this type of sound, tlre noise a$sessment methodology described in
ANSI S12.9 Part 4 for the highly irnpulsive classification of souncl, based on adjusted sound
exposure level, is recornmended as the most accurate means of assessing the commr.rnity
response to pickleball paddle impacts.

Planning open air pickleball courts begins with selecting an appropriate site that has sufficient
setbacks to ensure an effective noise abatement plan rvill be possible. Most of the work ol

sound levels at the is done b noise barriers in the form of sound walls or

as

upper level windows and raisc'd

reduction they can provide making setbacks a critical component for success ofthe overall noise
abatement plan. In order for a noise barrier to provide acoustical shielding it must be able

mass-lnaded covers. amountafe,

block the line I courts to the surroundinu noise
areas tnc Thesc gconretrical considcrations.

minimurn setbacks needed in a particular application.
mav



cxrcnd 800
1.000 l-cet in sonre c

locatcel rvithin 350 feet of rcsidelitial propcrtics in n:ost cuse:i rccluirc noise abatcnrcnt.
ickleball court sitcs within 500 to 600 fl'et of noise sensitive areas should be rcviewcd by a

acoustical engincer in the site selection phase ol thc pro.jccl. ln the case

dcsign to avoicl complaints. Itlacing npor air picklchall court$ rvithin

(bur-ts located r.vithiu 150 lect ol homcs require cirrcfu
and receiving propcrty is wittcr this distancrr

slvc llOlsc
is not100 fcct of rcsidurtial

10.1 When a Noise lmpact Assessment ls Needed

14.2 Site Selection

10.2.1 Available Setbacks

l'he ntost important filctor to consider in selecting a site lbr pickleball coufls is the distance to
adjaccnt rr,'sielential lantl uscs. Whilc a noise balrier such as a sound wall or nrass-loadcd vinyl
fence cover can bc eflective in rcducing noisc irnpacl, it can only provide a lirnitecl anrounl ol
inscrliott loss. usually bclwccrt 8 and l2 dtl dcpcndingon thc greiund it is installcd on, flanking
paths, rcflecting surf.rccs, :rrrd otlrer faclors. 'fhc rcst of thc noisc rcduction rcquirccl to nrcct
acccptable sound levcls nrust mostly be gained through distancc". lt is irnportant to ensure that
thcre is enough bulli:r so that noise abalcment installed cnrr bc aclecluately eliective. Other site
conditions that nray increase the setback required are discussed in the fbllorving subsections.

10.2.2 Proximity to Multi-story Residential Structures

ltt otder tbr a noise barrier to be cll'cctive it rnusl bc able to block the linc ol'sight liorrr lhc sound
s()U to land use. Pickleball can occrrr lronr

9.4.2 Roadways

Roaelways are a broadband, corttinuous sountl source. In general, even busy highways are not
able to mask pickleball courts due to the high peak sound pressures ofthe paddle impacts. Tralfrc
noise tends to be mostly low to mid liequency sound and does not have suffrcient energy in the
I,000 Hz octave band to effectively mask pickteball.

It appears to be a comlron perception that placing pickleball coults in neighborhoocls locatcd
close to trrain artcries or interstates will prevent noise issues due to the sound f'rom the roadway.
In practice, this has not proven to be the case as seen at Glenhaven Park in La Cafiada Flintridge,
Califolnia [La Carlada Flintririge]. This neighborlxlod park is locatetl adjacent to Interstate 210
on the north side of Los Angeles.

2. Articles from mainstream sources such as The New York Times, which have reported on the widespread
"pickleball noise complaints" and how people have compared the sound to "a pistol range, torture, and even
hell" (The New York Times, 20231.

3. A report from KPBS news on "Homeowners increasingly taking legal action over pickleball noise" as the issue
becomes more prevalent across the country (KPBS, 2023). https://www.kpbs.orglnews/qualitv-of-
life/2023/09/05lho meowne rs-a re -increasinslv-ta kine-lesa l-a ction-over-p ickle ba ll-noise

4. City of Lake Oswego, OR City Council Meeting Testimony from Dr. Jenny Davies public and environmental health
director for a National Environmental Education nonprofit, who provided expert evidence on the public health
impacts of chronic, persistent, and repetitive environmental noise like that from pickleball courts (Davies, 2023)
httos ://www.voutu be. co m/watch ?v=sPPgl5 ilms

can aflccl
wl

in tlrc niiisc inrpact assessrnent ofthc proposed pickleball coults.

locr.rted 1{) I

be irrc

bc adcqtatcly shicldcd a rvall systcm.I coults nut
playing sur{ircc to a height tl-story

other anrenitics located abovc



As stated in the Centennial study's executive summary, the main concern is the "popping sound produced by the paddle
when it strikes the ball" which is "narrowband, imparting a sensation of pitch, and very short in duration." This type of
impulsive sound is particularlydisruptive and cannot be adequatelyaddressed through standard noise reduction
methods. Adequate setbacks from residences are critical, but even then, barriers and other mitigation may be
insufficient.

Likewise, section 10, Site Planning Considerations for Pickleball discusses the importance of site selection and planning
for pickleballcourts. The study states that courts located within 350 feet of residential properties typically require noise
abatement measures. Courts within 500 to 500 feet of noise sensitive areas, or up to 800 to L,000 feet if there is water
between the courts and receivers, should be reviewed by a qualified acoustical engineer to assess the potential impacts.
The majority of the neighboring residential areas fallwithin the distances stated above.

I urge the members to thoroughly consider these issues and their implications while evaluating the proposal.

Sincerely,

Garry Pshonik
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Executive Summary

As pickleball grows in popularity across North America it has become necessary to define more
accurate methods of assessing the noise impact of the sport on the surrounding community and
plan effective strategies for integrating it into various recreational venues. The purpose of this
document is to provide descriptions of measurement protocols appropriate for assessing short
duration impulsive sound such as pickleball and paddle impacts, definitions of terms and
acoustical metrics, and guidance for acoustical planning of new pickleball courts. Basic
methodologies and best practices for community noise assessment, environmental acoustics
measurements, and noise regulation documents are described.

The main concern for neighbors living close to pickleball courts is the popping sound produced
by the paddle when it strikes the ball. This sound is narrowband, imparting a sensation of pitch,
and very short in duration. For the latter reason, measurement techniques that involve averaging
the sound pressure over time tend to underestimate the noise impact of the impulsive sound
produced by the paddles. For this type of sound, the noise assessment methodology described in
ANSI S12.9 Part 4 for the highly impulsive classification of sound, based on adjusted sound
exposure level, is recommended as the most accurate means of assessing the community
response to pickleball paddle impacts.

Planning open air pickleball courts begins with selecting an appropriate site that has sufficient
setbacks to ensure an effective noise abatement plan will be possible. Most of the work of
reducing sound levels at the neighbors is done by noise barriers in the form of sound walls or
mass-loaded vinyl (MLV) fence covers. These are, however, limited in the amount of noise
reduction they can provide making setbacks a critical component for success of the overall noise
abatement plan. In order for a noise barrier to provide acoustical shielding it must be able to
block the line of sight from the players on the pickleball courts to the surrounding noise sensitive
areas including upper level windows and raised decks. These geometrical considerations, which
will include topography as well as the neighboring structures themselves, may affect the
minimum setbacks needed in a particular application.
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1. lntroduction

1.1 Pickleball and Pickleball Sound

Pickleball is popular and rapidly growing paddle sport in the United States and Canada. It is
played with a hard plastic ball similar to a wiffle ball. A pickleball court is 44 feet long and 20
feet wide compared to a tennis court at 78 feet long and 36 feet wide. A tennis court can be
converted into four pickleball courts.

Figure 1.1. Pickleball Game

As the sport has grown so have concerns from those living near pickleball courts over noise. The
impact of the pickleball on the paddle causes a sharp popping sound that can be heard hundreds
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of feet from the courts. Unfortunately, poor siting and inadequate noise impact assessment and
abatement at many locations have made open air pickleball courts controversial additions in
many neighborhood settings. This document will provide guidance on noise impact assessment
in general, how to accurately measure the sound produced by pickleball courts, site selection,
and effective m iti gation treatments.

1.2 Properties of Sound

Sound, for the purposes of the this document, is a small pressure disturbance in the atmosphere
producing the sensation of hearing. It may be produced by the vibration of a surface or by the
pulsation of an airstream such as a rotating fan blade or the human vocal cords. Sound
propagates through the atmosphere as a compression wave with a speed that increases with the
temperature of the air. The characteristics of a particular sound are described in terms of
amplitude (loudness), frequency (pitch), and the change of amplitude and frequency with time
(impulsiveness, modulation, onset rate, or rise time).

Noise is unwanted sound. This may be a subjective assessment or it may imply effects on health,
well being, and speech communication. Community noise impact is assessed in terms of both
annoyance and public safety.

1.3 Annoyance

The subjective aspect of noise is known as "annoyance." Annoyance describes the quality of a
sound that is perceived as objectionable. It differs from loudness, the perceived amplitude of a
sound. Annoyance is often influenced by nonacoustic factors such as habituation or sensitization
to the sound, involvement in activities that require concentration, attitudes towards sound sources
and their operators, and the perceived necessity of the noise intrusions. For these reasons, reports
of annoyance will have varying degrees of response bias.

Annoyance as a basis for determining acceptable noise levels can be traced to a paper by T. J.
Schultz [Schultz, 1978] and the work of other researchers in the 1960's and 1970's. Schultz
aggregated a group of social surveys regarding transportation noise in different cities and found
that the results could be explained using a noise dosage relationship. This method has since been
adopted by federal agencies tasked with regulating and evaluating road, rail, and air
transportation noise.

Early research into the community impact of noise focused mainly on road traffic noise. As a
result, other sound sources studied later were compared to traffic noise impact studies to
determine their level noise impact. It was found that the sound pressure levels of sound sources
having special characteristics such as impulsiveness and tonality did not correlate well with
community questionnaires when directly compared to traffic sound pressure levels. The
annoyance of these sources was often higher than the traffic noise for the same sound pressure
level.

For this reason, the sound pressure levels of sound sources having these special characteristics
are given an adjustment to compensate for the difference in noise impact. Part 4 of the ANSI
512.9 standard gives adjustments and measurement methodologies for a variety of sound
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classifications and is used as the basis for the sound pressure level adjustments in this document

1.4 Physiological Effects of Sound

While it is well known that high amplitude acoustical pressures can cause hearing impairment as
well as other types injury to the body, lower amplitude sound can also have adverse long term
physiological effects.

The World Health Organization recognizes that low level noise exposure has measurable health
effects:

Sound/noise is a psychosocial stressor that activates the sympathetic and endocrine
system. Acute noise effects do not only occur at high sound levels in occupational
settings, but also at relatively low environmental sound levels when, more
importantly, intended activities such as concentration, relaxation or sleep are
disturbed. [WHO, Night Noise Guidelines, p.6ll

The sympathetic nervous system is part of the autonomic nervous system and is involved in the
body's fight or flight arousal response. Chronic activation of the sympathetic system leads to
stress, fatigue, and anxiety.

In addition to nervous system activation, sleep disturbance from noise can involve difficulty in
falling asleep as well as awakenings that occur during sleep. Frequent awakenings lead to sleep
fragmentation. This disrupts the normal stages of sleep and may lead to further neurocognitive
manifestations not limited to daytime tiredness, loss of concentration, morning confusion,
irritability, anxiety, and depression. [WHO, Night Noise Guidelines, p. 48,26]

Environmental noise also has implications for the cardiovascular system, metabolism, and
homeostasis, the ability of the body to regulate itself.

The auditory system is continuously analyzing acoustic information, which is filtered
and interpreted by different cortical and subcortical brain structures. The limbic
system, including the hippocampus and the amygdala, plays an important role in the
emotional processing pathways. It has a close connection to the hypothalamus that
controls the autonomic nervous system and the hormonal balance of the body.
Laboratory studies found changes in blood flow, fblood pressure] and heart rate in
reaction to noise stimuli as well as increases in the release of stress hormones...
Acoustic stimulation may act as an unspecific stressor that arouses the autonomic
nervous system and the endocrine system... The arousal of the sympathetic and
endocrine system is associated with changes in the physiological functions and the
metabolism of the organism, including [blood pressure], cardiac output, blood lipids
(cholesterol, triglycerides, free fatty acids, phosphatides), carbohydrates (glucose),
electrolytes (magnesium, calcium), blood clotting factors (thrombocyte, aggregation,
blood viscosity, leukocyte count) and others. In the long term, functional changes and
dysregulation may occur, thus increasing the risk of manifest diseases. [WHO, Night
Noise Guidelines, p. 62-631

The effects of stress can take many forms as seen above. Low level noise exposure that disturbs

Spendiarian & Willis Acoustics & Noise Control LLC
9of77



sleep and concentration are known to produce a range of diagnosable illnesses and disorders

1.5 Long Term and Short Term Community lmpact
Community response to noise is different for short term and long term exposures. Short term
impact refers to sounds that occur occasionally for a limited period of time, usually on an
irregular basis, that are not part of the normal activities on a property. These types of sounds are
generally addressed in the municipal code.

Zoning or land use regulations focus on long term community noise impact. These sounds occur
regularly over a period of time measured in weeks, months, or years and are usually part of the
normal activities on a property. In most cases, however, this would not include construction
activities as these are temporary and not a normal part of the usage of the site.

Municipal code noise regulations and land use code noise regulations serve different purposes,
but compliment each other to protect the community from excessive noise under differing
circumstances. The land use code governs long term community noise exposure and is directed
mainly to developers and commercial property owners. A municipal code applies to short term
noise sources that generally do not operate on a regular basis. The table below shows a
comparison of how these fwo codes work separately and together to provide a more complete
community noise policy.
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Municipal Code Land Use Code

Assessment Type Short term noise impact Long term noise impact

Directed Toward Residents, public gatherings,
noise control officers, police
offlcers

Developers, architects, acoustical
engineers, planning &
development dept., noise control
officers

Purpose Set threshold for
offenses
Define penalties

Guidance for site planning
Standards for noise
abatement
Long term noise
assessment

Main Area of Law: Criminal Civil

Findings Made by officer on
scene
lmmediate
determination of
required action

Assessment of all sound
sources affecting
surrounding properties by
acoustical engineer
Analysis presented in
detailed report

Expected
Outcomes:

lmmediate action
Possible cease and
desist order, citation, or
arrest

Comprehensive plan to
bring the site into
compliance
lnstallation of noise
abatement treatments

Table 1.1. Application of Short and Long Term Noise Regulation
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2. Definitions

A-weighted sound level

A measurement of a sound level obtained using "A" frequency weighting. This weighting curve
approximates the frequency response of human hearing for low to moderate sound pressure
levels. The frequency weighting characteristics of the A-weighting filter are defined in ANSI
S I .42 and ANSI S I .4.

Background sound

Sound from all existing sources near and far that may interfere with a sound pressure level
measurement, not to include the sound source being evaluated.

Decibel (dB)

Ten times the logarithm to the base ten of the ratio of two quantities that are proportional to
power. Quantities denoted as a "level" are decibel quantities, e.g. sound pressure level.

Ensemble sound

Sound from all normal existing sources near and far at a given location, including the sound
source being evaluated. The union of all sound sources observable at the point of assessment.

Equivalent-continuous sound pressure level

The sound pressure level of a steady, continuous sound having the same sound energy as the time
varying sound measured. Ten times the logarithm to the base ten of the time average over the
period of a measurement of the square of the ratio of the sound pressure to the reference sound
pressure of 20 micropascals expressed in decibels (dB).

Fast exponential time weighting

A lowpass filter for the purpose of averaging or smoothing a signal having a time constant of
0.125 seconds applied to the square of the sound pressure as specified in ANSI Sl.4-1983.

Highly impulsive sound

Impulsive sound having very rapid onset rate or rise time fypically resulting from impact
processes or small arms gunfire including, but not limited to: metal hammering, wood
hammering, drop hammering, pile driving, drop forging, pneumatic hammering, pickleball
paddle and ball impacts, pavement breaking, metal impacts during rail-yard shunting operation,
and riveting. ISO 1996 differentiates highly impulsive sound from regular impulsive sound by its
noted level of intrusiveness.
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Impulsive sound

Sound that is characterized by brief excursions of sound pressure, typically less than one second,
whose peak pressure noticeably exceeds the background sound pressure.

Insertion loss (IL)

For a sound attenuator, noise barrier, or other noise abatement treatment, the decrease in sound
level at a point of observation when the noise abatement treatment is inserted between the sound
source and point of observation.

Noise

Any sound which annoys or disturbs humans or which causes or tends to cause an adverse effect
on humans, domesticated animals, or livestock.

Noise abatement plan

A detailed plan demonstrating the mitigation measures to be taken in order to meet the
requirements of this noise regulation. The noise abatement plan should describe the construction
and locations of abatement treatments with the expected sound pressure levels at the receiving
properties.

Noise impact assessment

An analysis performed by a qualified acoustical engineer which determines the potential noise
impacts of a proposed use.

Peak sound pressure

The largest absolute value of the instantaneous sound pressure in pascals (Pa) in a stated
frequency band during a specified time interval.

Regular impulsive sound

Impulsive sound that is not highly impulsive sound. This includes speech and music.

Sound exposure level (SEL)

Sound exposure level is a descriptor for characterizing the sound from individual acoustical
events. The sound exposure is the time integral of the square of the sound pressure over a time
interval equal to or greater than an acoustical event having units ofpascal squared seconds. The
sound exposure level is ten times the logarithm to the base ten of the ratio of the sound exposure
to the product of the square of the reference sound pressure of 20 micropascals and the reference
time of one second expressed in decibels (dB).

Sound level meter (SLM)

An instrument used to measure sound pressure levels meeting the Type I standards for accuracy
in ANSI S I .4- 1983. Integrating sound level meters shall comply with ANSI Sl .43-1997 Type I .

If octave band or fractional octave band filters are used, they shall comply with ANSI Sl.ll-
2004 Class l.
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Sound pressure

A disturbance or perturbation of the atmospheric pressure with respect to the mean barometric
pressure producing the sensation of hearing or vibration measured in units of pascal (Pa).

Sound pressure level (SPL)

20 times the logarithm to the base l0 of the ratio of the sound pressure to the reference sound
pressure of 20 micropascals (pPa) expressed in decibels (dB).

Tonal sound

Sound having one or more single frequency oscillations (pure tones) or that is confined to a
narrow band of frequencies meeting the criteria for tonal prominence. See ANSI 512.9 Paft 4
Annex C oTANSI Sl.13 Annex A.
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3. Noise Regulation Best Practices

3.1 Purpose

A community is made up of individuals, families, businesses, government, land owners, tenants,
and other groups conducting activities for their livelihoods and enjoyment. The purpose of noise
regulation is to find a balance between the legitimate activities of one group and the need for
peace and quiet of another and to provide a clear process for resolving disputes when they arise.
Zoning noise regulations provide design goals for developers in planning a site for a specific
activity and serve as criteria for assessing the community noise impact of existing sites. Clear
guidance with regard to acceptable sound pressure levels is essential for ensuring new projects
conform to community standards and for evaluating the compliance of existing land uses.

Noise regulations should set clear and enforceable limits on community noise exposure that
accurately reflect the community response to a variety of common sound sources. Overly strict
regulations lead to arbitrary and selective enforcement while overly simplistic sound pressure
level limits lead to the impact of certain classifications of sound being underestimated or ignored
completely.

A well provisioned noise regulation will therefore provide a comprehensive and accurate
methodology for assessing the most common classifications of sound that impact a community.
This ensures that community noise impact will be evaluated in a way that is representative of the
experience of living and working in the community and also protects property owners from
unreasonable demands for mitigation. Most importantly the noise regulations should provide a
definitive means for bringing noise disputes to resolution.

Key goals of noise regulation include:

. Provide quantitative design targets for noise abatement

. Provide protections for neighbors for all classifications of sound

. Protect property owners from drawn out noise disputes

Benefits of good noise regulation:

. Defined design requirements for developers

Easier to get financing for projects due to lower risk and uncertainty

Enforceable standards for compliance

No cutting corners for contractor at risk
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3.2 Measurement Procedures

Noise regulation generally takes the form of speciffing maximum allowable A-weighted sound
pressure levels at a given location. It is important that the locations specified for assessment and
compliance be accessible such as at a property boundary.

Properfy boundary regulations protect the receiving property in its entirety against noise
intrusions from adjacent sites. They also do not require entering private property in order to
conduct acoustical testing. Performing acoustical measurements on the offending site creates bias
due to the closer proximity to the sound source. Creating a noise abatement plan for new
developments using noise assessment locations on the receiving property or inside a structure
makes ensuring compliance more complicated. This will be discussed further in Section 3.3.

3.3 Common Ordinance Noise Descriptors

Noise ordinances often do not have objective limits on sound pressure level, but instead use
subjective criteria to evaluate noise impact. This leads to a great deal of difficulty in resolving
noise disputes since neither side can agree on what the terms mean.

One common term is "audible" or "plainly audible." The problem with this criterion is that
neighbors will always be audible at certain times depending on meteorological conditions, time
of day, etc. This places everyone in violation of the noise code leading to arbitrary and selective
enforcement. The threshold of audibility depends on the background noise level at a specific
location and time. It is therefore unpredictable for site planning purposes and unrepeatable. There
is also no practical way to monitor without setting up a surveillance style recording system and
reviewing the playback to identif,/ the source in question.

Another common ordinance criterion is ooexcessive, unnecessary or offensive noise which
disturbs the peace or quiet of any neighborhood or which causes discomfort or annoyance to any
reasonable person of normal sensitivity residing in the area." This regulation puts the arbiter in
the position of deciding who is a reasonable person and what constitutes normal sensitivity. It
turns an engineering problem of assessing noise impact based on decades on scientific field
studies into a personal problem with no clear guidance on consistent application or how to reach
resolution.

The Maricopa County, Arizona Code, section P-23, prohibits sounds that can be "heard from
within closed residential structures." This code is unenforceable because it is untestable. First, it
requires access to a private home or place of business. The home or business must then be
searched to verif, that all doors and windows are closed. For a developer it is impossible to plan
for or ensure compliance with such an ordinance because it is dependent on the construction of
the receiving structures.

The subjective criteria described above may be difficult to enforce due to vagueness. Under the
vagueness doctrine a statute may be void if it leads to arbitrary enforcement, does not provide
fair notice of what is and is not punishable, or does not detail the procedures followed by officers
or judges of the law.
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3.4 Reducing Vagueness

The first step in reducing vagueness in noise regulation is to adopt a comprehensive, objective
standard that addresses the most common sources of noise complaints, particularly impulsive and
tonal sounds. There should be separate criteria for short and long term noise impacts. The zoning
or land use code should focus on long term impacts while the municipal code addresses short
term nuisance noise. The standards should not be overly restrictive such that common, everyday
activities cause violations leading to arbitrary enforcement.

Sounds that are subjectively negative and disturbing for contextual reasons may require
enumeration and specific restrictions in addition to sound pressure level limits. This may involve
use limitation to certain times of day, complete prohibition, or other policies as deemed
appropriate to the situation. A 5 to l0 dB adjustment for the enumerated sound sources may also
be an effective means to address their greater noise impact.

3.5 Current Standards in Noise Regulation

3.5.1 European Union Directive 2002149

The current, most up to date noise regulations with regard to scientific research have been
enacted through European Union Directive 2002149. This directive implements the noise
assessment methodology in International Organization for Standardization standard ISO 1996.
The American adaptation of ISO 1996 is ANSI 512.9 Part 4. These standards provide a
comprehensive, objective method to assess the community noise impact of the most common
sources of noise complaints including broadband continuous, impulsive, and tonal sounds.

In addition to the assessment methodology, ANSI S12.9 Part 5 provides guidance for acceptable
day-night levels for a variety of land uses. In practice, setting sound pressure level limits for
residential, commercial, and industrialzoning areas is usually sufficient.
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4. Glassification of Environmental Sound

The impact of noise on a community is not always simply determined by the amplitude of the
sound. Sounds that vary rapidly with time or have certain frequency characteristics can have an
additional impact. This chapter discusses the classification of sounds with special characteristics
and how they relate to community noise response.

4.1 Amplitude Characteristics

4.1.1 Sound Pressure

The most fundamental characteristic of sound is its pressure amplitude measured in units of
Pascals (Pa). Due to the extremely wide sensitivity range of human hearing, sound pressure is
normally presented on a logarithmic scale known as the decibel scale and denoted by the symbol,
dB.

It is important to note that the decibel is a scale or unit of level, not a unit of measure. A decibel
quantity must therefore have a reference value to define it. Any acoustic quantity described as a
"level" is by definition on a decibel scale. The sound pressure level (SPL) is the sound pressure
in Pascals normalized to the standard acoustical reference pressure of 20 l0-6 Pascals as follows,

sPr = 20 l"g,r(-i 
- )

where p is the sound pressure in Pascals and SPL is the sound pressure level in dB.

Figure 4.1 shows sometypical sound pressure levels of common sound sources. Sound pressure
levels in the blue range are very quiet and usually found only in special environments such as

anechoic test chambers or remote forest areas. The green range is typical of quiet environments.
For outdoor sound, most daytime noise regulations begin to apply in the yellow range at starting
55 dBA. The U.S Department of Housing and Urban Development will require a noise
abatement before funding residential projects above 65 dBA. Above 75 dBA they will require a
stringent approval process. At 90 dBA in the workplace, OSHA will require a hearing protection
program for workers.
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4.1 .2 Broadband Continuous Sound

A sound pressure level reading that does not change rapidly with time, does not contain tones,
and covers a wide frequency range is said to be broadband with respect to frequency and
continuous with respect to time. Broadband continuous sounds are characterized primarily by
their sound pressure level. Common examples are fans, well pumps, and traffic noise.

Broadband continuous sounds are the simplest to quantifli and are used as a point of comparison
for other types of sound. That is, they provide a stable and relatively neutral basis for comparing
tonal, impulsive, and other special sound classifications. The sound pressure level limits set in
most noise regulations apply to this type of sound. Other sound classifications are adjusted so
that their impact can be compared to a broadband continuous sound pressure level. This greatly
simplifies noise regulations; however, it requires methodologies to be defined to accurately
normalize sounds with special characteristics on the basis of community response to those
characteristics.
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4.2 Spectral Characteristics

The spectrum of an acoustic wave refers to its frequency content. The frequency range that a
sound occupies may cover a wide band of frequencies, only a very narrow band, or even a single
frequency in the case of a tone. Frequency is measured in units of Hertz (Hz) which are
equivalent to one cycle per second.

4.2.1 Broadband

As described above, broadband means that the sound covers a broad spectrum of frequencies.
This type of sound is in general the most neutral in terms of subjective sound quality. A
broadband source with emphasis on the frequencies above 1,000 Hz may, however, be
chancterized as sharp or shrill.

4,2.2 Narrowband

Sounds occupying only a narrow portion of the auditory spectrum are said to be narrowband.
Narrowband can be regarded as having a bandwidth less than l/3 of an octave. This type of
sound is sometimes encountered in impact processes where the impact excites a structural
resonance, but the duration of the sound is very short due to damping in the structure.
Narrowband sounds will require a sound pressure level adjustment due to their spectral
characteristics in relation to broadband continuous sounds if they have tonal prominence (see
Section 5.5.1 Assessing Tonal Sounds).

4.2.3 Tonal

Sounds containing pure tonal frequencies are usually produced by rotating machinery but can
also be electrically amplified signals such as those created by a backup alarm. Human hearing is
sensitive to tones. Sounds having tonal prominence will require an adjustment in order to be
compared to broadband continuous levels (see Section 5.5.1 Assessing Tonal Sounds).

4.2.4 lnfrasound and Ultrasound

The nominal range of human hearing is 20 Hz to 20,000 Hz. Sounds outside this range are
referred to as infrasound if below 20 Hz and ultrasound if above 20,000 Hz. Objectionable
infrasound can sometimes be generated by wind turbines or industrial sound sources.

4.3 Temporal Characteristics

The way sound changes with time can have a significant influence on the noise impact.
Accounting for these characteristics is important for accurately predicting community response.

4.3.1 Stationary or Continuous

Sound that changes slowly in amplitude with time is known as continuous or in statistical terms,
stationary. In practice, sounds that do not meet the criteria for impulsive, rapid onset, or
modulated are considered continuous and do not require any sound pressure level adjustment for
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their temporal characteristics.

4.3.2 lmpulsive

Impulsive sound is characterized by brief excursions of sound pressure whose peak pressure
noticeably exceeds the continuous sound pressure. The duration of a single impulsive event is
usually less than one second.

Impulsive sounds often create annoyance because they are similar to sounds that contain
important information about our environment such as a sound outside the house or a door
closing. We are sensitive to these fypes of sounds because they alert us to events occurring
nearby that we may need to respond to. Continuous false alarms make it difficult to relax,
concentrate, or sleep soundly without disturbance.

Many researchers have found that impulsive sound requires a level adjustment to properly
account for the special characteristics and sensitivity to this class of sound fBuchta,
Smoorenburg, Vos] and that listeners are able to differentiate between loudness and annoyance
for sounds with temporalvariance [Dittrich].

Impulsive sound is considered to have three subcategories: regular impulsive, highly impulsive,
and high energy impulsive. Each of these categories has a different sound pressure level
adjustment.

Highly lmpulsive

Highly impulsive sound is characterized by a sudden onset and high degree of intrusiveness. This
is common for impact processes and small arms fire. Highly impulsive sound in general has a
duration too short to be accurately measured using maximum fast exponential time weighting.
Impulses with a regular repetition rate greater than 20 Hertz may be perceived as tonal rather
than impulsive and require a tonal level adjustment.

Research has indicated that highly impulsive sound should receive a 12 to 13 dB adjustment
[Buchta, Smoorenburg]. ANSI 512.9 Part 4 and ISO 1996 Part I recommend a 12 dB
adjustment.

High Energy lmpulsive

High energy impulsive sound is usually produced by explosive sources where the equivalent
mass of dynamite exceeds 25 grams. Common sources are blasting or artillery fire. Sonic booms
not produced by small arms fire are also included in this subcategory. High energy impulsive
sound differs from highly impulsive sound mainly in the amount of low frequency energy
produced.

Regular lmpulsive

Impulsive sound not categorized as high energy or highly impulsive is categorized as regular
impulsive. ANSI S12.9 Part 4 and ISO 1996 Part I recommend a 5 dB adjustment for regular
impulsive sound.
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Modulated

Another type of transient sound is characterizedby amplitude modulation. These sounds consist
of a continuous series of impulsive events such as speech or music. Human hearing is most
sensitive to amplitude modulationatarate of about 4HzlZwicker & Fastl, p. 177,247-81. This,
not surprisingly, is the rate at which talkers typically produce syllables when speaking. Sounds
having amplitude modulation near this rate may cause higher annoyance than continuous sounds
at the same sound pressure level and should be treated as regular impulsive. When a large
number of conversations is occurring at once such that the words of individual speakers cannot
be understood, the noise impact may be more similar to a broadband continuous sound source.

4.3.3 Time of Occurrence

Sounds that occur at certain times may become more objectionable. The community noise impact
of sounds that occur at night is higher than in the daytime. Community noise impact is also
higher during times when people are normally at home than when they are normally away at
work.

4.4 Ensemble and Background Sound Pressure Levels

Noise complaints usually involve a specific sound source. In any outdoor environment the source
of interest will be among many background sources. Since it is in general not possible to remove
the background sources, acoustical measurements must be performed in the presence of all active
sound sources. "Ensemble sound pressure level" will refer to the sound produced by all sources
at a given location including the source of interest. "Background sound pressure level" will refer
to the sound present with the source of interest deactivated.
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5. Measurement and Assessment of Environmental
Sound

5.1 Quantification of Sound

5.1.1 Sound Pressure

The measurement of sound in regard to noise regulation focuses on the sound pressure level
(SPL) as described in Section 4.1.1. The human ear is a pressure sensor;therefore, the SPL most
directly relates to the community response to noise. The human sensation of hearing does not,
however, work in the same way that a microphone does. Spectral and temporal characteristics of
a sound source can have a significant effect on the community response to that source. Signal
processing must be applied to the measured sound pressure in order to adjust the measurement to
the actual sensitivities of human hearing.

5.1.2 Frequency Weighting

The first step in accurately representing the perceived loudness of sound is to simulate the
frequency response of the human ear. Human hearing has lower sensitivity to sounds below 250
Hz and above 8,000 Hz as seen in Figure 5.1 ISO 226f.Hearing sensitivity as a function of
frequency is, however, also a function of amplitude. Different frequency weighting filters must
therefore be used for different amplitude ranges. Figure 5.2 illustrates the A and C frequency
weighting curves [ANSf S 1.4] that simulate the equal loudness contours of human hearing with
respect a 1,000 Hz tone at sound pressure levels of 40 and 100 dB respectively. Noise regulations
generally speciff the A-weighted sound pressure level since this curve most closely matches the
target noise level goal for broadband sound sources.

A-weighted sound pressure levels are commonly expressed as dBA, dB(A), or La.

Spendiarian & Willis Acoustics & Noise Control LLC
23 of 77



130

120

110

1m

s0

80

\

! ? rr -199 PtP-q

80

70

60

d)
EI

E
o
J
4r
5u6g
a
E

=I

60

50 ', ,

40 -.

20 i-

40

20

0 (hearing threshold)
oi

+ o,f s € 6 o^S"$?"sdd,f S.SdP$49+s",Sdd++6f.S4fff+ss

Fr€quency tHz)

Figure 5.1. ISO 226 F,qaal Loudness Contours

Spendiarian & Willis Acoustics & Noise Control LLC
24 of 77

I



0

co
E

6(,
L
Uv
L
cllg,.E

.9
4)
3

-10

-20

-30

-40

-50

-60

-70

10 100 1000 10000
Frequency {Hz)

Figure 5.2. ANSI Sl.4-2014 Frequency Weighting Curves

5.1.3 Equivalent-continuous Sound Pressure Level

The equivalent-continuous sound pressure level is the principal acoustical quantity measured for
long term noise impact assessment. This is a root-mean-squared average of the sound pressure
over a period of time expressed as a sound pressure level. Equivalent sound pressure levels may
represent the average level over a period of minutes, an houq or some other interval.

The A-weighted equivalent sound pressure level is represented as LA"o. The equivalent-
continuous sound pressure level does not use exponential time weighting (see below).

5.1.4 Day Night Level

A variation of the A-weighted equivalent sound pressure level is the day night level (DNL or
La"). This metric incorporates the increased sensitivity to noise at night by adding a l0 dBA
adjustment to sound occurring between l0:00 pm and 7:00 am. DNL is the most common metric
used for transportation noise and is often applied to other broadband continuous sound sources.
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5.1.5 Percentiles

To gain more insight into the noise environment during a long term measurement, some
statistical quantities may be employed. The quantities LAro and LAgo represent the A-weighted
sound pressure level exceeded during 10Vo and 90%o of the time of the measurement. LAqo is
often used as an indication of the minimum background noise level without the presence of
single noise events. LAro indicates the highest sustained levels.

5.1.6 Sound Exposure Level

The sound exposure level (SEL) is used to quantifr single noise events. It is particularly useful
when the duration of an impulsive sound is too short to be accurately measured with an
equivalent-continuous or exponential time weighted sound pressure level measurement. The
equivalent-continuous level represents the mean squared average sound pressure. It does not
account for instantaneous peak pressures. Impulses with short durations tend to get averaged out
although the peak pressure may be significant. This can sometimes lead to the mistaken
conclusion that the impulse has no greater noise impact than the background noise.

The sound exposure level also allows single noise events to be extracted from the measurement
so that adjustments for special characteristics can be applied to more accurately represent the
community response.

5.1.7 Peak Sound Pressure Level

For impulsive sounds with rapid onset, the instantaneous peak sound pressure level may be
important. This metric may be used to supplement the sound exposure level for highly impulsive
noise events that do not occur frequently enough to accumulate a substantial amount of sound
energy, but nevertheless do present a significant noise impact due to their high peak pressure
levels.

It should be noted that peak sound pressure level alone does not necessarily differentiate between
intrusive highly impulsive and regular impulsive sounds. Different impulsive sound sources with
the same peak sound pressure may have different noise impacts. Noise impact assessment of
impulsive sound is often multidimensional involving onset rate, frequency range, and impulse
duration.

5.2 Acoustical lnstrumentation

5.2.1 The Sound Level Meter

In the regulation of community noise, a sound level meter (SLM) meeting prescribed standards
for accuracy and conformity is used. The meter consists of a microphone and a signal processing
unit that performs frequency weighting (usually A and C) and time weighting functions. The
sound pressure level is displayed on the meter. An SLM that can log sound pressure levels and
compute an equivalent-continuous level is called an integrating SLM. Modern SLMs incorporate
digital signal processing capable of logging many acoustical metrics at the same time and can
save simultaneous calibrated audio recordings for source confirmation and further analysis.

Spendiarian & Willis Acoustics & Noise Control LLC
26 of 77



Most professional acousticians use, and many noise regulations require, a meter meeting the
ANSI S L4 Type I standard. This is the highest accuracy used for field work. Type 2 meters meet
a lower standard of accuracy and are allowed by OSHA and some municipal codes.

5.2.2 Exponential Time Weighting

When taking sound pressure level measurements in the field, the reading on the meter can
fluctuate rapidly for some sound sources. Exponential time weighting is a method of stabilizing
the reading by applying a smoothing filter to the sound pressure envelop. Professional sound
level meters will typically have three exponential time weighting settings: fast, slow, and
impulse. The slow setting has time constant of I second. The fast setting time constant is 0.125
seconds (1/8 of a second). For most measurements the fast setting is preferred with the exception
of impulsive sounds with a rapid onset rate.

Impulse time weighting uses a 0.035 second time constant on the rise of the sound pressure
envelop with a peak hold having a 1.5 second time constant on the decay. The purpose of this
setting is to allow a faster response on the rise of the signal to reduce the attenuation of the
maximum pressure of the impulse, but have a slow decay to hold the reading on the meter
display so it can be read and recorded. This time weighting is, however, still much slower than
the impulse produced by typical highly impulsive sound source such as a pickleball paddle
impact.

5.2.3 lntegrating Sound Level Meters

Integrating SLMs integrate the sound pressure over the time period of a measurement in order to
calculate the equivalent-continuous sound pressure level (LAeO. An integrating meter is
required for noise regulations that specifli metrics based on equivalent-continuous sound
pressure level such as the day night level (DNL) or hourly sound pressure level.

5.2.4 Frequency Band Analysis

Some sound level meters include filters for obtaining octave band and fractional octave band
sound pressure levels. Frequency band data is needed for designing sound walls and other noise
abatement treatments. Unweighted octave band sound pressure levels may also be used to assess
low frequency sound in regard to acoustically induced vibration caused by air handling units or
subwoofers.

5.2.5 Calibration

The calibration of the sound level meter should be recertified by a qualified, independent
metrology laboratory at intervals recommended by the manufacturer of the meter, usually one
year. The sound level meter shall be used as provided in the manufacturer's instructions.

It is standard practice when carrying out sound pressure level measurements to place a
calibration device recommended by the meter manufacturer over the microphone before and after
testing to veriff that the sensitivity of the microphone has not changed and that the equipment
has not been damaged prior to or during testing. The field calibrator should also be sent to a
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qualified metrology laboratory to have the calibration certified at intervals specified by the
equipment manufacturer. This period is usually one year.

5.3 CalculationMethods

5.3.1 DecibelAddition

When working with multiple sound sources, it may be necessary to understand how each
individual source contributes to the total sound pressure level. Decibel levels do not add
arithmetically, but must be combined logarithmically. Figure 5.3 shows achart for adding two
levels. First, calculate the difference in the levels. Next, find the level difference on the
horizontal axis of Figure 5.3 and find the corresponding level addition of the vertical axis. Add
this number to the highest of the two levels. For example, to add two levels, 50 and 56 dB,
together, find the difference, 6 dB, on the chart. The addition is I dB. Therefore, the decibel sum
of 50 and 56 dB is 57 dB. If the level difference is greater than l0 dB, the contribution of the
lower level source is negligible.

3,0

0,0
0 46

Difference in Levels {dE}
Figure 5.3. Decibel Addition

t0

Equation 5.1 gives the direct calculation for the decibel sum, Ls, of levels, Lr andLz
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rs= 1o logro(loo tt'+10o'tt') (s.l.l)

5.3.2 Background Noise Correction

When assessing a noise issue it is common to measure the sound source of interest in the
presence of other background sources. If the background noise level is within l0 dB of the
ensemble noise level (see Section 4.4) a background noise correction should be applied to avoid
overestimating the sound pressure level produced by the source of interest.

The corrected source level, L5ou,"", is found by the decibel subtraction of the background noise
level, L6rn, from the ensemble level, L"n".

rro,.."= lo logro(1oo'tt*- 1oo 
tt"') (s.2)

The background corrected sound pressure level of the source can also be found using Figure 5.4.
Subtract the background sound pressure level from the ensemble level. Find this level difference
on the horizontal axis of the figure and locate the corresponding decibel value on the vertical
axis. Subtract this number from the ensemble sound pressure level to get the background
corrected level ofthe source.

If the ensemble sound pressure level is within 3 dB of the background noise level, the source of
interest is producing less sound pressure than the background sources and cannot be accurately
assessed. When the conditions on the site prevent the background sound pressure level from
being measured it should be noted in the measurement report.

Spendiarian & Willis Acoustics & Noise Control LLC
29 of 77



6^g 2.s
E
qJr 2.0
q.J

E
E
CJ..
E I.)t!
E
,E r.o
(D

u
€ 0.5
(n

3,0

0.0
0 2468

Ensemble Level Minus Background Level (dB)

Figure 5.4. Background Noise Correction

l_0

Example:

An exhaust fan located on the exterior wall of a warehouse building runs continuously. A
sound pressure level measurement taken at the nearest residential property line with the
fan running reads 64 dBA. The fan is then shut off and the measurement repeated. The
sound pressure level now reads 58 dBA due to a nearby roadway.

Subtracting the background noise level (58 dBA) from the ensemble level (64 dBA),
which includes the fan and all other sound sources in the area, gives a difference of 6
dBA. From Figure 5.4, a 6 dB level difference on the horizontal axis corresponds to L0
dB on the vertical axis. Subtracting this number from the ensemble sound pressure level
gives a result of 63 dBA for the sound pressure level of the exhaust fan by itself.

5,4 Measurement Procedures

5.4.1 FieldCalibration

The calibration of the sound level meter shall be recorded before and after each series of
measurements using a field calibrator or method recommended by the manufacturer of the meter.
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5.4.2 Measurement Conditions

To the extent practical, all sound sources contributing to the ensemble sound pressure level at the
point of measurement should be identified.

Measurements should not be performed when wind speeds exceed l0 knots (l I miles per hour, 5

meters per second), the SLM may become wet, or temperatures are outside the tolerance range of
the SLM as specified by the manufacturer. A properly fitted windscreen shall be attached to the
microphone.

Unless necessary, hourly or shorter duration measurements at distances greater than 100 feet (30
meters) should be performed on sunny days in order to avoid acoustic shadow zones formed by
thermal inversions caused by ground heating. When the sun heats the ground, the relatively
warm layer of air near the ground can cause sound to refract upward creating a complete or
partial shadow. Measurements taken in the shadow zone can underestimate the sound pressure
levels present at other times of the day.

5.4.3 Measurement Locations

The preferred noise assessment location is at the property line of the receiving property at the
point most impacted by the sound source in question. More than one measurement location may
be necessary for multiple sound sources or some noise sensitive areas.

In some situations the area most affected by the sound source of interest may be inside the
boundaries of the receiving property. This is sometimes for the case, for example, if there is a
wall blocking sound at the property line. Measuring the sound directly behind the wall may not
be representative of the sound levels farther from the wall inside the receiving property or at the
upper floors of a building located on the property.

5.4.4 Sound Level Meter Placement

The microphone of the sound level meter should be placed at a minimum height of 45 inches (l.l
meters) above ground level and a minimum distance of 12 feet (3.6 meters) from any other
reflecting surface. The microphone should not be placed closer than 12 feet (3.6 meters) from
any sound source.

Other microphone placements may be used as necessary to assess a specific noise sensitive area,
but their acoustical characteristics must be specified.

5.4.5 One Hour Equivalent-continuous Sound Pressure Level Measurements

One hour equivalent-continuous sound pressure level measurements shall be conducted using an
integrating sound level meter. For sound sources that do not change in level over time, a shorter
measurement period may be used provided the sound pressure level measured is typical of the
source in question, but not less than 2 minutes. If a sound source has a regular operating cycle,
the time period of the operating cycle, including both time on and time off, may be used for the
measurement.
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5.5 Adjusted Sound Pressure Levels

Sound sources that have special characteristics including impulsiveness and tonality have been
found to have a noise impact greater than that indicated by the equivalent-continuous level. To
account for this a set of adjustments to the equivalent-continuous sound pressure level have been
defined based on the recommendations of ANSI 512.9 Part 4. These adjustments apply to
equivalent-continuous sound pressure level measurement such as one hour A-weighted sound
pressure levels (LAeq) and octave band equivalent-continuous sound pressure levels.

5.5.1 Assessing Tonal Sounds

Sounds having tonal prominence receive a 5 dB adjustment. Tonal prominence is determined
according to ANSI 512.9 Part 4 Annex C by comparing adjacent unweighted one-third octave
band equivalent-continuous sound pressure levels to the one-third octave band containing the
tonal frequency. If the adjacent band level differences are greater than l5 dB for the 25 to 125 Hz
bands, 8 db for the 160 to 400 Hz bands, or 5 dB for the 500 to 10,000 Hz bands, the tone has
prominence and a tonal adjustment shall be applied to the one-third octave band containing the
tonal component.

Tonal prominence may also be determined using the narrowband methods in ANSI S l.l3-2005
Annex A. This method may be necessary for tones that are close to the separation between two
one-third octave bands resulting in bleed over into both bands.

5.5.2 Assessing lmpulsive Sounds

Two categories of impulsive sound are addressed in this document: regular impulsive and highly
impulsive.

Regular impulsive sound includes speech and music. It receives a 5 dB adjustment.

Highly impulsive sounds receive a 12 dB adjustment. Highly impulsive sounds occurring at a
rate greater than 20 per second are usually not perceived as distinct impulses and no impulse
adjustment shall apply; however, if the repetitions are regular in time a tonal sound ad-iustment
may be necessary.

Equivalent-continuous sound pressure level alone is not sufficient to assess sounds characterized
by impulsiveness. Highly impulsive and sporadic single events may produce a relatively small
amount of energy compared to the background noise level. This does not necessarily mean they
will not have a significant impact. Equivalent-continuous levels are often insensitive to short
duration events even though the impulses may be clearly noticeable. In these instances the sound
exposure method may be necessary to assess these events (see Section 5.5.3).

5.5.3 Applying Adjustments Using Sound Exposure Level

Impulsive sounds are usually spread out in time whereas background noise is continuous. The
background noise will therefore often contribute more to an energy averaging metric like the
equivalent-continuous sound pressure level than the impulses even though an observer on the site
may report the impulses as the primary sound source due to their high peak sound pressures. In
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cases like this a windowing method such the sound exposure must be used to separate the
impulses from the background noise so that adjustments can be appropriately applied to the part
of the ensemble sound containing the impulses.

One common use for the sound exposure level (SEL) is the comparison of two discrete sound
events; however, in the context of applying adjustments to impulsive sound the SEL will be used
to overcome the influence of the background noise by separating out the individual impulse
events from the rest of the measurement data. The SEL of a single event, SEL"n"n1, can be found
from the background noise corrected equivalent-continuous sound pressure level over just the
time of the event, L"',"u"n,,

SEL 
"u"nr= 

L 
"s,"u"r, 

* 10 Io gro(T ru"r, I T o) (s.3)

where T"u"nt is the duration of the event in seconds and To is the reference time of I second. T"u"n,

should be inclusive of the entire event. In situations where the background noise level fluctuates
it may be necessary to find the background noise level in the immediate vicinity of each impulse
event in order to do the corrections.

The appropriate regular or highly impulsive adjustment can now be added directly to the SEL of
the event. This process can be repeated for each impulse to obtain a set of SELs.

In order to compare the resulting sound exposures to the level limits in the regulations, the SELs
must be converted to an equivalent-continuous level over the time period of the original
measurement. The adjusted equivalent-continuous level of the impulses during the time of the
measuremeflt, L"q."6i, is therefore the decibel sum of each event's background corrected sound
exposure level, SEL",ent,i, €Ind its adjustmeht, K;, minus the measurement time, I in decibels.

L"o,oo;) 19(o'tttut-"""'*r'))- 10 logro (r/ ro) (s.4)

An alternative form of Eq. 5.4 is useful in when the mean SEL and the number of events over a
period of time are known for an impulsive sound source.

L"r,oo,= SEL,,"+Ki,pur""+ 1-0logro (iv)- 10log10 (T/T0) (5.5)

Here L"qu61 is equal to the sum of the sound exposure level for one event occurrence, SEL,,", the
adjustment for the type of impulse, Ki-pur,", the number of occurrences, N, in decibels, and total
time period over which the impulses occur, I in decibels.

Leq.aoj c81l now be combined with the other adjusted sound source levels in the project using Eq.
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5.1 to obtain the total adjusted equivalent-continuous sound pressure level. This level can then
compared to the level limits in the noise regulations.

For more information on sound exposure level see ANSI S 12.9 Part 4 and Harris, Chapter 12.

5.5.4 Time of Day Adjustments

For noise impact assessment, the day is typically divided into three segments: day, evening, and
night. For residential land uses, each of these time periods will have different noise sensitivities.
During the daytime, usually defined as 7:00 am to 7:00 pm, many people are at work or busy
with other activities away from home. In the evening, 7:00 pm to l0:00 pm, people tend to be at
home and are more aware of noise in the area. Nighttime is the most noise sensitive time as
people are sleeping. Weekends also have a higher noise sensitivity similar to evenings when
people tend to be at home, but not sleeping.

For residential land uses, time of day adjustments include a 5 dB adjustment for the evening and
a l0 dB adjustment for the nighttime hours. Weekend daytime hours also receive a 5 dB
adjustment similar to evening hours.

5.6 Measurement Reports

After a set of field measurements have been completed, a report of the findings should be issued
containing the following information:

L Make, model, and serialnumber of each piece of measuring equipment

2. Date and location of the most recent laboratory calibrations

3. Site plan showing measurement locations

4. Statement of on-site calibration verification before and after each series of measurements

5. Name of the engineer conducting the tests

For each measurement location the following information should be noted:

l. Date and time of the measurement

2. Acoustical metrics measured

3. Time and frequency weighting used

4. Microphone location and height

5. Windscreen used

6. Description of the test location including the type of ground and any reflecting surfaces
near the SLM or sound source being investigated

7. Primary and secondary sound sources contributing to the measurement
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8. Background noise level if investigating a specific sound source

9. Weather conditions: temperature, humidity, wind speed and direction, cloud cover, and
sun exposure

10. Photo image showing the sound level meter and intervening ground between the meter
and the sound source ofinterest

5.7 Noise lmpact Assessments

5.7.1 Purpose and Methods

A noise impact assessment provides a determination of the likely effects of introducing a new
activity on the surrounding area. For new developments or modifications of existing
developments involving on site activities that are likely to have a noise impact on the
surrounding area, a noise impact assessment should be prepared by a qualified acoustical
engineer. ISO 9613 and ANSI 512.62 provide a basic methodology for predictive acoustical site
assessment; however, other methodologies may be used as appropriate for the area, conditions,
and sound sources being evaluated. A noise impact assessment may be based on measurements
of similar sound sources at a different location; however, differences in propagation paths that
may affect the noise impact must be accounted for.

5.7.2 Present and Future Noise Exposure

With many sound sources, the noise impact may increase over time, e.g. roadways and other
modes of transportation whose usage can be expected to increase in the future. In preparing noise
impact assessments for proposed developments, future usage patterns should be included in the
analysis.

5.8 Existing Noise Regulations

Best practices and current standards for noise assessment have been covered in Chapter 3. These
criteria will be used here to evaluate noise regulations that apply within the City of Centennial.

5.8.1 City of Gentennial Municipal Gode, Ghapter 10, Article 12

The City of Centennial does not currently have a land use noise regulation. Noise violations are
defined in the Municipal Code. Two sections of the Code relate to noise assessment.

Sec. 10-12-10. - Legislative declaration.

It is hereby declared that protection and preservation of the home is of the highest
importance;that unnecessary and excessive noise is a significant source of environmental
pollution that threatens the public health, welfare, tranquility and good order of the
community; and that the prohibitions and other protections set forth in this Article are
enacted to secure and promote public peace, welfare, comfort and health.
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Sec. 10-12-20. - General prohibition.

It shall be unlawful for any person to make, continue or cause to be made or continued
any excessive or unusually loud noise which:

(l) Disturbs, annoys or endangers the peace, repose, comfort, safety or health of
others; or

(2) Endangers or injures personal or real property.

These Code sections do not prescribe an objective measure of excessive noise, but state that
"protection and preservation of the home is of the highest importance." Section l0-12-20(l)
prohibits sound that "disturbs, annoys or endangers the peace, repose, comfort, safety or health
of others." No guidance is given for compliance with the Code; however, ANSI S12.9 Part 4 is a
standard for assessing annoyance in a community setting caused by noise and would be in
alignment, as an objective assessment methodology, with the criteria in Section l0-12-20(t).

5.8.2 Golorado Revised Statues 25-12-101

The Colorado Revised Statues seeks to provide statewide minimum standards for noise levels

25-12-101. Legislative declaration

The general assembly finds and declares that noise is a major source of environmental
pollution which represents a threat to the serenity and quality of life in the state of
Colorado. Excess noise often has an adverse physiological and psychological effect on
human beings, thus contributing to an economic loss to the community. Accordingly, it is
the policy of the general assembly to establish statewide standards for noise level limits
for various time periods and areas. Noise in excess of the limits provided in this article
constitutes a public nuisance.

C.R.S. 25-12-103(1) provides some objective maximum limits on permissible sound pressure
levels. For residential land uses, the daytime limit is 55 dBA. Evening hours are not defined;
however, nighttime hours are from 7:00 pm to 7:00 am. This includes hours that would normally
be considered evening. The nighttime sound pressure level limit is 50 dBA which is more fypical
of a 5 dBA evening penalty than the more customary 10 dBA nighttime level limit reduction.

Acoustical measurements are to be made 25 feet inside the receiving property boundary. This is
problematic for a number of reasons. First, it requires entering private property in order to assess
the sound level. This makes assessment, monitoring, and enforcement more difficult. It also does
not protect the entire receiving properly. This can be especially impactful for residents on small
lots or rental properties where the back patio may be within this distance.

While C.R.S. 25-12-103(3) does include provisions for impulsive sound,

Periodic, impulsive, or shrill noises shall be considered a public nuisance when such
noises are at a sound level of five db(A) less than those listed in subsection (l) of this
section.

with a 5 dBA reduction in the allowable sound pressure level, this approach is overly simplistic
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and will underestimate the noise impact of highly impulsive sounds.

Overall, the noise assessment procedure in C.R.S. 25-12 appears to be a compromise between
simplicity of noise assessment and completeness. While adequate for many sound sources, it will
underestimate the noise impact some classifications of sound that include highly impulsive sound
and sounds that occur during regular nighttime hours of l0:pm to 7:00 am when most residents
are sleeping. The choice of noise assessment location 25 feet inside the receiving property
increases the difficulty of monitoring and decreases the level of protection afforded to home
owners for the use oftheir outdoor spaces.
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6. Characteristics of Pickleball Sound
Spendiarian & Willis has prepared many noise assessments and abatement plans for pickleball
courts. This chapter summarizes some of the knowledge gained over the years of working with
this sound source.

The main concern in regard to noise from the pickleball courts is the sound produced by the
impact of the hard plastic ball on the paddles. This sound is characterizedby a sudden onset and
brief duration, thus classiffing it as impulsive sound. The spectral content of the paddle impact is
narrowband with a center frequency typically between 1,000 and 2,000Hertz. This is near the
most sensitive frequency range of human hearing.

6.1 Comparison of Pickleball to Other Activities
There is a common misconception that pickleball is acoustically equivalent to tennis, volleyball,
or many of the other activities typically found at outdoor recreation centers and parks. Numerous
news articles covering disputes over pickleball noise, many of which originate when existing
tennis courts are converted to pickleball, demonstrate that this is not the case:

Cutler, Amy, "Rise of pickleball pitting neighbor against neighbor, leading to lawsuits,"
Arizona's Family, Phoenix, Arizona. February 13,2023.
<http s :/hvww. azfam i ly.
neighbor-leading-lawsuits/>

Arden, Amanda, "Lake Oswego shuts down city pickleball courts indefinitely due to
noise complaints." KION 6 News, Portland, Oregon. January 23,2023.
<httos ://www.koin. com/local/lake-oswego-shuts-down-citv-picklebal l-courts-
indefi n itely-due-to-no i se-complaints/>

Columbo, Mike, "Pickleball plan pits Kirkwood residents against neighboring country
club." Fox 2 Now, Saint Louis, Missouri. January 26,2023.
<https://fox2now.com
neighboring-country-club/>

Sheets, Connor, "Pickleball noise is fueling neighborhood drama from coast to coast."
Los Angeles Times, Los Angeles, California. March 3,2022.
<https :/hvlvw. latimes. co
neighborhood-drama>

Adler, Erin, "Apple Valley neighbors in a pickle over pickleball noise." Star Tribune,
Minneapolis, Minnesota. March 27, 2019. <http://www.startrib
neighbors-in-a-pickle-over-pickleball-noise/5 07726242l>

Bartel, Mario, "Pickleball banished from Port Moody court after neighbours complain of
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rising stress, anxief." The Tri-citv News, Coquitlam, British Columbia, canada. April
24, 2021 <https:/hvww.triciWn
picklebal l-neighbours-revolt-against-rising-stress-anxietv-3 6623 69>

City of Lakewood, "Green Mountain Courts Closure."
<https ://www. lakewoodt
update>

Higgins, Sean, "No vote on residential pickleball until city adopts new land management
code." KPCW News, Park City, Utah. January 27,2022. <https://www.kpcw.o
cit),/2022-01-27lno-vote-on-residential-pickleball-until-cibr-adopts-new-land-
management-code>

Maryniak, Paul, "Pickleball lights plan puts two HOAs at loggerheads." Ahwatukee
Foothills News, Tempe, Arizona. November 29,2017.
<https : //wvw. ahwatuke
8b69fb2d50b2.html>

Bottemiller, Kitty, "Too loud! Pickleball noise upsets neighbors." Green Valley News,
Green Valley, Arizona. August 28,2013. <https://www.gvnews.com/news/local/too-loud-
pickleball-noise-upsets-neighbors/article:542c2aac-Of91- I I e3-acdc-00l9bb2963f4.html>

Clay, Joanna, 'oWoman sues Newport Beach over pickleball noise at park near her home."
Orange Countv Register, California. April 7,2016.
<https : //wlvw. ocre g ist
noise-at-park-near-her-home/>

Wheatley, Mike, "Noisy pickleball courts cause upset with homeowners." Realtlz Biz
News. March 15, 2022. <https://realtvbizne
with-homeowners/98768719/#:-:text:In one lawsuit in Newoort Beach%2C Calif.%2C
a.are causing them less enjoyment of their home.>

Lazaruk, Susan, "Pickleballers face off with residents over noise in Metro Vancouver."
Vancouver Sun, Toronto, Ontario, Canada. February 2,2022.
<https://vancouversun.com/news/local-news/pickleballers-face-off-with-residents-over-
noise-in-metro-vancouver>

Shanes, Alexis, "Village in a pickle: How Ridgewood plans to tone down the pickleball
court noi se." nortli erselu. com, California. January I 6, 2020.
<https ://wvw.northj erse
pieklcbalLnoise-reduction-m easures/44 8 04 6 3 0 02l>

Monterey Herald Staff, "Pickleball noise controversy goes before city leaders Pacific
Grove neighbors object to game at nearby tennis courts." The Mercury News, California.
S eptem ber I 9, 20 I 9 . <https : /hvlvw.mercur,vnew
controversy- goes-before-city- leaders/>

Fraser, Patrick and Rodriguez, Ambar, "What to do about constant pickleball noise?"
WSVN 7 News Miami, Miami, Florida. March 27,2019. <https://wsvn.com/news
me-howard/what-to-do-about-constant-picklebal l-noise/>
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Sutphin, Daniel, 'Nixing the noise: Sound fence construction underway at Gilchrist
pickleball courts." Port Charlotte Sun, Charlotte Harbor, Florida. May 20,2019.
<https://wvw.yoursun
underway-at-gilchrist-pickleball/article:79a764de-7bl c-l I e9-b4d4-6bcaa9l9f3R.html>

Corrigan, James, "York residents complain noise from pickleball club is hurting quality
of life." WMTW News 8, Portland, Maine. November 16,2021.
<https://www.wmtw.co
hurting-Uality-of-life/3 827 I 92 I >

It should be clear from the above list of references that pickleball constitutes a significant change
in the acoustic environment of the area surrounding the courts in comparison to tennis and must
be planned for accordingly. In particular, the impulsive sound produced by the impact of the hard
plastic ball on the paddle can cause significant noise impact for those living near the courts.

6.2 Effects of lmpulsive Sound

Persistent impulsive sounds create annoyance because they are similar to sounds that contain
important information about our environment such as footsteps, a door opening, a tap at the
window, or speech. We are sensitive to these types of sounds because they alert us to events
occurring nearby that we may need to respond to. Continuous false alarms such as the popping
sound created by pickleball paddle impacts make it difficult to relax, concentrate, or sleep
soundly without disturbance as each time a pop is heard it draws the affention, creating
distraction.

6.3 Acoustical Characteristics

The sound produced by the impact between a pickleball and paddle is characterized by a rapid
onset and brief duration, typically on the order of 2 to l0 milliseconds (0.002 to 0.010 seconds)
for the direct path sound. This classifies it as impulsive sound. Figure 6.1 shows a time trace of a
pickleball paddle impact measured near Phoenix, Arizona. The main part of the direct sound
impulse can be seen to be less than two milliseconds followed by a rapid decay and some later
reverberant arrivals.
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Figure 6.1. Pickleball Paddle and Ball Impact Sound Pressure Trace
I millisecond (ms):0.001 seconds.

The spectral content of the paddle impact is narrowband with a center frequency typically near
1,000 Hz (see Figure 6.2). Although it does not meet most guidelines for tonal prominence such
as Annex C of ANSI 512.9 Part 4 or ANSI Sl.l3, it does impart a vague sensation of pitch
similar to a wood block percussion musical instrument. The radiation pattern of the paddle is
more or less a dipole, i.e. the sound from the front and back of the paddle is of opposite polarity
and cancels itself in the plane of the paddle. Therefore, orienting the courts so that the direction
of play faces away from noise sensitive areas can provide some attenuation.

The sound power spectrum of the pickleball and paddle impact has two basic shapes depending
on how the ball is hit. Figurc 6.2 and Figure 6.3 show the power spectra of a 'sharp' hit and a
'dull'hit. The curves are not calibrated for absolute level, but can be compared relatively.

The sharp hit spectrum shows a narowband signature. The frequency of the peak typically varies
between 1,000 and 2,000 Hz. The energy in the dull hit is more spread out, but still peaks
between 1,000 and 2,000H2.
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Figure 6.3. Spectral Response of a Dull Hit
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A sound wall design will require effective attenuation in the 1,000 Hz octave band and above. In
most applications, any material having a sound transmission class meeting STC 20 can be used
to construct a sound wall or fence for pickleball provided best practices for sound barrier
construction are followed.

6.4 Directivity of Pickleball Courts

The impulsive sound of the paddle impacts is radiated mainly by the large, flat paddle surface.
Since both faces of the paddle are connected internally by a honeycomb structure and move
together in vibration, one side of the paddle will produce a positive sound pressure while the
other produces a negative sound pressure similar to a loudspeaker diaphragm that is not mounted
in a cabinet. The result is that these two pressure waves having opposite polarity will cancel in
the plane of the paddle where the path length from each face is the same to all receiver locations.
This is known as a dipole or figure eight radiation pattern.

The positions of the paddles relative to the court change with each hit; however, the object of the
game is to hit the ball to the opposite half of the court. Therefore, the dipole axis of each paddle
impact will be in the general direction of play and not completely random. Measurements of
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several pickleball facilities have shown thatthis results in a null depth of 4 to 5 dB. Figure 6.4
compares a typical pickleball court directivity pattern to a mathematical dipole where 0o and 180o
are in the direction of play and the null is on the 90o and 270' bearings. Several decibels of
attenuation can often be obtained simply by optimizing the orientation of the courts with respect
to noise sensitive areas.

315' 45"

270" 90'

225' 135'

L80'

Figure 6.4. Typical Pickleball Court Directivity in Decibels

6.5 Noise lmpact of Speech

In addition to the paddle impacts, speech is also a sound source on pickleball courts. While there
are standards for speech sound power levels at various degrees of vocal effort such as ANSI
S3.5, sound from speech emitted from pickleball courts can vary greatly with who is playing on
the courts at a given time and be difficult to predict. In practice, noise abatement treatments
sufficient to mitigate the paddle impacts should also be sufficient for speech from the courts as
the paddle impacts typically have a greater noise impact.
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Most noise objections regarding speech on pickleball courts are related to the content of the
speech rather than the loudness. While the sound level of the speech can be reduced through
abatement treatments, it cannot be made inaudible in most situations. A noise impact of this type
must be addressed through court usage policy.

For tournament play, the overall speech pattern becomes more predictable. There are more sound
sources that will approach a statistical average such as that described in ANSI 53.5. A total sound
power level for the bleachers or spectator area can be calculated based on seating capacity or
through direct measurement during a tournament.
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7. lnfluence of Environmental Factors

7.1 Number and Arrangement of Pickleball Courts

Pickleball coutts are usually placed on a rectangular concrete pad approximately 30 by 60 feet.
This is one quafter the size of a typical tennis court pad such that a tennis court can be converted
into four pickleball courts. An important factor influencing the amount of sound reaching
neighboring properties will be the number of pickleball courts. A doubling of the number of
courts will result in a doubling of the number of sound sources and therefore the sound power
emitted. This corresponds to a 3 dB increase in sound power level. Pickleball courts are,
howeveg not a single sound source, but a distribution of many sound sources spread over the
area of the courts. For this reason, sound radiated from pickleball courts will not follow the
inverse square law unless the distance from the center of the courts to the point of observation is
large compared to the dimensions of the court or group of courts.

Figure 7.1 shows theANSI S12.9 adjusted sound pressure level contours (see Section 8.3.3) at a
height of 5 feet above grade for four courts, indicated by the red box, at the center of the main
group of pickleball courts. For reference, the two groups of eight courts together have a width
east to west of 136 feet and a length north to south of 268 feet. The oblong shape of the contours
is not a result of the rectangular layout of the courts, but the directivity of the individual courts
themselves (see Section 6.4).

The 55 dBA contour extends about 480 feet from the courts in the direction of play and 260 feet
laterally. Figure 7.2 expands the number of pickleball courts to eight arranged in pairs end to
end. The 55 dBA contour extends about 630 feet from the courts in the direction of play and 350
feet laterally. Figure 7.3 rearranges the eight courts into two rows side by side. The 55 dBA
contour extends about 685 feet from the courts in the direction of play and 340 feet laterally.
Doubling the number of courts causes the 55 dBA contour to move out 30%o to 40Vo of the
distance from the courts pad (red boxes) depending on how the courts are arranged.

The hypothetical examples above were created on level ground with a mixed ground type outside
of the concrete pads for the courts (ISO 9613 ground factor, G : 0.5). In practice, noise
complaints about pickleball courts at distances greater than 500 to 600 feet are rare. Real
pickleball sites will usually have topographical features that hinder sound propagation at farther
distances as well as structures that block or scatter sound. Pickleball courts across water may be
an exception with the possibility of complaints occurring at distances approaching 800 to 1,000
feet.
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Figure 7.2. Adjusted Sound Pressure Level from Eight Pickleball Courts Aligned
Longitudinally
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7.2 Topography

7.2.1 Sight Lines

In order for a noise barrier to be effective, it must block the line of sight from the sound source to
the point of observation. Homes sitting at an elevation higher than the proposed pickleball courts
can be difficult to shield, particularly if they have more than one floor, balconies, or raised decks.
Attention must be given to sight lines to determine whether a sound wall system can be a
practical solution as a noise abatement treatment.

7.2.2 Noise Sensitive Locations Above Ground Level

In addition to elevation differences between the pickleball courts and surrounding properties,
multistory housing can also result in sight line issues that lead to poor shielding. Figure 7.4
shows a mitigation example with four active pickleball courts in the southwest corner of the
complex and a two story building to the south. A l0 foot sound wall (red line) has been placed
along the south and west sides of the courts. The sound pressure level contours are at an
elevation of5 feet above grade. The 55 dBA contour does not reach the building.

In Figure 7.5,the elevation of the sound pressure level contours has been raised to l5 feet above
grade, about the height ofa second floor bedroom window or a person standing on a second floor
balcony or raised deck. The 55 dBA contour can now be seen to contact the building. This shows
the importance of checking allfloors of nearby structures to ensure that acoustical design targets
are being met.

It is important to note that, since the observation point on the second floor can overlook the
sound wall, some paddle impacts will not be shielded. Although the partial shielding of the
majority of the sound source locations is enough to lower the adjusted sound pressure level close
to the target level of 55 dBA, peak sound pressures may not decrease as much as the adjusted
level since some individual paddle impacts will not be shielded and may still have a significant
noise impact.
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Figure 7.4. Adjusted Sound Pressure Level Contours, Four Courts, 10 Foot Wall, 5 Foot
Elevation
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Figure 7.5. Adjusted Sound Pressure Level Contours, tr'our Courts, 10 Foot Wall, 15 Foot
Elevation

7,3 Ground

7.3.1 Attenuation

Some amount of attenuation can occur for sound passing over porous ground. This will mostly
include friable soil with vegetation growing on it. Hard surfaces like concrete and asphalt are
reflective. Painted concrete surfaces like sports courts are very reflective.
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This should be considered when placing a noise barrier on a particular ground type. The barrier
will block the ground wave and remove the ground effect. This will affect the performance of the
noise barrier. Blocking the ground wave over hard ground will enhance the insertion loss, the
difference in before and after sound levels, of the barrier while blocking the ground wave over
absorbing ground may cause the insettion loss of the barrier to be less than expected.

7.3.2 Refraction

Refraction caused by temperature gradients over certain ground can effectively cause sound to
travel farther. Refraction is the bending of the path sound travels towards regions of lower sound
speed, e.g. cooler air. This can be the result of temperature stratification of the atmosphere or
wind. In low lying places where cool air tends to collect in the evenings or over irrigated ground
where evaporative cooling can occur such as a golf course, a temperature lapse condition can
develop with warm air above and cool air below. This will result in sound arcing down toward
the ground. Refraction caused by a temperature lapse condition can result in sound arcing over
obstacles on the ground that would normally impede its propagation thereby making it louder at
farther distances.

7.3.3 Valleys

Parks located at the bottom of a valley can pose a particular challenge as they tend to experience
temperature stratification conditions regularly. Further, the sides of the valley may trap sound
and send it echoing back to locations on the opposite side. Valleys often require a detailed
propagation study to understand how sound moves through the area at different times of the day.

7.3.4 Water

Bodies of water such as a pond or lake are a special type of ground that is highly reflective. It
also tends to form a layer of cool air near its surface causing refraction effects similar to those
described above. Sound propagation over water can be difficult to predict as its surface changes
with wind and weather conditions. In calm conditions sound carries long distances over the
surface of water. If a significant portion of the ground between a sound source and receiving
property is water a detailed propagation study may be needed to determine the ground
attenuation.

7.4 Reflective Surfaces

Surfaces that reflect sound that are close to the pickleball courts can redirect sound in
undesirable directions. These surfacps can be building facades, retaining walls, or even noise
barriers. Mass-loaded vinyl (MLV)'fence covers are particularly reflective and may not be
appropriate in some applications. Unpainted masonry walls retain some porosity and will absorb
a small small of sound, but should be considered reflective for the purposes of outdoor sound
propagation.

Reflected sound from a single surface may increase the total sound pressure level as much as 3
dB over the level of the sound coming directly from the source. (Due to the short duration of the
impulse produced by a paddle impact and its short wavelength it is difficult to get the reflected
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sound to sum coherently with the direct sound) The positions of noise bariers must be planned
strategically to prevent sound from going in unwanted directions and creating a new noise issue.

Parallel reflective surfaces can severely degrade the performance of a noise barrier. See Section
9.2.3 for more information on this design issue.
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8. Noise Assessment Procedures for Pickleball Sound

8.1 lnaccuracies of Simple Averaging Techniques

8.1.1 Equivalent-continuous Sound Pressure Level

The equivalent-continuous level (Leq) is a type of average sound pressure level over the entire
period of a measurement. It represents a sound pressure level that has the same total energy as a
measured sound pressure level that may vary over the time of the measurement.

While the equivalent-continuous sound pressure level includes all acoustical events and
background noise that occur during the time of a measurement, including short impulsive events
such as pickleball paddle impacts, it only gives an indication of the average level. It is not
strongly influenced by peak sound pressure levels. For example, four pickleball courts may
produce 50 to 60 paddle impacts each minute. That is one impact about every second.
Equivalent-continuous averaging will therefore spread the energy of each paddle impact over a
period of about one second. The result is that the paddle impacts will usually be indistinguishable
from the background noise due to their very short duration. This, however, will not be what is
reported by observers near the courts.

The main issue with using equivalent-continuous sound pressure level with pickleball is that it
cannot be used to assess impulsive sound. This is the primary concern of neighbors living close
to pickleball courts. A different metric that can account for the noise impact of the paddle
impacts must be found.

8.1.2 Exponential Time Weighting

Sound level meters will typically have two smoothing filters called fast and slow time weighting
having time constants of 0.125 and 1.0 second respectively. These are first order lowpass filters
applied to the square of the sound pressure and are known as exponential time weighting. Some
meters will also have an impulse peak hold filter with a 35 millisecond time constant on the rise
of the sound pressure level and a slow 1.5 second decay to assist in reading the maximum level.

Fast exponential time weighting is often recommended for assessing impulsive sound. For highly
impulsive sounds having short durations this metric does not work well. When the averaging
time of the time weighting is longer than the duration of the impulse, the impulse is in the
stopband of the lowpass filter. In other words, the time weighting is filtering out the impulsive
sound source being measured. That is the purpose of a smoothing filter.

Figure 8.1 demonstrates the filter response to a burst of sound just long enough to achieve a
reasonably accurate reading within 0.5 dB of the true sound pressure level. The red curve
represents the envelop of a burst of sound 0.277 seconds in duration. This is the time required for
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the output of the fast exponential time averaging filter (blue curve) to rise to within 0.5 dB of the
actual sound pressure level of the sound burst. When the sound burst ends, the output of the
exponential time averaging filter begins to decay. The peak value in the output of the fast
exponential time averaging filter, after being converted to sound pressure level, is known as the
Lmax level.
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Figure 8.1. Fast Time Averaging Filter Response to a 0.277 Second Sound Burst

Figure 8.1 shows the behavior of the fast exponential time averaging filter and Lmax when used
properly. Figure 8.2 illustrates how the fast exponential time averaging filter responds to a
typical pickleball paddle impact. Note that the time scale has been reduced for clarity. At the end
of the 0.002 second impulse, the fast exponential time averaging filter has only had time to rise
to a level that is 18 dB below the true sound pressure level of the impulse. The pickleball paddle
impulse is so much shorter than the time constant of the averaging filter that the exponential
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curvature of the filter response is not even visible. It is clear that fast exponential time weighting,
much less slow exponential time weighting, cannot be used to assess the noise impact of
pickleball paddle impacts.
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tr'igure 8.2. Fast Time Averaging Filter Response to a Typical Pickleball Paddle Impact

8.1.3 Percentile Sound Pressure Levels

Another common method of analyzing sound pressure level over time is to rank the levels by the
percentage of time that a given level is exceeded. Percentile sound pressure level is described in
Section 5.1.5. For impulsive sound, percentile levels suffer from the issues of both equivalent-
continuous and exponential time weighted levels.

The majority of the energy in pickleball paddle impacts constitutes a very small percentage of the
total measurement time. Even very low percentile levels like LAor, the sound pressure level
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exceeded lo/o of the time, are little influenced. Further, percentile levels are usually calculated
from the fast exponential time weighted level, a metric that already strongly attenuates the short
duration impulses of the paddle impacts. Like the previous averaging methods, percentile sound
pressure levels do not distinguish paddle impacts well from background noise and correlate
poorly with the community response to this type of sound source.

8.2 Best Practices forAssessment of lmpulsive Sound

Assessment of impulsive sound is multi-dimensional. In addition to loudness, other
characteristics like onset rate, duration, and frequency range need to be considered as well to
gauge the true noise impact. Due to the short duration of paddle impacts, averaging sound
pressure level metrics such as equivalent-continuous level (LAeq), maximum fast exponential
time weighted level (LAmax), and impulse time weighting (LAI) fail to accurately represent the
perceived loudness and annoyance of the paddle impacts and impact processes in general. To get
a better correlation with the actual response of the surrounding community to this type of sound
metrics with a shorter time scale are needed.

The paddle impact sound pressure level is better represented by a combination of peak sound
pressure level and sound exposure level (SEL). Using the sound exposure level involves
windowing the measured sound pressure in time to include only the paddle impact and
reflections from nearby surfaces as seen in Figure 6.1. The equivalent-continuous sound pressure
level of the windowed impact is then normalized to the length of the window giving a
representation of the energy in the impact alone. Appropriate adjustments for impulsive sounds
can then be applied to the impacts as described next.

Most acoustical standards for sound pressure levels with regard to compatible land use provide
adjustment factors for different types of sound, e.g. impulsive, tonal, time of day, etc. Each of
these categories of sound produces different levels of community impact and annoyance due to
their temporal or spectral characteristics in comparison to a broadband sound that does not vary
in level or frequency content with time. The purpose of the adjustment factors is to normalize
these types of sound to a neutral broadband sound pressure level so that they can be reasonably
compared to a defined sound pressure level limit.

ANSI S12.9 Part 4 and ISO 1996 Part I give criteria for assigning adjustment factors to a variety
of sound classifications. Sounds produced by impact processes are fypically classified as 'highly
impulsive' due to their high onset rates and intrusiveness and assigned a 12 dB adjustment.
Experience has shown that pickleball paddle impacts should be adjusted as highly impulsive
sounds in order to set appropriate performance goals for abatement treatments. Inadequate
abatement treatment may lead to ongoing complaints, strained relations with neighbors, legal
action, the need for continued involvement on the part of authorities, retrofitting, and possibly
demolition costs to improve the abatement later.
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8.3 Measurement Procedures for Highly lmpulsive Sound

8.3.1 Measuring the Paddle lmpacts

General procedures for conducting and reporting acoustical measurements have been covered in
Chapter 5. For pickleball, the sound level meter should be set up to record continuous audio.
This will be needed for assessing the impulses produced by the paddle impacts. The audio should
be written to an uncompressed file format such as WAV with the following properties.

. Encoding: linear PCM WAV file format or other suitable lossless audio file format

. Sampling rate: 48kHz (minimum)

. Resolution:24 bit (minimum)

Audio recordings of the field calibration tone should be made as well and the Leq noted for
future reference.

Logged data should be sampled at no more than one second intervals and include for each log
interval,

. Peak sound pressure levels

" LApk (A-weighted peak level)

" LZpk (unweighted peak level)

. For speech assessment

" LAmax (maximum A-weighted fast exponentialtime weighted level)

. For background level

" LAeq (A-weighted equivalent-continuous level)

" LAF (A-weighted fast exponential time weighted level)

. LAS (A-weighted slow exponential time weighted level)

8.3.2 Measuring Background Levels

Background noise level measurements should be made without pickleball activity at each
measurement location. In practice it has been found that background levels should be performed
either before or after the pickleball courts are in use so as not to disrupt the rhythm of play by
starting and stopping or otherwise interfering with the use of the courts. For noise monitoring
situations where the sound level meter is left to run all day it may be necessary to find a time in
the recorded data where the pickleball courts were not being used in order to assess the
background noise level at different times of day.
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8.3.3 Data Analysis

Analysis of the measured data is performed on the sound exposure levels of the individual, A-
weighted paddle impacts. A minimum of 30 paddle impacts should be obtained at each test
location.

Sound Exposure Level

Some analysis and reporting software packages that work with a particular sound level meter
may be able to do sound exposure analysis; however, they must be able to work on time scales
less than one second. While the main part of the acoustical energy occurs within about a l0
millisecond window, later reflection and reverberation must also be included in the sound
exposure window. The sound exposure should include all of the initial impulse and reverberant
decay tail. See Sections 5.1.6 and 5.5.3 for more information on calculating sound exposure
level.

Background Noise Gorrection

A background correction should be applied to each paddle impact. Since these are short
impulses, only a small sample of the background noise immediately before, or if necessary after,
the paddle impact is needed. This is will give a more accurate correction in areas of high activity
where the background noise level is fluctuating between paddle impacts. The procedure for
background noise correction is explained in Section 5.3.2. It should be carried out on the
equivalent-continuous level of the individual paddle impact, not on the sound exposure level
directly. The background corrected equivalent-continuous level of the paddle impact is then
converted to a sound exposure level for further analysis.

Adjusted Sound Pressure Level

There are two adjustments that will normally apply to pickleball paddle impacts, highly
impulsive and day of week. The highly impulsive adjustment is l2 dB.

Noise assessment should be performed for the most impactful use case. A 5 dB adjust is therefore
applied to account for the additional noise sensitivity during times when neighbors tend to be at
home such as weekends and evenings.

This brings the total adjustment to 17 dB. The adjustment can be applied directly to the
calculated sound exposure levels.

Now that the sound exposure levels have been adjusted, the adjusted sound pressure level can be
calculated. This procedure is explained in Section 5.5.3. The adjusted sound pressure level can
now be compared to applicable maximum permitted sound levels.

8.4 Noise Assessment of Spectator Speech

For larger crowds of people such as found at atournament,ANSI 53.5 provides standard speech
power levels for different vocal efforts. The loud vocal effort may be most appropriate for most
events.
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Sound pressure level measurements of spectators at a tournament would be a better estimate
where possible. Differences in the number of spectators present during the measurement and the
number expected at the proposed venue should be taken into account.

8.5 Site Simulation

An ISO 9613 or other suitable outdoor sound propagation standard can be used to calculate
sound pressure levels at neighboring properties. Other more detailed environmental noise
simulation methods exist and are also acceptable; however, ISO 9613 is simple and widely used
with reasonable accuracy in most situations. There are many software packages available that
implement this standard propagation model such as SoundPlan and Noise.

8.5.1 Modeling Distributed Sound Sources

Figure 8.3 shows the dimensions of a pickleball court. Most paddle impacts occur between the
baseline and no volley zone on each half of the court; however, serves are required to be made
from behind the baseline.
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Figure 8.3. Pickleball Court Dimensions

Sound radiated from pickleball courts will not follow the inverse square law until the distance to
the point of observation is large compared to the dimensions of the court or group of courts. The
inverse square law states that sound radiated from a point source will decrease in level at a rate
of 6 dB for every doubling in distance. As seen in Figure 8.4, this does not hold true for
distributions of sound sources at close range. The figure compares two sound sources at the
opposite baselines of a pickleball court to a single source approximation located at the center of
the court. The vertical dashed green lines represent the edges of the concrete pad. The lower
graph is the difference between the fwo curyes in the graph above. The point of observation must
be almost three court lengths before the level difference is within 0.5 dB.
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Figure 8.4. Sound Pressure Level at Distance from Court Center for One and Two Sources

For this reason, it is recommended to use multiple sound sources on each pickleball court when
constructing an acoustical model of the courts. A vertical area source, i.e. a distribution of sound
sources on a vertical plane located at the baseline at each end of each court extending the width
of the baseline and from the playing surface to a height of 8 feet, is recommended. This
arrangement is chosen for simplicity and to beffer ensure that the extents of noise barriers are not
underestimated in the noise abatement planning stage.

8.5.2 Pickleball Gourt Directivity

As described in Section 6.4, pickleball courts have a directivity paffern that is bidirectional.
Measurements at numerous pickleball courts have shown that the directivity pattern can be
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approximated as shown in Table 8.1 or by using Eq. 8.1 where 0 is the angle of the receiver with
respect to the direction of play and D is the attenuation in decibels from the directivity.

D=20log1o( (a)+t sin'(a))) (8.1)
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9. Noise Abatement Methods

When a noise impact assessment indicates that activities planned for a site exceed the limits set
in the noise regulations, a noise abatement plan to bring the site into compliance should be
prepared by a qualified acoustical engineer.

9.{ Setbacks

A noise abatement plan begins with sufficient setback to noise sensitive areas to make abatement
treatments effective. Any given noise abatement treatment will produce a limited amount insert
loss or attenuation. A noise abatement plan for a site generally consists of a number of different
treatments that work together to achieve an acceptable sound level in the surrounding area. Any
deficit in the amount noise reduction achievable through mitigation treatments must be made up
for in setback. In short, the setback is what makes the rest of the noise abatement plan possible.

One approach to setbacks is to simply prescribe a minimum setback with regard to all residential
land uses. This has been done recently by Park City, Utah. Under their new pickleball code
amendment [Park Cify], proposed pickleball courts within 600 feet of residential properties must
have a noise abatement plan prepared. Pickleball courts within 150 feet of residential properties
are not permitted.

This approach has the advantage of being easy to understand and apply; however, there are some
situations where it may not be possible to create an effective noise abatement plan at 150 feet due
to elevation differences or multi-story housing that make sufficient shielding by a sound wall
impractical or impossible. In some special cases it may be possible to mitigate pickleball courts
closer than 150 feet. Thus a 150 foot setback requirement would be overly restrictive in these
applications.

Pickleball courts within 100 feet of residential land uses have proven to be problematic resulting
in lawsuits, strict limitations on usage, and court closures. Courts within 150 feet of residential
land uses require careful noise abatement planning using modern methods of noise assessment
for highly impulsive sound such asANSI S12.9 Part 4 described in previous chapters and strict
adherence to design specifications.

9.2 Noise Barriers

9.2.1 Performance Requirements

Sound walls and fence covers are the main noise abatement treatments utilized for pickleball
noise control. Sound walls are a more permanent and aesthetic solution while fence covers have
lower material and installation costs. Both types of barriers can have reflective or sound
absorbing surfaces.
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There are a variety of materials and products available that are acceptable for pickleball
mitigation. It is important that they meet a few minimum requirements.

Sound must not be able to penetrate though the barrier material. For pickleball, this means the
barrier material must have a minimum sound transmission class (STC) of 20. This is not difficult
to achieve with many solid materials that can include many options from mass-loaded vinyl
(MLV) fence covers to masonry walls. Materials such as wind screens attached to court fencing
and vegetation in the form of a hedges provide a level of visual privacy, but should not be
considered noise abatement treatments.

In order to maintain the integrity of the barrier transmission loss, penetrations in the barrier
surfaces cannot exceed l% ofthe surface area. There can be no gaps between the bottom ofthe
barrier and the ground or between barrier sections. Fence covers must be installed with the
manufacturer's recommended amount of panel overlap.

9.2.2 Fence Cover Safety Notice

IMPORTANT
Standard chain link court fencing may not be rated for wind loading with a solid material
attached. This can pose a danger of fence collapse in high winds. Many fence manufacturers
produce reinforcement kits to stabilize fencing for this type of loading. It is important to consult
with the fence manufacfurer or a structural engineer prior to attaching MLV, sound blankets, or
anything other solid materialto an existing open link fence.

9.2.3 ParallelSurfaces

A common problem encountered when designing a noise barrier system for pickleball courts is
the need to shield homes on opposite sides of the courts. Arranging reflective noise barriers so
that they have parallel faces creates a situation where the sound is trapped between the interior
surfaces and cannot dissipate. It has nowhere to go but over the noise barrier. This will
significantly degrade its acoustical performance. If this layout cannot be avoided by changing the
relative positions of the two walls, sound absorption will be needed on the interior surfaces to
control acoustical energy buildup.

Figure 9.1 shows a performance comparison of several surface materials on opposite sides of two
pickleball courts arranged end to end. Carsonite is a sound wall system with integrated sound
absorption. It is commonly used for noise mitigation along roadways and absorbs well at 1,000
Hz, the critical frequency for pickleball paddle impacts. AudioSeal is an outdoor sound
absorbing blanket material that can be attached to a fence. It does not absorb as well as the
Carsonite at higher frequencies, but still performs adequately. The MLV curve is notably higher
than the AudioSeal and Carsonite curves due to its high reflectivity at 1,000 Hz.
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Figure 9.1. Performance Comparison of Interior Parallel Surfaces of Noise Barriers

It should also be noted that the slopes of the AudioSeal and Carsonite curves are almost identical
to the slope of the curve for no noise barrier. The MLV curve has a notably shallower slope that
trends toward the no barrier use case at distances farther from the noise barrier. This is the result
of the large number of high amplitude image sources produced by reflective interior surfaces of
the MLV.

Note: The ISO 9613 standard contains provisions for only one reflection. Acoustical
simulation software implementing this standard will not calculate the case of parallel
walls accurately. The above figure was created using multiple image sources and 40d'
order reflections for the MLV surfaces in order to get convergence on a solution.

9,2.4 Lowering Pickleball Gourts

One approach to free standing sound walls is to lower the elevation of the pickleball courts by
excavating the soil at the location of the courts and using it to create a berm next to the courts.
While this can have some acoustical benefits in some situations, it is more of a cost saving
design choice. By constructing the sound wall on top of the berm, a lower wall height will be
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required and the wallwillbe less expensive to build.

9.2.5 Ventilation and Air Flow

In summer, pickleball courts, like any outdoor sport played on a hard court, can become hot.
Sound walls and fence covers will impede the air flow over the courts and make the courts feel
even warmer. It may be possible to alleviate this to a degree by using overlapping wall sections
that allow some breeze to pass through. This usually requires an overlap of at least four times the
width of the gap between the wall sections. Sound absorbing material may also be needed in the
gap to control flutter reflections that allow sound from the pickleball courts to work its way
through the overlap. There must be no line of sight to players on the courts possible through the
gap. If necessary add a wall extension to shield the outside opening of the overlap. This wall
layout can also be used as a passageway for ingress and egress.

Exterior

Pickleball Court

Figure 9.2. Sound Wall Overlap

9.3 Gourt Orientation

From the examples of pickleball court directivity in Section 7.1, it is apparent that the orientation
of pickleball courts can be used as a noise mitigation measure. By turning the courts so that a
noise sensitive area is to the side of the courts, sound levels in that direction can be reduced 3 to
5 dBA.

This may not be an ideal solution in some situations. It is preferable to have the direction of play
roughly north-south to reduce glare from the sun during play. It is, however, worth the effort to
take advantage of this characteristic of pickleball paddle radiation when it will not interfere with
the use ofthe courts.

9.4 Sound Masking

9.4.1 Masking Requirements

Masking of a sound source refers to changing the threshold of hearing by introducing another
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sound source such that the first sound source can no longer be heard. This is difficult to achieve
with impulsive sounds because of their high peak sound pressure levels. Since impulsive sound
is by nature intermittent and of limited duration, a masking source would have to operate
continuously at a high amplitude in order to mask the impulse. This will often create a new noise
issue.

Pickleball paddle impacts produce sound mostly in the 1,000 Hz octave band. The masking
source must therefore also product sufficient sound in the 1,000 Hz octave band to cover the
sound of the paddle impacts.

9.4.2 Roadways

Roadways are a broadband, continuous sound source. In general, even busy highways are not
able to mask pickleball courts due to the high peak sound pressures of the paddle impacts. Traffic
noise tends to be mostly low to mid frequency sound and does not have sufficient energy in the
1,000 Hz octave band to effectively mask pickleball.

It appears to be a common perception that placing pickleball courts in neighborhoods located
close to main arteries or interstates will prevent noise issues due to the sound from the roadway.
In practice, this has not proven to be the case as seen at Glenhaven Park in LaCaftadaFlintridge,
California [La Cafiada Flintridge]. This neighborhood park is located adjacent to Interstate 210
on the north side of Los Angeles.

9.4.3 Fountains

There is some evidence that water fountains can be beneficial under certain conditions. As
discussed above, a masking source must produce sufficient sound in the 1,000 Hz octave band
and operate at all times in order to mask pickleball. Water falling on water can produce
significant sound in the 1,000 Hz octave band.

Fountains located close to a noise sensitive area such as a back patio that is several hundred feet
from pickleball courts may produce partialmasking of paddle impacts from the courts.It may be
possible to reduce this distance with a sound wall system at the pickleball courts.

For noise sensitive areas close to pickleball courts this is not likely to be an effective noise
abatement treatment. Larger noise sensitive areas or larger numbers of homes will require
multiple fountains in order to keep the distance from the fountains to the individual homes
relatively small compared to the distance to the pickleball courts.

9.5 Full Enclosure of Pickleball Gourts

For outdoor pickleball courts that cannot be mitigated because of insufficient available setback,
topography, elevation features of the surrounding structures, or some other reason, the only
remaining noise abatement option may be a full enclosure to contain the sound. Any penetrations
in the building shell will need to be analyzed for sound leakage including doors, windows,
ventilation, exhaust fans, etc. Vestibule doors may be necessary in some applications where
ingress and egress face noise sensitive areas.
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Indoor courts with bay doors opening away from noise sensitive areas can also work in some
instances. In this use case, a room analysis of the reverberant field will need to be done and the
amount of sound power exiting through the bay doors calculated from the direct and reverberant
sound fields. Buildings can be much higher than free standing wall and provide a better
performing noise barrier.

9.6 Noise Gontrol Policy

9.6.1 Hours of Operation

Limiting the hours of operation of the pickleball courts to certain times of the day or days of the
week can sometimes be an effective noise control strategy. These arrangements are often
negotiated with neighbors.

9.6.2 Restrict Players Allowed to Use Courts

In some cases, restricting court usage to, for example, club members and their accompanied
guests can increase accountability for how the courts are used. While this may also reduce the
amount of players that use the courts, noise abatement planning should assume the courts will be
used at full capacity.

9.6.3 Speech

A pickleball court properly mitigated for paddle impacts will generally not have noise issues
related to the loudness of speech on the courts. Noise issues with speech are for the most part
related to content rather than sound level. If this is the case, a prohibit on swearing and other
offensive speech may be necessary.

9.6.4 Restrictions on Equipment

Quieter Equipment

In practice, the enforcement of the use of specific types of pickleball equipment, paddles and
balls, has proven to be difficult to manage for home owners associations, country clubs, parks,
and most other types of pickleball facility. In order for this to be considered a noise abatement
measure, there must be a clear policy in place and personnel dedicated to monitoring activity on
the courts to ensure unsanctioned equipment is not in use.

Paddles

There has been an effort in the pickleball paddle industry to move to quieter designs and most
players are already using this "green list" equipment as it is refemed to. Measurements by
Spendiarian & Willis at a number of pickleball facilities have found that the mean sound
exposure level of paddle impacts, when normalized to distance and ground type, is very
consistent. This indicates that, in aggregate, most players are either using essentially the same
equipment or that there is not a significant acoustical difference in the equipment used. During
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testing where the make and model of the paddles in use have been recorded, it has been found
that most players were using green list paddles. At the present time green list paddles should not
be considered a noise control measure since most players are already using this equipment
anyway.

Foam Balls

Measurements by Spendiarian & Willis comparing foam pickleballs to common regulation balls
has shown that the foam balls can be 8 to 9 dB quieter than regulation balls. While the use of
foam balls is an effective noise abatement measure, it is undesirable for pickleball players as the
foam balls play very differently from the regulation balls and cannot be used in tournaments or to
train for them.
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10. Site Planning Gonsiderations for Pickleball

10.1 When a Noise lmpact Assessment ls Needed

Courts located within 350 feet of residential properties in most cases require noise abatement.
Pickleball court sites within 500 to 600 feet of noise sensitive areas should be reviewed by a
qualified acoustical engineer in the site selection phase ofthe project. In the case that the ground
between the pickleball courts and receiving property is water this distance may extend 800 to
1,000 feet in some cases. Courts located within 150 feet of homes require careful and often
extensive noise abatement design to avoid complaints. Placing open air pickleball courts within
100 feet of residentialproperties is not recommended.

'10.2 Site Selection

10.2.1 Available Setbacks

The most important factor to consider in selecting a site for pickleball courts is the distance to
adjacent residential land uses. While a noise barrier such as a sound wall or mass-loaded vinyl
fence cover can be effective in reducing noise impact, it can only provide a limited amount of
insertion loss, usually between 8 and 12 dB depending on the ground it is installed on, flanking
paths, reflecting surfaces, and other factors. The rest of the noise reduction required to meet
acceptable sound levels must mostly be gained through distance. It is important to ensure that
there is enough buffer so that noise abatement installed can be adequately effective. Other site
conditions that may increase the setback required are discussed in the following subsections.

10.2.2 Proximity to Multi-story Residential Structures

In order for a noise barrier to be effective it must be able to block the line of sight from the sound
source to the receiving land use. Pickleball paddle impacts can occur from near the elevation of
the playing surface to a height of about 8 feet above it. Multi-story housing located close to the
proposed pickleball courts may not be adequately shielded a wall system. This can affect upper
level windows, balconies, raised decks, other amenities located above ground level. These need
to be included in the noise impact assessment of the proposed pickleball courts.

10.2.3 Topography

Similar to housing with floors above ground level, homes sitting at an elevation higher than the
proposed pickleball courts can also be difficult to shield with a noise barrier.

In addition, refraction caused by temperature gradients over certain ground can effectively cause
sound to travel farther. Refraction is the bending of the path sound travels towards regions of
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lower sound speed, e.g cooler air. This can be the result of temperature stratification of the
atmosphere or wind. In low lying places where cool air tends to collect in the evenings or over
irrigated ground where evaporative cooling can occur such as a golf course, a temperature lapse
condition can develop with warm air above and cool air below. This will result in sound arcing
down toward the ground. Refraction caused by a temperature lapse condition can result in sound
arcing over obstacles on the ground that would normally impede its propagation thereby making
it louder at farther distances.

Parks located at the bottom of a valley can pose a particular challenge as they tend to experience
these conditions regularly. Further, the sides of the valley may trap sound and send it echoing
back to locations on the opposite side. Valleys often require a detailed propagation study to
understand how sound moves through the area at different times of the day.

10.3 Tournaments

The main difference in sound from pickleball courts during tournaments will be spectators. The
noise assessment and abatement planning should include a speech analysis based on the number
and location of spectators. This has been described in Section 8.4.

If a PA system is to be used for announcements, limits on the system gain should be established
to ensure sound levels reaching the surrounding properties remain acceptable. Noise monitoring
may also be employed at the property boundaries. This involves placing one or more
microphones near noise sensitive areas so that the sound system operator can monitor sound
levels in real time and make any necessary adjustments.
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'|'1. Gonclusions

11.'l Best Practices in Noise Assessment and Regulation

Basic methodologies and best practices for community noise assessment, environmental
acoustics measurements, and noise regulation documents have been discussed. The group of
ANSI standards in S12.9 represents the current best practices in community noise assessment.
The measurement methodology and sound classifications in Part 4 of the standard (harmonized
with International Organization for Standardization standard ISO 1996) have been implemented
under European Union Directive 2002149 and in a number of Asian countries. ANSI S12.9 Parts
4 and 5 have been used as the basis for the recommendations in this document.

11.2 Characteristics of Pickleball Sound

The most notable sounds from pickleball courts are the popping sound produced when a
pickleball contacts a paddle and speech. It is the popping sound of the paddle impacts that
produces the greatest number of noise complaints. This sound has been classified as highly
impulsive for the purpose of noise assessment under ANSI S12.9 Part 4.

11.3 Noise Impact Assessment of Pickleball

It has been shown that averaging techniques such as equivalent-continuous and maximum fast
exponential time weighted sound pressure levels (LAeq and LAmax) are not well suited for
assessment of short duration impulsive sound like that produced by the impact of a pickleball on
a paddle. These metrics can be expected to substantially underestimate the community response
to this type of sound. Measurement procedures based on the adjusted sound exposure level
according to ANSI S12.9 Part 4 have been described as a more accurate methodology for noise
impact assessment of pickleball.

11.4 Noise Abatement Planning

Setbacks are an important first step in mitigating pickleball courts. A noise abatement plan
usually consists of a number of treatments that each contribute a certain amount of noise
reduction. Any difference between the total noise reduction of the abatement treatments and that
required to meet target sound levels must be made for with setbacks.

Topography and multistory structures near the courts will also influence the amount of setback
required. In order for a noise barrier to be effective it must block the line of sight from the sound
source to the point of observation. Upper level bedroom windows and decks that are able to
overlook the noise barrier will not be shielded and will likely experience a greater noise impact
than at ground level.
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Testing at numerous pickleball courts has found that the sound radiated from the paddles is
directional. More sound goes in the direction of play than to the sides of the court. This
characteristic can be used as a noise abatement measure by orienting pickleball courts so that the
direction of play is not directed toward noise sensitive areas.

Sound masking in the form of water fountains has been found to be somewhat helpful in certain
situations. This is mainly where the masking sound source is much closer to the noise sensitive
area than the pickleball courts and the noise sensitive area is not too close to the pickleball
courts. Roadways have not been found to be effective masking sources for pickleball.

In most cases, the noise abatement installed for the paddle impacts will be sufficient for speech
from the courts as well. Noise complaints about speech on pickleball courts are most often
related to content rather than sound level. This is best addressed through policy.

11.5 Site Planning

Site review and feasibility analysis for pickleball begins by looking at available setbacks and
sight lines. This will determine what noise abatement treatments may be needed and whether
they can be effective on a particular site. Topography and the presence of nearby multistory
housing are also important considerations that may affect required setbacks. The noise impact
assessment of impulsive sound is a complex task that should be done using modern standards
and best practices by an acoustical engineer with experience in psychological acoustics and
signal analysis.
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Kara Traqesser

From:
Sent:
To:
Subject:

waisty <alens.2009@9mail.com>
Wednesday, April 17,202412:50 PM
Kara Tragesser
[EXT] Proposed Pickleball Court lnstallation

Hello Kara,

It has come to my attention that our neighboring corporate entity (R&R Realty/Arcadia Building) is planning to install
two outdoor pickleball courts as part of their ongoing building renovation project. Community development is welcome,
but pickleball courts are a significant concern due to the potential noise pollution impact on our peaceful neighborhood.

Pickleball can be alarmingly loud, reaching levels that may disrupt our daily lives. Depending on the distance, the noise
can reach 70 dBA or higher (even up to 85 dBA)- louder than the volume of a vacuum cleaner. This is significantly louder
than the usual outdoor background noise, which is around 55 dBA.

The annoyance from pickleball noise isn't just about volume. The high pitch of the paddle hitting the ball and the
unpredictable, rapid tempo of the game contribute to the disturbance. These elements combine to create a repetitive,
impulsive sound that can be particularly irritating as the human ear is especially sensitive to the frequencies produced
by the pickleball "pop", making the perceived loudness even worse and for me working remotely creates
additional noise which will interrupt my work. ln addition, there may also be a financial impact as research has shown
pickleball noise may even negatively impact property values by toto 2o%.

This is a very serious matter and I hope that this writing and concern will stop the proposed plans going forward which
are affecting a whole community.

Thank you

1
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TENENAT ACCESS DOORS

PLANIER POTS BY OWNER

HARDSCAPE MATERIAL LEGEND
TAGNO. MATERIALNAME QUANIIIY

A BACKDROPOUTOOOROFFICES 2

8 GAS FIRE PIT(PORTABLE) 2

C SIXFOOTSWINGINGBENCH 2

D MOVEASLE TABLES/CHAIRS 3 I 12

E SHADESTRUCTURE 1 SYSIEI\I
F PEDESTRIAN LIGHTS.12.14' 7

G AII,IERICANACHAIRS 4

H ARTIFICIAI LAWN SURFACE 2,590 SF

I PICKEBALLCOURTS 2

J BOLLARDLIGHTS 11

K PICKLEEALLCOURT LIGHTS 4
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LEGEND

WMw
SEEDED LAWN AREAS- - PREPARE SEED
BED TO HAVE A MINIMUM OF 12" OF
TOPSOIL DEPTH

LOW PBOFILE NATIVE SEED MIX

SODDED AREAS

Scole: '1" : 60'

North o 60 120 240

6 lAFm llAce.rubtum'AurumnBrdel

a lco llcehlsoccidenbttis Unra' lutta Hactoery 3.0'BB
zs lCrs llOt"tisturenhosinemis'Strytine' lskvtineHonevlocusl 3.5" BA

2

acedfolla

3.0" BB

o lou

o lot lloueros imtreria lshinqle oak 3.0'BB
17 loRu louer@srub6 In"o o"r 3.0'BB
z jro l]raxoaium tisficlum le"ta cuo,""" 3 O'BB

lTCc llllacodata Codnfrran' lCodnthian Ulileleel Lind.n

3.0'88

PLANT
SHADE TREES

LIST
0ry- KEY COMMON NNE slzE

INTERI,IEDIATE AND EVERGREEN TREES
ofl. KEY SCIENTIFICNNE CoMMON NNE slzE

2 helanchier 6nadends

:CA Ca.dus 6rolinana 2,5'BB

11 2.$ BA

Maius'hn.ld tuan'
9 2.5'BB

2.5'BB

11 Malus'Roval RalndroDs lRoval Ralndrods cBb 2 5'BA

2.5'BB

1O HT AB

10 Plcea abls 'Cupre$ina' lCotumnar spruce 8'HT Bg

Qry
SHRUBS
KEY SCIENTIFICNAME NSE SIZE

BM@ ll8urus dmohdla'cHn velver GEen Vdvel &wood I S Crt Conr

HPtu l]HvdDnoeaoaniculab'llvobo'

m llu"r-"""".,,rc,* il"
POs llPhysodDusoDUllolius'S6wad' SeMd Nln€ Bak llsG.t cnnr

sMp llsvdnq mevelt'Patautn' Palabin Lilac llsc"rcnt

PERENNIALS AND GROUNDCOVER
KEY SCIENTIFIC NAME COMMONNNE

qn {CA6 llC,l,d.". .d. 
".,il|r^ll.'kqi 

F^Frcra/' K Fo6rsl6rF€alherReed Gmslll Gal.

l8'On
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Note: Contractor Shall Stake
all Tree Localiohs in Fi€ld for
Flhal Ownor Approval Priorto
Plantlng
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LOW PROFILE NATIVE SEED MIX

Native Seed by:
theprairiefarmers@gmail.com
(641)594.3305
12547 Hwy T38 S
Lynnville, lA 50153

1 Fl6lta. Mow be planled aroas lo a hellhl ot @ lndes lnol Indudlng lhe Gm€qsnl ar6as) 2a ilm6 dudns ho o.dy grcilng .6son a.d as n6d.d ro @nht mHatve w6dy
spedes, MdnO (lndudlng wed *hlpplns)shalt tske pta@ pdorro orden noF.aUve and wedyspedes are f,$edng $ as o pevinr sod
sot &ntrcl lnd8lEbls pltnl 30d6, ssn praent ln sn.ll qu.nuu6, by hand pulllng pno. ro he dov.topn.nr .nd h;bdv olie ptanL Hrnd r€movet sh.[ hdud6 ss runov.t .t .[
abovesbrnd.nd b.lowgrolnd slens, rcols and fower nrars6s pdorlod.volopmenr ol sods. &plyhsdldde (as heo6sary)to noH.Uv6 andwdy.pdosdbtn he naluratkd ar6.s
{h appbpdare h66&€.

H€hldde 3no!b b6 appld by a hlned a.d ll@nsod appll@loi NoEe,ecuv6 hodddB en be usd bulffi ulmGt@udo.. Non€6tdv6 h€6M65 are abodd thr.ush h6 dlnl
$$ues end e4 SekMy lnto Se ml sFtem, efecdvdy klllng s€ dsnl, The onlyaeepbbl€ heblddes ae glFhosre &sd su6 as R@ndup, Rds, or Rszor,

2 Se@nd Yeat Contot ol undesiEble planl spdo! duing lho 3e@nd gbfrng so.son shall 6ndsl pdmrdt or h6ddd6 .pplieuon, Mdns (induding *€ed Stppirs) shsl b6
@nducled M torout dmes dutug lhe erry grodng seaen and as needd to a helghl ot6 ro Slndes ro preventannlat wdsnon pdudng seed.

3. Thld, Fouft, and Fhh Ye6. undostable plsnl sp.d.s illl bo @nhll6d (ss n@ss.ry) by mo$ng (indldlng ud #lpdng), h.nd puttlno, .nd/o, sFl h6ddde apdt€bn, a s6
omplelon olSe sld grcfrng season f.6 naybe lntdued lo 6e natunllzd.16 a. he pdmarymr.agemenl r@i Tratnd pblsbnds exF;end tn il5e tuet Ws p;;sent shafi
conducl blmlng Sbte.td loelpemlb sh.ll be obb'ned pturlo pre*dbd bumlng. Pdo. ro a presdbed bun, suroundtng prcteryMe6.sdt.. terpOie jna nie aepamenr
frll b! noff.d. A bun dan doslgnttng ho pBfetd d^d dLedotr.nd.ped, loc.[on off6breab, and ne@sarype@;J s;d;quipmenr*ail b6 p6F;d aid dtLed in ptsdning rnd

The lnl&l bum sh.lr be dependant
tiom Nov6mber t hrouqh &d 30

on tuel .vsllrbllily hal ls ffiln 6e danunA are.. The bln se$on tuns

grouns *en and ben svoryo$eryoarrh€rs.ft€r, blmtnq eppb{hat6!5S75% orbo er6..

4 Long Teft. A he naludl ar$ m6u,6, reqlrd supplenenbl msnagemenrilll be slgnf€.lyrdled. rhe plenl 66huddsilil sbbltze and be efedetymanaoed thbugh
prdb6d bldlng. Mdng lo pr6vent s66d s€t ot undosLabte spedos and 3pol h6ddde apptbuon are rsmmEndedSen end S6@ appFBd€,

T PLAN
'AE. 

ME

LANDSCAPE SPECIFICATIONS

I,11 GENER& NDSCAPE NOIES

A, Unle$ sbred orheMse he.eln, all seeding, soddtng snd tands€F planunq tr*shel
be petom.d in ac@rdrnce ilrh thB lom ooplh€nlorlbnspons{on {tDOr) stendsd
Sped@0ons to. HIghMyand Eddge Consttuc0on {lebsl d&n) as spded tn Seuon 2OO
(Eadrcrk, tandsedngs^d Ech^Contd).

B. Unles sbred hereln, rl maled.ts shatt neer Se requLemenE ofihe toloSnq Mdes.t
St.nddd fi. loE OOT Spednedo.s lorRoed snd Addge &nsh&n Sdton 1OOO-

C, Pdor lo hd, submt thEe @pi6s 01 s!.d v€ndo.! enm€b lor gBss sed
mhur.. lndl@dnq w6lsht, and p.@€nbgs ortudry, gomtna{on and*eedsed.

c. Mdd sh.[ Bhpdse panklydebmFsd shrd hddrcod hfi. Mdd shdfi be a
b,M-d5d @lor, end, tso oloveBlzd d6@s (1/2'r4')and f,n6 padd6, Pdorro
wd, Contacto.3hall 3lbmll br@ hutd ranptos tor approEt aorlss ptorrorcd.

lo poude spprovd sd that fr eeb lnduslrkndard FLS requrenrenb.

3. N.ilve Lands@$ Co^tddor shal poids h. welrnd comltbnt ffi ho.eme
and l@llon orlh.seod slppllor, odsln otth.vadous {nds otdanbi ad.3brement

4. Seod rhall mnronr ro appllebl€ sbt€ atrd Fede6t r€gutathNas h 016lon 6e
dale otlelilng, Unless o$e*e spdfd, seed sh.ll not@nbta in exe* ot I pe@il
wed sedsi 0 perenrb deslEue.

5. Al 5lorago.6quiEm6nb, shffetun, and s@nfeton@nsbobtioNshatt bE
de sole resFmldliryorhe Nrtve tandspe &.Urcloi

6, Mrdbsll.oelanE shall b Flladzad 5nd Dtxd at I tb. @ras6ilh us f.e
srds b€rorE lnslallathn. Tho ln@ul.nts shall ontsln a dv€B mlnure otctoh.t6
lungel 5D6des {Glomus spp.)ln Fll6&d tom,

2,03 HNOf,ING

2.05 PUNTMATFRIAIS
L Na!!e Sed shail be he Aadyrrd Potti.ator Seed Mtx by:

th6pEidolsmeB@qmail.coh
(e1)594,305

3- The soll 6r€vetd ton hs pl.nUng hol6 should bo u3d to badfrt! a6und tho ptanr snd
lishdy pa*ed lo sedre lh6 Mbln h.soll-

4. lr planilnq Is delayed ooE lhan slx ho!6 rfter ddlvery. stoe ptugsln be shade, prcler
lrcn lhoe.sth6rsnd medsd@l damas6,.nd ko€p sem molst a.d dl, al dugs 6hould be
plantd ddln 24 ho!6 oi dollvory,

5. Plugs shll be obl.lned ron a Eputabre nuEory.rgDM tom s6d. Hlss shatt n6r bo
@ll6l€d rbm Mld popda&N orpbnls,

6. Waiedod oxdushn shal b6 @nshded arcu.d plug 6166ln a mlnno/ to pdrd now
prandngs tum dopEdauon. Fendn! 6hdl b6 coNhdd ot 1'dr6 mssh or@mpaEde
matodrl h166rln ddh. Posb snafl & motal !p651.r2.r'&d sbk6. pcc shel be t to
6teelln lenolh deDend.nl on $ll 3hctlre SIhl. the emerge.t ptandnq area. Sdns sh.l be
slrung ah3sthe tops oIbB orduslbn 6hcb.6lo prev€nla€drt.nlry byMlefd,

7, Underno ddhrbn@s sharl sear frdncum aesIwh), cereat Rye (Se6te ercate),
Ps6nnhl Ry€ (Lolium peenno), or&n6yfiodelm vulgaE) b6 usd 6s € temrcEry@v6r

2,08 ERGION CONTROI

L Tho Nailvo tEnds€pe onhdorshall bB tully r6sFndd6 fortmpton€ndng €rodon
conlrcl m@su/6s fr lhln proscibd pbntng !6as,

2, Al are.sare 
'dmd€nddtob6.ovdr6ddlh6roslon 

@nudbtanr€I. Edonconrot
b'ankeI shal be hsb[d Mhln 24 hou6 sReran a.ea bsedd. See nend.dlr€ls
spdf,ellon. ror6o.lon @nhl danket @mpod&n.

2.09 'NO MOWNG AND/OR DUMPING' SIGNAGE

1, "No Mo$ng and/or Duhddg'orobor6ionags6hould b6 lGblled slong lhe Fdmet6rot
SeSOBeslndleredonrheplanrodef,nerheboundaryofbenaludLd.bs.

2.10 CLEAN.UP AND PROTECTION

1 , Dudng landsepe s&, sbG nalenals .nd equlpmenr 6ere dLedd. Keep pavenenb
de.n 3nd K* arers and adjolnlns a.eas lnan ordeiy@ndtun,

2. Pdlel lan&6Fw* and marsdels trm dan,g6 duo to tandseo. opoEdons or
op66llons byolhorhd.s and tespa$66. M.lntaln pDtd.n duilng lnstatt.tbn.nd
malnlemnc. pedods, T€El,6paL, or rodgcsdsmrgd hndseps @fi.

2.11 INSPECTIONSANDACCEPTNCE

1. tu6r rBenos rhB dghl ro lnspdcr alt !6ds and pt.rts 6hher al da6 of g6wh or sr she
belo6 planilng lor@mpllan@ilh requtehenb fo. name, vadev, sE6, quanury, qoatlyorntx

2, N.dv6 Lrnds@pe Conhctor b to to6p @rds ol th6 c€dfi@te ot omFduon or
lnEle orseed mkues and lnl€dvotdsnt maledsts Sh Esperrospdes, €dev. and

3. Nanve Lands€pe Conhdorls to nolttuer il61. toe daF sfter @mptedng tntrtat
and/or supplono.bl pllndng6 in o.d aG!.

he, hp6ided, shall confom ro se&n 2601 orse tDoT sbnd.rd
D. lmtsnd bFoll, lrnees$ry, shell dnstst orfedte, fnade n.tuBt lopsdt rydet
rorlhb loellry. [ 6hall not @nlal. a frlnure olsubsott or daq and t*ottlmps, sron6,
plant6 rnd lh€k @rs, sr.lks and oh€r.nrah@us mallerand 3hrtt nol buld Slte tn a
to2en or nuddy6ndldon, Topsoll shall hsve a pH Enge ot6,G7.0 snd sh.I not dntstn
los b.n 12 poM.t oroanlc d.t6l

2.06 SEEDINSTAIATION
E. Pdor lo md, submh hroe @ples otsd grM/slm0on forappFv6t, Sd shatt
be arcm a lGllygbM soum, Sd sh.il be ln h€al6y gMng 6ndtdon, taeot
weeds, pests and or lo rhe spedd thldness. The tuerhashe dghilo.eld
una66pl.blo sod atlho qbdno so,

E, Treo, Shrub 8nd G.ound@v6r &leblbhhonl Petod, lnsDe{oF and Guabnr6es.

1. EsbbllshneilPedod, Fora pendof 60daFafterdantngof res,shrubs, and
9ound@v€6, (nol ind!4ns domrncy p6do&), th6 Conu.ctor.hsll FDFdyebtoratt
planb,.nd danning Hslndudlngvat6dng. weeding redttrng, dtMdns, sdjusdngor
bBdnqsor ohermalntonanc.Md*t6 ts nscsarylo k6o! h. drnb h. no.$y
@ndfron and ln 5 plumb Fsllon. Alplanls shaltbwteEd as seaen 6ndhn3
requlE. a.d.s dredd byse tuer unulpDdsbnsl a@pb..e orhe ptsndng_

2, P@ftlond Ac6tlan@, At 6e ond of the Estsbllshmonl psdod, the d.nung shatt
be lnspodd bySe OMer tor ptuislon6l a@epbnce otSe plsnfng. tuydanr meredrt
6ich ls d6ad, damag6d, lnhE ro n.bEl6rm olhe.pd6, orolh6*o u.heathy,
shall b Eplad by the &nradorat hs exFense. Se tuershr[ aeeplnatnbnsn.e
rosFnslbllHos ot lhe plandnq sfi6r lhs proGonal a@€Dbn@.

3. Gua.anree and Flnal A@pEn@. The Conkactor 6ha[ surEnl@ rh.r a[ planb
shll be In a healhy and Ugorcus endtuon one rutt gdngsea.on 6terbe rctdonat
seeplan@. ft6 planung sbllbeinsp*td bys€ tuer rlto ond onhrgua6nlee
pedod. tuypianrmaredalslchlsdead,dsmaged,untuebnaluEt,orofsespd.s,
orolhsdse unh6alhy, sh.ll bs cpb@d by U6 Contddo.rl hls op€nse.

4. P.otslo.al e@pbnce dnd guaranleed pedds or hndspd ptandngs nay be h

NATNE PLNTING SPECIFICATIONS

Theses@ddbns, rnd Se plan drdng, d6hll he slandsrds snd pl@dur6 Equred
lo cu@stlllyosbblish @dvo pl6nt 6mmunlti6s Slhln and adj.cenl ro rho oE[B
slollMbrderenuoD b.!ln (SDB). UFon su@$tut $tabttshhenr, he hailveveqobbn
Ull poude@l€r quallvbenenb b me sudundlng are, by nlkdns 6dlnonts and
pollulaDb iioh slomwato. runotrgon€rald oNt6. ddfronsttf, lh6 0o6t dtugElry
d$Ied bylhese phnilngsdll pmtre 6 Eluable so!@ofilblhe habtbt, sssetl.s.
onlque and .6sbeudlly pl*dng hndspe.

2.OI CONTMCTOR OUALIFICATIONS

1. Ex@pt S610 sho onddons pGdudo 6.h us6, sddlng shatt b6 podomsd Gtng 6
Tru.t ddll, Truax TdllloD seder, or@nrFrable equl@enldeslgnd spdBttytortnstattaton
otn.ilve seed. For.ndsSere she 6.dons prGdude rhe lse ots@dett2d equtrmenr, sed
mey b lnsblled 6rc(9h hand bddd€s{f,g and ttghltratng tn to seed. Hand bDEdestsed
shall b6 spresd al M@ lhe sFdf,d 616. Osermolhods ots6dlnslattauon nayb€ 6d MhF. Al nne ghdlng rorsedd 6nd sdded ac.s shatt be appnvd bySe Ome.

G. lnslall sedlng o. pr€pa.ed. tnbned gradsd.Ea3 and ln (av6Edosabor
dndldoEdhln lhelolloilng pedds:Apdl lslS6ugh M.y31s! andAuglsr 15S

H. l.sdl$dded aEas per Sec0on 2601 orrhe tOoT Sr.ndard Spetudons ro.
Hlghway and Bddgo Conshdbn,

l. Fedi'h6 sedd.reas Fr Secton 2601 orrhe tmTSbndard Sped6nons ror
Hlghw.yand Addge Conshcbn, Fedtzersh.tt b6.1O1G1O M.r LaM ntx {or
Equal) dnd applid lo 14.4 pounds Fer 1,@0souar€lsnt.

J. FedllEesoddd erees Fr Secdon 2601 oIth6 tDoTSbndard Spedf€dons tor
Higheey ahd Bddge tunstru&h.

K. &ply3€d blankot ro sll IEM soedd a.o.s ps.rho delaite lndi@td on b6

L, Gu.rertee all s€dlng and sddlns Meror. pend oton€ yesrtolo$g flnat
,@€ph.ce, &eas nol e@p!d uFa @mdeuon ol me glsEntee petu shatt be
r$odd€d lo flll ln rclds and a@a! notcovsEd ln sod or sd.

M. M.inbln reeded..d sdded a.eas fo/. pedod ol45d.ys totto$ng tnshttadon.
Mrlnl6nanc€ shrll 6nsbl ols.t.dng, mo$ng snd w6din9, Rspat6nd 6ed ba.s
BFb orsodd and soddod areas lh.t havo not eslablbhsd orhave Mshd orr du€ ro

N. hrual moilng 3h.ll be done at a I cud.O helghlso da. nor moreh.n 33% ot
lh6 gE$ ls 6movd ln. slnele modng. Cu$ng hotqhts on tdNup moilngs 6^ be
ro,djusled lo a 2.t gEss dsdo helght.

1.14 TREE.SHRUBNO GROUNOCOVER PUNTING

A Th. tun€. r6ery6s rho dghl lo lnsp€ct alt hrtBd.t at tho nuEory, Onty nu66ry
gr(M sd il[ h pemlnad ro bo 6d on hs p6iod.

B. Al kee,3hrub dnd s@und@vorplantnq shaltba Dsdomd bkn lhB dar6s ot
Med lsandMry3l, andAugusrl5.ndOctobrrs. A&dldrnunq3h.ttb
p6donrd ohtduhg pedds dthln 6ls 3oason d6n w6alh6/.nd sott @ndilons a.s
suhabl€ a.d ln a@rdan@frth l@llya@pted pacuce, a3 approvd bybe OMe/s

A Loelbn lor dll voos, inr6mdlst6 h@ snd ovorgruon hs shatt b.6bk.d.nd
odl&s otbd areas shall bo deary ms*d on lhe g@und bya qurlnd kndspe
@prss.tsilve.llhe ContEdor, snd shrll b€ subl&ttoepprcBl bythe tu6is
R6pr6ontaUvo pdor lo.omm€nceh6nl ol plahdng,

Funlsh l.sl.ll Trss ShrubsM€mnry
2601
2611

Erodon Co.rol Mated.ls
Lands@pe Plenr Mate&ts

4169
1110

2- Se.sotulConsld.Dbns:
Novomb6r 1 rhrcugh F€bdary20: S€6d msl b€ protecrdd hn disda@nonldue rowtor.nd
dnd 66slon. S6odl.g on baG, gadsd sui.@6 m6t be porod€d # d6ubl€ n6rd ochn
contol bla.teE on sloFs. s.d ddlled lnb €nsilng v€g€Euon oron nal stulnd nol subledro
€bslon hay rcd onlymlnlmal 6d3hn p.ot6cuo._ Less cN€r dopufl beohoosd duilng h6
rolldnO spnng due b nctdamale,

1,12 TOPSOIWNE GRMING 1. NaUve Lands@F ontasor shall be $ldy resFhdde ror he p@per h.ndtlns
and slo.ago olb6 sed a@dns to lhe b6st se6d ha.dttns.nd siomge pEd6s,
l.drdlng lungldde koah.nt6.nd Bhdne[on constdorabG. tusrshal hako no
odpen$Uon for dam.ge lo fte s6d beEuse oItmprcpersb60e, de6ntng, Sreshtng,

A. Arpoved topsou shalr bo suppld and tBt.tted at ftstot.dng d6pr&:
Se6dd and sodd6d mas - &12' dap$
Shrub bod a.€as and lan&@d ld.nds- 12'dops
oElnd@ve/perendel r.ess- 12'depb (amendd soll nlx as shM tn debtt)

B. Apprcv€dloFollshallbBt66otDob,.orlousw.ds6ds,3&, dsor
mls.dla.&us dobns S16 mayimFt plant grdh, Topsoil shall nol bwod6d org6dd
Sle to2on or ln an ex@*toely wel or dry 6ndldon. Topsolt shatt not be a@sdbty adh or
.lk.[n6 and sh.ll nol @nlaln snyheddde Esldu6. ThB tuorr66rv6 h6 dshl to havs
ropr6B6hbdv6 sampl€s otS6 ropsdl t6sld by a qua[nd sdl tesung tabEloryar no 610

C, AlloFdoilda.oas3hall b6fin696dd to.levationstndi€rdon he gEdihg ptanpdor
to.€c6lunq d o.l.nde€plng, Al arsa6 shall draln prcpody$lhat th6.6 are no puddts!or
sta.dlng slorin any laM orpl.nt b6d r6as, Ass imprcp€ily g6dd 5ha[ be regadd.t
lhe Convecto/sopeNe-

M.rch t hough Ju^e 29: Ss6ding dudng lhb Fedod isappbpd.ro bd gEminationots
pdon ollhe sed mey not o@. undt he tdtouns 3eason due lotad or6td slEfr@bn to
brek sed domancy, Gverft p gencrslly geml.ales dlhtn 23keksotsdtng opeBdon.

Juno 30 Sbugh S6pl€mh.15: lnslallsUon ornawesed should b6 6ulp€ndd u.tss
ldgadon 6n be prodded or u.seasona$y6ot condflo.s pe6tsl, Nso, anyannud rods
plantd # lh. nlxdldnq thh llm6 p6dod naygemtnal6 bllnolhavo sddenl ilmo b nilst

Soptembor 15 lhhugh Oclober 31: So6dlng on b.E, g6d6d sudse musth pDr€dd
tr doublo n€ted oclon conld daflk6lB o^ stop6. Se6d ddtld tnlo oftln!vosoladoo or @
fial qround nor subiel to erdon nay need only mtntmat eDston pordon, Les6ver@p
Sll beobs€ruod dunng hE lollofrng spdng du€ totcldrBsgs,

3. PdorloBbning wo*, sll 6eoding equlpm€nIshlll b6dibEtd end adjlsld ros@
3Edsal h6 pDp€r8€8dinsdr6. ln 9616l, rheopilmun lBdlng depsk O.istnd Hoqh.
soll 3ud3@. Aess 6ere the sed hEs notbeen tn@@rald t.lo Se sdt loUe pDpe.depbs
frll nor be Bd6!r6d. snd no comps.3arion for nsrodrte or hbor Jor 6€ /'isrd w* frl b.

4. Equlpm6nr3hall booF6t€dtns mannorrosntur€6dpt6ro, unlom6v€sgeof se
€nli.6 aroa lo bo soded.nd lo awld dsmsgaro oxbilng sdyFlanb. tuy.re6 lnad4uat€ty
@vorod 3nail b Brebd ar no addlft^.| 6st lo So tu.i

5, Sedlnq and soll hdng/nmlng Bhal! not be done dunng pedods ofretn, seveE drcughr,
hlghSn&, €rc.$ive oolsluro, hz.n gou.d, o/olh6r@ndtuns bst pbdudeelbasdory

2. Nl nallvo$dsshrll beDadd

dudno dandnsoFddon'
malnbln domrnrysllo ln hnCt,3toaOo. or

3. Sed shrll be keFl dry and unop€nd undl .edd for 6€. Sd 3hr[ nol be
ilorcd o.l.mFradlyslo/6d ln l@Uons or vehldosSsr.$orsmpo6lu6 Stt be In

TablB 4. E@3ion Cond g.nksl oebils

D. Rdmov€ .6ds. si6n6s and oth6r forolgn dsbds Slt6 3pEdtng snd gradtng. r
.ocosery, had sproad topsoll.mund bulrdlnF, shcl!6s, Mtk, ddv6 ort66 ro awb

E, here g6ded areas lnled.ce ilth non-g,add undlsbM dg6.,emow lud.long
doe lodeate a stelqhl shoolh hnduon lne between sradd and noFgBded.Eas_ Ft.e
g6de hnsltlo^ are. so rhetf,^ls gades olgdded and non gEdedarcis* nush.

1.13 SEEOING/SODDING

a. seedlngm*6hrlr6ntom tosedon4169olselDoTsbndrd spdn€io.sior
Highway and EdgB Conshcton.

B, Seed nlxiorsdd tudgEss..eas 3hall be 6efdldng:

1, TF! A S.6d Ml, (6.n.61 Gh &ea), Fl6ld ot fio€re R66d6rSsd Mlx. g6nd

25% tunt Peenf lal Ryog6ss
25% Caddlesheck Perennl€l RFq6s
25% AluB chlp K€ntudyBluqbs
25% Fedom lll KentuckySlueg6ss

Apply.l lhe rale olfrv6 tslnds Fr 1,000 sF, Supplie. Muond S6d Comtsnyl?2o Yohdrr
Avenle, Llsl6, llllnob {630) 417-S$

1. De Ge.e6l Co.bedor and Nauve Landsepe Conrador shatt be respondde
lor p€/omlng 6llmA n6@s$ry1o achtov€ 6nd m.inbtn.^.@tbde sdbd pdor
lo.adng. Nl ai6as muBl b6 pDpedy pr€Fdd b.toD3odng begtns. Undoq.ound
ldllrylo@don naF.nd plans should be rsuswd pilortotr*. Equtpmonl h.Ung tow
unl pro$ur6 ground 6nl.cr sha[ bs orttt2ed frhtn h€ dan{ng aEas.

2, Unless Se tsndsepe Archltect asreBs t anober appr@d, rhe sedb.d shdt
be pr6pb.d by mdlng fie bpsoll io a deph of3 tndes. SX6 p?FEUon equtpme{
lhall bB o,E dr.iSn rht 6h bs udtld effdondy bylh6 NaNo I Ends@pe tunUactor to
neelhereqlLemen6rorSohfi speded. Thedqutpme.lpoFsedrorusebyhe
Naltso Lsndsep€ Conkolorlo.dls(ng a^d h66lddrsppll*ns 3h.[ b6 subj6cr to
3ppov.l by lh6 tands@pe Mit6cl.sld 46a., TheymBthavo s mlnlmum 6,

5nd gmund sped should h no mdre b8n 2
7, is 3pptuptuIr hr5odng opoEUon,
8.
9. Wets.ed hat i3moldy orohedso damaged tn vanslrorsrora!.shdt.olbe used.
10. Mor€oodingop66ton is@mdot6d, inebll ENion@nr6tdsntolpsrmandad@r6
spd€lons as n@s.ary

2.07 PLUGGINGIMPLEMENIANON

1, PIU$ 3hrll be iNtolld ln rho spdng or othor d€ro gusEntcsd by h€ Nafvo bnds@F

2. Pllos shgllbe pbnted ln s hore dug *h e hd, sprde, d..il.g bsi d.ohbte
lBlrum.nlsuch th6t he hol. ls ol s hlnlmum dhmeter6nd d€pth ro,@mmd.le the ptug,
ffi k hoE, dhoutdamaqs.

2.02 qUALWNDCONDITION 4. lf p.6$nt, @mFd6d$llssh.ll b6 dlskdorhkdpdorb66dtng. Rsmdht
hoasu.& torlhe a@$ d.a hay,3ilh6 dtecud oltho wo(and Gnsdbhl, tnwtoo
dpplng l6m 12 to 13 lnd6s of tho soll hodzon pdor lo dtsHng. tt @npacdon h nor.
6ncem rnd he seedbd.eds to be l@sened pdorto sedlng to eNure good
sed-soll 6nbd, dlrHng or6tl.g o&ll bo p€dohd udng sqdpmonrand ho
appbdch.e@nmendod by 60 Nduve Lands@pe Conhdo., subldroeppD€t by he

1.

B.
6duhd@v€r bd6 sbtlbo m!l6d tr 2'olmushem ffFst, Prctr6 shreddd
hardeod b* muld dnqs (3' deplh) lol all shrde lnd fwedng Oees. Dt.het6r ot
n!16 nngs sh.ll b6 €qEl lo dbmoterotmot b.ll,

2. Nadve seds sh.n b. blendd bySevendor,6nd fte mi{!e and 6& sh6[ be
g@Bnt€d lndrlnq ro b6 os 5pd[sd. The amolnl ot6@d tndbtd onbe
3pede0onssh.ll n€an fre tobl amou^rolOure ttve 3d (PLSI er.defor aI sdes
llsld. l ls S6 $lo 

'6ponsl$lhvofih6 Nauve f.n&€ft Codhdor

f houB ptorlo seedng. Seding 3hould
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SIEI{'{A FIRE PIT
4llE9!{qq9Lq$.|"q

T
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E- n[strru.0tllgEEltr-_
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EHEiE- ffieffiEFffiryffi.ffiEfimtrtu*
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.:sl.

F;flxiU.tI

34"
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P1J{!-r!n!lGE50ufi cr:. :21?Nl:i!4ai;

Prfurln! o!!r9Ns: sv?

Contaclorto Pmvde conqete Fooung
Shop oGdng for tuns. Rs*w€nd
Appmval Pdo. to Construcft n

3.!"

Lo€l Rep:
Jason Odefey, LC

CSLA
Direct 515.650.8119
Mobile 515.979.7298
centralsaleslightingalliane.sm

By:

LICHT 99U!eEL26l?ruEilOlo3

'M,W
lei sre,nbe'ei.1qh,.,s

37'SIENNA FIRE PIT

e:

v Contractor shall Provide
Design-Build Proposal for
Shade Sail Assembly Per Post
Spacing and Overall Characler
lndicated on the Slte Plan and
Perfomance Speclfi @tion
Provided Bv Owner

ElNlSthEX

Conracbrlo ProUde Concrele Footng Shop D€qng lor tuei Reuew a.d
Apprcval Pdorro Constructbn

Local Rep:
Jason Odefey, Lc
CSLA
Dhect 515.650.81 19
Nrobile 515.979.7298
centralsaleslightingalliance.@m

ffilrffitr
III - TffiI t=

3 PT SAIL SYSTEM

----l

Americono
tuthft r@,8&rhdbltr,tffi

bb 7am
liedqd! hNffi

Local Repi
Jason Odefey, Lc
CSLA
Dhect 51 5.650.81 1 9
lvobile 515.979.7298
centralsaleslighlingallian€.com

@

Pole: NLs Lighling I RSSP-2GsRi 1 G-gBC.scL1fl nlshF3430-VO
Lrmlnale: wU-34X-sPr 921{4{0K7-UNV-KM-(fl ntsh}FSS
(3{lded rull cototrUsor)
Contaclorto PrcVds Condele FooXng Shop Dmdngfortun6r
Reuewand Approval Pdor to Consrructlon

Color of Flxtue By Owner

qsL*s*- ffi[S$Hfffi#ffitsryw-.ffiF,,ffiff **
P.1!*'"P d'*( rs

t@ffi fr|g

Note: Verify with Owner
Potential Replaement Concep
for the Outdoor Offi€
Components
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BED
cONCRETE AcTIVITY PAD

AJRB

PrT410 mlN LMN

SECTION B <t
L1

gEE 6IVIL FLAN FOR DRAINA€E SIRjrIURE DETAIL

AJAL MLL FERFORATED HDFE

- IO' *CIIOII5 -FdJR IOTAL

LI6HT BOLLARDS
FOREVER LA}^{N ARTIFICIAL TURF

3/4',U|NVS CRV5!]f-D SrOttE- g_Oft
IO PRAIN TO 6AICH BASIN IN

CENTER. 6, I.,lIN. DEPI}I

5EO1EXT ILE A)IL SEPARATOR-

PIPE FROM APJACENT

BED SIRUCIURES

IED 3.ffiRADE
RADIIJg

AD5 DqqCbLL 5oyo.e 12" x 12' solid .ove.
o a 15' x 12' cone sLlle .educe(
FAJR T CONNECTIOI€

MIRAFI OR EdtJAL

RECYCLED PLA6IIC
14 REBAR - n/ t{lRE

F--iilruflru
MILER BOARD I

ltE6a tb" o. 14H
-3'o( I I

4', 1.40D.lDOr CUPA-

SECTION A BROOI'{ FINIg{ED
DEEP 5'ORE Jf'

JOINTING PLAN

4M'W
s€3s.aF6 der.lr".i.rd
Bi.k P.nabb. ri:.qr'.. A'ns

S.l.iliEo a.i.i ^::aa.i
e.t' 

^'-,'s 
- P.\z.a Ra, i :

Supplier:
TEXACRAFT
1396 NE 20th Ave Sulte 300
O€la FL 34470 Phone:
800-327-154.1
texacraft,com/

Model:
M82052 6'Bench
Surfare Mounled
Sand Texawood Finish
Black Powder Coated Frame

l\rodel:
M82060 6' Bench
Surfae Mounted
Sand Texawood Finish
Black Powder Coated Frame

gM'W

Supplier:
TEXACRAFT
1396 NE 20th Ave Suite 300
Ocla FL 34470 Phone:
800-327-1541

IG,BffiYIWL@AW 4&KVm@ADftEldCff
r J'oArv. 6AE ffiw

OAft
ffiffitEwfruL5 re

BM AT 14'

-t

ffiw LrKFffir2.dft,q
wItre 6NW,W

Mfu[@,VIWL@AEOAffi
M

vtm@A@rctd
CffATEPNffiP6E

1'13 7 /b"#+

%M,tb'4'4',

eM,Ub'-l'o'

ru,w

w.?t4'4'4'

FtNt#ffi
wffiia -1'oa

ffifl9€5TMFtNtS

1MM, C* rcD E tA Wr @, reN I )fr1

SECTION D

[rodel:
GRETCHEN SIDE LOAD
TRASH RECEPTACLE
Surfae Mounted
Black Polysite Board Finish
Gloss Black Powder Coated
Metal Color

Supplier:
LANDSCAPE FORMS
Phone: 800-52 1-2456
landscapeforms.@m

TYPE A BENCH PAD

*---_-_
L

9IAIl@

2. Nf go- ffiI @I nE
ffi6MENB
4tH3tW
twad@b.%.pa
Me,N% MW

€Rtrl6tor mMY9
ME

l-4 HC PARKING SIGNAGE

1@(ffir!(

9 -10' .

ft

P@I64ftffi9w
p@tww

I

l.

4TF

'RffiffiffiM€

Llffffiril@mffiM
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r5 -t-
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ffi

qnrtffiH.qlffrgilf.'_
Grelche^n'1b-*rFF
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ffiEruK

4',WDlFtAtWlffiAE
3W %t Mft Mtffi reH *t9-ffi tgTM FtNtS
MEIMMffiffiffi@

ffi, q% wotFtw wToR,sfl DlFl

SECTION C

3/4' EpMrd

ffiffiJ5--3'OC.

M

ruY)

UCH TAffi- lffi Nil 5IDEMIK

Fl[ 6lM TO rull4 IO NWEW PAW ffi

reruK
E] t6t

E

TYPE B BENCH PAD

%M,W'.1'4' *M,l'=b'

MINIMUM DIMENSIONS INDICATED
SEE CIVIL PLANS FOR ACTUAL DIM.
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F/G 217.

F/c
f/c

2t
2

c 4.1

2t 6.

FL
TC 216.36

F/G 2

F/c 2t
2 t 6.12

2t 6.85

2 t 5.96
F/G 2

F/6 216.

54

fC
FL

2
2

Q:32

'- :- -:

66 '2t
2

2t6.20

6.Nl_i$WEfg

?\

,s,

."\'/

':a -
.17 FL

6. 86

90TC 21

2 I 5.05

FL2

2t 6.98
2t 6.65

7.23
6.90

I

F/c'2

GRADING NOTES:
1. ALL GRADING WORK SHALL BE IN ACCORDANCE WITH THE IOWA 6. TOPSOIL SHALL BE STRIPPED, STOCKPILED, AND RE-SPREAD WITHIN THE

GREEN SPACE AREA.STATEWIDE URBAN DESIGN AND SPECIFICATIONS (SUDAS) 2023 CURRENT
EDITION

2. PRIOR TO COMMENCING ANY WORK AT THE SITE, CONTRACTOR SHALL
EXAMINE ANY APPLICABLE DRAWINGS AVAILABLE FROM THE OWNER,
ENGINEER, AND/OR ARCHITECT, AND CONSULT WITH OWNER'S
PERSONNEL AND UTILITY COMPANY REPRESENIATIVES. NO
COMPENSATION WILL BE ALLOWED FOR DAMAGE FROM FAILURE TO
COMPLY WITH THIS REQUIREMENT.

3, FIELD VERIFY EXISTING GRADES AND LOCATION OF EXISTING UTILITIES,
CONDUIT, LINES, POLES, TREES, PAVING, BUILDING, AND OTHER SITE
STRUCTURES PRIOR TO DEMOLITION OR CONSTRUCTION AND IMMEDIATELY
INFORM ENGINEER OF ANY DISCREPANCIES.

7. MAINTAIN ALL CUT AND FILL AREAS FOR POSITIVE SURFACE DRAINAGE
AT ALL TIMES.

8. MATCH EXISTING GRADES AT PROPERTY LINES AND CONSTRUCTION
LIMITS (CONSTRUCTION LIMITS SHALL BE CONFINED TO THE SITE
BOUNDARY UNLESS OTHERWISE NOTED). ANY DAMAGE TO PROPERTIES
OUTSIDE THE SITE BOUNDARY OR CONSTRUCTION LIMITS SHALL BE AT
THE SOLE RESPONSIBILITY OF THE CONTRACTOR.

4. THE CONTRACTOR SHALL PROTECT ALL STRUCTURES AND SURFACE AND
SUBSURFACE UTILITIES. UTILITY COMPANIES TO LOCATE ALL UTILITIES
PRIOR T0 CONSTRUCTION (IOWA ONE CALL: 1-800-292-8989, 48
HOURS NOTTCE). ANy DAMAGE T0 UTtLtTtES SHALL BE REPA|RED By
THE CONTRACTOR TO THE SATISFACTION OF THE UTILITY OWNER AT THE
EXPENSE OF THE CONTRACTOR.

9. ALL SPOT ELEVATIONS ARE AT TOP OF FINISHEO SURFACES UNLESS
OTHERWISE NoTED (TC=TOP 0F CURB, FG= FORM GRADE, TW=TOP OF
WALL, BW=BOTTOM OF WALL, GU=GUTTER).

10. BACKFILL TO TOP OF CURBS.

11. ALL WALKS TO HAVE 2% (MAX|MUM) TRANSVERSE SLOPE tN THE
DIRECTION OF NATURAL DRAINAGE UNLESS OTHERWISE INDICATED.

12. ANY EXCESS EXCAVATION SHALL 8E INCIDENTAL TO THE GRADING
OPERATIONS AND BECOME THE PROPERTY OF THE CONTRACTOR.5. CONTRACTOR TO REMOVE DELETERIOUS MATERIAL, DEBRIS, AND

VEGETATION TO PREPARE FOR GRADING AND NEW CONSTRUCTION.
MATERIALS REMOVED FROM THE SITE WILL BECOME THE PROPERTY OF
THE CONTRACTOR EXCEPT AS SPECIFICALLY NOTED AND SHALL BE
DISPOSED OF IN ACCORDANCE WITH ALL APPLICABLE REGULATIONS AND
GIJIDELINES-

13. REMOVE ALL DEBRIS SPILLED IN STREET R.O.W. AT THE END OF EACH
DAY.

14. REFER TO URBAN STANDARD SPECIFICATIONS SECTION 2O1O FOR
COMPACTION.
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NOTES:
1. NO ACCESS TO THE BUILDING BY TENANTS WILL BE ALLOWED DURING CONSTRUCTION OF THIS AREA,
CONTRACTOR SHALL COORDINATE WITH THE OWNER AND CITY OF WEST DES MOINES BUILDING AND FIRE
DEPARTMENT FOR ALTERNATIVE BUILDING ACCESS/EGRESS ROUTES

2. ALL MATERIALS REMOVED FROM THE SITE WILL BECOME THE PROPERTY OF THE CONTRACTOR EXCEPT AS
SPECIFICALLY NOTED AND SHALL BE DISPOSED OF IN ACCORDANCE WITH ALL APPLICABLE REGULATIONS AND
GUIOELINES.
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sT-21 0 8" Nyloplost
v DOMED CASTTNG

N= 578850. 9 5, E= t 557 1 63. 62
F/c=2 t 7.41

-209 ADS 8" Nyloplasl Slruclure
DOMED CASTING
N=578862.09, E= 1 557251.72
F/G=2 t 7.6O
8" out (sw) = 212.60'

54 LF OF
8,' N-12 DUAL WALL
HDP, @ 2-59%

ADS 15" Nyloplasl Slruclure
v 15" X 12" CONE STYLE REDUCER
AND A 12'' SOLID SQUARE COVER
N=578823.95, E= t 55721 3.53
F/G=

UTILITY NOTES:
1. ALL UTILITY WORK SHALL BE IN ACCORDANCE WITH THE IOWA)STATEWIDE

URBAN DESIGN AND SPECIFICATIONS (SUDAS) 2023 EDITION.

2. CONTRACTOR SHALL VERIFY LOCATION AND PROTECT ALL EXISTING
UTILITIES AND STRUCTURES. DAMAGE TO UTILITIES AND STRUCTURES
SHALL BE REPAIRED BY THE CONTRACTOR TO THE SATISFACTION OF THE
UTILITY OWNER AT THE CONTRACTOR'S EXPENSE.

3. REFER TO SUDAS SECTION 3O1O FOR TRENCHING AND BACKFILLING.

4. FIELO VERIFY THE ELEVATIONS OF CONNECTIONS TO EXISTING UTILITIES
PRIOR TO INSTALLATION OF PROPOSED UTILITIES.

5. ALL MATERIALS TESTING REQUIREMENTS SHALL BE PER SUDAS.

6. REFER TO SUDAS SPECIFICATIONS SECTION 3010.103, FIGURE SW-103
FOR PIPE EMBEDMENT DETAILS.

REFER TO SUDAS SPECIFICATIONS SECTION 201O FOR COMPACTION.

ALL PIPE SHALL BE N_l2 HDPE DOUBLE WALL PIPE.

STRUCTURE ST_102 AND ST_103 ARE EXISTING SW-505. REMOVE
EXISTING CASTINGS AND MODIFY TOP TO A STANDARD MANHOLE LID AT
PROPOSED GRADE.

\7.

L

9.
8"

I
oUT (s) = 212.80

23 LF OF
N_12 DUAL WALL

HDPE @ 2.OO%
sT-tto sw-401 48

CONNECT 8'' HDPE TO THE NORTH
N=574827.56, E= I 5571 62.08

F/G=2 t 7.3s

10. STRUCTURE ST_108 IS AN EXISTING SW_503.
10.1. REMOVE EXISTING GRATE CASTING.
10.2. INSTALL ADJUSTING RINGS AS NECESSARY TO ADJUST FOR A TYPE

FLAT GRATE CASTING AT ELEVATION 215.12.
I0.3. USE MANHOLE CASTING AS CONSTRUCTED.

, TECHNICAL SPECIFICATIONS
THE STATEWIDE URBAN SPECIFICATIONS FOR PUBLIC IMPROVEMENTS,2023
EDITION, REFERRED TO IN THIS PLAN AS SUDAS, SHALL APPLY TO
CONSTRUCTION WORK ON THIS PROJECT, EXC€PT AS MODIFIED IN THIS PLAN
AND BY THE CITY OF URBANDALE SUPPLEMENTAL SPECIFICATIONS AND BY
URBANDALE WATER UTILITY SPECIFICATIONS. THESE SPECIFICATTONS MAY BE
OBTAINED BY CONTACTING:

SUDAS PROGRAM
271 1 S. LOOP DRIVE, SUITE 47OO
AMES, toWA 50010-8632
PHONE: 51 5-294-2869

ON LINE AT
. www.iowosudos.org

-306 SW-50t
N=578533.28, E= t 557739-
F/c=21 a.68

8" tN

12" OUT

= 212.33'
= 209.52'
= 2l 2.23'

= 2t 1.20'
-- 21 6.20'
-- 216,20'
= 2t 6.20'

(N)
(E)
(s)

(NE)
(NW)
(sE)
(sw)

1
\^r+-

4" tN (NE) = 216.2o
12" oUT (W) = 2 sT-206 SW-50

N= 5 78753. 57, E = 1 557 444. 09
F/G=21 6.86

8" our (, = 212.00'

17 LF OF
8'' N_12 DUAL WALL

@ 25.87%

sT-109 sw-401
N=57a79O-90, E= I 557 I 66.

sT-206A
t2" tN 0N=578755' 40, E=15572s0.59

F/G=
21 0. 57

12" OUT (s'
12" tN

12" ouT
8"

(NW) =
(sE) =
(sw) =

48"21
2 1 o.74

-106 SW-401
N=578757.49, E=155751 1.1 1

t2" tN = 204.96'
= 204.95'
= 2O4.92'18" ouT5'...!c?NYLOPLAST WI|H 15

DOME GRATE AND 4'X4'
PCC PAD

N=578741.37, E= t 55723 1.23
r/6=2 t 6.00-

8" tN

24 LF OF
8'' N-12 DUAL WALL
HDPE @ -5.28%.-

= 2l 2.OO EXISTING
TO BE MODIFIED

-205 |NSERIA
36.46, E=1557451.60
15" tN (w) = 206.s6'
8" tN (N) = 207.5o'

t5" oUT (E) = 206.56'

) sEE NO|E t0) ,/
N=578709.02, E=1557365.97 /-

F/G=21 5.1 2/
t2" tN (NW) =
ts" our (E) =

208.A0'

1 2" ouT = 2l l.OO

125 LF OF
I2'' N_12 DUAL WALL
HDPE @ 11.47%

F/G=2 t 2.
(N)
(s)

w/ 2'x 2' Pcc
CONNECT TO TAP OF

PAD
sT- 1 05

RCP WITH INSFRTA fEE
N=578527.25, E=

= 200.51'
= 2OO.5l'

18" tN
18" OUT

-302 SW-501

= 2l O.O0't2" ouT

N=578471.77, E=t 557066.78
F/G=21 4.86

N=578352. I 5, E= I 55731 2.23

(w)
(s)
(E)

F/G=???
= 199.96'
= 200.16'
= 199.96'

-::-
ST-2OOA INSERTA

t2" tN
24" OUT

6" our (N) = 199.66
24"

--t
= 198.1

24" ouT (r) = zos.ga

24" tN (W) = 197.63'
18" tN (N) = 197.73'
36" ouf (F) = lsz.ss'

v
AND

o\

33 LF OF
I2'' N-12 DUAL WALL

HDPE @ 16.58%

NYLOPLAST WITH I5

" tN (w)
tN (NW)
ouT (E)

RCP"-... 36"

sr-

36 95. 3
2 96.62

36

IA sw-5 24

12" tN = 198.66' ..

24" 16198.

HDPE 15.7

t04 R F.f.5.

'' OUT = 206.00'

N = 578332. 22, E= t 55699 6. 80

sf-t03 EX|ST|NG

DOME 6RATE AND 4'X4

sT-201 A
N=578573.93, E= t 557a88.71

F/c=2 t 0.

3I LF
12" N-12 DUAL WALL

DOME GRATE
t5

INSERTA

P-30
243 LF

NOTE 9

1X4

PCC PAD

N=578380.47, E= 1 557541.73
F/6=???

N=57841 5.82, E= t 55781 4.82

sT-101 R.c.P. F.E
N=578441.56, E= I 557889.47

36" tN (w) = 194.23'

I02 EXISTING

PCC PAD
N=578342.6 1, E= I 557488-00

F/6=207.60
12" oul (N) = 203.60'

fO BE MODIFIED
SEE NOTE 9

N=578347.86, E=l 557277.48
F/c=2 t t .o0

24" tN (w)
12" tN (NW)
24" our (E)

= 200.30'
= 2o7.oo'

N= 57842 7. 39, E = I 557807. 64
F/G=???

I2'' N_12 DUAL ALL
HDPE @ 1.24%/

BE MODIFIED

N= 5783 I 8.99, E= t ss73 t 6.33
F/G=2 t o.oo

207
LF OF

N-1 2
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