RESOURCE MANAGEMENT AGENCY

THREE RIVER LIONS CLUB\
MEMORANDUM

2-24-16 RAND
AGENDA ITEM # 6B MEMO UM

February 24, 2016
TO: Planning Commission
FROM: Dana Mettlen, Planner ili

SUBJECT: Special Use Permit No. 14-034 for Three Rivers Lions Club
Response to Comments to Mitigated Negative Declaration

The Mitigated Negative Declaration for this project was refeased for 30-day public review on September 4,
2015, scheduled to end on October 5, 2015. The County extended the review period for an additional 15
days, ending on October 20, 2015, in order to accommodate a request. The RMA has continued to receive
comments up until this public hearing.

Eight comments were received:

1) Mary Anne Vandergrift commented on road deterioration, speed of vehicular traffic on the private road,
trash control, air poliution, garbage service, light poliution, and non-amplified event activities;

2) 01/19/2016 - May Ricci commented on the definition of “event” and enforcement for noise compliance;

3) 09/25/2015 - Caltrans commented the impacts would be less than significant; and

4) 10/18/2015 - Maya Ricci and Vincent Andrus commented on land-use g.uideiines, the Three Rivers
Community Plan Update, the Notice of Hearing being provided to parcels within 300 feet, events need not
be amplified, traffic control, road maintenance, dust controi, noise attenuation, noise study, compliance
monitoring, cumulative impacts, definition of “event”.

Email Attachment on 02/16/2016

5) 02/14/2016 - Michael C Cannarozzi commented on noise

8) 01/20/2016 - Julie Doctor commented on noise and traffic

7) 02/12/2016 ~ Brad and Maggie Bloetscher commented on noise

8) 01/18/2016 - Juanita Tolle commented on traffic, traffic, define “event’

All of the comments have been appropriately responded to in the Response to Comments section.
Conditions of Approval have been added where necessary in order to mitigate a potentiai environmental
impact. For example, the Lions Club will contribute to road maintenance; the Lions Club will pick up trash
after events; the Lions Club will self-monitor at every amplified event; the Lions Club will post a “15 mph”
speed limit sign at the entrance to the private road; the Lions Club will provide security at events; and the

Lions Club will consult with those persons on the notification list when scheduling amplified events.

Staff received fifty-one letters in support of the project (See Attachment 14 of Agenda packet).



Response to Comments Regarding

Mitigated Negative Declaration for
Special Use Permit No. PSP 14-034
February 10, 2016

Exhibit “A” - Comments Submitted by Marv Anne Vanderorift

[1] Road Deterioration: The access road, North Kaweah River Drive, is privately owned
and maintained. Additional usage will lead to additional deterioration of this private drive.
The Lions Club should share the responsibility of road maintenance. The commenter would
like the Lions Club to pave the road up to the last encroachment point of the facility.

Staff’ Response: The Lions Club Board Members have volunteered to confribute lo the
maintenance of the private drive. Condition of Approval (COA4) #15 requires that this
access road be surfaced for all-weather conditions to a widih of 20 feet and for a distance
equal to that of the northerly property line.

{2] Speed of Patrons: Some attendees to the Lions Club events travel at a high rate of speed
along North Kaweah River Drive. The commenter would like speed bumps to be installed
and speed linit signs posted.

Staff Response: COA #49 has been added to the project requiring the applicant to post a 15
mph speed limit sign.

{3] Trash Control: The Lions do not adequately pick up trash that originates on their
property.

Staff Response: COA #33 has been added requiring the Lions to remove litter along North
Kaweah River Road for a distance of 2,000 feet by 10:00 a.m. on the morning following each
event.

[4] Air Pollution: Dust inundation during events. Drafting water from the Kaweah River
without a permit to be utilized on the roads to control dust.

Staff Response: As previously mentioned, COA #15 requires both the parking areas and
driveways, including the easement, to be properly maintained to control dust. In addition,
COA #19 requires that the arena areas be watered down as necessary to control dust. The
Regional Water Quality Control Board should be informed of illegal drafting of water from
the Kaweah River. In addition, it is possible that the San Joaguin Valley Air Pollution
Control District may also have jurisdiction in regards to dust/dust control requirement as
Jugitive dusi is regulated by the Air District. The Air District can be contacted at (559) 230-
6000,



[5] Garbage Service: The Lions property is being used as a storage facility for a garbage
service provider. Noise, dust, and road deterioration are amplified. Ms. Vandergriit would
like the garbage service to find another {ocation for storage.

Staff Response: The garbage trucks are not being stored on the Lions property. They are on
the property adjacent to the Lions Club. Staff will send out a Code Enforcement Officer to
investigaie.

[6] Light Pollution: During events, lights shine directly into the house.

Staff Response: Standaird COA #3 requires that all lighting be cast downward,

[7] Non-Amplified Event Activities: The Lions lease a portion of their property to
contractors such as Southern California Edison. This increases dust, noise, and road

deterioration.

Staff Response: The Lions do not own the property that is being leased 1o confraciors. A
Code Enforcement Officer will investigate.

Exhibit “B” - Comments Submitted by Mava Ricci

f1] The definition of “cvent” is imprecise.

Staff Response: Ordinance No. 3416 amended the Assemblage of People Ordinance and
defines Special Event as being, “Any temporary use, generally lasting from a few hours to a
few days, conducted or sponsored by an organization, entity, association, or group involving
a display, demonstration, performance, exhibition, or amusement which includes, buf is not
limited fo, festivals, concerfs, carnivals, arts and craft shows, fireworks displays, sporting
events, socials, parties, parades, rallies, and other similar uses.” This definition has been
duplicated in the resolution as Finding #4.

[2] The enforcement method of noise level compliance is weak.

Staff Response: A Noise Study Report was conducted for the project site. In addition, siaff
visited the site and the Ricci residence during an amplified event. The decibel (dB) readings
on both occasions indicate that the measured noise level did not exceed 60 dB at the
property line. In addition, COA #26 requires that a Lions Club member be present at all
amplified events in order to monitor the noise level for compliance with the 60 dB at the
property line requirement.

Exhibit “C” - Comments Submitied by the Department of Transportation

Caltrans concurs that the Traffic Management Plan submitted as mitigation for section 16,
the Transportation/Transit analysis portion of the MND, is valid and will minimize project
impacts to less than significant.



Exhibit “D” - Comments Submitted by Mava Ricci and Vincent Andrus on October 20,2015

[1] The intention of our comments are 2-fold — to respond to the document and discuss
other relevant considerations or omissions. [ fully realize that your department is
constrained to some extent with the out-dated land use guidelines for our area as well
as the fact that the County of Tulare does not have a speeific Noise Ordinance.

Staff Response: Tulare County wutilizes the existing Three Rivers Cominunity Plan (adopted
by the Board of Supervisors in 1980) for guidance in decision-making and land use
entitlement. The County’s Noise Level Criteria is consistent with the recommendations of
the California Office of Nvise Comtrol (Tulare County General Plun 2030: Section 10-8.6,
Health and Safety: Noise Level Criteria which were adopted in August 2012).

[2] However, we do have improved standards and guidelines that illustrate the desired
character that are pending for the Three Rivers area within a reasonable time frame
that will be more useful in guiding this project in the future.

Staff Response: An Update to the Three Rivers Community Plan is currently under review.
Until such time, the existing standards/guidelines, by law, must be applied.

[3] To that end we would ask the RMA to stay the decision for eause pending the
completion of the Three Rivers Community Plan update with it various accompanying
environmental doeuments.

Staff Response: The County has determined that the Project will not have a significant effect
on the environment and that the Mitigated Negative Declaration (MND) and Mitigation
Monitoring Reporting Program (MMRP) for said Special Use Permit reflects the
independent judement of the County. Further, the IS/MND and MMRP have been completed
in compliance with the California Environmental Quality Act and the State Guidelines for
the Implementation of the California Environmental Quality Act of 19710,

{4] There is a neighborhood surrounding this projeet location. We cannot be penalized
by the 300 foot rule as parcels are large, thus spread out by definition, but are related
by the transmission of light, sound and/or inadequate roadways.

Staff Response: Government Code Section 63091(4) requires that “Notice of the hearing
shall be mailed or delivered af least 10 days prior to the hearing 1o all owners of real
property as shown on the latest equalized assessment roll within 300 feel of the real property
that is the subject of the hearing.” Further, a public Notice of Availability was published in
the recognized newspaper of General Circulation, the Visalia Times-Delia. A4 Notice of
Public Hearing was published on the County’s website page dedicated to the Community of
Three Rivers. The Lions Arena Use Permit Proposal was also noticed on the Three Rivers
Village Foundation Town Hall Meeting of February 2, 2015, As such, all required noticing
was conducted per state law.



[5] Additionally we would like to point out that the manner in which citizens have to
participate in this particular process is essentially a lousy deal. It exists in a vacuum
when those affected do not get notified objectively. It is a bad deal when others are
intinidated by the potential of “getting on the bad side” of the project proponent and
are afraid to speak out. Itis also a bad deal to make it 2 competitive popularity contest.
A number of folks who appreciate the Lion’s Club donations to their causes never
thought about the impact a “community group” has onr the neighborhood - the
community spirit intent of the Lion’s Club becomes & bit of an oxymoron. For exampie
if one scours the Internet to see what other Lion’s Club’s do for fundraising they do not
stand out in needing amplifies cvents. Yes, I understand the nature of the property,
but a little creativity can go a long, different way.

Staff Response: The public hearing process allows all persons to comment on the proposed
project, in favor of or in opposition to; and the Planning Commission takes all comments
into consideration prior to making an informed decision. Also, a Notice of Public Hearing
was published on the County’s website page dedicated to the Community of Three Rivers. In
addition, members of the Lions Club presented their proposal to the community during a
Town Hall meeting on February 2, 2013.

[6] The current, most active members on this project told us at different times that the
Lion’s Club makes its money predominantly on alcohol sales and with the ability to
have more amplified events they hope to attraet large numbers of people to meet this
goal. It is fairly obvious whom they will have to appeal to and what kind of sound will
be needed..., This is per Lion Dean Stryd and Lion Tom Sparks.

Staff Response: The inference is that alcohol will attract an unruly element to the event and
that additional evenis will be to the detriment of the community. The Sheriff’s Department
was sent a consultation notice of this Project amendment in 2014 and no correspondence
was received regarding disturbances or nuisance calls to the existing facility. Staff
contacted the Sheriff’s Department on February 16, 2016 regarding incidents at the subject
site. There had not been any incidents pertaining to noise during the previous three years.

{7] This process pits neighbor against neighbor and threatens friendships. There
are two neighbors in the area, not happy about the sound, but will not speak up
because they are afraid of being polarized by members of the community.

Staff Response: The public hearing process allows all persons to comment on the proposed
project, in favor of or in opposition to; and the Planning Commission lakes all comments
into consideration prior to making an informed decision.

{8] There are 7 new houses in this neighborhood since the original permit was
granted. This area isa neighborhood.

Staff Response: The subject site is zoned Exclusive Agriculture — 20 acre minimum and the
surrounding properties are zoned for rural residential use — one acre minimum. This is an
example of new development infringing on an existing use. As such, the owners of the seven
new residences should have been made aware of (that is, disclosure of) the Three Rivers
Lions Club facility prior to elosing escrow.



new residences should have been made aware of (that is, disclosure of) the Three Rivers
Lions Club facility prior fo closing escrow.

[9] None of the Lion's Ciub Board members live in sound vicinity of the project site
nor do the majority of the people in the fwo organizations who sent i letters of
support, [asked Lion Tom Sparks this year what he thought of one of the events -
he smiled and said "oh I don't know, Ewasn't there ... I don't like that kind of
music!" (He has a house on the coast he can escape to...)

Staff’ Response: The Lions Club renis the fucility out to other organizations in order (o
collect fitnds for their community service activities and contributions. The manner of event is
not exclusively determined by the Lions Club. Attendance by Lions Club members is a
personal decision regardless of location of their residence.

{10] In a recent community plan meecting Eric Coyne admonished us (Three Rivers
residents) for not taking more of a business advantage of the number of tourists
passing through our town. Well many of us are trying and with our small businesses
—we are marketing nature and the beauty and serenity of the area.

Staff Response: The Three Rivers Lions Club facility has been in existence af this site and
utilized for a roping arena since at least 1949, The “rodeo” culture is part of the
heritage/legacy of this Three Rivers area. Neighboring businesses rely on pass-by or
destination oriented traffic during the course of a year, whereas events at Lions Club facility
occur on an infrequent basis resulting in a temporary and short-term influx of persons
interested in the events. It is also likely that persons attending these events utilize dining,
lodging, shopping, and fueling within the area which contributes to businesses in the Three
Rivers area.

A, RESPONSE TO DOCUMENT

[I1] a. Traffic control was required with the original special use permit/ Event
Management Plan —was not monitored for compliance

Staff’ Response.: Applicant is responsible for following and adhering to the conditions of
approval. If a complaint is filed, standard procedure requires Code Enforcement to address
the complaint.

b. Why no mention of the private road which has areas of only § feet of pavement
in places with sandy shoulders (picture stock trailer and emergency vehicle having
to pass) not mentioned for proper and safe roadway compliance. The road along the
project site is inadequate for safe and propertwo-way transit.

Staff Response: The access road to the subject site is a privately-maintained private road.
Condition of Approval No. 15 states, "Both the parking area and driveways, including the
easement from North Kaweah River Drive to the northerly property line of the subject site to
a width of 20 feet, shall be surfaced for all-weather conditions and be maintained so that
dust and mud do not create conditions detrimental to surrounding roadways.”



¢. No mention of dust control along the road during dry periods.

Staff Response. Condition of Approval No. 13 states, “*Both the parking area and driveways,
including the easement from North Kaweah River Drive to the northerly property line of the
subject site to a width of 20 feet, shall be surfaced for all-weather conditions and be
maintained so that dust and mud do nof create conditions detrimental to surrownding
roadways.” Also, it is possible that the San Joaquin Valley Air Pollution Control District
may also have jurisdiction in regards to dust/dust comtrol requirement as fugitive dust is
regulated by the Air District. The Air District can be contacted at (559) 230-6000.

[12] a. Three Rivers has not yet defined itself to be the County location for outdoor
amplified entertainment — although there have been many attempts to make & so
..There are plenty objections to this trend and no doubt will be a large point of
contention if this addition of 5 more events starts precedence.

Staff Response: Three Rivers is the gateway to Sequoia National Park and approximately |
million park visitors wraverse Highway 198 annually.  As noted in Response No. 10,
neighboring businesses rely on pass-by or destination oriented traffic during the course of a
vear, whereas events at Lions Club facility occur on an infrequent basis resulting in a
temporary and short-term influx of persons interested in the events. It is also likely that
persons aitending these events utilize dining, lodging, shopping, and fueling within the area
which contributes to businesses in the Three Rivers area.

b. Weighted dB average over 24 hours is irrelevant to the surrounding
neighborhood-andgrosslyunfair!

Staff Response: The CNEL (Community Noise Exposure Levels) threshold of 60 dB is
consistent with the recommendations of the California Office of Noise Control and per the
adopted Tulare County General Plan 2030 Section 10-8.6, Health and Safety: Noise Level
Criteria which were adopted in August 2012.

¢. Sound transmission as it relates to environmental conditions should be taken
into aceount, i.e. transmission along waterways, with elevation changes, in regard to
the presence and direction of the wind, and with the ambient temperature.

Staff Response: The Noise Study was conducted in accordance with the current standards of
the industry. It should also be noted that the precise equipment used fo conduct the Noise
Study were calibrated (o account for existing noise conditions, wind and ambient
temperatures, and conducted over a 24-hour period using an Extech Type 2 sound level
meter datalogger.

d. Vegetation grown in this area cannot attenuate sound nor can the right type of
plants if they exist, be grown in this plant elimate zone - otherwise the extensive
riparian habitat between the projeet site and the North Fork Drive would have done
so already.



Staff Response: Vegetation provides some limited sound atrenuation. Also, as concluded in
the Noise Study (at page 13), even the nearest sound receptor (at a distance of
approximately 450 feet} did noi exceed Tulare County’s noise standards. Therefore,
distance, rather than vegelation, determined level of impact. Lastly, the farthest receptor
(located approximately 1,900 feet away) resulted in a noise level of 31.4 dBA. As such, it is
not possible for any receptor greater ihan 1,900 feet away 1o experience a noise level higher
than the nearest source as sound atfenuates (that is, reduces) at a rate between 3.0 and 4.5
dBA per doubling of distance (see Noise Study, page 6).

e. Please note that the letter of support enclosed in the 'county' package of the
household that lives down the road from the project site failed to mention the reason
she does not hear the amplified music is that there is a large burm separating her
from the site.

Staff Response: Berms, because their soil compaction results in a dense object, do effectively
altenuate noise. The commenter failed to identify the specific location of the person she is
referring to; however, RMA staff found only one letter specifically indicating their residence
is approximately 1,200 feer from the evenis ground. As noted in Response 12 d., distance,
rather than an actual physical barrier, would diminish noise to less than the noise level
measured at the receptor located only 450 feer away. Which, as noted in the Noise Study, is
below Tulare County's noise standards.

f. The "Noise Study" commissioned by the Lion's Club was extremely
disingenuous and ill-timed. The event tested was the lowest and least amount of
sound that particular event generated in a number of years (by their own admission
- Ispoke to the wife of the main organizer) ... thus the Lion's sadly wasted resources
on that event. A PROPER SOUND STUDY IF NEEDED SHOULD BE DONE AT
THEIR LOUDESTEVENT. (POSSIBLY ALSOATTHE QUIETEST AMPLIFIED
EVENT INORDER TO MAKE A JUDGMENT ON ALLOWABLE SOUND)

Staff Response: The Noise Study Repori was prepared by VRPA Technologies, Inc. and took
place on Friday, May 16 and Saturday, May 17, 2014 during the Blues Fest, an annual evenl
at the facility. As indicated in Response No. 12 ¢, the precise equipment used to conduct the
Noise Study were calibrated to account for existing noise conditions, wind and ambient
temperatures, and conducted over a 24-hour period using an Extech Type 2 sound level
meler datalogger. As noted in the Noise Study, non-amplified and amplified events were both
measured. The source of the sound, regardless of event fype, did not exceed Tulare County’s
noise thresholds.

g. Unfortunately, the RMA chose one of the least loud events to measare and
observe, in which the Lion's club members made sure with great care that the
decibel level was adhered to, if not reduced as compared to the previous year for
that event.

Staff Response: RMA staff visited the subject site and Ms. Ricci’s residence on October 3,
2015 during the Performing Arts Film Festival, the last such event for the calendar year.



Using hand-held noise measuring devices, the noise levels were consisient with the noise
levels measured during the Noise Study using a more precise instrument. That is, the
readings did not exceed Tulare County’s noise standards.

h. The lack of mention or intention ¢to provide real-time noise
reduction/attenuation measures is a glaring error of omission. (See enclosed example
of access to necessary materials and evidence of what noise reducing walls and
vegetation really means) ie. noise absorbing material to insulate the pavilion,
plexiglass placed in key areas, ctc.

Staff’ Response: The musical entertainment and film projection occurred within an open-
sided enclosure with curtains on the west-facing side that can be raised and lowered. As
noted earlier in Response 12 d, disiance, rather than an actual physical barrier, would
diminish noise to less than the noise level measured af the receptor located only 430 feet
away. As noise levels do not exceed Tulare County noise stands, no sound atfenuation is
necessary or required.

i. SEE ENCLOSED PAPERS ON SGUND AND NOISE MITIGATION AS
EVIDENCE OF WHAT IT TAKES TO MITIGATE SOUND REDUCTION AND
VALIDATE THE SIGNIFICANCE OF THE LACK OF VEGETATION AS BEING
A MITIGATION MEASURE.

Stafl Response: The cost of a sound wall and/or other permanent acoustical soundproofing
materials does not correspond to the temporary and occasional nature of the sound
originating at the subject site. As noted earlier, as noise levels do not exceed Tulare County
noise stands, no sound aitenuation is necessary or required.

{il FYI-NOTE: Nuisance Standard:

"Any use found to be objectionable or incompatible witlr the character of the city and
its environs due to noise, dust, odors or other undesirable characteristics may be
prohibited"” (Snow v. City of Garden Grove (1961) Cal.App.2d 496).

Staff Response: This is the Nuisance Standard specific Yo the City of Garden Grove. Further,
the citation does not explicitly prohibit the objectionable or incompatible sources, it merely
indicates that such sources may be prohibited. As noted earlier, Tulare County General Plan
2030. Section 10-8.6, Healith and Safety: Noise Level Criteria which were adopted in August
2012,

B. COMPLIANCE ISSUES

[13] a. The Lion's events have violated their authority every year since the special
use permit was invoked - all the way up to this last event that was the 6th out of 5
allowable

Staff Response: Code Enforcement issued Violation No. V308-032 on the property for failure
to comply with the conditions of approval of Special Use Permit No. PSP 02-013. This



Project amendment to the special use permit, if approved, will satisfy the requirements of
Code Enforcement and the violation will be closed.

h. See enclosed letter from a past president as a sample of verification.

Staff Response: The Three Rivers Lions Club President at that time explained that the entity
which had rented the facility for that particular event was not supposed to amplify the event
and was in violation of the coniract. The Three Rivers Lions Club is not Iimited in the
number of non-amplified evenis.

¢. There appears to be no mention of monitoring and enforcement measures
that must be a part of this projects’ plan.

Staff Response: The Mitigation Monitoring Reporting Program, if approved, will be the
enforcement tool for RMA.

d. A fist of violations can be provided if necessary
Staff Response: The Countv does not object to receiving the list of violations being provided,

C. CUMULATIVE IMPACT

[14] a. Cumulative impact evidence was not required or reported in this document.

Staff Response: The Initial Study thar was performed for the project determined that the
addition of five amplified events would be Less Than Significant With Mitigation
Incorporated. Cumulative impacts are not required to be analyzed as part of a Mitigated
Negative Declaration.

b. The cumulative impact of the RIVER VIEW RESTAURANT every Sunday
afternoon during the same time period of spring, suminer and fall, along with the
periodic amplified music from the periodic wedding celebrations of the WHITE
HORSE INN are an obvious error of omission and must be taken into account,

Staff Response: The comment is unclear. We are uncertain if the commenter is suggesting
that noise generated by the River View Resfaurant and “periodic amplified music from
periodic wedding celebrations™ at the Whitehorse Inn should be accounted when both are
occurring on Sundays, or if the above noted sources should be accounted with the Lion’s
Club proposal? We are unsure if the River View Restaurant is, in the opinion of the
commenter, also contributing amplified music. Further, “periodic” is undefined.

¢. For example: it Is Sunday almost Bpm and I can hear the RIVER VIEW
RESTAURANT AND BAR that has live, amplified music on their outside deck every
Sunday afternoon from May - to October in my house. This restaurant has a special
use permit as well and by far does not adliere to the 65dB restriction at their property
edge. Their address is 42323 Sierra Drive, We just took asound reading and got 57dBs
outside our sliding glass dining room door. As the crow flies they are flocated up and
across the river approximately .6 miles from our location,



Staff Response: The reading, at 57 dB’s, is less than the County of Tulare standard of 60
dB’s. A distance of 0.6 miles is approximately 3.168 feet. The commenter indicates the
distance “as the crow flies”; which we interpret to mean a straight-line distance versus
actual ground (that is, travelled) distance. However, their property has infervening curves,
hills, and vegetation which would attenuate sound. Importantly, as noted egriier, sound
artenuates between 3 1o 4.5 dBA with doubling of distance from a source fo a receplor.
Therefore, Mrs. Ricci reading is within an estimated reduction between 6-9 dBAs. As such, a
65 dBA at the property line of the River View Restaurant minus a reduction of 6 dBAs
because of the 3,168 foot distance to the Ricei’s residence results in 59 dBAs; while a 9 dBA
reduction would result in 56 dBAs...both are below County of Tulare standard of 60 dB's.

D. OMMISSIONS

[15] a. There is a glaring lack of needing to know a definition of what constitutes an
event, Is an event defined by the number of days or the number of weekends, ex: a
festival or a dinner?

Staff Response.: As stated in the Agenda and Resolution, Ordinance No. 3416 amended the
Assemblage of People Ordinance and defines Special Eveyt as being, “Any temporary use,
generally lasting from a few houwrs 1o a few days, conducted or sponsored by an
organization, entity, association, or group involving a display, demonstration, performance,
exhibition, or amusement which includes, but is not limited 1o, festivals, concerts, carnivals,
arts and craft shows, fireworks displays, sporting events, socials, parties, parades, rallies,
and other similar uses.” “For the purposes of this special use permit, the definition of an
“Amplified Event” shall be: “A display, demonstration, performance, exhibition, or
amusement which includes, but is not limited to, festivals, concerts, carnivals, arts and craft
shows, fireworks displays, sporting events, socials, parties, parades, rallies, and other
similar uses whose sound is made louder through the use of mechanical or elecironic
means.” To be clear, non-amplified events are not the issue regarding the proposal and
would not be counted as an amplified event.



b. How will event dates be notifiecd AHEAD OF TIME to the community at
large? And will that be required?

Staff Response: Condition of Approval #31 and MMRP #12.3 states: ""The applicant shall
give one week’s notice before each amplified event to all property owners within 300" of
the subject property and any other person who requests special notice. Applicant shall
provide the same notice to TCRMA before each amplified event accurs.”™

D. CONCLUSION
[16] Taking all this into consideration it leaves us very few weekends free of
undesired sound on my private property, espeeially during the prime time for
enjoying nature. [T ESSENTIALLY IS VIOLATING OUR PRIVATE
PROPERTY RIGHTS.

AS WE HAVE MENTIONED BEFORE WE ACCEPT AND HONOR THE
HISTORICAL EVENTS THAT TAKE PLACE ON THE PROJECT GROUNDS
ONE WOULD HAVE TO WONDER WHY IF THE PLANNING COMMISSION
SAW FIT TO APPROVED 5 EVENTS 1IN 2004 WHEN 10 EVENTS WERE
REQUESTED, WHY WOULD MORE BE COMPATIBLE WITH THE
CONDITIONS AS PREVIOUSLY DESCRIBED?

This will continue to promote a slow expansion of a characteristic that is not what
most residents want THREE RIVERS to be known for - an entertainment bowl
for valley residents.

Instead we have a lovely area that services a national park and promotes and
allows outsiders to benefit and enjoy the open space and peacefulness not
available in urban settings, THIS IS GOOD BUSINESS PRACTICES.

Up and beyond the three original, historic events the addition of more amplified
events requested by this project does not contribute to the intent to "preserve the
unique character of Three Rivers,"

Again, we request that RMA delays further action on this application until the
Three Rivers Community Plan and is environmental documents are completed
and implemented.

Staff Response: Mitigation Measures have been incorporated info the Project to ensure
that the S5 additional amplified evemis will noi have a significani effect on the
environment. Refer to Mitigation Measures.

We appreciate Ms. Ricci’s comments and her perspective of the Three Rivers area.
Approximately 1 million people iravel through the Three Rivers area on lheir way to



Sequoia National Park each year. Many of the services in Three Rivers cater toward the
traveling towrist. The Lions Club arena is a fucility that provides a service to local
residents, a facility that raises money which is donated to local charitable arganizations.
As there are 52 weekends (the typical occurrence during the week of an event) each year,
if @ maximum of 10 amplified events were to occur, there would still be 42 weekends
without amplified events (which represents almost 81% of weekends within a year).
Currently, the 5 allowed amplified events (again, assumed lo occur during weekends)
would leave 90% of weekends (that is 47 weekends) without amplified events. As noted in
Response No. 12. a; it is also likely that persons atfending these events ulilize dining,
lodging, shopping, and fueling within the area which contributes to businesses in the
Three Rivers area.

Exhibit “E” - Comments Submitted by Michael L., Cannarozzi;

[1] Noise: Through the past 23 years 1 have patiently listened to the drone of the PA
systems, heard various bands all weekend whether [ wanted to or not, and have been
woken up as late as 3AM by amplified announcements.

Staff’ Response: A Noise Study Report was conducted for the profect site. In addition,
staff visited the site and the Ricci residence during an amplified event. The decibel (dB)
readings on both occasions indicate that the measured noise level did not exceed 60 dB
at the property line. In addition, COA #26 requires that a Lions Club member be present
at all amplified events in order to monitor the noise level for compliance with the 60 dB
al the property line requirement. COA #20 states, “The hours of operation for events
shall be limited to 7:00 a.m. to 11:00 p.m. with clean-up activities completed by 12:00
midnight.” In addition, COA #30 siates, “All amplified noise associated with evenis held
on-site shall not be permifted between the hours of 11:00 p.m. and 9:00 am™

[2] Disputes validity of sound study; [ formally dispute the validity of the sound study
commissioned by the Lions Club by VRPA Technologies....

Staff Response: The Noise Study Report was prepared by VRPA Technologies, Inc. and
took place on Friday, May 16 and Saturday, May 17, 2014 during the Blues Fest, an
annual event at the facility. As indicated in Response No. 12 ¢, the precise equipment
used to conduct the Noise Study were calibrated to account for existing noise conditions,
wind and ambient temperatures, and conducted over a 24-hour period using an Extech
Type 2 sound level meler datalogger. As noted in the Noise Study, non-amplified and
amplified events were both measured. The source of the sound, regardless of event type,
did not exceed Tulare County’s noise thresholds.

Exhibit “F” - Comments Submitted by Julie Doctor:

1] Noise and traffic: Adding one or two [events] maximum might be ok, but as an
adjacent resident directly across the river from the extended parking area, I am concerned
about the noise and traffic. [ support the community events and noise resirictions, but
events like the Sober Biker and Blues fest are extremely annoying and not really
supportive of our residents. The roping, Jazz Affair, Western Film Festival, Red Bud,




and EAA music festivals are good for our residents, but beyond that, I am not supportive
of adding more events.

Staff’ Response: A Noise Study Report was conducted for the project site. In addition,
siaff visited the site and the Ricci residence during an amplified event. The decibel (dB)
readings on both occasions indicate that the measured noise level did not exceed 60 dB3
at the property line. In addition, COA #26 reguires that a Lions Club member be present
at all amplified events in order to monitor the noise level for compliance with the 60 dB
af the property line requirement.

A Traffic Management Plan (TMP) was submiited to, and approved by Calrans. The
TMP details the actions that will be taken in order fo control traffic at all of the public
events being hosted at the project site, if they have the potential lo impact State Roule
198, Parking at the facility will be monitored by the Lions Members and directional
signage is designed to avoid traffic backups onto SR 198.  Attendees al these evenfs
arrive and depart in random patterns and do not meet the threshold of 50 peak hour trips
(for Caltrans) that would indicate that a traffic study should be completed,

{2] Helicopter traffic is fairly unpleasant...

Staff Response: The property that is utilized by the helicoprers is not owned by the Lions
Club, but is located on the adjacent property. County staff will send Code Enforcement to
investigate.

Lxhibit “G” - Comments submitted by Brad and Maggie Bloetscher;

{1} Noise: Over the last decade or so we have experienced an accumulation of disturbing
and annoying noise in our neighborhood of the North Fork., The Lions Club facility
events are not the only contributor. Mid Valley Disposal uses the facility.... Southern
California Edison uses the facility as a heliport...and the Riverview Restaurant outside
music venue occurs late into the night....

Staff Response: A Noise Study Report was conducted for the project site. In addition,
staff visited the site and the Ricci residence during an amplified event. The decibel (d3)
readings on both occasions indicate that the measured noise level did not exceed 60 dB
ai the property line. In addition, COA #26 requires that a Lions Club member be present
at all amplified events in order to monitor the noise level for compliance with the 60 dB3
at the property line requirement. Also, COA # 30 states, “All amplified noise associated
with events held on-site shall not be permitted between the hours of 11:00 pan. and 9:00
am.”

The property that is utilized by Mid Valley Disposal and Southern California Edison is
not owned by the Lions Club, but is located on the adjacent property. County staff will
send Code Enforcement to investigate.

[2] Cumulative Impacts: To all of this noise you add the Lions Club amplified events
and the quiet, country experience we had is slowly being eroded away.



Staff Response: The Initial Study that was performed for the project determined that the
addition of five amplified events would be Less Than Significant With Mitigation
Incorporated. Cumulative impacts are not required to be analyzed as part of a Mitigated
Negative Declaration.

Exhibit “H” - Comments submitted by Juanita Tolle:
[1] Noise: Musical events occurring at the airport reverberate around the North Fork
canyon. Evening noise definitely disturbs the peace.

Staff Response: 4 Noise Study Report was conducted for the project site. In addition,
staff visited the site and the Ricci residence during an amplified event, The decibel (dB)
readings on both occasions indicate that the measured noise level did not exceed 60 dB
at the property line. In addition, COA #26 requires that a Lions Club member be present
at all amplified events in order to monitor the noise level for compliance with the 60 dB
at the property line requirement. Also, COA # 30 states, “All amplified noise associgied
with events held on-site shall not be permitted between the hours of 11:00 p.m. and 9:00
am.’”’

[2] Cumulative Impacts: My family has complained about the evening noise from
Riverview, and a second venue in the adjoining area would compound this problem.

Staff Response: The Initial Study thal was performed for the project determined that the
addition of five amplified events would be Less Than Significant With Mitigation
Incorporated. Cumulative impacts are not required to be analyzed as part of a Mitigated
Negative Declaration.

[3] Traffic: Will increase locally with each event.

A Traffic Management Plan (TMP) was submitted to, and approved by Calirans. The
TMP details the actions that will be taken in order to control traffic at all of the public
events being hosted at the project site, if they have the potential fo impact State Route
198, Parking af the facility will be monitored by the Lions Members and directional
signage is designed to avoid waffic backups onto SR 198, Attendees at these events
arrive and depart in random patterns and do nol meet the threshold of 30 peak hour trips
(for Caltrans) thar would indicate that a traffic study should be completed.

[4] Definition of Event: The community needs to spell out the limitation of days for each
event and consider alternative locatious for some of the events — not all in one place.

Staff Response: Ordinance No. 3416 amended the Assemblage of People Ordinance and
defines Special Event as being, “Any temporary use, generally lasting from a few hours
fo a few days, conducted or sponsored by an organization, enfity, association, or group
involving a display, demonstration, performance, exhibition, or amusement which
includes, but is not lmifed to, festivals, concerts, carnivals, arts and craft shows,



fireworks displays, sporting events, socials, pariies, parades, rallies, and other similar
uses.” This definition has been duplicated in the resolution as Finding #4.

[5]Time Limits: The community should designate time limits for opening and closing
events each day, Musical events should not play loud music during evening hours.

Staff Response:  Condition of Approval No. 30 reguires that “All amplified noise
associated with events held on-site shall not be permitted between the hours of 11:00 p.m.
and 9:00 a.m.”



HIBIT ND.A
gative Declaration

Project Tlt!e Special Use Permit No. PSP 14-034

Doubling events from 5 annual to 10 annual event per year

The Lions organization on North Kaweah River Drive, in Three Rivers California, is attempting

to double their permitted amplified events. This letter is intended to address some concerns that
some of the affected community has. Since we are affected the most, due to proximity, we believe
we have valuable observations and insight about the activities that occur on the Lions property. The
Lions organization has grown accustomed to exploiting the resources of our community while
diverting responsibiiities to community members. The foilowing outlines the major concerns we have
that should be mitigated before a permit is issued to the Lions organization.

1.

Road deterioration: The Lions facility is only accessible by a private road known as North
Kaweah River Drive. The Lions organization currently does not maintain or repair the damage
to the road caused by the activities that occur at their facility. The road is in a state of
constant degradation with numerous potholes, bumps, uneven surfaces, and pooling water.
The current maintenance is conducted by my family and one other member of our
neighborhoed that lives on North Kaweah River Drive. Doubling the traffic will inevitably fead
to further deterioration and degradation of this non-county maintained PRIVATE DRIVE. The
responsibility to maintain the road should aiso fall upon the Lions organization, due to their
high volume of use. Resolution: Pave the road, with speed bumps, and keep up the
maintenance, up to the last encroachment point of the Lions property. This can be paid for
by the revenues generated through the events held on the Lions Property.
Speed of Patrons: Some Patrons of the Lions property events travel at unsafe velocities on
the PRIVATE ROAD of North Kaweah River drive, upwards of 50-60 miles per hour,
sometimes higher. For this reason, we feel that it has become dangerous for our active
community. This road was a safe-haven for walkers, runners, children on bikes, etc. The
owners of this road wish to restore its reputation as a safe place to teach a child to learn to
ride a bike, or stay fit, or enjoy the wildlife and landscape, without fear of unsafe drivers.
Doubling the events would increase the probability for speeders. Resolution: Insert speed
bumps with speed limit signs to be followed by drivers.

Trash control; After every event, there is veritable cornucopia of trash ali over the Lion's
property. This garbage is blown onto adjacent properties, which is left to neighbors and
caring locals who walk up and down North Kaweah River Drive, to pick up. The Lions do not
adequately pick up trash that originates on their property. Resolution: Encourage their
patrons to use trash receptacles. Create a method for complete clean up, either by budgeting
to hire for the service, or create a process within their group that ensures this to occur.

Air poliution: The dust for most events is unbearable. For some events, such as the roping
event, they attempt to water down the roads. However, the attempt is not adequate enough
to mitigate the dust pollution. My property is inundated by dust for the duration of every
event. Whenever they do use water for dust control, they are drafting water from the North
Fork of the Kaweah River without a drafting permit from Fish and Wildlife. This is being done
even when the river has stopped flowing, and the water is being pulied from the small




residuai pools just downstream from my house. The water extraction point is not on their
land. Adequate dust control is mandatory in accordance with the valley air district dust
prohibition guidelines, Resolution: Pave the road. Follow the legal avenues established and
apply for a drafting permit through The Department of Fish and Wildlife.

Garbage Service: Aside from the noise created from the events held on the Lions property,
the garbage trucks are our major concern. EVERY MORNING, at 5:00am, we are awakened by
the sound of airbrakes, revving motors, and slamming mechanisms on garbage trucks! Our
gate is in the same location as the Lions access gate, so we get the full effect of a continual,
industrial operation. The garbage service provider has recently, in the last year, signed a new
contract with the county of Tulare. The contract has mandated the trash servicer to supply
recycle and green waste cans to each of their customers. For this reason, the company has
hired another truck driver, therefore doubling the noise, dust, road deterioration, etc. The
Lions property is used as a storage facility for trash bins of all sizes that are not currently
being used. This attracts bears and makes the property look like a county yard. Resolution:
Require the garbage service to move to another location that has appropriate zoning and
permits.

Light Pollution: For every event, lights from the Lions arena shine directly into our hause. The
lights often remain on for the duration of the night. Resolution: Change the current lights to
directional, downward lights. Turn them off when not in use.
Non-amplified event Activities: The Lions lease out sections of their property to contractors
who work for companies such as Southern California Edison. Currently they are occupying
space to work on the flumes, which need necessary maintenance. This has increased the
quantity of heavy work trucks coming and going on the road, light pollution as they leave
their work {ights on 24/7, dust poliution, noise pollution as they are flying helicopters in and
out to move payload of materials. They are projected to be on site for 2-3 months maore. We
recognize this location as ideal for staging large projects, as well as helicopter flights;
however, those who benefit from these activities shouid have responsibilities to the affected
members of the community. Resofution: Inform the neighbors of intended projects and
duration. Pave the Road from the proceeds generated and apply for permits as necessary.

In conclusion, increased activity at the Lions facility on North Kaweah River Drive should

require increased responsibilities to the Lions organization. The garbage service needs tomove
to another location as the daily activities have changed the Lions into a county yard. The road
needs to be paved and maintained. The lighting should be replaced with modern fights that
minimize light pollution. The neighbors of the Lions facility need to be informed of when
intended events and other activities will occur, as well as duration. As a permanent resident on
North Kaweah River Drive, adjacent from the gate of the Lions facility, all activities directly affect
my property and family. if there are any questions or need for clarification feel free to contact



Sincerely,

Mary Anne Vandegrift

PO Box 499

42801 North Kaweah River Drive
Three Rivers Ca, 93271
559-802-0862

maryannevandegrift@gmail.com



January 19, 2016

Mike Washam

Assistant Director

Economic Development and Planning

Tulare County Resource Management Agency

Mr. Washam,

We apologize for the delay in communications — had a computer issues, etc.
Regarding the revised SUP document, while it helps some some, there are stili
two points that did not get clarified.

As you recall the meeting that we had in an effort to come to a compromise
degenerated a bit and at the time couldn’t be continued in that climate.

First of all, in order to continue the potential compromise process, and having
read the revised SUP we still need to come to some agreement and definition as
to what constitutes and event by definition, i.e. how many night/days of actual
amplified music will be allowed.

Again as was pointed out the definition as it stands, or appears to be is a
fluctuating definition as best.

Example: The Jazz Affair has now become a 4-day event as noted by the Lion’s
Club members at this meeting, where it had been a three (3) days event in the
past for years. With the roping as a 3 amplified event, the Blues Fest being 2
days, etc. you can see how actual days’ can covertly buiid.

The potential exists by verbal discussions only, to produce maximally 30
days/nights of amplified sound during the annual season. That is a lot.

You will need to realize the Lion’s Club organization is entirely made up
volunteers and the leadership fluctuates. Clarification of all points needs to clear
and detailed.



Additionally, please realize that the compliance guidelines for decibel adherence
are weak. If the Tulare County Sheriffs office is to be the definer and enforcerit is
summarily improbable that they will not be able to respond in a timely manner to
discern the violation in progress. We cannot get a quick emergency response for
a criminal or medical emergency in under 10-20 minutes. it would seem to bein
order to define how this will be objectively done. Could transmission of data to
an off site objective local be an adequate mitigation measure?

Thank you for taking this into consideration,

Maya Ricci

Vincent Andrus

42669 North Fork Drive
Three Rivers

Ce: Dana Mettlen, Planner Il

Project Processing
Economic Development and Planning Branch
Tutare County Resource Management Agency

John Elliot
Tulare County Planning Comimission
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Mr. Dana Meitlen, Project Planner

Tulare County - Resource Management Agency
5961 S. Mooney Blvd.

Visalia, CA93277

Dear Mr. Mettlen:

Thank you for the opportunity to review the Mitigated Negative Declaration (MND) for PSP 14-
034 proposing to increase the number of amplified outdoor evenis from 5 to 10 annually for the
Three Rivers Lions Club. The non-profit facility operates from April to October each year.
Typical events include rodeos, music festivals and art display exhibitions on the 5.78 acre site.
The project is located at 42390 N. Kaweah River Drive, approximately 1,800 feet northwest of
the State Route (SR) 198 / North Fork Drive intersection in the Community of Three Rivers.
Caltrans has the following comments:

On 4/23/2015, Caltrans approved and submitted to the County, the Traffic Mauagemem Plan
(TMP) p10v1ded by the applicant for PSP 14-034,

As listed on page 27 & 28 of the Initial Study (section 16 “Transportation/Transit™), the MND
for the project will incorporate the conditions of the approved TMP.

Caltrans concurs that the TMP is still valid as mitigation to minimize project impacts to less than
significant.

If you have any other questions, please call David Deel at (559) 488-7396.

Sincerely,

MICHAEL NAVARRQO, Chief -
Planning North Branch

C: Hector Guerra — Tulare County RMA

“Provide a safe, sustainable, integrated and efficient transpartation system
to enhance California's economy and livability”



Exhibit “D”

Maya Ricci Comments of October 18, 2015



October 18, 2015
To: Tulare County Resources Management

From: Maya Ricci
Vincent Andrus
42669 North Fark Drive
P.O.Box 636
Three Rivers, CA

Re: Special Use Permit No. 14-034, amending Special Use Permit
MNo. PSP-02-013, approved on May 12, 2004

INTROBDUCTION:

The intention of our comments are 2-fold — to respond to the
document and discuss other relevant considerations or omissions. |
fully realize that your department is constrained to some extent with
the out-dated land use guidelines for our area as well as the fact that
the County of Tulare does not have a specific Noise Ordinance.

However, we do have improved standards and guidelines that
itlustrate the desired character that are pending for the Three Rivers
area within a reasonable time frame that will be more useful in
guiding this project in the future.

To that end we would ask the RMA to stay the decision for cause
pending the completion of the THREE RIVERS COMMUNITY
PLAN update with it various accompanying environmental
documents.

There is a neighborhood surrounding this project location. We cannot
be penalized by the 300 foot rule as parcels are large, thus spread
out by definition, but are related by the transmission of light, sound
and/or inadequate roadways.

Additionally we would like to point out that the manner in which
citizens have to participate in this particular process is essentially a
lousy deal. It exists in & vacuum when those affected do not get
notified objectively. His a bad deal when others are intimidated by



the potential of “getting on the bad side” of the project proponent and
are afraid to speak cut. it is also a bad deal to make it a competitive
popularity contest. A number of folks who appreciate the Lion's Club
donations to their causes never thought about the impact a
‘community group” has on the neighborhood — the community spirit
intent of the Lion’s Ciub becomes a bit of an oxymoron. For example
if one scours the Internet to see what other Lion's Club's do for
fundraising they do not stand out in needing ampilifies events. Yes, |
understand the nature of the property, but a little creativity can go a
long, different way.

The current, maost active members on this project told us at different
times that the Lion’s Club makes it money predominantly on alcohol
sales and with the ability to have more ampilified events they hope to
atiract large numbers of people to met this goal. L is fairly obvious
whom they will have to appeal to and what kind of sound will be
needed... This is per Lion Dean Stryd and Lion Tom Sparks.

This process pits neighbor against neighbor and threatens
friendships. There are two neighbors in the area, not happy about
the sound, but will not speak up because they are afraid of being
polarized by members of the community.

There are 7 new houses in this neighborhood since the original
permit was granted. This area is a neighborhood.

MNeone of the Lion's Club Board members live in sound vicinity of the
project site nor do the majority of the people in the two organizations
whao sent in letiers of support. | asked Lion Tom Sparks this year
what he thought of one of the events ~ he smiled and said “oh | don't
know, | wasn't there ... | dor't like that kind of musicl” (He has a
house on the coast he can escape 10...}

In a recent community plan meeting Eric Coyne admonished us
{Three Rivers residents) for not taking more of a business advantage
of the number of tourists passing through our town. Well many of us
are trying and with our small businesses ~ we are marketing nature
and the beauty and serenity of the area.



A. RESPONSE TO DOCUMENT

B. COMPLIANCE ISSUES ARE NOT ADDRESSED
C. CUMULATIVE IMPACT IS NOT ADDRESSED
D. OMISSIONS

A, DOCUMENT:

Comments regarding the TRANSPORTATION ISSUES:

a) Traffic conirol was required with the original special use
permit/ Event Management Plan - was not monitored for
compliance

b) Why no mention of the private road which has areas of only
8 feet of pavement in places with sandy shoulders (picture
stock trailer and emergency vehicle having to pass) not
mentioned for proper and safe roadway compliance.

The road along the project site is inadeguate for safe and
proper two-way transit.

c) No mention of dust control along the road during dry periods.

Commenits regarding NOISE:

Three Rivers has not yet defined itself to be the County location for
outaoor amplified entertainment -- although there have been many
attempts to make it so ... There are plenty objections io this trend and
no doubt will be a large point of contention if this addition of 5 more
events starts precedence.

Weighted dB average over 24 hours is irrelevant to the surrounding
neighborhoad — and grossly unfair!

Sound transmission as it relates to environmental conditions should
be taken into account, i.e. transmission along waterways, with



elevation changes, in regard to the presence and direction of the
wind, and with the ambient temperature.

Vegetation grown in this area cannot attenuate sound nor can the
right type of plants if they exist, be grown in this plant climate zone -
otherwise the exiensive riparian habitat between the project site and
the North Fork Drive would have done so already.

Please note thai the letter of support enclosed in the ‘county’ package
of the household that lives down the road from the project site failed
to mention the reason she does not hear the amplified music is that
there is a large burm separating her from the site.

The “Noise Study” commissioned by the Lion’s Club was exiremely
disingenuous and ill-timed. The event tested was the lowest and
least amount of sound that particular event generated in a number of
years (by their own admission — | spoke to the wife of the main
organizer) ... thus the Lion's sadly wasted resources on that event. A
FPROPER SOUND STUDY IF NEEDED SHOULD BE DONE AT
THEIR LOUDEST EVENT. (POSSIBLY ALSO AT THE QUIETEST
AMPLIFIED EVENT IN ORDER TO MAKE A JUDGMENT ON
ALLOWABLE SOUND)

Unfortunately, then RMA chose on of the least loud evenis to
measure and observe, in which the Lion’s club members made sure
with great care that the decibel level was adhered to, if not reduced
as compared to the previous year for that event.

The lack of mention or intention to provide real-time noise
reduction/attenuation measures is a glaring error of omission. (See
enclosed example of access (o necessary materials and evidence of
what noise reducing walls and vegetation really means) i.e. noise
absorbing material to insulate the pavilion, plexiglass placed in key
areas, efc.

SEE ENCLOSED PAPERS ON SOUND AND NOISE MITIGATION
AS EVIDENCE OF WHAT IT TAKES TO MITIGATE SOUND
REDUCTION AND VALIDATE THE SIGNIFICANCE OF THE LACK
OF VEGETATION AS BEING A MITIGATION MEASURE.



FY! - NOTE: Nuisance Standard:

"Any use found to be objectionable or incompatible with
the character of the city and its environs due to noise, dust,
odors or other undesirable characteristics may be prohibited”
(Snow v. City of Garden Grove (1861} Cal App.2d 4886).

B. COMPLIANCE ISSUES

The Lion's events have violated their authority every year since the
special use permit was invoked — ail the way up 1o this last event that
was the 8" aut of 5 allowable

See enclosed letter from a past president as a sample of verification.

There appears to be no mention of monitaring and enforcement
measures that must be a part of this projects’ plan.

A list of viclations can be provided if necessary.

C. CUMULATIVE IMPACT

Cumulative impact evidence was not required or reported in this
document.

The cumulative impact of the RIVER VIEW RESTAURANT every
Sunday afternoon during the same time period of spring, summer and
fall, along with the pericdic amplified music from the periodic wedding
celebrations of the WHITE HORSE INN are an obvious error of
omission and must be taken into account.

For example: it is Sunday almost 8pm and | can hear the RIVER
VIEW RESTAURANT AND BAR that has live, ampiified music on
their outside deck every Sunday afternoon from May — to October
in my house. This restaurant has a special use permit as well and by
far does not adhere to the 65dB restriction ai their property edge.
Their address is 42323 Sierra Drive. We just took a sound reading



and got 57d3s outside our sliding glass dining room door. As the
crow flies they are located up and across the river approximately .6
miles from our locatifon.

D. OMISSIONS

There is a glaring lack of needing to know a definition of what
constitutes an event.

* |s an event defined by the number of days or the number of
weekends, ex: a festival or a dinner?

* How will event dates be notified AHEAD OF TIME to the
community at large? And will that be required?

CONCLUSION:

Taking all this into consideration it leaves us very few weekends free
of undesired sound on my private property, especially during the
prime time for enjoying nature. 1T ESSENTIALLY 18 VIOLATING
CUR PRIVATE PROPERTY RIGHTS.

AS WE HAVE MENTIONED BEFORE WE ACCEPT AND HONOR
THE HISTORICAL EVENTS THAT TAKE PLACE ON THE
PROJECT GROUNDS ONE WOULD HAVE TO WONDER WHY IF
THE PLANNING COMMISSION SAW FIT TO APPROVED 5
EVENTS IN 2004 WHEN 10 EVENTS WERE REQUESTED, WHY
WOULD MORE BE COMPATIBLE WITH THE CONDITIONS AS
PREVIOUSLY DESCRIBED?

This will continue to promote a slow expansion of a characteristic that
is not what most residents want THREE RIVERS to be known for ~
an entertainment bow! for valley residents.

instead we have a lovely area that services a national park and
promotes and allows outsiders to benefit and enjoy the open space
and peacefulness not available in urban settings. THIS 15 GOOD
BUSINESS PRACTICES.



Up and bevond the three original, historic events the addition of more
amplified events requested by this project does not contribute to the
intent to “preserve the unigue character of Three Rivers.”

Again, we request that RMA delays further action on this application
until the Three Rivers Community Plan and its environmental
documentis are completed and implemented.

Thank you,

Maya Ricci

Vincent Andrus
42669 North Fork Dr.
Three Rivers

MATERIAL INCLUDED WITH LETTER:

PAGE OF AN INTERNET SOURCE FOR AEFORBABLE
SOUNDPROOFING AND ACOUSTIC PANELS

SOUND SMART - CITY OF VANCOUVER NOISE CONTROL
MANUAL

RESEARCH INVENTRY: INTERNATIONAL JOURNAL OF
ENGINEERING AND SCIENCE

ESTIMATION OF NOISE REDUCTION BY DIFFERENT
VEGETATION TYPE AS A NOISE BARRIER: A SURVEY IN
HIGHWAY ALONG WARU - SIDOARJO IN EAST JAVE,
INDONESIA

PUBLICATION FROM NOISE/NEWS INTERNATIONAL
FINAL REPORT —~ TECHNICAL ASSESSMENT OF THE
EFFECTIVENESS OF NOISE WALLS

LETTER: LETTER FROM THE LION'S CLUB PRESIDENT ~
09/18/2012













Other Applications
Here are just a few of the many applications of the Acoustiblok
All Weather Sound Panels:

LIST OF APPLICATIONS: = Stadiums
« Churches
- Highway Road Noise « Kitchens
« Kennels
> Mass Transit * Engine Noise
o Railroad Yards Transportation Barriers

» Residential Air Conditioner / Heat PG@@”’? Test Celis
« Gymnasiums hooting Ranges

» Offshore Drilling Rigs > Zoos '

s Marine Vessels » Recording Studios

» Auditoriums s Racetracks

o Industrial Machinery Areas « Power Plants

= Schools * Subways

« Hospitals « Mining Operations
« Alrports

e Community Noise Control
» Correctional Facilities

» Childcare Centers

« Swimming Pool Areas

= Construction Sites

» Commercial Vehicles
Restaurants

www . acoustibiok.com






Section 4

= Natural noise control

= Noise control at source, glong the path and at the receiver

*  Blocking the sound path - what makes a good noise barrier?
= Seaking up noise - sound absorption materials

s Controlling noise by controlling vibration - damping materials

n  Common misconceplions about noise and noise control materials

4.1 Natural noise control

As sound waves move out from the source, their intensity (loudness) steadily decreases due to
several naturai phenomena. Two of these (geometric wave spreading and air absorption) are
always present to some degree, while three others (ground effect and wind and temperature
gradient effects) occur only under certain, fairly common conditions. These phenomena are
described below.

4.1.7 Sound wave spreading with distance

in the same way that a balloon is stretched thinner and thinner as it is blown up, sound waves
bescome weaker and weaker as they travel outward from their source and their energy is spread
over larger and larger areas. This concept is iflustrated in Figure 2. For “point” scurces of
sound (that is, sources that are physically small compared to the listener's distance from them)
such as an aircraft in the sky or an ambulance siren, this spreading is spherical (think of an
expanding round bailloon) and causes sound levels to decrease at a rate of & di per doubling
of distance. Due to this spherical spreading, noise from point sources becomes at least 35%
quieter with each doubling of distance. VWhen the sound source region is large compared to the
distance to the listener’s position, sound levels decrease more gradually. For exampleg, traffic on
a busy roadway represents a “line source” of sound from which sound waves spread out
cylindrically (think of the expansion of a long, thin “party” balloon). Sound levels from a line
source decrease at & &B per doubling of distance ~ or half the rate of point sources. in typical
urban settings where setback distances are limited, geometric spreading generally accounts for
most of the natural sound attenuation between noise sources and receivers.

4.1.2 Absorption of sound by the atmosphere

As sound waves pass through the atmosphere, they lose energy as they “jostle” the air
molecules. This is a gradual process that depends on air temperature and humidity. Over the
fimited source-to-receiver distances typically experienced in the city, atmospheric absorption has
very litile effect. Over larger distances (100 m or more), it can begin to reduce overall noise
levels as well as alter the character of complex sounds (such as traffic noise). This is because
air absorption aftenuates high-frequency components much more rapidly than low-frequency
ones and this is why the noises from distant traffic, trains, industries or jet aircraft tend to have a
tow, “rumbling” character.

City of Vancouver Noise Control Manual 10



A: Instantaneous noise levels created by a point source Spherical Spreading
{ a single heavy truck on a highway ) Attenuation Rate
e ——s & dBA per
Doubling of Distance
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Figure 2: Spreading of sound waves from point and line sources
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4.1.83 Ground effect

A third source of natural noise aftenuation called “ground effect” occurs when sound waves
pass close to soft, porous ground surfaces (lawns, fields, forest floors) on their way from the
source to the receiver. This effect (which is caused by the local cancellation of direct and
ground-reflected sound waves) can be large, particularly at distances of more than 100 m or so
and when both the noise source and receiver (listener) are located close to the ground. In
extreme cases where the listener is separated from a busy roadway by a wide, flat stretch of soft
terrain, the ground effect can render noise from this roadway virtually inaudible over other
contributors to urban hum. Even at typical smaller distances (10 to 15 m) across urban Jawns or
boulevards, the effect can be significant for receivers near ground level. There is then some
benefit to be abtained from retaining or installing soft surfaces (e.g., lawns, gardens or flower
beds) between a roadway, or other noise source, and one’s residence. Figure 3 illustrates the
typical effects which setback distance has on the average noise levels created by fraffic on a
jong straight roadway.

4.1.4 Wind and temperature gradient offecis

When wind blows against the direction of sound travel (i.e. from the noise receiver location
towards the noise source location) it causes sound waves to bend upwards away from the
earth’s surface (see Figure 4A). This can create a “sound shadow” (i.e., a zone of quiet) at
large distances. When the wind blows in the same direction as the sound (i.e., from the noise
source towards the receiver), sound waves are bent down towards the earth (see Figure 4B).
Where the intervening ground is “soft” so that ground effect is possibie, or where some sort of
noise barrier is present, this downward bending of sound waves can substantiaily increase the
level of noise reaching distant receivers. However, at the short setback distances typical of most
urban noise situations, the most significant effect of wind is to raise background noise levels,
thereby potentially masking intrusive noises.

Strong air temperature gradients can cause simiiar sound-bending effects. In particular, during
clear, calm nights, the air is often colder near the ground than higher up. Under such
‘temperature inversion” conditions, sound waves bend downwards towards the ground giving
rise to the common perception that distance sound sources are louder at night, a perception that
may also occur because “background noise” levels from common noise sources such as traffic
tend to be reduced at night. During normal dayiime “temperature lapse” conditions (i.e., when
air is warmer near the ground}, sound is bent upwards, away from the ground so that, under
calm conditions, sound shadows may occur in all directions from the source.
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%ﬁ&. gﬂu@& m@%ﬁg

WHE &L

cwor—3|

13

City of Vancouver Noise Control Manual



A) Favorable sound propagation conditions

Wind from
receiver to

SOU!'CE
Sound path
bent upwards
orrnal

temperaiure
"lapse”

SOURCE

B} Unfavorable sound propagation conditions

Wind from
receiver {o

source  }
% Sound path
- _ bent downwards

Atmospheric
femperature
inversion

NOISIER
RECEIVER

Figure 4: Effects of wind and air temperature gradients on sound
propagation
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4.2 Noise control at the source, along the path and at the receiver

All community noise situations involve one or more noise sources, one or more noise paths and
one or more noise receivers. in pianning for effective noise controi, it is then useful to consider
opportunities that may exist to control noise at each of these three stages of its transmission.
Figure 5 illustrates the opportunities that generally exist to control noise at these three stages in
the context of a residence located near a busy road.

4.2.1 RNoise comnirol at the source

Noise control at the source typically involves avoiding generation of excess noise through
selection of inherently quieter equipment, regular maintenance and sensible operation.
Examples of inherently quieter equipment are busses manufactured in some European countries
under stricter noise emission regulations than apply to local buses and leaf biowers designed to
meet a noise limit of 65 dBA at 15 m. Source controi may also involve preventing noise from
ascaping from the source by adding appropriate contro! devices such as mufflers, covers or
enclosures. For many prominent urban noise sources, such as artenal traffic, railways, aircraft
and industry, source controi measures are not in the hands of individual residents. However, at
the time of this writing, the City is investigating the prominence of various urban noise sources in
more detail to determine where noise control efforts should be concentrated. In addition, as may
be seen in Section 5.3, there are many things Vancouverites can do to limit their personal
contributions to urban noise.

4.2.2 RNoise conire! along the sound path

Once noise has been created and has escaped from the source, there are various ways to
prevent it from reaching noise sensitive areas. These may include noise barriers located close
to the noise source (g.g., screens or partial enclosures around localized sources such as heat
pumps, and walls, earth berms or non-sensitive buildings along a highway) or close to the noise
receiver (e.g., a solid fence, earth berm or outbuilding on the noisy side of a residence to shield
sensitive indoor spaces or a solid fence or screen to protect outdoor recreation areas).

£.2.% Mofse controf at the receaiver

Noise controi at the receiver (here, the residence) may involve the upgrading of windows, doors,
walls and, in some cases, roofs to better exclude noise from sensitive interior spaces (see
Section 6.5 and Appendix B). It may also include the optimal location and configuration of the
residence on the property to minimize noise exposure (see Figures 3 and 5) and/or the design of
the floor plan (see Figure 7) which places less sensitive spaces closest to the noise source
thereby creating a “buffer zone” to reduce noise exposures within the more sensitive spaces
such as living rooms, bedrooms and dens.
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4.3 Blocking the sound path - noise barriers
4.3.1 What makes a good noise barrier?

The most familiar means of reducing residential exposures to noise from road traffic or industrial
sources is to erect a noise barrier of some sort between the sound source and the receiver.
Noise barriers most often take the form of vertical walls, but other types (such as earth berms,
berm/wall combinations and buildings) are also used. An effective noise barrier must meet the
following three requirements:

1. it must be tall enough and long enough to clearly biock the line of sight from the noise
receiver to the noise source zone. For free-flowing arerial traffic, fires are the
dominant noise source, so that the source zone is close to the pavement where it can
often be shielded by barriers of moderate height. Where average speeds are lower,
and particularly where the heavy truck mix is high, engine and exhaust noise are also
important and, to be effective, noise barriers must ba higher,

2. It must be dense (heavy) enough and be free from gaps and cracks so that there is
no significant transmission of sound through i,

3. 1t must be continuous throughout the noise source zone. For example, a traffic noise
barrier will not be effective if it must be frequently interrupted to accommodate
walkways or driveways.

Figure 6 introduces basic noise barrier concepts. Shown are the three paths by which sound
can reach a receiver located behind the barrier (here a vertical wall),

1. The first path, and often the most chailenging to deai with, is asscciated with sound
that diffracts (bends) over the top, and potentially around the ends, of a noise barrier.
Low-frequency sounds (e.g. boom car noise or exhaust noise from heavy trucks)
bend around barriers and other objects much more readily than do high-frequency
ones (such as the “swishing” noise created by ordinary vehicle tires).

2. The second possible path is through gaps or cracks in the barrier. High-frequency
sounds “leak” though these small openings much more easily than low-frequency
ones.

3. The third path is directly through the barrier material itself. Low-frequency sounds
are transmitted through solid noise harriers materials much more efficiently than are
high-freguency sounds. It is to limit such low-frequency sound transmission that
noise barriers must be made of a relatively heavy matenal, so that they weigh at least
10 kg/m® (2 Ib/t?) and so that sound passing through the barrier will generally be
attenuated in level by 20 dBA or more.
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4.3.2 How much noise reduction can a barrier practically provide?

if a noise barrier is heavy enough and free from leakage, then the amount of noise reduction it
will provide depends on where it is located relative to the noise source and receiver positions.
The greater the extra distance (compared to the direct line form source to recaiver) that sound
must travel to get over or around the barrier and reach the receiver, the greater the noise
reduction provided. For this reason, a noise barrier works best when it is located close to the
noise source, the receiver or both. The following range of noise reductions can generaily be
achieved (see Figure 6):

a5 dBA (about 30% reduction in perceived loudness) — usually achievable once the
barrier just blocks the line of sight from the receiver to the source,

a 10 dBA (about 50% perceived loudness reduction) - achievable at locations well
within the acoustic “shadow zone” but the line of sight must be substantially blocked,
i.e., the barrier must typically rise 2 to 3 m above the “/ine of sight’ from the receiver
position to the dominant source position,

s 15 dBA (about 65% perceived loudness reduction) — achievable only in very
favourable situations where the receiver is deep within the acoustic “shadow zone”,
such a where the barrier can be made very high relative to the saurce and receiver or
where the receiver is located at a much lower elevation than the source, eg., a
residence located below the level of an adjacent highway.

4,33 What can noise barriers be made of?

MNoise barriers can be made of almost any solid, reasonably heavy and durable material. The
materials most commonly used for noise barriers in the GGreater Vancouver area are listed below
along with some examples:

= Pre-cast concrete posts and panels {e.g., Lonsdale and Westview Interchanges on
the Upper Levels Highway, Deer Lake Parkway in Burnaby, Highway 17 east of
Highway 10 in Delta),

= Concrete block {(e.g. Highway 1 at south end of Cassiar Tunnel),

s Corrugated steel panels and steel posts (e.g., Hamilton/Westminster Interchanges at
north end of Alex Fraser Bridge in Richmond),

s Timber posts and planks, minimum 50 mm (2") thick (Boundary Road, Burnaby),

= Earth berms or berm/wall combinations (Deer Lake Parkway, Burmnaby and Highway
17 west of Highway 10 in Delia). Note, while earth berms require much more space
than vertical walls, they tend to have advantages in terms of cost, visual impact and
the ability of their soft, inclined surfaces to both absorb sound and deflect it upwards.

With the exception of earth berms, the above noise barriers have acoustically "hard” surfaces
which reflect (bounce) most of the sound energy back in the general direction that it can from.
That is, they do not absorb or “destroy” much of the noise but simply redirect it away from the
most noise-sensitive areas. Sound-absorbing noise barriers are available however. A local
example is located on the Upper Levels Highway just east of Lonsdale Avenue. It is of a double-
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layer steel "sandwich panel” construction with perforated sheet steel on the highway-facing side
and 75 to 100 mm (3" to 4") of sound-absorbing insulation in the wall cavity.

4.4 Soaking up noise with sound absorbing materials
4.4.1 Most building materials reflect sound waves

Similar to most of the noise barriers described above, common building matenals (e.g., concrete,
brick, steel, timber, glass and gypsum board) are largely sound reflective, that is, they reflect
back most of the sound energy that strikes them.. In many cases such sound reflections are not
a problem because they do not significantly increase noise levels at any sensitive receiver
locations. However, in some situations they can substantially increase noise exposures. For
example:

= Where hard, vertical noise barrier walls are constructed on both sides of a relatively
narrow roadway, repeated sound reflections back and forth between these hard
surfaces reduce the effectiveness of both noise barriers,

= Where a large reflective surface, such as a building or wall, directs noise towards a
receiver location that is otherwise shielded from direct exposure to the noise by
another building, wali or fand form,

=  Where a building, group of buildings or other structures “focus” sound reflections
toward a particular sensitive receiver location,

a  The common situation where rows of tall buildings line both sides of downtown
streets and confine traffic noise within “urban canyons” as illustrated in Figure 7,

= Where the hard surfaces of a room (or other enclosed space) repeatedly reflect
sound back and forth and resuit in the “build-up” of noise leveis within the space.
This “excessive reverberation” effect is commonly experienced in gyms, ice arenas,
jobbies or other large public spaces and even in some open-design, “‘west coast
styfe” houses with high ceilings and little carpeting or draperies.

4.4.2 Socund absorbing materials

The refiected noise problems described above can be largely avoided by making the surfaces
involved sound absorbing. Most common sound absorbing materials are highly porous and can
absorb 60 to 20% of the sound energy that stnkes them while some materials can absorb 85 to
899% of high-frequency sound energy. The tiny poras and passages within such materials {e.g.,
heavy fabrics, draperies, carpeting and upholstery, glass or mineral fibre insulation and open-
celled foam rubbers), permit sound waves to enter. in squeezing through these tiny passages,
the energy of the sound waves is dissipated — i.e., turned into heat in the same way that heat is
generated when you rub your hands together briskly (i.e., through friction). Mid to high
frequency sound can be effectively absorbed by guite thin (25 to 50 mm) porous materials while
thicker materiais (75 to 100 mmy) are required to efficiently absorb lower-frequency scunds.
Lower-frequency sounds may also be absorbed, to varying degrees, by thin, flexible panels of
wood, plastic, steei, glass or gypsum board. Sound waves set these panels into vibration and
the resulting rapid back and forth flexing of the panels turns some of the soundfvibration energy
into heat - in the same way that a piece of wire gets hot when you bend it back and forth rapidly.
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4.5 Controlling noise by controlling vibration
4.5.1 Damping materials

Since sound is often produced and transmitted by vibrating objects, it makes sense that we can
control noise by controlling vibration. Consider what happens when we place a hand on a
ringing bell or a wine glass that been make to “sing” by rubbing its rim — the sound quickly dies
away. Here we are "damping” the ringing object by allowing its vibrational energy to flow into an
object (our hand) which has much greater damping capacity than either brass or glass. More
practical examples of damping materials include the soft “mastic” material used to coat car body
panels to control engine and road noise and the thin plastic layer which separates the two
sheets of glass used in making taminated or safety glass.

4.5.2 Vibration isciation

As most people will have observed, when an operating power too! or appliance comes in contact
with a large, flexible surface such as a sheet of plywood, a table top or a wall, its ncise is
amplified. This phenomenon is demonstrated in a pleasing way by the bodies of viclins and
guitars which greatly amplify the sound of their vibrating strings. The ampilification of noise from
engines, electric motors, appliances or power tools can then be avoided by eliminating any rigid
contact between these devices and flexible surfaces such as machinery enclosures, counter
tops or the wooden floors and gypsum hoard walis of residences. In practice this can be done
by placing resilient rubber pads or matting beneath appliances and the countertops or fioors
supporting them. Similarly, fans, pumps and motors can be mounted on neoprene pads or steel
springs to prevent their vibration and noise from entering supporting floors and walis and
spreading throughout the building.

4.6 Common misconceptions about noise and noise control
materials

Sound goes upl

Unlike hot air, sound/noise does not prefer to rise or “go up’. While some sound
sources, such as high-frequency loudspeakers, or “tweeters”, are quite directional, most
common noise sources tend to radiate sound fairly evenly in all directions. Once
created, sound (think of it as a “ray” in this case) tends to continue traveling in a straight
line until it encounters a solid ohject or until wind or air temperature gradients cause it to
bend. The impression that “sound goes up” may come from the common chservation
that sounds appear louder when the listener is in an elevated position such as on a hill
top or the upper fioors of a high-rise building. While this is often true, it is because sound
waves traveling weil above the ground tend to suffer little or no extra attenuation due to
shielding and/or ground effect, not because sound prefers to “go up”.

Styrofoam is a good sound control material.

Because Styrofoam is a very good insulator against heat and cold and is commonly
placed against building foundations and inside exterior walls, it is often assumed to be a
good sound control material as well. However, unlike like glass, mineral or celiulose fibre
insutations which absorb sound affectively due to their open surface structure and smali-
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scale porosity, Styrofoam has a closed-cell structure which does not allow sound waves
to enter it easily. As such, it is not a good sound absorber and should not be placed
inside wall or floor cavities where effective sound control is required. Further, Styrofoam
is too light to act as an effective noise barrier. For the same reason, glass and mineral
fibre blankets (batts) or semi-rigid boards are not good noise barriers on their own.

f.ead is the ultimate noise harrier.

Because of its exireme heaviness and high damping capacity (i.e., it does not vibrate),
inch for inch, lead sheet provides the greatest airborne noise reduction of any widely
available material. However, lead sheet is expensive, weak, limp and toxic. In some
situations {e.qg. improving the noise insulation of an engine or pump enclosure on small
boat or under a hot tub) where the areas involved are small and out of the way and
available space is very limited, lead sheet can be applied (either on its own or in
combination with a sound absorbing material) to wood, aluminum or other lightweight
panels to boost their noise insulation value. Lead, Barium or other mass-loaded vinyl
sheets can also be used as noise curtains, for example 1o enclose or isolate a particularly
noisy machine in a factory. However, in most cases of sound transmission between
residential properties or between rooms within a building, sufficient noise control can be
achieved using more common, and much less expensive, building materials such as
timber, plywood, gypsum board, and glass or mineral fibre insulation.

A row of vegelation can be an effective noise barrier.

it is quite commonly believed that planting a row of vegetation (hedges, rows of trees or
bushes) across the front of one’s property will reduce exposure to noise from traffic or
other sources. This is an understandable misconception since, by obscuring one’s view
of the traffic, vegetation may have perceptual benefits (i.e., noise levels may appear
reduced due to the “out of sight, out of mind” effect). This may in fact be a beneficial
perception when it helps to reduce our awareness of, and resuiting annoyance with,
intrusive noise at fow to moderate levels. However, landscaping vegetation, in amounts
that may generally be planted as treed borders or hedges, is too open and porous to
significantly attenuate noise. Belts of mature forest (25 m or more) can, however,
provide worthwhile extra noise attenuation (compared to open ground) and should be
maintained whenever possible. Dense vegetation can also be useful when placed in
front of a fence, wall or building as it will absorb some sound energy and thereby reduce
the noise that is reflected back from these hard surfaces.

Doubled-glazed windows are much better at blocking sound than singie-glazed,

Provided window perimeters are well sealed, double glazed windows are not significantly
better at blocking traffic noise than a single-glazed window with the same total thickness
of glass. This is because, as far as sound waves are concerned, particulary at lower
frequencies, the standard (13 mm or 0.5") airspace between the two sheets of glass is
not wide enough to effectively disconnect or “decouple” them. Note however, that sinca
standard double-glazed windows have roughly twice the total thickness of glass as single
glazed windows, they tend to provide (see Section 6.5.7) about 3 dBA more sound
reduction.
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If double-glazed windows are good, triple-glazed windows must be befter

Tests have shown that triple-glazed windows are no better than double-giazed if they
include the same total weight of glass and the same maximum airspace width between
the outer panes of giass. Using heavier double glazing (with wider airspace) is then a
less expensive means of getting similar performance. However, applying a widely-
spaced storm window (see Section 6.5.7) over an existing double-glazed window is
effective, as it is when applied over a singe-giazed window.

The walls of my house are of 27 x 67 {38 x 140 mm)} construction - | won’t have any
problems with traffic noise.

While walls of insulated 2" x 6” wood stud construction provide greater thermal insulation
than similarly insulated 2" x 4" walls, they do not provide significantly more traffic noise
insulation (see Section 6.5.10). This somewhat counterintuitive result occurs because,
regardiess of the depth of the wood studs, they still create direct, rigid connections
between the outside and inside surfaces of the wall. These connections provide
pathways by which structure-bome sound can travel efficiently from the exterior to the
interior of the residence.

I plan to replace the carpeting in my condo with hardwood flooring. As long | use
one of those “sound control” underlays, I won't create any noise problems for the
neighbours below me.

None of the thin (less than 12 mm or 0.5" thick) resilient underiay materials available
commercially provide nearly the degree of footstep noise control provided by good carpet
and underiay. Before reptacing carpet with hardwood, ceramic tile, vinyl sheet, cork or
other relatively hard floor finishes, permission shouid be sought from the strata council.
The strata councii should then consult with a noise control professional (see Appendix
C), not a hardwood flooring or resilient underfay salesperson (see Sections 7.13 to 7.18
for further discussion of noise transmission through floors).

Egg crates make good sound absorbers and scatferers

It is common to see the wall and ceilings of home studios or music practice rooms lined
with cardboard egg crates (cartons) in an attempt to make the room acoustically “dead”
(non-reverberant) and to encourage uniformity of sound within the space. While egg
crates are cheap and readily available and no doubt absorb and scatter some mid to high
frequency sound, they are not particularly effective. Much better sound absorption can
be attained from heavy draperies, deep pile carpsting or upholstered furniture or by
applying fiberglass batt insulation or semi-rigid fiberglass boards o the walls and
covering them with stretched fabric, perforated paneling (such as pagboard) or with
narrow wooden slats spaced 12 to 25 mm apart. Better sound diffusion (uniformity) can
be attained by making the interior walls of the room non-parallel and by placing larger,
randomly-shaped and sized solid objects (e.g. fumiture) on the floor or applying them to
the walls.
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Abstract - Noise pollution has become a common problem in big cities. Most of the roise generated the sounds
of transportation. All of these noises on the highways impact to the increasing intensity of noise pollwtion. The
research objective was to estimate the noise reduction using vegeration as a noise barrier in the highway. The
present study was conducted on the liighway along Waru - Sidoarjo with existing vegetation at the side of the
highway. A series of SLM (Sound Level Meter) was arranged at various distances from the highway, in the
presence of vegetation, while another series was arranged in the absence of vegetation over the vegetation. the
other series as control of those was placed without vegetution. Vegetation types used as samples were Samanea
saman,Pterocarpus indicus, Tectona grandis and Pitheceliobium didce. The result was the estimation of noise
reduction coudd be generated for specific distunces, It showed that Pithecolelobivm dulce have the highest noise
reduction of 10.12% ar 20 m distance, and the noise reduction equation for this vegetation was y=2.67 In(x} +
2.18 with coefficient determination (R} = 0.92, and the settlement should be buitt more than 20 m away from
the highway.

Keywords : noise; noise barrier; vegetation diversity: highway; settlement

L INTRODUCTION

Noise is unwanted sound, allowing sound to interrupt the conversation, or cause pain, as well as the
convenience of fiving activities impede the environment. Nowadays the noise has become a problem for many
people. Noise sources can be produced by transportation, such as buses, trains, airplanes, cars, and motorcycles
[14]. Noise above 55 dB is considered to get attention because disturbing the comfort of hearing. The noise
between 65-80 dB can cause damage fo the hearing function when the contact occurred in a long time {2]. In
addition can cause deafhiess, noise can also affect a person's mental health, such as stress or tension, If the
tension of the soul cannot be resolved then further impact is declining physical health.

The need for housing developments encourage developers to build housing, in areas that have high
noise levels, such as in the area acround the highway. The land around the highway are quite sought after because
of relatively broad, relatively land price and not too far fiom center of the eity. Trend of the increasing number
of motor vehicies on highways have an impact of the rising intensity of noise pollution in the form of noise for
environment around the road. According to previous research, the level of noise caused by traffic on Highway
Waru Sidoarjo — in 2001 ranged from 65-80 dB, The settlement is located about 20 meters from the highway
has also been subjected to noise nuisance caused by the sound of a vehicle through the streets [4]. Due to the
large number of pass highway motorists who drove at high speed, it will increase the intensity of the noise
pollution. Noise caused by traffic is not constant sound levet [8] . The level of noise disturbance from traffic
noise is influenced by the level of this voice, how often it occurs within a unit of time, and the frequency of the
sound it produces. Traffic noise from the sound generated from motor vehicles, especially from vehicle engines,
exhaust, and due to the interaction between the wheels to the road. Heavy vehicles (trucks, buses) and passenger
cars are the main source of noise on the highway [{2].

Noisy traffic also causes deafness [2]. WNoisy because of the traffic caused by motor vehicies, not
mainiained machine and motor vehicle exhaust, as well as the frequent use of the homn. The intensity of the
sound produced from the noisy traffic is about 80-88 dB, and this means the maximum a person can only be in
this noise for 16-24 hours. People who are more at risk of traffic noise are the police and motorists.
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Estimation Of Noise Reduction By Different ...

HI.RESULT AND DISCUSSION

3.1 The Result
The average of Noise value shown on Table 1.

Vepetation Distance { m }
Tvpe 3 16 18
Without Without With Without With
vegelation vegelation vepetation vegetation vegetation
Samanea 86.20+1.76 85.20%1.76 72.60£2.35 74.20£1.76 70.80%2.53
Samion
Tekiona 86.20%1.89 75401530 7L84x140 75201189 T(.84+1.40
Grandis
Prevocarpus 84.04:1:1.37 73.76+1.27 69.4841.85 73.(4L0.37 GB.481+ L85
indicus
Pithecellobium 83204115 72.84:1.14  65.88£2.52  72.20%1.15  64.8842.52

dulce

20
Without With
vegetation  vegelation
73204176 69.7612.49

74205189 69.8411.40

72042137  67A4BXI.E5

7H20£E15 638882,

ih

2

Tabel 1: Noise Average Vaiue with Vegetation and Without Vegetation in Different Vegetation Type and

Distance
Vegetation Type Distances (m), Mean * Std. Deviation
5 i6 18

Samarea Saman 0.00 £ 0.00° 2.88 + 1.60% 3.40 4 1.85%
(0%) (3.82%) (4.41%)

Tekiona Grandis 0.00 + 0.00* 3.56 & 1.39% 436+ 1.52%
(0% (4.7%) (3.64%)

Prerocarpus indicis 0.00 £ 0.00 428+ 1.28% 4.56+1.08%
Pithecellobium (0%) (5.81%%) (6.12%)

dulce 0.00 +0.00° 6.96 +2.84™° 732 +£2.73%
(0%) (9.53%) (9.99%)

Total average 0.00 £0.00 442 +2.43 4.91+2.37

20

3.44 +1.85%
(4.65%)
436 +1.52%
(5.71%)
4.56 + 1.08%
(6.20%)
7.32 £2.73¢
(10.12%)
4.92 +237

Table 2: Moise Reduction Based on the Different Vegetation Type and Distance of Observation to Noise

Source

In the Table 1. as shown, at a distance of 16 m, 18 m, and 20 m, Pithecellobium dizice have highest
noise reduction. This was in accordance with the forimula that noise can be reduced when the location of the

listener is away from the noise source [5].

In the Table 2, the different superscripts in the same row was significant (P <0.001). Noise reduction at
a distance of 5 m, had a very real difference among all types of vegetation. While at a distance of 16, 18 and 20,
the difference was almost the same. in the distance of approximately 60 m the noise is not really reduced if it is
of meadow (only 17 dB), and 24 dB if it is of forest [11]. The reduction of noise caused by high-speed vehicles
can be obtained with the best resulis by growing trees and shrubs in width 20 - 30 m, bufier of 16 ~ 20m from

the center of the nearest traftic lane [3].

The noise reduction by vegetation ranges from 3.82% to 10.12%. The best result of noise reduction
obtained at 10.12 % for Pitheceliobiwm dulce. This is due to this vegetation has a dense leaf position and shape
of the canopy which dangle above the soil surface. That plants are effective at reducing noise is the dense leaves

throughout the year and leaves pattern spread to the surface of the ground [14].
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APPROVEDBY THE INTERNATIONAL INSTITUTE OF NOISE CONTROL ENGINEERING.

Exeeutive Summeary

This initiative of Intermational INCE deals with noise walls—the outdoor bariers ereeted in parailel with
highway and rail lines, and in other areas {such ag airport runways), where there is a demand o reduee the
noise levels of surface transportation sources. There is worlidwide interest in the control of noise by the erec-
tion of such barriers. Walls are composed of wood, metal, masonry, earth, and other materials, both opague
and transparent. Most of the walls that have been erected 1o date completely block the sight lines between ve-
hicles and roadside housing. The cost of instaliation usualiy exceeds USD one midiion per kilometre. In some
countries, governmenial authorities have authorized the use of highway cosstruction funds for the erection of
noise walls. When building anew highway or widening an existing highway, the construction of noise walls is
required inn some jurisdictions when the predicied noise levels of the road traffic exceed defined governmental
guidelines. The key questions are: how valid are the traffic noise prediciions, and how effective are the noise
walls acousticatly after they have been erected? Gver the years, a number of analytical studies have facilitated
the prediction of the noise reduction afforded by such barriers. It is reported, however, that barriers may not
always perform acoustically as well as intended.

The principal ohjective of this study is to obtain a global view of the effectiveness of noise walls—the out-
door barriers erected in paraliel with bighway and rail lines, and in other areas (such as airpori runways). The
report summarizes the scientific basis of noise barriers, including measures of barrier efficiency, the physical
phenomena involved {inctuding effects associated with the propagation and effects associated with the noise
wall as well as different barrier shapes), and the various models used to predict barvier performance. Different
barrier materiats are briefly described. The measurement of barrier effectiveness is also discussed. A section
discusges the three main application areas where barriers are used: road traffic noise, railroad noise, and
ground-based aircraft operations.

The main conclusions of the Working Party are summarized below:

. Thereisastrong body of evidence to support the use of barriers as an effective method of abating transpor-
iation noise,

2. Thebest descriptor of barrier performance is its insertion loss, which is the difference in the noise environ-
ment before and after the barrier is construcied.

3. Itisthe collective experience of the Working Party that the most common values for A-weighted insertion
loss range between about 5 to 12 dB.
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4, Barrier hefght is of fundamental importance to the effectiveness of a harrier. Proximity of source/receiver
relative to the barvier is also of fundamental importance to the insertion loss provided by a barrier.

The material used to construct barriers must be such that there is sufficient fransmission loss of sound
through the wall. It is also important that there be no significant air gaps in the structure nor between the
barrier and the pround.

6. Sound-absorbing material may be fmportant in reducing noise between paratie} reflective walis

Lh

Finally, recommended divections for future research are presented.

Foreweord
The International INCE General Assembly on 1994.08-31 approved an initiative fo revisw current knowl-
edge and practice concemning Effectiveness of Noise Walls with the objective of obtaining a review of the tech-
nical aspects of the acoustical performance afforded by noise barriers for transportation noise sources, This
initiative deals with the imiportant physical phenomens and how to model them.
The study was underiaken with the following objectives:

1. Identify the development of barrier usage and performance during the past few decades,

Examine the scientific basis behind noise barriers by listing the physical phenomena affecting their per-

formance. Discuss which phenomena are imporiant and to what extent. Review the use of paralie! barmiers

and the need for absorptive material,

3. Collect the available information regarding the performance afforded by noise bariers separated into
three areas of application: road, rail, and ground-based airport operations.

4. Provide information on tolerance/spread of prediction to provide an informed judgerent for legislation.

5. Discuss the generic properties of products used in the construction of noise barriers.

6. Identify outstanding issues and direction for future work,

2

The study started in 1995 April, when members of &8 Working Party on the Effectiveness of Woise Walls were
appointed by the Member Societies of I-INCE. The study was completed in 1997 and pubiished as a draft re-
port in Noise/News International in 1998 (Voi. 6, No. §, pp. 11-36), 1998 March. After review and changes,
this report wags approved for publication by the International INCE General Assembly on 1998-1 1-15.

Each member of the Working Party which prepared this report represents a different Member Society that
supports the International Institute of Noise Control Engineering; in addition, there was a Coavenor. Coun-
tries and members of the Working Party as follows:

Convenor: Gilles A, Duaigle

Australia: Ron Rumble Ausiria: Dieter Hohenwarter

Belgium: Jean-Pierre Clairbois Framee: Jacques Beaumont

Italy: Alessandro Cocchi Japan (A5] & INCE/Iapan): Kobai Yamamoto
Korea: Douo-Hoon Kim Lithuania: Aleksandras Jagniatinskis
Sweden: Leif Akeriof TFhe Netherlands: Hans A, van Leeuwen
United Kingdom: David Hothersall USA (INCE/UEAY: Christopher W. Menge

USA {ASA) llene Busch-Vishniac

of iﬁe Gééefal As seribly at its
The Board concurs wﬁh ﬂme decision of
heci hercw1tl1 S :

T‘his report was appmved for pub?manon by 3 unammous Vo
- meeting in Christchurck, New Zealand, on 199811
* the Geneml As‘aembiy aud. the fmal repon 15 pubi

htim:/fince ora NaoiepMawe Intsrnatinns! hitnsffuines arc 1040 Qantembar



Report by the internastional
institute of Noise Control
Enginesring Working Party on the
Effoctiveness of Moise Walls

Gilles A, Daigle

Convenor of the Working Party
Mational Research Council
Ottawa, Canada K1A OR6

INCE Classification Numbers:
31,52,24

Infroduction

Transportation activities are one of the most com-
monly occluring sources of noise outdoors. Sources
can be classified into air, road. and rail transporta-
tion. Noise levels from these transportation sources
are not usually sufficiently high to cause permanent
hearing loss in communities affected, but they may
cause considerable annoyance and activity interfer-
ence, For example, recent reports indicate thar a
arge number of persons worldwide are exposed to
outdoor time-average A-weighted sound leveis
Lo greater than 65 dB, The most effective noise
conirol measures are those affected at the source,
particularly by quieter designs, together with the ap-~
plication of careful land use pianning measures in
the community. Tangible progress has been made in
the abateraent of aireraft noise theough new genera-
tions of guieter engines. Also, in motor vehicles,
quieter engines, better air-intake and exhaust muf-
flers, quieter tires, and more recently, low noise road
surfaces reduce the impact of traffic noise in com-
munities along roadways. These advances have
been directed by legislation in many countries in
which the allowed maximum noise Jevels from road
vehicles and aircraft have been progressively re-
duced. Recently, I-INCE reviewed the effects of
regulations on road vehicle noise.

There are also many ways of modifying the trans-
mtission path to reduce the level of noise at the re-
ceiver. At the land use planning siage, the distance
between source and receiver can be increased by set-
ting aside suificiently large areas of land along new
roads and around new airports. The receiver can be
screened from ground transportation noise by erect~
ing noise barriers, Barriers are now in common use
as a method of abating noise. They are used fo re-
duce the noise from vehicle traffic, railways, and to
some extent, to control noise from ground-bhased air-
port operations such as start of take-off roil. A large
body of research work has been carried out aimed at
understanding the diffraction of sound around barri-
ers, predicting their performance and developing
more efficient designs.

1000 Sontambos fttn-Ifnes new

MalcoMlawe Tntornatinual

This report reviews the scientific basis for the
performance afforded by noise barriers. Barriers de-
rive their performance by blocking the line-ol-sight
as tHustrated in Fig. | thes ereating a sound shadow.,
Barrier performance is measured by its insertion
loss defined as the difference in sound pressure level
before and after the barrier is constructed

D= Lp{before) - Lp(atter).

In some cases Ly(before) is not available and the in-
sertion loss is approximated by some other measure,

The factors affecting the performance of noise
wills can be grouped as those relating to the source,
to the swrounding total environment, and to the
noise wall itself. After & brief discussion of the vari-
ous source factors, the physical phenomena associ-
ated with outdoor noise propagation are then
discussed in detail, followed by a review of the ef-
fects associated with the noise wail,

Accurate prediction of barrier insertion loss must
account for a wide varety of physical phenomena
simulianeously. This is beyond current capabilities
and thues limits the accuracy of any prediction
model. There are currently a large number of models
in use today around the world to predict barrier per-
tormance. The accuracy of various models depend
on how many phvsical mechanisms are included and
to what level of detail they are considered and how
the source is modeled. This report will therefore
stress that results from models should only serve asa
guide to expected barrier performance. as different
modeis will yield differing results.

The report includes a brief discussion of the ge-
neric properties of the products and materials used
to construct noise barriers. The issues related o the
measured field performance of noise barrers are
discussed. Finally the report reviews the three main
areas of application: road noise, rail noise, and noise
from ground-based airport operations,

Purpose

The main purpose of this report i to undertake a
state-of-the-art review of the techinical aspects of the
acoustical performance afforded by noise barriers
for transportation noise sources; road, rail, and air-
port ground opetations {runup, taxi, take off, land-
ing). The report describes different types of barriers
and focuses on the important physical phenomena
and how to imodel them. The document is intended
for the non-specialist as well ag technical designers
and practicing engineers. Extensive references are
provided. The report is also infended as an educa-
tional paper to review all the relevant issues as they
are understood by the Working Party. The repont
identifies outstanding issues and directions for fu-
ture work. The objective is {o develop a program of
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Fig. 1. Barriers derive their performance by blocking
the line-of-sight.

o) 17.00m

work for a future -INCE Working Party dealing
with the megsurement and evaluation of noise walls.

Seope
The report describes the work on barriers worldwide
and comments on the current state of knowledge. The
scientific basis behind noise barriers is reviewed. The
repart comments on the height of the barriers, the ef-
fects of parallel barriers, modification of perfor-
mance due to multiple edge barriers and the use of
absorptive treatments, and the effects of gaps and
holes on transmission loss. Particular attention is paid
10 existing design solutions. Measurement methods
are discussed including intrinsic properties and ex-
trinsic in-sife performance. The report includes gen-
eral non-acoustical parameters such as long-term
performance bue excludes aesthetic, structural and
maintenance considerations. Three areas of applica-
ions are reviewed; road noise, rail noise, and noise
from ground-based airport operations. This docu-
ment focuses on free standing vertical noise walis.
The International Organization for Standardiza-
tion (IS0} has an active standards development
group that has recently completed a Draft Interna-
tional Standard on a general method of calculating
the attenuation of sound during propagation out-
doors and includes the presence of noise walls. jtis
intended that the program of work of the I-INCE
working party will not duplicate or overiap the work
of the ISO. I addition, the European Commitiee for
Standardization (CEN) is developing acoustical test
methods for road side noise barriers in
TC226/W3G6/TGI. These include tests of sound
transmission, sound absorption and definition of the
traffic noise specirum,

Scientific Basis

A noise barrier can be defined as any solid obsta-
cle that is relatively opaque 1o sound, that blocks
the line-of-sight from sound source to receiver,
thus creating a sound shadow. Since the dimen-
sions of the barrier are usually of a simiiar order of
magnitude as the wavelength of the sound, the
shadow is not sharply defined. Significant sound
energy propagates into the shadow region. The

http:/finceorp Moise/Mews Internatinnal

factors affecting the performance of noise walls
can be grouped into those refating 1o the source, to
the surrounding total environmeni, and to the
noise wall itself.

There are various types of sources. At distances
that are large compared with the effective size of the
noise source, most sources can be considered a
localised point source. Very often barriers are in-
stalled close to the noise sources, and these sources
must be considered as extended sources, In the case
of long moving sources such as trucks or trains,
there are often time-refated effects on the attenua-
tion associated with multiple reflections between
the source and the barricr. Vehicle traffic noise
sources can be a distribution of sources such as road
vehicles or a line source such as railway vehicles,
The spectral characteristics of the souwrce or sources
are also important, Many models assume a domi-
nant octave frequency and calculations are per-
{ormed directly in A-weighted sound levels. In other
modelis, the spectral components of the source are
used to perform calculations per octave or 1/3 oe-
tave frequency band.

Sound propagating outdoors through the atmo-
sphere generally decreases in level with increasing
distance between source and receiver. This attenua-
tion is the result of several mechanisms, principally
geomeitrical divergence from the sound sowrce, ab-
sorpiion of acoustic energy by the air through which
the sound waves propagate, and the effect of propa-
gation close to different ground surfaces. Atmo-
spheric conditions, principally wind and
temperature, have major effects on the propagation
of sound over distances greater than about 100 m.
Al these effects must be considered {0 assess accu-
rately the acoustical effectiveness of sound barriers,

There are several effects associated with the
noise wall itself. Barrier height is of fundamental
importance to the attenuation produced by the bar-
rier. The higher the barrier, the more the
line-of-sight is biocked, the greater the path differ-
ence (difference in lengtlh between the
unobstructured path and the path over the barrier
top) and the greater the attenuation. The nature of
the noise wall is also a facior. There are modifica-
tions of performance due to shape of the noise wall,
the nature of the diffracting edge, the finite length of
the noise wall such as at access gaps, and the addi-
tiont of absorptive material.

The position of the source or receiver refative o
the barrier is also of fundamental inportance to at-
tenuation. There is also degradation due to parallet
barriers, and interaction between the source and bar-
rier when large sources are close to the wail, in the
case of parallel barriers, the ratio of the width (W)
separating the two barriers to the height (H} of the
barriers is an important factor. Qther aspecis also
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come into play such as the construction and trans-
mission joss of the barrier as well as gaps due to de-
isrioration of the structure and gaps between the
barrier and the ground. 1t is important that there be
ne significant air gaps.

Measures of Barrier Efficiency
In general, a barrier’s performance is measured by
its insertion loss (D). The insertion loss of a barrier
at a given point is defined as the difference in sound
pressure level (measured at that point) before and af-
ter the barrier is constructed.

D, = Ly{before) - Lp(after) {H

Insertion loss can be defined for sound of asingle
frequency, a band of frequencies or a broad band
source. Insertion loss is of direct practical interest to
those considering the construction of a bagrer; it
also avoids the ambiguity that arises because the
barrier, besides introducing attenuation due fo dif-
fraction, also commonly reduces the atienuation due
to the ground (by increasing the height of the sound
path above the ground). The insertion loss of a bag-
rier varies with several parameters, most notably the
frequency of the sound (the higher frequencies are
more attenuated). Insertion loss can be determined
by means of calculation or measurement.

In some cases, especially when a barrier is al-
ready in place, Ly{before} is not available and the in-
sertion loss is approximated by some other means.
The Nord Test Nr. 496-84 defines an index called
the Barrier Noise Reduction {B.N.R.}. According to
this index, the “before” condition is estimated from
sound pressure levels measured by a microphone lo-
cated at a height of 1 m above the barrier and correct-
ing these levels to the required distance. The B.N.R.
index has sometimes been used in Japan. In the
USA, ANSI §12,8-1987 standard describes a simi-
lar method, as well as an approach that employs an
equivalent site without a barrier.

In many cases, barrier noise reduction is ex-
pressed as “attenuation.” The term attenvation can
have many definitions. The maost widely used defi-
nition for attenuation is to describe the amount of
diffraction behind a barrier and wsually refers to
sound levels behind the barrier relative to the sound
levels in: the absence of the barrier and the ground,
i.e., in free field.

For lightweight construction, the transmission
foss of the bamier is an important measure. The trans-
mission loss (TL} of a partition or test section of a
noise wall, for a specified frequency band, is given by

TL = Lpy -~ Lpr + 10 1g(S/4) (2)
where L,s and L,k are the average sound pressure

levels in a reverberant source room and receiving
room respectively (expressed in decibels), § is the
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area of the common partition and A is the Sabine ab-
sorption in the receiving reom. The construction of
the barrier must ensure that it has a closed surface
without large cracks or gaps and the surface mass is
at least 10 kg/m” to ensure adequate TL.

The most commonty used noise index to describe
road and rai} traffic noise is the A-weighted equiva-
fent continuous noise level, Lagr which is specified
over a time period T, Other statistical noise level in-
dices are used in some countries, including La,
Lasy, Lamass Lac o SEL. For example, Lass is cur-
rently used in Fapan for road twraffic noise and Lyny,
for railway noise (although the use of Ly is cur-
rently being proposed}.

Physical Phenomena—General

Sound levels in the vicinity of an outdoor source
are influenced by the medium through which the
sound propagates, Normally occurring variations
in meteorological conditions result in sound level
variations and the presence of the ground, in partic-
uiar, or other surfaces normaily influence levels. in
order o design a noise barrier, it is imperative o
understand and consider the influence of environ-
mental variables on the sound levels. Embleton
(1996) has recently published a tutortal on sound
propagarion outdeors, This section summarizes the
physical phienomena associated with outdoor
sound propagation.’

Sound propagating outdoors through the atmo-
sphere generally decreases in level with increasing
distance between source and receiver. The oc-
tave-band (or H3-octave band) sound pressure
level L,, in decibels, at a microphone can be ap-
proximated by

Lp=Lw-Ar- 101gé ) ()

The term Ly in Eq. (3) 15 the effective sound power
leve} of the source (in decibels re 1 pW} forradiating
sound in the direction of propagation from source to
receiver. (A iemperatore of 20° C and an atmos-
pheric pressure of | atm has been assumed}. The to-
tal attenuation in each octave band, Ay in decibels, is
the result of several mechanisms and can be ap-
proximated by

Ar=Ag+ Ag + Ae {4}

In Eq. (4) the first three terms give the attenuation
from three principal mechanisms—geometrical
spreading from the sound source (4,), absorption of
acoustic energy by the air through which the sound
waves propagate {A,), and the effects of the environ-
ment (4.). The environmental effects arise princi-
pally from propagation close to different ground
surfaces in the presence of ambient atmospheric
conditions, especially wind and temperature varia-
tions. The last term (A,) also covers attenuation from
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additional effects which arise only in specific cases,
in particular, diffraction by a noise barrier.

In the case of a line source the total attenuation
cait be obtained by integration of a series of point
sources along the line.

Geometrical Spreading

At large distances from a source in a homogeneous,
non-dissipative atmosphere in the absence of a re-
flecting plane, the sound pressure varies inversely
with distance from the source. The attenuation due
to spreading, A,, is therefore approximated by

As = Clg(rirg) (dB) (5)

where ris the distance from the source center in me-
fres and ry 15 a reference distance of 1 metse. For a
point source C' = 20 and for a line source C = 10.

Air Absorption

As sound propagates through the atmosphere its en-
ergy is gradually absorbed by a number of energy-
exchange processes in the air, The amount of ab-
sorption depends strongly on frequency and relative
humidity, and less strongly on temperature. It also
depends slightly on the ambient pressure, suffi-
ciently to require consideration with large chanpes
of altitude (thousands of metres).

In most conditions, dry air can produce high at-
tenuation of sound at high frequencies. Therefore, in
the case of a predominantly high-frequency source,
measurements made ender dry conditions can differ
considerably from measurernents made under more
hunid conditions.

Delails on attenuation by air absorption are given
in American National Standard “Method for the Cal-
culation of the Absorption of Sound by the Atmos-
phere” {ANST §1.26-1978 (R1995)) or Intemational
Standard IS0 9613-1 “Acoustics—Astenuation of
sound during propagation outdoors - Part | Calcula-
tton of the absorption of sound by the atmosphere,”

Ejfects of the Environment

There are two main environmental factors which

can intluence sound propagation:

= The ground effeci—including surface proper-
ties, source and receiver heights;

= Meteorological conditions—including wind ve-
locity gradients, temperature gradients, and tur-
buience.

The propagation of sound clese to the ground for
horizontal distances less than a few tens of meires is
cssentially independent of meteorological condi-
tions; for this case the atmosphere can be regarded as
homogeneous and the sound paths {see Fig. 2) ap-
proximated by straight lines. The atienuation due to
the effects of the environment (A, is then that due 10
the ground alone. For greater distances, meteorologi-
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cal conditions usually become a major factor. These
factors are refraction by wind and temperature gradi-
ents, and atmospheric turbulence. The meteoralogi-
cal effects then modify the ground attenuation o
produce the total attenuation due to the environmesst,

When the sound source is located above a ground
surface, sound waves which reflect from the ground
will constructively or destructively interfere with
those propagating directly from the source {see Fig,
2). Since most grounds are partially reflecting, the
reflected wave is also modified in amplitude and
phase by i1s inferaction with the ground surface. The
amount of attenuation attributable to this ground in-
teraction, and its variation with frequency depends
on the surface type and the source/receiver heights
and their separation, The effects of the ground are
fargest for intermediate frequencies (around 500
Hz) when the source is above the ground (I m or
more). If the source is close to the ground ail fre-
quencies above 500 Hz display large alennations.

The main effect of meteorciogical conditions is
refraction, a change in direction of the sound wave
propagation, produced by vertical gradients of wind
and temperature. Sound refracts (bends) upward, as
shown in Fig. 3{a}, when the propagation is upwind.
Refraction upward often produces a shadow zone
nedr the pround, as shown in the figure, resulting in
an excessive attenuation that often reaches 20 dB or
more. Sound refracts downward, as shown in Fig,
3(b), when the propagation is downwind, Such
downward refracting conditions are favourable for
propagation, producing a minimum of attenuation
due to the effects of the environment.

During the {ate moming and afternoon on sunny
days, the air temperature usually decreases steadily
with increasing height above the ground, a condition
known as temperatore Japse; sound refracts upward
resuiting in a shadow zone near the ground {Fig.
3{(a)l. In contrast, at night the temperature often in-
creases with increasing height {due io radiation
cooling of the ground surface), a condition known as
teraperature inversion, which may extend to one
hundred metres or more above the greund late at
might, In a remperature inversion, sound refracts
downward, producing a minimum of attenuation
due to the environment {Fig. 3(b)].

| :
b o -y

Fig. 2. Direct parh ri and reflected path vy berween
source S and receiver R.
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Fig. 3. (a) Sound refracts upward when the propagation
i upwind or during sunny days. (b} Sound refracts
downward when the propagation iy downwind or during
a temperature inversion.

The atmosphere is an unsteady mediwm with ran-
dorn variations in temiperaiure, wind velocity, pres-
sure, and density, In practice, only the temperature,
wind direction, and wind velocity variations signifi-
cantly affect sound waves over a shon time period.
When sound waves propagate through the atmos-
phere, atimospheric turbuience scatters the sound en-
ergy resulting in random fluctuations in measured
sound pressure levels. Many acoustical phenomena
are strongly and directly affected by atmospheric
turbulence, For exampie, the scattering of sound ea-
ergy increases the time-average sound levels behind
a noise barrier, thus limiting the atfenuation that can
be provided by a barrier.

Physical Phenomena Associated with
the Moise Wall

Numerous physicat features™™ associated with the
noise wall can influence #ts insertion loss:
= Barrier height and proximity of source/receiver

to the Darriar;
= Sound absorbing material in the case of a single

wall:
s Hound absorbing material to reduce muitipie re-

flections due to parallel reflecting walis;
= Atmospheric effects;
¢ Effects associated with the surface of the source;
s Time related effects;
o Transmission loss.

A thin barrier is one in which diffraction ocours at
a single edge, as shown in Fig. 4(a). A solid fence, of
the type usually constructed to be a noise barrier, and
a free standing wall are examples of a thin barrier. A
thick barrier is one fu which diffraction cccurs at two
edges, t.e., another diffraction point is provided as
shown in Fig, 4(b). A building or an earth berm with a
wide flat top are examples of a thick barrier.
Typically, if the bamier thickness is greater than 3 m,
a barrier is regarded as thick for sound components of
ali frequencies. If the thickness ¢ is less than 3 m, the
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barrier is still regarded as thick for sound compo-
nents of wavelength less than #/5.

Barrier Height and Proxtmity of Source/Receiver
to the Barrier

Bairier height and proximity of source and recetver
to the wall are of fundamenial importance to the al-
tenuation provided by a barrier. In countries around
the world, typical barrier heights range between 2
and 6 m. In some conntries heights of 8 1o 10 m are
common and heighis as low as 1 m are also found.
Barrer protection is greatest for the first row of
housing {closest proximity) while reduced protec-
tion results for further rows of housing. The most
common values for insertion loss range between
abowt 5 and 12 dB, bot values between 3 and 25 dB
are also measured.

The highest insertion loss is found in the case of
rail traffic noise due to the proximity of the source to
the barrier, For example, the normal barrier height
for the Shinkansen Railway (high speed railway) is
only 1.5 to 2 m, while in Europe typical rail bartiers
are only stightly higher, vet these barriers are found
to be quite effective. Intermediate values of inser-
tion loss are characteristic for road traffic noise. For
example, it the US highway barrier heights of 6 m
and 7 m are very common. In Japan the normat bar-
rier height for highways is 3 m and measured B.N.R.
ranges between 15 dB to 23 dB, but barriers tend o
reach a height of 8 i to achieve B.N.R.s of 25 10 30
dB in the suburbs of Tokyo. Barier heights of 5to 6
m are now common in Austraiia. Measured inser-
rion losses for barriers 3 to 6 m high are typically be-
tween 5 and 12 dB. The smatlest insertion loss is
obtained in the case of ground-based airport opera-
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Fig. 4. (a) Diffraction at a single edge. (b} Diffraction
occurs af awo edges with a thick barrier.
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tions due to the larger source/receiver distances and
greater source height. For example, barriers 10 m
high are common for runup enclosures at US air-
ports, with propagation distances up to 2000 m.

Sound Absorbing Maoterial Single Walls

Given a thin vertical reflecting noise barrier that
obstruets the source-receiver path, an added de-
vice, material, or shape may be used to improve its
performance. However, such modifications must
not be used to reduce the height of such a barrier
below the source-receiver direct paths.

There is a body of evidence'™ ™% 4 qug.
gest that the use of absorbing materials can en-
hance barrier performance. The information is
based on the effects of absorbers on single barriers
and parallel barriers. As with all barrier problems it
is very difficolt to give a simple description of a
particular effect since so many other parameters
are involved. Nonatheless, the general principles
can be described. Placing absorpiive material on a
single barrier has theoretically two advantages (see
Fig. 5}, One is to reduce diffracted sound into the
shadow zone. The second is to minimize sound re-
flection between the source and the barrier surface,
thus avoiding the build up of the sound level.

The effectiveness of absorbing surfaces depends
upon the efficiencies of the absorbing material. The
effectiveness of a porous absorber usualiy decreases
as the frequency decreases. Resonators usually have
a maximum of absorption around their resonance
frequency. Theoretical and experimental results in-
dicate that the increase in insertion loss of a barrier
due to the introduction of absorber on one side is re-
fated 1o the angle 9 between the absorbing barrier
surface and the ray from the source orreceiver o the
top of the barrier. When & is 90° the effect is negligi-
ble. The increase in insertion loss rises to approxi-
maiely 2 dB when 8 is 43° and may reach 10 dB for
very fow angles. If both sides are absorbing the ef-
fect is approximately additive. Thus it is necessary
for the source or receiver to be close 10 the barrier for
this effect to be significant, For example, a source 1
mabove the ground would need tobed m froma3m
high bagrier for an absorbing surface on the source

tured) barriers can scatter the sound incident over
them in many non-specular directions; this diffusion
should not be confused with the phenomenon of ab-
sorption.

Seund Absarbing Material—Parallel Barriers

An important application of absorptionis in the case
of parallel barriers. The attenuation provided by the
barrier on one side of the souree is degraded™ due to
reflections from the reftective barrier on the oppo-
site side [see Fig. 6(a)]. In the case of road iraffic
noise, resuits show that the degradation typically
ranges from about 2 to as much as 7 dB. A more
complete discussion of the degradation in insertion
loss from paralie] rigid barriers ts given in the appli-
cations section under road traffic noise, Application
of absorption over the road-facing side of the barrier
restores the performance with a progressive im-
provement depending on the area covered. The per-
formance can also be restored by sloping!” the
barrier, as shown in Fig. 6(b}. The required angle
will depend on the separation of the barriers. This
may not be an optimum sofution that should be en-
counraged, as the reflected sound could cause prob-
lems elsewhere. If the sloping surface has
dimensions less than the wavelength of the sound, a
scattering rather than a reflection process oceurs.
Unlike absorption, which dissipates acoustic en-
ergy, scattered sound may lead to increased sound
levels elsewhere.

Atmespheric Effects

Barrier performance is disturbed by other factors
such as the atmosphere. Upward-curving sound
paths, as in propagation upwind or during the tem-
perature lapse characteristics of sunny days, do not
reduce the acoustic performance of a barrier, How-
aver, it is generaily recognized that downward-
curving sound paths, as in propagation downwind or
during the temperature inversions that are common
at night, do reduce the insertion loss of a barrier.
This reduction varies with wind speed, frequency
and propagation distance. For example, in Japan,
road traffic noise measured behind various barrier
sites was analysed to examine the relationship be-

side to produce an increase in in-
sertion loss of about } dB behind
the barrier. The tull effect of an
absorber on the diffracted path
can be achieved by a strip at the
top or sides of a barrier which
has a width of one wavelenpth,
For a breoadband spectrum this
means the whole of the side for
normal height barriers (e.g. 3.4

Barter ‘%__ Barriar

Without Absarbtion

With Absorbtion

m for 100 Hz). Non-flat (struc-  Fig, 5. The effects of placing absorptive material on a single barvier.
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tween barrier noise reduction and vecior wind. The
results showed a wide scatter for vector winds in
the range £ 2.0 m/s, indicating no systematic de-
pendence. However, downwind data obtained on
one site when the vector wind was greater than 2 m/s
showed a decrease in barrier noise reduction.

Atmospheric turbulence scatters’ sound energy
into the acoustic shadow behind a barrier. There-
fore, turbulence is responsible for setiing an upper
limit to the amount of insertion loss that can be oh-
tained from a given barrier configuration. For exam-
ple. when the barrier noise reduction values
obtained from the study in Japan are averaged and
piotted against the design chart, close agreement is
obtained until the predicted values exceed 20 dB,
The measured barrier noise reduction tends to level
off at around 20 10 25 dB.

Effects Associated with the Serface of the Source
For sources which have significant bulk, such as
trucks or trains, multiple reflections™ between the
barrier and the surface of the source could be ex-
pected to degrade the performance of the barrier par-
ticularly when the source and barrier are in close
proximity (see Fig, 7). There are two distinet cases;
one in which the vehicle side with the major noise
sources is visible overthe top of the barrier, the other
when it is not. Computer simuiation resulis show a
progressive degradation of the insertion ioss as the
height of the vehicle is increased, with an approxi-
mately constant degradation of about 5 dB when the
vehicle is visible. This number is dependent on
many other parameters. Using a sound intensity
technique to measure the sound radistion character-
istics from Shinkansen trains'®, it was found that the
apparent height of the noise source is changed by the
effect of the noise barrier,

Time-Related Effects
The assumption that traffic can be described by a se-
ries of fixed sources can lead to problems™” in the
derivation of some noise quantities. These arise be-
cause the vehicles are actually moving reflecting
bodies, and also because practical barriers have a fi-
nite length. As a result, the effectiveness of the bar-
rier changes with the vehicle position, which is also
related to any effects of multiple reflections that oc-
cur between the barrier and the body of the vehicle.
A fundamental descriptor of noise from aroad, or
arailway, is the function of sound pressure level ver-
sus time at a given receiver point for the passby of a
single vehicle. This descriptor can then be used to
derive the noise assessment indices La,, Lasqr, etc.
In the case when the interaction between the vehi-
cle body and the barrier can be neglected, the time
function is still required in order to derive the statisti-
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Fig. 6. {a} The attenuation provided by the barrier on one
side of the source iy degraded due to reflections from the
reflecrive barrier on the opposite side. Applicarion of ab-
sorption restorves the performance, {b) The performance
cant also be restored by sloping rhe barrier.

i
i’

Fig. 7. How nudriple reflections can cause a degrada-
tion of performance for ncise barriers,

cal indices. However, in this specific case, the Ly.r
can be calculated accurately assuming a series of
fizned noise sources. In cases where high sided vehi-
cles are close to barriers with a reflecting surface on
the roadway side, muliiple veflections can occur,
which can degrade the performance of these barriers,

Transmission Loss

Theoretically, the sound transmission loss of noise
barriers must be accounted for in determining the in-
sertion loss, since the sound transmitted through the
barrier makes some contribution to the sound level at
the receiver. However, for practical purposes, barri-
ers are often constructed of materials that have suffi-
ciently high transmission loss such that the
contribution from transmission is negligible. To en-
sure that this is true, and to avoid the need to compute
the contribution from sound transmitted through the
barrier, the transmission loss should be at least 10 dB
more than the desired insertion logs. An important con-
sideration is that laboratory-measured transmission
loss may be signiticantly higher than in-situ transmis-
sion loss if substantial gaps are present between barrier
panels, between panels and support columns, or be-
tween panels and the ground. If paps are present, cal-
culations to estitpate f-sire transmission loss can
assist in determining niet barrier inseriion loss.
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Barrier Shapes

Results in the literature™ have identified a wide
raitge of notse barrter systems, some of which ap-
pear to be more effective in terims of acoustic perfor-
mance than the simple plane reflective barrier
widely used. There are two distinet cases; one case is
that of a single barrier of different shapes, the other
is the case of multiple edge barmers. Many of these
systems incorporate absorbing surfaces. Regonant
cavities have been used to produce “soft” surfaces
and some configurations are designed o promote
destructive interference between waves following
two different paths. A problem that needs to be over-
come with these designs is the narrow band of fre-
quencies for which they are usually effective.
Studies have included computer modelling, iabora-
tory experiments, and field measurements. The av-
erage improvement in insertion loss for the various
designs 2 m high conyppared with simple plane re-
flective bartiers of identical height ranges from 0.5
t0 3.5 dB depending on detailed design.

Single-Shape Noise Barriers
Single-shape noise barriers include wedge-shaped
barriers, berms of various kinds, T- shaped and Y-
shaped barriers, #nd arrow-profile barriers. In Ja-
pan, barriers in which the upper section is angled or
curved over part of the roadway are common. Nu-
merical modelling of the efficiency of single noise
barriers of various shapes coufirms that barrier
height (i.e., the path length difference effect) is of
fundamental immporiance to the attenuation pro-
duced by a barrier. Also, the type of ground cover
has a farge effectupon the calculated insertion loss.
For barriers with hard refiecting surfaces, those
with vertical or nearly vertical sides perform signifi-
cantly better than those with shallow sloping sides.
For example, there is general agreement that the in-
sertion loss for the hard-surface wedge is lower than
for a vertical barrier, but no consensus exist as to the
magnitude of this effect. Further, for wedge shaped
barriers, a progressive reduction in insertion loss is
observed with increasing wedge angle. T-shaped
barriers give consistent improvements in insertion
loss over a wide area compared with a simple plane
reflective barrier of the same heighi. However,
when the T-profite is modified to an arrow-profile, 2
significant reduction in insertion loss is observed,
Application of absorbent material to the upper
surface of a T-profile barrier increases the insertion
loss by an amount depending upon the width of the
cap and the efficiency of the absorber. When the
T-shaped barrier with sirongly absorbing upper sur-
faces is moditied fo an arrow or Y-shape there is a
significant reduction in insertion loss. Field data
published in Japan show the effects of placing an ab-
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sorbing cap or modified cylindrical shape ontopof a
thin hard barrier, By measuring the scund pressure
levels from traffic noise before and after the installa-
tion of the absorbent material they find that barrier
performance is improved by approximately 2 to 3
dB. An attenuation of 2 dB corresponds to the in-
crease in the barrier height of about 2 i, However,
this much improvement is only achieved for rela-
tively large diffraction angles, where source and re-
ceiver are close to high barriers. The improvement
reduces to about 0.5 dB for typical geometries along
suburban highways.

Caleulations show that when the wall becomes a
broad wedge or a bermy, an absorbing surface can be-
come very important. When an absorbent surface is
infroduced to shaliow-sided forms of barrier, some
improvement in insertion foss is found that is associ-
ated with increased attenuation at high frequencies.
Some evidence shows that a grass covered wedge is
legs efficient than a rigid wall of the same height i
the wedge angle is more than about 45 degrees. On
the other hand for geometries encountered in prac-
tice, a flat topped grass covered berm generally per-
forms similarly to a wall of the same height at the
same location, Further, when source and/or receiver
are very close to the berm there is usually an increase
in insertion loss, again mostly associated with in-
creased attenuation at high frequencies. Walls on top
of bermss are becoming a common approach to noise
abatement. Mounting a thin-wall atop an absorptive-
topped berm does not initially increase the insertion
loss, since the beneficial effect of the absorptive top is
lost and is not fuily recovered by the increase in the
total barrier height. However, as the height of the
thin-wall increases, the performance is recovered.
The wall/bertn combination has the advantage of not
requiring as mauch land as a full berm.

Multiple-Edge Barriers

Multiple-edge barriers can be of two different kinds.
There are multiple-edge barriers with a single foun-
dation and there are those comprised of several par-
allel barriers on the same side of the road. Studies
show that multiple-edge barriers give consistent im-
provemeits in insertion loss over a wide area com-
pared with simple plane reflective barriers. A
benefit of this type of barrier is that an extra edge
could be incorporated onto existing noise barriers.
The number of possible multiple-edge designs is
large, and studies of differens confipurations are
on-going.

Double barriers represent the second ty pe of maul-
tiple-edge barriers. They can be efficient in attenuat-
ing noise, in comparison with a vertical screen of the
same effective height. Double barriers can provide
large gains where significant diffraction cccurs at
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the upper edge of both screens. The atienuation im-
proves as the distance between the barriers increases
beyond a few wavelengths but also depends on the
absorption between the barriers and/or ground ab-
sorption (spacing must be much greater than a wave-
fength and absorbers present to effect substantial
improvements). As further barriers are added the ef-
ficiency increases, although if working within a Hm-
ied ground space, there miay be a trade-off between
the addition of another barrier and the subsequent
reduction in barrier spacing, It is noted that the bene-
fits from multiple barriers occur throughout the
spectrum, even af Jow frequencies.

Models

Accurate prediction of barrier insertion loss must
somehow simulianeously account for all of the
physical phenomena discussed above. Although this
goal is still beyond current capabilities, develop-
ments™” in our ability to predict sound propagation
through the atmosphere has increased dramatically
during recent years. Models can be separated to two
main categories; empiricel models and theoretical
models. Both types of miodels inclnde the attenua-
tion due to geometrical spreading. Where the empir-
ical models differ from theoretical models is in the
incorporation of the other attenuation mechanisms.
The empirical models tend to rely on general ten-
dencies found in experimental data bases. They of-
ten work well as long as the specific situation of
interest falls within the bounds of the databases.
Theoretical models on the other hand rely on our
mathematical ability to describe real-life situations.

The incorporatien of the effects of the
ground**"** is now fairly widespread in the theoret-
ical models. Cnly a very limited number of models
include the effects of curved sound paths due to re-
fraction. However, refraction is most important at
ionger ranges where barriers generally begin to Iose
their effectiveness. Only a very limited number of
models include the degradation due to scattering by
atmospheric turbulence, but the limiting insertion
loss due to this phenomenon is generally known
through the empirical databases, Often the calcula-
tion involves propagation from traffic located on a
paved road surface to a receiver on grass covered
ground. There are few theoretical models™ that ac-
count for the effect of the hard/soft ransition and
this effect is most often ignored. There are virtually
no theoretical irodels that incorporate more com-
plex topographical features, and most often a ray
tracing approach is used, However, these effects are
included in most empirical models.

itis very important to recognize the limitations of
the models being vsed for prediction or design pur-
poses, The Working Party recommends comparison
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of various models when designing a barrier. It is also
important to appreciate how to enter data and to be
confident in these inputs. It is the collective experi-
ence of the Working Party that inexperienced users
cannot use models ns effectively as experts, largely
due to inadeguate documentation on the protocol to
follow in using models and insufficient appreciation
of their limitations.

Computation of barrier insertion loss is done in
two parts according to Eq. (1. First, sound levels in
the absence of the barrier are calculated followed by
sound levels calcutated in the presence of the bar-
rier. The techniques™ availabie to calculate sound
levelsin the absence of the barrier include empirical
codes, analytical solutions for propagation above a
flat porous ground, analytical solutions for selected
atmospheric profiles, ray tracing techniques which
include interaction with the ground and meteorolog-
ical conditions, and more sophisticated nnenerical
solutions o the full wave equation: the fast field pro-
gram (FFP) and the parabolic equation (PE). There
is also an International Standard®™ covering predic-
tion of levels from a source, The attenuziion that can
exist due to natural features, particutarty absorbing
ground cover, before the construction of a barrier is
often not appreciated. For this reason the measured
insertion loss of a barrier when constructed is not as
iarge as predicted from the barrier diffraction atten-
uation and can sometimes result in negative values
in certain regions of the speetrum, Approximations
in models can also lead to caiculations indicating
negative insertion loss.

The presence of the barrier imposes an additional
challenge for compntational techniques, Most of the
thecretical methods which have been developed to cal-
culate the attenuation of barriers are seini-empirical
and based on ray tracing and geomeirical acoustics,
These methods fall into two categories: those in which
only the amplitude of the sound field is predicted; and
thase in which the phase of the sound field is estimated
s0 that interference effects can be studied.

Empirical
Inthe first category the most influential early studies
were those of Maekawa® and Kurze and Ander-
son”’. These researchers predicted the sound attenu-
ation due to a reflecting knife-edge in terms of the
Fresnel number, These prediction methods have
been applied to predict the insertion loss of a vertical
rigid barrier located on the ground, and form the ba-
sis of the current road and railway traffic noise bar-
rier prediction method in many countries, In some
countries barrier height is determined by other spe-
cific design chants.

In its simplest form, the attenuation provided by
a thin barrier represented by an infinite half-plane
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is calcujated as a function of Fresnel number N de-
fined as

N o= (2700 + d - d3) G}

{see Fig. 4(a); A is the wavelength of the sound}. The
curve in Fig. § is the attenuation provided by a thin
bartier as a funciion of Fresnel number and forms
the basis for the weli-known chart developed by
Maekawa, Maekawa empirically corrected the
curve in Fig. 8 to account for the presence of the
ground. The remarkabie agreement, on average,
with a large body of measured field data and its sim-
plicity of use has led {0 the widespread engineering
use of the chart.

Theoreticel

In the second category of theoretical methods some
form of a geometrical theory of diffraction™ s
used, coupled with an approximation for the spheri-
cal wave reflection coefficient at an impedance
plane, to account for ground reflections. The sound
field behind the barrier is determined by the sum of
the terms associated with the four paths shown in
Fig. 9 and a complex interference specirum is
formed. Mostly these methods have been restricted
t0 a thin vertical barrier on a reflecting or finite im-
pedance ground.

To produce predictions for configurations which
are more complicated in terms of barrier shape and
absorptive treatinent, the use of the boundary element
method has been investigated™™. This method has
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Fig. 8. Attenuation provided by a thin barrier as a function of Fresnel
rusnber according to the chart developed by Maekawe.
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important advantages over the methods based on a
geometrical theory of diffraction approach. A main
advantage is its flexibility, in that, by positioning the
boundary elements appropriately, arbifrary shapes
and surface acoustic properties can be accorately rep-
resented. Secondly, it has the advantage of accuracy
in that, provided that the boundary elements are made
a small enough fraction of a wavelength, 2 solution of
the governing wave equations of acoustics can be
produced that is correct to any required aceuracy. The
disadvantape of the boundary element method is that
large computing times and stogage can be required,
especially for barrier designs which vary along the
length as well as in cross-section. A {urther limitation
which # shares with the other metheds described
above, is that atmospheric effects are not considered,
so that oply predictions for a neutrat guiescent atimo-
sphete are obtained.

Auplication of the Models
International Standard (S0 9613-2 Acoustics—"At-
tepuation of sound during propagation out-
doors—Part  2: General method®™ of
calculation”-—specifies an engineering method for
calculating the atfenuation of sound during propaga-
fion outdoors in order to predict the levelsof noise ata
distance from a variety of sources. i aims to deter-
mine the average time-interval eguivalent continuous
A-weighied sound pressure fevels under meteorelog-
ical conditions favourable to propagation from
sources of known sound emission above naturai
ground surfaces, These conditions are far downwind
propagation, or equivalently, propagation under a
well developed moderate grournd-based terperature
inversion, such as comimonly eccurs at night.

it also aims to defermine a long-term average
A-weighted sound pressure level. The duration of the
lopg-ternm interval 3s much Ionger than that required
for specifying the average equivalent continuous
A-weighted sound pressure level for downwind
propagation described above, and encompasses a
wide variety of meteorological conditions.

The method consists specifically of octave band
algorithms (with nominal midband frequencies
from 63 Hz to 8 kHz) for calculating the attenuation
of sound which originated from a pointsource. or an
assembty of point sources. The source may be mov-
ing or stationary. The method is applicable in prac-
tice to a great variety of noise sources. B is
applicable, directly or indirectly, 1o most situations
concerning road or rail traffic, and many other
gronnd-based noise sources. Specific terms are pro-
vided in the algorithms for a variety of physical ef-
fects, including screening by noise barmiers.

The formulas to be used are for the attenuation of
soud from point sources, Extended noise sources,
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therefore, such as road and rail traffic are repre-
sented by a set of sections, each having a certain
sound power and directivity, A fine source may be
divided into line sections, an area source into area
sections, each represented by a point sousrce at its
centre,

The International Standard calcutates diffraction
over the top edge and around a vertical edge of a bar-
vier. Double diffraction over thick barriers can also
be calealated. {The Working Party notes, however,
that the formulas for caleulating double diffraction
yields a discontinuity in the solution when passing
from single diffraction to doubie diffraction). The
screening attenuation is not taken to be greater than
20 dB in the case of single diffraction from thin
screens, and 25 dB in the case of double diffraction
by thick screens, The screening attenuation for two
screens is calculated as in the case for double dit-
fraction.

Each country™ ™ has usuvally adopted its own
specific method for predicting the performance of
barriers for specific rransport noise sources. For ex-
ample in the UKY, calculation of the attenuation of
road &affic noise by a barrier is performed uvsing a
chart in terms of path length difference. In Japan,
barvier height is determined by a design chart” such
as Maekawa’s or other specific design charfs using a
represerdative specirum of road traffic noise. In
Lithuania the decrease in A~-weighted noise level
due t0 a noise wall is estimated in decibels using a
design chart which assumes that the wall is 3 m from
the edge of the road. When walls in city streets are
used as barriers, they must be sound absorbing, The
frequency dependence of sound absorption is cho-
sen inaccordance with the typical spectrum of noise
for the transportation source. In the USA, STAM-
INAJOPTIMA has been the official highway noise
prediction and barrier design model™.

The US Department of Transportation’s Federal
Highway Administration (FHWA) is developing
the next generation of highway noise prediction
computer code™ called the Traffic Noise Model
{TNM). In addition, the new model has the potential
for standardizing and improving rail and transit
noise prediction in the USA. The only significant
sound propagation components that have not been
included in the TNM are those due to atmospheric
effects such as wind and temperature gradients; the
mode! assumes a neutral atmosphere. This decision
was motivated by FHWA's purpose that propaga-
tion over relatively short distances (less than about
200 m) is most important. The expected increases in
development cost, computation tine, and user input
complexity associated with including such atmo-
spheric algorithms would be quite significant,

Many maodels such as the TNM and the Duich
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Fig. 9. The sound fleld behind a barrier is determined
by the sum of four paths.

model calculate all important sound propagation
paths from the source to the receiver, including re-
flection and diffraction, at one-third octave or oc-
tave band centre freguencies. The TNM model
includes diffraction from ground impedance discon-
tinuities, such as the edge of the pavement adjacent
to a highway. Ground lines and earth berms are in-
cluded, so that the exact terrain between source and
receiver can be entered. Special reflective barriers
can be coded which generate an image of the road-
way to account for reflection at the barries surface,
Only singie reflections are supponted in the three di-
menstonal portion of the TNM. {A two dimensional
ray-tracing module is included for analysis of muli-
pie reflections.) Multiple diffraction is included. The
model computes the curnulative effects of diffraction
from various points in the geometry, if they are sig-
nificant contributors to the total sound fevel at the re-
ceiver. Perturbable barrier and berm heights are
mcluded, so that a matrix of results for several barrier
heights at once can be constructed for rapid baier
design decisions later. Rows of buildings can be in-
cluded, and require the user to specify the percentage
of arca that the buildings block in each row, Trea
zones are included, and incorporate the ISQ values
for attenuation due 1o dense foliage. Sound level de-
scriptors include Lacon and Ly, Traffic data input ta-
bles allow tratfic input for both descriptors,

The US Army Construction Engineering and Re-
search Laboratory (USA-CERL) has developed a
long-distance sound propagation model™ eatled
SoundPrap that incorporates the effects of atmo-
spheric conditions. It is a point-to-paint model! that
operates m 1/3 octave bands and computes the propa-
gation of sound in the atmosphere above the ground
and in the presence of a barrier if one exists. The prop-
agation mathemativs are based on a fast field program
that wag exercised many times on a supercompier {o
generate a large database of results under varfous
conditions of atmospherics. ground type, and geome-
try {source and receiver height and range).
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Products und Materials

Barrier materials are briefly described here'™, Dif-
ferent products have their own characteristics apart
from their acoustical performance, inchading cost,
durability, safety and aesthetics.

There are a range of traditional building materi-
als commonty used for noise barriers, This is being
supplemented by innovative, proprietary products
developed for specific barrier applications. Al of
these barriers can be categorized as either reflective
or absorptive.

Reflective Barriers

Reflective barriers are constructed using all of the

commnon building materials and inciude:

°  conerete——precast panels, masonry blocks, and
purpose-designed masonry units

= lightweight concrete - fibrous cement, purpose-
desipned elements

« metal sheeting

= plasticg

v glass

¢ wood

= other materials

The use of these various products tends {0 be region-
alized, obviously dependent on relative economies
of the different materials in different areas and other
factors mentioned above.

Concrete walls are common reflective barriers.
They are vsually made up of stacked paneis 3to S m
long and (.5 to 1.8 mhigh. The thickness is 90 to 200
mun and the surface density of this type is 200 to 400
kg/m®. There are also barriers designed with ele-
men¢s that consist of combinations of flower boxes
on different heights on the barrier. In this case a ux-
uriant vegetation can be obtained and the barrier be-
comes morte or less absorptive.

Lightweight concrete and other fibrous cement
can afso be used for barriers, In most cases the low
density is not a problem since the transmission loss
of the barrier is not the critical parameter.

Metal sheeting is also used for bacriers. Com-
monly used is steel and aluminium that is sea water
resistant, Mostly thin sheets from 1 to 2 mm are be-
ing used. These materials are often combined with
mineral fibres giving an absorptive barrier. With
metal barriers, care must be given to ensure that they
are thick enough to give a high enough transmission
loss, particularly at low frequencies. Also metal
sheet barriers are combined with vegetation (fast
growing trees or shrubs) in front of and behind the
barrier to obfain a “green” barrier.

Plastic elements are also used for barriers.
Sometimes they are made of recycled materials.
The surface density averages around 10 to 20
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kg/m’. Plastic elements are used more in absorptive
barriers.

Glass and other transparent plastic elements are
coming into use for barriers. They are made of glass,
of acrylic or polycarbonate resin of 5 mm to 8 nun
thickness, or polymethylmethacrylate of 135 to 20
mm thickness, The surface density averages around
1010 20 kp/m’, The advantage of this material is that
drivers and passengers can see the landscape
through the barrier and residents can see the road or
railway line. This can be fmyportant when barriers
are erected in front of dwellings. Problems are vis-
val reflections on the barriers (as a mimor} and the
cleaning of the barrier, but these can be solved by in-
clining the construction.

Wooden barrier materials are commonly used in
the UK, the US, The MNetherlands and in Austria,
Timber is also widely used in Northem Europe,
Scandinavia, Australia and Canada,

CGther materials or combination of marerials can
be used as well, For example, metal sheeting or plas-
tic elements in combination with glass and other
transparent plastic elements can be employed. Also
combinations with absorptive elements, glass and
other transparent plastic elements can be very prac-
tical, Architecis can make some attractive designs
by combining different materials with special
shapes. There are many examples of interesting
shapes and material combinations in France, Ger-
many and The Netheriands.

Ahsorptive Barriers

Absorptive barriers are a fairly recent innovation

and their use is not as widespread as reflective barri-

ers, Absorptive barriers include:

« composites-~using traditional acoustical tech-
niques such as commercial mineral fibres behind
a perforated facing, wooden network, perforated
plastics, porous concrete, etc.

= ceramics

+ sintered metals

» cement-bonded wood-wool or wood chips

« aerated concrete

There are two general types of systems that are used

to create absorbing surfaces of barriers.

Svstems with Cavities Incorporafing

Absorbing Materials

The most common systems of this type are perfo-
rated metal boxes containing fibrous materials. An
example of this is the standard absorptive panel de-
sign specified by the Public Highway Corporation
of Japan since the early 1970s. The bartier panel
consists of a4 glass fibre sheet 30 mm in thickness,
wrapped with polyvinyl fluoride film of 21 wm
thickness. This fibre sheet is inseried in a metal box
with a back air space of 33 mm thickness. The front
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surface of the box is made from an aluminum panel
with slits and the back side of the panel is made of
steel sheet of 1.6 min thickness. The absorption co-
efficients (measured in a reverberation chamber) are
ereater than 0.7 and 0.8 for 400 Hz and 1000 Hz re-
spectively. This type of material is widely appiied to
barriers used for inter-city highways,

A second type is a construction of cement or baked
clay blocks with internal cavities, The traffic-facing
side of the block contains holes or stots, Sound is ab-
sorbed at the resonance frequencies of the cavities
and the range of frequencies absorbed is extended by
the inclusion of fibrous or foam fillers,

Systems with Panels of Open Textured

Porous Malerials

Absorption within the material is achieved by ner-
tial and frictional losses. These materials are usnally
incorporated with a hard backing to prevent sound
being transmitied through the panel. If the panel is
directly mounted on the backing a thickness of 50 to
100 mm is required o provide good absorption char-
acteristics at the lower frequencies. The front faces
are often profiled rather than flat. If an air gap is in-
troduced between the panel and the backing, the
thickness can be reduced and the low frequency per-
formance retained.

Materials used i this category are porous cement
and concrete, wood chips in a cement matrix and
small particles in an epoxy matrix. Ceramic sound ab-
sorbers are made from particles of a hard porceiain
and are fonned into a porous board of 10 mm o 50
mum in thickness. This material has thermal resisiance
and resistance to chemical substances in exhaust
gases from heavy trucks and cars, However, it is not
as resistant to physical impact such as the imypact re-
suiting from a collision with a car. A common absorp-
tive material used adjacent to highways and railways
in the US and Canada is made from wood fibres
bonded together with portfand cement of 50 to 100
mm thickness and backed with a solid concrete panel.

Vegetative barriers are constructed from vegeta-
tion that is rooted in a soil mound or in specially-
constructed panels. The insertion loss of these con-
structions is determined primarily by the dimen-
sions of the earth bank or solid structure. For
artificial, steep-sided structures, some form of ieri-
gation is necessary to retain viable plangs.

Measurements

It is the collective experience of the Working Party
that well conceived and documented experimental
measurements are the only reliable way to verify the
effectiveness of road and rail noise barriers. Mea-
surements can be of fwo types; verification of the
field insertion Joss and laboratory measurements on
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sample consiructions. Field measurements verify
how the design is performing. A program of in-situ
field measurements'™'™ shows how assembied
components age and also how movement of a barrier
with time affects the insertion loss and/or transmnis-
stom toss. Sample constructions can be tested in the
laboratory and include methods to measure the ab-
sorption and transmission loss. However, intrinsic
properties of the individual components may nog
necessarily reflect the in-siti performance and as a
result it is important to test sample constructions.

Standards for Measuring Barrier

Insertion Loss
American National Standard “Methods for determi-
nation of insertion loss of outdoor noise harriers”
(ANSIS12.8-1987} covers insertion foss determaina-
tion by measurement or by-measurement and predic-
tion for outdoor naoise barriers of all types. The
standard adopts insertion loss as the basis for deter-
mining effectiveness of a barrier. The standard rec-
ommends use of the A-weighied sound exposure
level or time-averaged sound level or octave band
sound pressure fevel, but does not preclude use of
other noise descriptors. It provides methods for de-
tenmining the insertion loss of outdoor noise barriers
at receiver locations of interest under conditions of
interest. In addition, the standard presents require-
ments for the documentation of the procedures and
results to permit interpretaiion and independent
evajuation of the results. It may be used for routine
barrier performance checking, or engineering or di-
agnostic evaluation, and may be used in situations
where the barner is to be installed, or has already
been installed. Three methods are presented. The
recommended method is the “direct measured”
method where the user measures levels af the refer-
ence and receiver positions both before and after
barrier installation, The same receiver and reference
positions are used in both the “before™ and “after”
case. It may be used only if the barrier has not yet
heen installed or can be removed for the “before”
Measuraments.

Alternative methods are an “indirect measured”
method and an “indirect predicted” method. If the
barrier has been installed prior to any direct “before”
measurement and i cannot be readily removed 1o
permit such measurements, the user may simulate
the “before™ condition by measuring at a site that is
equivalent to the study site minus the barrier. Hit is
not possible either to make actual before measure-
ments or to make substitute “before” measurements
at an equivalent site, then “before” predictions may
be possible. When predictions are used, errors inher-
ent in the chosen prediction method further decrease
the precision of the resnlting insertion loss.
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Draft International Standard ISG/DIS 10847
Acoustics—"In-siru determination of insertion loss
of outdoor noise batriers of all types™-—also speci-
fies methods for the determination of mseriion ioss
of outdoor noise harrier intended to shield various
kinds of noise sources. The International Standard
only specifies two methods for the determination of
insertion loss of outdoor noise harriers. The recom-
mended method is the direct measurement method
discussed above, The alternative method is the ineli-
rect measurement method atso discussed above us-
ing measured “before” levels at an equivalent site.
The Internationat Standard does not include the in-
direct predicted method.

Applications
This section discusses three main application ar
cas'™ where barriers are used: road traffic noise,

railroad notse, and pround based aircraft operations.

Road

Road traffic’®'" is the most widespread source of
noise in all countries and the primary reason for an-
noyance and imterference with human activities.
Figure 10 shows the typical profile of a road noise
barrier installed between four lanes of traffic and
residential dwellings. Several factors affect the per-
formance of the barrier and most of these have been
discussed in general terms above. The height of the
barrier is of fundamental importance to the attenua-
tion of road traffic noise. In many countries, typical
highway barrier heights range between 2 and 3 m,
while in other countries heights range between 3t 6
m and barriers up to 8 m high can also be found.
Proximity of source to barrier is an important factor
in determining the attenwation. For example, in Fig,
10, the barrier provides less attenuation for the west-
bound traffic than for the eastbound traffic. A very
important issue in the case of road traffic noise barri-
ers i the degradation in performance of a barrier on
one side of the road by the presence of a second par-
alle! barrier on the other side of the road.

The effects of muldiple reflections between two
barriers placed on both sides of a highway because
notse reduction is needed on both sides, has been the
sibject of much debate and some research. Research
shows that under various circumstances, the degra-
dation (reduction) ir barrier insertion foss
(A-weighted) can be as high as several decibels
when normal reflective walls are used. Since some
models do not compute this degradation, many users
are ignorant of the potential compromise of their
barmer designs by this effect. Several models have
been developed to atternpt to compute the effect, but
meastretnents have shown less degradation than the
models have predicted. (Partly as a eesuli, the
FHWA in the US has not taken an officiat stand or
recommended a procedure to deal with multipie re-
flections.) Cansequently, some barriers are being
constructed without this effect having been com-
puted or accounted for in the acoustical design. In
many cases, these barriers are not providing the ex-
pected insertion loss. The FHWA’s new Traffic
Noise Model will include a two-dimensional multi-
ple-reflection module that is calibrated to match
Measurements,

Studies™ in the US going back into the 1970s
have shown that degradation of single-barrier per-
formance does oceur when parallel reflective walls
are used. The studies showed that as much as 7 dB
degradation of insertion loss conld be expected with
certain highway geometries. Measurements of in-
sertion loss degradation outdoors at a full scate test
roadway have been performed at Duolles Interna-
tional Airport and along highways in California and
Maryland. it was found that the measured degrada-
fion is a function of the ratio of the distance between
the two barriers (W) and the barrier height (/). Table
I shows the highest measured ingertion loss degra-
dation for A-weighted traffic noise from each of the
three studies, along with the W/H ratio of the mea-
sured geometry.

In Japan, measured resuits from a parallef barrier
site were analysed and the results show that the dif-

Roule 51 Route 51
Westbound Eastbound

Fig. 10, Proximity of source to barrier {s an important facior in derermining attenuation. The barrier provides less
attenuation for the westbound traffic than for the eastbound traffic.
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ierence in barrier efficiency between single and par-
atlel barrier is iess than 1.5 dB for barrders of 3 m
height at roads with 24 m to 30 m width (W/H ratio
betweeu 8 and 10}. Experimental resulis are summa-
rized in Table 1.

There is a body of literature evaluating the im-
provement in parallel baitier insertion loss by the
use of absorbers. In Japan, measurements’ were
made of the insertion loss for paratiel barriers at a
test field where all conditions except meteorological
factors were artificially controlled. The test was car-
ried out under calm wind conditions. The resuits
showed that the absorptive treatment of the wall sur-
face was important and the improvement of barrier
efficiency was 2 dB 1o 3 dB for parallel barriers 3 m
high with a separation of 15 m {a width-to-height ra-
tio, or W/H, of 5), When the separation of the barri-
ers is 45 m, the incresse is 4 dB. In Canada, field
measurements in the Toronto area''™" showed no
significant change in site results when paraliel 3 m
barriers 74 m apart were treated with absorbers,
These resulis are summearized in Table 2,

Trees and bushes are very poor road noise barri-
ers; they provide very little attenuation as a result of
shielding. Their roots do provide some ground at-
tenuation by keeping the soil porous, Therefore, the
principal contribution of vegetation is not to barrier
atienuation but instead to ground attenuation, which
18 inherent in the calculation for A.. However, if the
foliage is dense enough to completely obstruct the
view, and if i also intercepts the path of sound
propagation, and if it s aiso deep enough, there may
be sonte additional attenuation caused by propa-
gation through the foliage., A hedge, a row of
bushes, a strip of vegetation lefi to grow naturaliy,
or a forest may all be examples of dense foliage.
There is little or no attenuation from bare
branches or trunks of trees at frequencies of inter-
est. Nonetheless, aesthetic constderation should
notbe ignored. If noise barriers are made to appear
more atiractive visually, by incorporating vegeta-
tion in the design, they may reduce annoyance fur-
ther than would be predicted from the actual
acoustic attenuation provided.

Elevated roads or viadects are commen in ur-
ban areas, and without noise barriers they present
the worst case for noise propagation, as compared

Table 1. Highest measured inserijon loss
degradation for A-weiphied traffic noise from
fve studies, along with the W/H vatio of the
mensaved geometries.

Stdy Max. IL degradation (4B} W/H
Dulles 6.2 6
Maryland 28 g
California 14 i5
Japan L5 gt 10
Canada 0] 25

There are two reasons for this. One reason is that
the path length difference 1s greater for elevated
roads. The other reagon is that since listle noise
shielding is present at distant receivers, the intro-
duction of a barrier on an elevated road can make a
significant improvement; whereas barriers along
at-grade and depressed roads provide Httle or no
benefit to distant receivers, since they represent
little additional shielding over the substantial
arnount that already exisis.

However, building barriers on viaducts or em-
bankments is not always easy: one must often limit
their height for specific reasons {foundations,
weight, aesthefics, safety...). Meanwhile, barriers
below 2 m cannot be really effective for the traffic
on the farthest lanes: the use of a *central” barrier
can solve the problem [Fig. 11{b)]. The close posi-
tion of these barriers io the vehicles gives high inter-
actions between these {see the related paragraph}.
The use of high absorptive (one side lateral, double
sided central) barriers is necessary {o get the real
benefit of this screening design.

Rait
The use of barriers to control railway noise' ™' is
most cammon in the European countries. They are
considered easier to design. In general railway noise
barriers are lower than road noise barriers; except in
Australia where there are barriers up to 8 m high.
The main source of noise at speeds less than 270
kmv/h is due 10 the wheel/rail interaction. At greater
speeds, aerodynamic noise tends to dominate, For

with at-grade roads and depressed roads (roads in

cuttings). Elevating the noise sources allows | 12ble 2 Improvement in parallel barrier insertion
sound to propagate at higher levels to larger dis- loss by the use of absorbers.

tances from the road, because the noise-reduction Study Inprovement (dB) WrH
benefits of building shielding and ground-effect

attenuation are reduced or eliminated {Fig. 11(a)}]. us 6 4
However, adding naise barriers to elevated road- Japan 205 5
ways provides more efficient noise reduction than

barriers for ai-grade and depressed roadways. Canada 9 2
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Fig, 11, {a} Comparison of the sound propagarion with
a road and with a viaduct. Adding g barrier to elevated
raadways pravides more efficient noise reduction than

bariers for ar-grade roadways. (b) Ways 1o reduce bar-
rier height on a viaduct,

traing, vehicles are longer and more refiective than
road traffic and the directivity patterns are different
and must be accounted for,

A surveymJ of fourteen models (see Table 3) for the
prediction of the effectiveness of a noise barrier along
a raibway line has recently been completed. The mod-
els are compared with each other and o some mea-
surements. The main objective of the investigation is
1o gain insight into the rales of calculation used in or-
der to determine the acoustic effect of barriers. The
calcutation methods show differences in the acoustical
and geomeirical characterization of the noise source or
noise sources. A wide range of source locations is
specified and also the calculation of the aitenuation of
a barrier and the calculation of the effect of the ground
absorption gives a variety of mathematical formulas.
The computed insertion loss of an absorptive barrier of
2 mhigh, along atwo track raitway, varies between ap-
proximately 7 and 12 dB. For the nearest track the re-
sult varies between 8 and 15 dB.

Figure 12 gives an overview of the various
source Jocations. The most frequently used location
of the source is at the head of the nearestrai and at a
height of 0 ny, With the exception of the model from
Japan, all other source locations are, seen from the
top of the barrier, at a higher position. We note that
the model for the Channel tunnel calculates the ef-
feet of a barrier for the two tracks together. The
hiphest source location is found in the French
Mithra-fer model, This model is mostly used for
TGV trains where, at high running speeds, the noise
sources from air turbulence especially on the top of
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the train becomes important. Bue to the fact that
there are various source locations, every madel will
vield & different path difference, but the models also
use different relationships between the path differ-
ence and the barrier attenuation. '

In Fig. 13, an overview is given for the measured
effect of the barrier and the caleulated insertion loss
of a barrier with a height of 2 m above the railhead
afong a two frack railway and 4.5 m from the centre
fine of the nearest track, ‘The overview is given for
acoustically absorptive burriers. If one compares the
insertion loss of an absorpiive barrier for the nearest
track (Track 1), the result of the calculations for the
standard sitration {a barrier of 2 m) with the different
calculation models varies between 8.0 and 15 dB.

Differences of Bavrier Effectiveness belween
Roads and Railways

Beyond the fact that the diversity of vehicies is much
higher with road traffic than with trains, some impor-
tant differences play a big role in the way a barrier can
be effective. These differences should be taken into
account in order to assess the real effectiveness of a
barrier either along a highway or along a railway.

Lacation of Vehicles/Barriers

While the location of road vehicles is “free” on the
width of the roadway, trains are normally well local-
ized on the tracks. Moreover, the widih of a railway
is much narrower than that of a highway. Finally, for
roud safety reasons, it is not possible to erect harriers
too close to a highway, while barriers can usually be
place quite close to trains. For these yeasons, noise
bacriers are generally more effective along railways
thasn along highways.

Need for Absorption

The large size of the railway vehicle allows multiple
reflections between the side of the train and the barrier,
which may be located quite close to the train. There-
fore, absorptive materials are often required on the side
of the barrier facing the train, to reduce reflected sound
energy and retain desired insertion loss. For highways,
absorptive materials may ouly be needed to prevent
multiple reflections with an opposite-side barrer or
large vehicles if they are very close to the barrier, or if
refleciions could cause unwanted sound-level in-
creases on the opposite side of the highway.

Directivity Patterns

The performance of a noise bartier will be affected by
the directivity of the source and this should be taken
into account in the design, Single road vehicles can be
approximated as imonopole sources, but the rait-wheel
noise source from railways is strongly directional with
high firtensity In the horizontal direction.
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Ground-Based Air Operation
There is sormetimes a need to control noise from cer-
tain specific ground-based airport operations™'.
Barriers are often used for this purpose, but it is rec-
ognized that this is not a big market.

Barriers for Afrcraft Runups

“Runups™ are aircraft engine tests that are performed
by mechanics to ensure that the engines they have
serviced are ready for carrying passengers. Runups
are frequently conducted at night and often af rela-
tively high power seuings. Undike aircraft takeoffs
and fandings, runups do not follow a predictable time
pattern; the duration can be from a few seconds to
many minutes. This indeterminate duration of runups
adds to the annoyance factor and the usual noise im-
pact criteria are not always appropriate.

Since the noise emissions from jet engines are
quite directional, the orientation of the aircraft dur-
ing a runup has a significant influence on the sound
levels radiated into the surrounding community.
Where airports have residential land use within a
kilometre or so of the runup area, and where the op-
tions for orienting the aircraft are hmited, many air-
ports have constructed noise barriers or runup
“enclosures” to reduce the radiated noise. Barriers
or enclosures are located as close to the aircraft as is
practical, to increase noise reduction and to mini-
mize cost. In the U.8. the minimum distance be-
tween source and barrier is about 6 m, and typical
distances range from 10 m to 40 m, depending on
aircraft size and engine location. Grdinarily, the bar-
riers are designed to provide 1010 15 dB of noise re-
duction. Where wide body jets such as the DC-10
and L-1611 must use the runup area, the barriers
must be up to 10 m high to block the propagation for
the high tail-mounted engine,

Muitiple sound reflections within the ninup area
must be controlled in order to maximize the barrier
effectiveness. In some cases, sound-absorptive ma-
terial is used or sloped sides are used to eliminate
multiple reflections. Long propagation distances
give rise to isstes that need to be considered in the
acoustical design of barriers used to conirol runup
noise. The primary issues are atmospheric effects
and ground effects. Many times, noise problems
from runups occur at night when winds are light and
do not affect barrier performance substantiaily.
However, in aress where prevailing winds or tem-
perature inversions are common, reduced barrier ef-
fectiveness due to curved propagation paths should
be considered. If there is soft ground in the vicinity
of the runup area, barrier insertion loss may be re-
duced due {0 loss of ground-effect attenuation.

Barriers for Start of Takeaff Roli
Jet aircraft create high noise levels especially to the
side and behind them during their takeoff roli down
the runway. Many airports are located in arcas
where only a few hundred meters separates the
planes from the nearest homes. Often, the terrain is
flar and unobstructed. A-weighted sound levels of
around 90 dB have been measured at homes 300 m
from the runways during the start of the tukeoff roll.

Since areas around runways must be clear of ob-
struction, barriers cannot be located near the aircraft
for safety reasons, In the U.5., the Federal Aviation
Administration imposes restrictions that prevent
useful barriers from being located within about 200
m of a ranway. This means that barners for start of
takeoft roll noise must be constructed asar the re-
ceivers 1o be effective.

Because aircraft are generally assigned to use run-
ways so that they take off into the wind, there is fre-
quently & wind component in the source-to-receiver

Centratine Centreline
of the of the )
Raitway Teack ¢ o~ ﬁ =~ Receiver
E?] ,
= £ France Mithra-far Barrier
§ France Ceiur
= Channel Tunnel ‘ Dutch High/Swiss
a1 \ Mordic
B T~ § / British Rait'TRL
= % AUSHi® ko $ Germany 1980/Fheda
= Dutch Low
£07 [ % ¥ e
l ~ e
Germany Schall 03 Japan
{Other Modeis in Japan)
w1 T T k] ¥ T ¥ ¥ T L3 1
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Survey of Source Positions

Fig. 12. Overview of the various source locations.
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direction during takeotT. This tends to reduce the ef-
fectiveness of the barrier, however, a study inthe U.S.
has shown that even fairly sttong winds degraded in-
sertion loss to only a minor degree when the barmier
was in close proximity to the receiver,

In designing barriers to control start of takeoft
ro}l, ground-effect attenuation must usually be con-
sidered 1o assess properly the expected insertion
loss, unless all ground surfaces between source and
receiver are acoustically hard. Since propagation
distances can be large, accurate prediction of the ex-
pected loss of attenuation due to soft ground is diffi-
cule, particularly over terrain with variable
geometry and impedance. Often the expected loss of
ground-effect is determined through measurement
ar different heights,

Earth berms are sometimes constructed at air-
ports in the U.S. to contro!l stari of takeoft roil noise,
Berms are often less expensive than walls, they re-
ceive wide acceptance for aesthetics, and the neces-
sary land is often available on the airport’s property.
if walls are used, they are usually in the range of 6 to
10 1 high.

Other

The most effective noise control measures are those
effected at the source, particularly by quieter de-
signs. Tangible progress'™ has been made in the
abatement of motor vehicles noise by guieter en-
gines, bettey air-intake and exhaust mufflers and
quieter tires and road surfaces to reduce the impact
of traffic noise in communities along roadways.
Also there are many ways of modifying the trans-
mission path to reduce the level of noise at the re-
ceiver. At the land use planning stage, the distance
betwear source and receiver can be increased by set-
ting aside sufficiently large areas of land as buffer
zones along new roads and around new airports.
Valuable fand close 1o new highways or mailways
which is not suitable for housing development be-
cause of noise nuisance may be used for the con-
struction of light industrial or commercial premises
where the sensitivity of the eccupants would be less.
These structures then act as noise barriers. The
buitdings canbe connected by noise walls to provide
a continuous screen, It is also possible to erect bar-
rier biocks of single aspect dwellings where the fa-
cades of the buildings facing the noise source have a
high noise insulation specification and may contain
no windows or access points,

A growing number of studies have described the
design of specific surfaces to exploit the interaction
of the sound field with the ground to obtain noise re-
duction. In Europe, a new road structure' called
drainage asphalt has appeared in which discontinu-
ous granular formulation can produce an important
void content (porosity} inside the structure. It is pos-
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sibie to obtain a porosity of 20% or more with 0-10
mm aggregates and a 2-6 mm discontipuity. Some re-
sults show an overall noise reduction. In Europe and
beginning in Morth America, much research has been
conducted on reducing tire/froad noise through the use
of open-graded or porous road surfaces. Many difter-
ent types of surfaces have been investigated, with re-
ported reductions of up to ahout 5 dB. However, the
noise reduction reatized by such pavements has been
found to deteriorate within a few years, as the voids
fill or wear down. Also, recent studies have shown
that rougher pavements can increase roadside noise
levels substantially, Some exampies of rough pave-
ments include grooved concrete, chemicaliy-washed
concrete and pavement blocks,

In Europe false tnnels have been used when im-
portant insestion loss i3 required rather than the bar-
riers of height greater than 3 m that would be
required to achieve the desired atienuation.

Direction for Puture Work

The Working Party believes that the issue of the ac-
curacy of noise level estimation calculated with
prediction models requires more attention. Calca-
lation of A-weighted levels cannot be as accurate
as calcufations made per octave frequency band or
per 13-octave frequency band. If 1/3-octave or oc-
tave band levels are known or predicted, this opens
up the possibility of using a loudness scale in sones
or phons. Sone values relfate directly {o subjec-
tively perceived londness which is a major compo-
neni of noise nuisance. The effects of a barrier
could then be more closely pauged in terms of hu-
14N perception.

Also it is desirable that each source on a vehicle
be characterized by a height, position, and sound
power level depending on the {ype of vehicle {road
orrail} and on the speed. For example, in the case of
passenger cars or light trucks, a first noise source
just above the road surface is the corresponding
source for the tire-road noise. The other source,
slightly higher, corresponds io the engine exhaust,
fan, and/or aeredynamic noise. Currently, it is
commeon o perform calculations using normalized
traffic flow. In the future, effort should be devoted
to the average characteristic of the source(s) of a
traffic flow with passenger cars, light trucks and
heavy trucks, and for different types of trains such
s rim braked passenger trains, discbraked passen-
ger trains, diesel trains and different types of
freight trains. It is necessary to define and stan-
dardize these characteristics for every type of vehi-
cle separately, so that when a calculation is made
with a prediction mode!l the different vehicles can
be combined with different speeds to the actual
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duced by a barrier, In countries around the world
typical barrier heights range between2and 6 m. It
is the collective experience of the Working Party
that the most common values for insertion loss
range between about 5 and 12 dB, but values be-
tween 3 and 25 dB are also often found. There is
smaller body of evidence to support the use of ab-
sorbing material to improve the performance of
barriers. Parallel vertical reflective bariers along
both sides of a roadways may degrade perform-
ance. The use of absorhing material is particutarty
important in this type of application. |t is the col-
lective opinion of the Working Party that gener-
ally documentation on noise walls are difficuit to
interpret and apply in practice.

The reduction in noise levels provided by bar-
riers can be expressed in other quantilative terms
or in terms of psychoacoustical measures of the
effects of noise of people. For example, a 12 dB
reduction is equivalent to a four fold increase in
the source to receiver distance {for “poimt™
sources). Sociological studies have shown a di-
rect relationship between community noise levels
and the number of persons highly annoyed in a
given population. Although the relationship in not
linear, a reduction of 12 dB is roushiyexpected to
reduce the percentage of people highly annoyed
by traffic noise in typical circumstances by as
much as 20 to 30%. Speech communication is
clearly essential in human society. When speech
sounds are masked by noise, speech intelligihality
is reduced and the quality of communication is
impaired. An improved speech-to-noise ratio of
12 dB can improve the perceniage of correct
words by about 40%.
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traffic flow in order to get the equivaient sound lev-
els at the receiver.

Further, road side studies of the effectiveness of
absorptive treatmert on noise barriers shounld be
made where traffic and meteorological factors are
strictly quantified.

Conclusion

The Working Party believes that there is strong body
of evidence to support the use of barriers as an effec-
tive method of abating transportation noise. Barrier
height and proximity of source and receiver are of
fundamenial importance fo the attenuarion pyo-
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Other Applications
Here are just a few of the many applications of the Acoustibiok
All Weather Sound Panels:

LIST OF APPLICATIONS: » Stadiums
e Churches
» Highway Road Noise * Kitchens
> Kennels
« Mass Transit ° Engine Noise
s Railroad Yards = Transportation Barriers

-]

Residential Air Conditioner / Heat Pﬁngﬁ?@”? Test Cells
= Gymnasiums » Shooting Ranges

e Offshore Drilling Rigs ° Zoos _

s Marine Vessels « Recording Studios

- Auditoriums ° Racetracks

» Industrial Machinery Areas * Power Plants

» Schools » Subways

» Hospitals = Mining Operations
= Airports

« Community Noise Control
« Correctional Facilities

¢ Childcare Centers

« Swimming Pool Areas

= Construction Sites

» Commercial Vehicles
Restaurants

www .acoustiblok.com



October 18, 2015
To: Tulare County Resources Management

From: Maya Ricci
Vincent Andrus
42669 North Fork Drive
2.0, Box 636
Three Rivers, CA

Re: Special Use Permit No. 14-034, amending Special Use Permit
Mo, PSP—02-013, approved on May 12, 2004

INTRODUCTION:

The intention of our comments are 2-fold - to respond to the
document and discuss other relevant considerations or omissions. |
fully realize that your department is constrainad to some extent with
the out-dated land use guidelines for our area as well as the fact that
the County of Tulare does not have a specific Noise Ordinance.

However, we do have improved standards and guidelines that
iilustrate the desired character that are pending for the Three Rivers
area within a reasonable time frame that will be more useful in
guiding this project in the future.

To that end we would ask the RMA to stay the decision for cause
pending the completion of the THREE RIVERS COMBMURNITY
PLAN update with it various accompanying envircnmentaf
documenis.

There is a neighborhood surrounding this project location. We cannot
be penalized by the 300 foct rule as parcels are large, thus spread
out by definition, but are related by the transmission of light, sound
and/or inadequate roadways.

Additionally we would like to point out that the manner in which
citizens have to participate in this particular process is essentially 3
fousy deal. It exists in a vacuum when those affected do not get
notified objectively. it is a bad deal when others are intimidated by



the potential of “getting on the bad side” of the project proponent and
are afraid to speak ocut. ltis also a bad deal to make it a competitive
poputarity contest. A number of folks who appreciate the Lion’s Club
donations to their causes never thought about the impact a
‘community group” has on the neighborhood — the community spirit
intent of the Lion's Club becomes a bit of an oxymeoron. For example
if one scours the internet {o see what other Lion’s Club’s do for
fundraising they do not stand out in needing amplifies events. Yes, |
understand the nature of the property, but a litile creativity can go a
long, different way.

The current, most active members on this project told us at different
times that the Lion's Ciub makes it money predominantly on alcohal
sales and with the ability o have more amplified evenis they hope to
attract large numbers of people to met this goal. it is fairly obvious
whom they will have to appeal to and what kind of sound will be
needed... This is per Lion Dean Stryd and Lion Tom Sparks.

This process pits neighbor against neighbor and threatens
friendships. There are two neighbors in the area, not happy about
the sound, but will not speak up because they are afraid of being
polarized by members of the community.

There are 7 new houses in this neighbarhood since the original
permii{ was granted. This area is a neighborhood.

None of the Lion’s Club Board members live in sound vicinity of the
project site nor do the majority of the people in the two organizations
who sent in lefters of support. | asked Lion Tom Sparks this year
what he thaught of one of the events — he smiled and said “oh | don’t
know, | wasn't there ... | don’t like that kind of music!” (He has a
house on the coast he can escape to...)

in a recent community plan meeting Eric Coyne admonished us
(Three Rivers residents) for not taking more of a business advantage
of the number of tourists passing through our town. Well many of us
are trying and with our small businesses — we are marketing nature
and the beauty and serenity of the area.
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Maya Ricci
P.O. Box 636
Three Rivers, CA 93271

Dear Maya, 9/18/12

First let me apologize for the tardiness of this letter. | did not receive a copy of yours untif this iast
board meeting, having missed the previous months board meeting on account of being away on
business.

The board and myself have read ang understand the nature of the problem. The June 16th event was
the Valley Cycle Association. They did not have Permission for amplified usage. This was done in
violation of our contract with this group and they wiil be getting a letter from ys.

respect our fellows.

Sincerely,

John N. MéWilligms -~

Three Rivers Lions Club President
P. O. Box 1019

Three Rivers, CA 93271
3RJohn@Gmail.com

561-3760

310-7270
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Michael L. Spata
Environmental Assessment Qfficer
Tulare County Resource Management Agency

February, 14, 2016

RE: Lions Club, PSP-14-034

Dear My, Spata,

| appose increasing amplified events at the Three Rivers Lions Club Roping Arena from 5 to 10 events,
My home on North Fork Drive is less than 1/8 mile fram the eveni center, Through the past 25 years |
have patiently listened to the drone of the PA systems, heard various bands al} weekend whetlier |
wantod to or not, and have been waken up as late as 3AM hy amplified announcements,

| have never complained out of respect for the good that the tions Club does for the Community. But
pushing their events from 5 to 10 shaws a total disregard for alt their neighbors. Many of their yearly
events run far multiple days. fazz and Roping are 4 day/night events, Adding 5 more events gives the
patential for up to 20 mote sfeepless nights for the neighborhooad, Although the Clul is waell
intentioned, they have not demonstrated the ability to contrat noise levels during the evening hours.

{ formally dispute the validity of the saund study commissioned by the Lions Club: by VRPA
Technologies the weekend of May 17 2014. First,, the event sample {one event, one day) was too
small to accurately represent the mean decibel increase due to events. Second, the study nade no
reference to time of day samples were taken. | propose that another study must be cammissioned that
will sample multiple events especially during the evening hours.

Thank You,/\

Michael L Cannarozzi





















