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EXECUTIVE SUMMARY

Purpose. Alrcraft overflights affecting park visitors and resources have been
identifled as a signifleant problem at a number of National Parks and Wilderness Areas
throughout the United States, In recognition of these concerns, Congress passed the
National Park Overflights Act of 1987 (Public Law 100-91). This law requires the
National Park Service and the United States Foreat Service to determine any adverse
effects of these overflights on park/wilderness visitor safety and enjoyment, The effects
of these overflights on the natural, cultural, and historical resources of the
park/wilderness are to be studied. The beneflts of the aircraft overflights, in terms of
visitor enjoyment, protection, and search and reacue, are also to be considered.

The types of atreraft overflights identifled in the legislation for review Include
nearly all sectors of aviation, such as “...sightseeing afrcraft, military atreraft,
commercial aviation, general aviation, and other forms of atrcraft which affect such
units." The law spectfically excludes aircraft operations assoclated with landing flelds
within, or adjacent to, such park units,

This report contains the results of an {nitfal study with the Nattonal Park Service
to address various technical issues relating to the assessment of sound from aircraft
overflights within parks. These technical 1ssues include techniques for measuring
atreraft sounds within park/wilderness settings and determining the acoustic
parameters that are important in deseribing aircralt sound within these settings. As
part of future studies, sociological surveys of parit/wilderness users will be used to
quantify the visitor response {rom these aireraflt operations. A goal of these studles is to
develop policies to manage alrcraft noise within various park/wilderness areas.

The first element of the research was a review of current or potential methods for
assessing aircraft overflight sounds in wilderness settings, Nolse measurements were
then completed at two park units and at a remote location of an air force base. The
purpose of these initial measurements was to develop and test methodologies for
conducting amblent and aircraft measurements (n a park/wilderness environment.

Literature Review. A detailed Uterature review was completed on the subject of
quantifying alrcraft sound in a park/wildermess setting, While extensive research has
been completed aon the effects of aircraft overflights on urban populations In the vieinity
of airports, this search revealed a shortage of Information on the subjects of en route
afreraft sound, aircraft sound in wilderness settings, or the acoustic effects on a park
visitor population. However, there are a number of studies that address issues important
to the park service study. These studies Include research into signal detection of low-level
sounds and an assessment of sounds {from Military Training Route (MTR) operations.

Most aircraft operations affecting patks are characterized by low-level sounds in
quiet background settings, Studies demonstrate that the detection of low-level sounds
may be predicted by a descriptor known as detectability. This concept of signal detection
and nondetection has evolved into an analytical tool through interest In military,
industrial angd environmental concerns for detecting sounds (n the environment., In
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addition to these low-level signal detection appllcations, research suggests that
detectability can also be used to rate different levels of intrusiveness of a sound.

‘The concept of detectability and its relation to annoyance appears to be applicable
to low-level sound sttuations within the park. However, It should be noted that the
research on daetectabllity has been completed primarily under constrained laboratory
conditions. Detectability has not been tested to predict annoyance {n an outdoor setttng
where both the background and source vary with respect to amplitude, frequency, and
temporal domains. More ‘evidence should be collected and analyzed before using it [or
quantifying effects from atreraft flyovers in the park/wilderness setting.

Currently, the Air Force {s conducting a major study to analyze the acoustic effects
of low-altitude MTR {lights. The metric evolving from the Air Force study i3 based on the
Day Night Noise Level (DNL), with an integration period used equal to the average day of
the peak month of afrcraft activity. The metric {3 further adjusted by an onset rate factor
to aceount for the surprise or startle element from high-speed alrcraft operations,

While many aspects of the Air Foree study have applications to the
park/wilderness setting, there are some significant differences, The {irst {mportant
distinetion s that the Air Force study addresses a permanent rural residentlal
population that has prior experience with MTR operations. In the park setting, the
population changes dally., Therefore, the startle effect of high onset rates may be
different for a visitor population than for a population with prior experience. While
research shows that onset rates are an Important element in describing notse from MTR
operations, it 18 not clear what weighting [actor appropriately reprasents this
disturbance to a park visitor population.

The use of a metric averaged over some time period to describe MTR operatlons
also has limited applications in the park setting. A visitor population changes daily and
the noise fromm MTR cperations show significant daily variation. In addition, visitors
are not fixed at one location, but move throughout the park during the course of their
stay, Visitors are never exposed to the average level, only to the atreraft sound levels that
occur at each individual's particular location on that visftor's day in the park, This
means that the probability of a park visitor being acoustfcally affected by MIR
operations 8 very alight. However, when a visitor {s impacted, the leve! Ia very high. It
will be very difficult to know precisely the sound exposure that each individual surveyed
has experienced. The MTR type of nolse presents a difficult sampling problem for both
the acoustic and sociological portions of the study, .

Meagsurement Results, The first noise survey was conducted at Grand Canyon
Naticnal Park, The cperations at Grand Canyon are predominantly tour hellcopters or
flxed-wing aircraft with some en route high-altitude jets and sightseeing general aviation
aircraft, The survey showed that there are a large number of aircraft operating over the
park, with each site averaging 145 afrcraft overflights per twenty-four hour perfod. The
ambiefit sound levels in Grand Canyon can be extremely quiet (below 20 dBA),

The maximum sound levels from the aireraft flyovers were generally less than 50
dBA. However, with the low background levels, thesa events were 10 to 40 dBA above the
background, Because of these low background levels, the afrcraft events were
characterized by long durations and very slow onset ratea. A typical overflight would be



v

audlble to the fleld engineer for 2 to 6 minutes. Alrcraft were audible for an average of
more than 4-1/2 hours per day, with 90% of these operations during an 8-hour Hime
period, (And this survey was taken during the off-peak tourist season.)

On the basis of the results [rom the Grand Canyon survey, the measurement
program was refined and updated (or subsequent tests at Hawall Volcanoes Natonal
Park. Aircraft operations at this park unit are primarily tour hellcopters viewing the
volcano craters and lava flows. Occasional [Ixed-wing tour alrcraft and transient

- military aireraft also overfly the park. The amblent sound levels at Hawall Volcanos

were not as quiet as Grand Canyon, The prevailling tradewinds, the surf{ and the
vegetation noise were important contributors to the ambient environment. However, the
number of ajreraft operations at this park were less, The park does have a number of
unique "points of Interest” that attract tour aircraft for extended passes, with some
alreraft audible for up to 20 minutes.

The purpaose of the Edwards Alr Force Base nofse measurements was to test the
methodology for measurements of low-altitude military Jet training operations, These
measurements were also used as a final test of the proposed measurement methodology
using the digital audlo tape (DAT) recording system. Edwards Alr Force Base was selected
for these tests because the large number of low-altitude operations that occur over the
expansive base allowed for the measurement of a large sample of afreraft events in a
relatively short period of time.

Conclusions and Recommendations. Many factors Influence how a sound is
perceived and whether or not !t ts considered ahnoying to a lstener. These include not
only physical characteristics of the sound but also nonacoustic factors. Important
acoustic {actors In describing these afreraft sounds in park/wilderness settings were
found to include:

Background Sound Level

Atreraft Sound Level (Relative to Background and Absolute Level)
Spectral Charactertstics of the Sound

Duratton of the Atrergft Sound

Onset Rate of the Atreraft Sound

A number of observations and conclusions concerning the measurement and
description of the amblent and atreraflt sound in park/wilderness settings a-e discussed
in the following paragraphs, These are presented relative to these acoustie factors,
Predictors used to describe the aireraft sound in these settings should include the effects
from these acoustic factors.

Background Seuned Level. The measurements showed that background sound
played a significant role in determining the relative loudness of an aircraft event and the
duration for which the aircraft signal was audible. In these quiet park/wilderness
settings, even low-levels of atreraft sound ware clearly audible for extended durations.

Often the background sound levals were below the level commonly considered the
threshold of hearing. The measurement instrumentation used for wilderness
measurements must be capable of measuring sound levels as low as the Minimum Audible

Fleld (MAF) curve,
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Accurate Information relative to the background sound levels is the most critical
and variable element (n quantifying the detection of the alrcrait events, The background
level ts the level above which the alrcraft event becomes intrusive. The Influence of
temporal variations in the ambient sound levels are minimized by using the L80 |

descriptor to represent the background sound level. This study recommends that L20 in I g

each 1/3 octave band and the A-welghted L90 be used to define the background sound |

level. To minimize the longer-term temporal variations, the background sound is to
BN

o

measured in close proximity to the time of each airceraift overilight

o
The most Important variable that effects the background sound leve] Is wind [# l\)

1

.

speed. Determining the contribution of the wind ‘noise to the ambient sound i

environment and the role of this noise in the masking of alrcrait events !s an important

element of the ambient sound level analysis. The noise measurements should include”) Lﬁ"':h"ﬁ
simuitaneous wind speed measurements as well as the sampling of other traditional J'_;"

meteorological information. The study recommends that long-term meteorological data -
be determined for each study area,

. Various rating scales have
been devised to approximate the human subjective assessment to the loudness or
noisiness of a sound. Potential notse predictors were examined for use in describing both
the absolute sound levei and the lével relative to the background sound. Among the
predictors reviewed were: A-welghted Maximum level, C-weighted, SEL, calculated
Loudness Levels, PNLT, EPNL, and Detectability,

It is necessary to determine the absolute sound levels of the alreraft, and the sound
level relative to the background. This is especially irnportant when the alreraft sound
levels are signiflcantly greater than the background. Sound with the same relative
loudness can be perceived differently in different background sounds. The primary
acoustic effect of the low background sound levels i3 not that otherwise quiet sounds
appear loud, but that sounds that would normally not be audible are now clearly audible,
and are audibie for extended durations, Detectability is favored for describing relative
sound level of the afreraft overflights. Gtiven the ternporal variations in the aircraft
sound, detectability is best expressed in terms of time durations above different levels of
intrusiveness. (The use of detectabllity to deflne the time duration of the sound Is

presented later in this sSummary.)

Once the soclological surveys are completed, the afrerait sound level predictor
that best correlates with pari visitor response can be selected. However, unttl these
surveys are completed, no one predictor is recommended, The proposed methodology s
designed to measure the acoustic data necessary to calculate any of these potential
metries. This refuires the measurement of 1/3 octave band sound levels for both ambient
and aireraft environments. The sound data can be transferred to 2 computer, and any or
all of these metrics can be calculated without additional analysis tme, 74

=

==

With respect to low-level aireraft sounds {(operations other than MTRs),
preliminary measurements did not favor any one rating scale int terms of describing the
relative loudness of aireraft in the wildermess setting, [n these low sound level settings,
the ioudness of the sound may play a less prominent role (n predicting annoyance. In
low-level sound applications, signal detection or audibility appears to be the most
important factor in predicting annoyance,
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The nolse from MTR operations is very different than that -of other types of
aircraft operations affecting parks. Research into determintng which rating scale most
accurately reflects annoyance from MTR operations is probably beyond the scope of the
park service study and does not appear to be as important as the onset rate or the time
average. Measuring A-weighted sound levels, as recothmended by the Alr Force
methodalogy (with potentially different onset rate penalties and time averages), is

recommended.

Duration of the Afrcrqft Sound, The following discussion pertains to en route
alreraft operations other than low-altitude MTR operations. The audible duration of the

aircraft events Is very tmportant in the park setting, The total time that alrcraft were? ,

audible in the Grand Canyon measurements (more than 4 hours per day) is higher than
found around most major airports. This is not to say that the aireraft sound levels at’
Grand Canyon are maore severa than at major airports, but it liustrates that the audible

. duration is a very important acoustic factor in describing aircraft sound In the

——

park/wilderness setting.

Detectability may be useful in quantitatively describing when a signal (s
detectable in various background settings. It can also be used to describe different levels
of intrusiveness of a sound, Research with detectability has shown that detection can
occur with very low détectability values for individuals specifleally listening for a
signal. However, this (8 most lixely below the detection level which will disturb or be
noticeable to a casual park visitor and Is very difficult to measure in the Qeld. The use of
higher detection values, while not necessarily accounting for the total time an atrcraft
event may be audible, reflect practical detection {n the wildetness setting where users are
hiking, viewing points of interest, or doing something other than looking for alrcraft.
The sociological surveys may determine the detectability levels that most accurately
reflect visitor response. Preliminary findings do indicate that the detectability metric is
a goad ind!cator for defining the time duration of low-level sound events at vartous levels

of intrusiveness.

Onset Bate af the Afrerqil Sound, The onset rate is an important acoustic factor
for aircraft operations within park/wilderness areas. Many of the operations affecting
parks are characterized by either very slow or very fast onset rates, The onset rate, or rise
time, i3 the rate of change of the sound until {t reaches its maximum, Very fast onset rates
are olten a characteristic of low-altitude MTR operations, Sounds with very fast onset
rates have heen found to be more disturbing because of the surprise or startle elemaent of
the sound.

In the same manner, sounds with very slow onset rates have also been found to be
disturbing, but to a much lower degree. This is a characteristic of most other operations
In parlts. In quiet backgrounds the aireraft are audible over large distances. For these
far-oil aireraft, the rate of change of the distance between source and receiver i3 slow,
resulting in slow changes in the sound level. Research has shown that sounds with very
slow onset rates are more disturbing as a result of uncertainty as to the eventual

maximuin.

This study recommends that the onset rate be determined for all types of aireraft
operations within the parks. Penalty factors assoclated for aircraft overflights with vary
slow and very fast onset rates should be investigated.
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Summary. The proposed sound-monltoring program must take Into
consideration the many unique and difficult problems associated with measurements
within National Parks and Wilderness Areas, ‘The program requires the use of
specialized measurement instrumentation and a speciflec methodoiogy for data
collection. This {s intended to ensure the highest level of accuracy and standardization of
the measurement results, Elements of the sound monitoring program are; specific
instrumentation requirements; site selection methodology: measurement procedures;
acoustic data analysis; meteorological and alreraft data collection; and statistlcal

sampling requirements,

This study recommends the use of DAT recorders to continuously record the sound ™
data in the fleld. Continuous measursement I8 necessary in order to determine the time
duration of an event and the background sound levels both belore and after the event. The
DAT's acoustic performance, light weight, and portabllity make it ideal for use in all
types of park/wilderness settings. Fleld measurement of detectability requires attended

conditions,

An important element of the study 15 an accurate assessment af the number and
type of aircraft operating over the parks. Although the number of overflight incidents
over some park units are thought to be extensive, the actual number has not been
documented. A standardized methodology for determining the number of aircraft

operations within each park has been developed.

Given a fixed measurement resource, the sampling program should represent a
balance between statistical confidence at any. site and spatial coverage of the park. In

general, more measurements at fewer sites will provide more meaningful information ~_
than less measurement time at more sites, This study recotntnends that measurements be o,
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measurements with the fleld englneer taling detailed notes of aircraft and ambient | o=’
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conducted for four separate trips per year at three to eight sites per park, The duration of ""w(“_

each trip depends upon the level of operations and the desired confidence itsterval. It s ~/L,
estimated that each site will need to be monitored for one to two weeks per.trip, MI'R ‘?-(%
_operations may need to be measured even longer. .

The sound-monitoring portion of the overall study must be well coordinated with
the sociological surveys of park visitors. One of the most difficult tasks of the study wilt
be to determine the actual sound exposure level for each visitor that i3 surveyed. The
sociological survey must provide Information concerning each visitor's {tinerary. The
gsound measurement site selections and visitor survey loeations must be developed with
knowledge of park visitor use patterns. It Is necessary to have knowledge of the atrcraft
sound exposure levels for each day of the visitor surveys, The survey can not be correlated
with averaged sound level data because that may not be that particular Individuals
exposure. The sociologleal survey must be completed simultaneously with the sound level
measurements,
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Section 1.0
INTRODUCTION

1.1 Purpose

National Parls have been set aside throughout the United States for the public's
enjoyment and the protection of natural, cultural or historic resources. In recent years, an
increase in the number of aircraft overflights {n certain park units has become a source of
disturbance to visitors. A 1987 survey of threats to park resources idenuﬂed alreraft sound
as one of the twenty most significant threats to parks,

This report {s submitted as part of the impiementation of Congressional Legislation - -
PL100-91, entitled The National Parlk Overflights Act of 1987 (U.S. Congress, 1987), which
requires the Director of the National Park Service to "...conduct a study fo determine the
proper minimum altitude which should be maintatned by atreraft when flying over units of
the National Park System." The United States Forest Service is also a participant in this
study (Section 5 of PL100-91) and 1s required to conduct an assessment of any adverse

- effects on wilderness resources that may be caused by overflights, .

The purpose of the study is to identify problems assoclated with overflights and to
determine the types of operations causing the problems, Parks (and portions thereol) most
seriously affected by overflights are to be. identifled. Issues to be examined include
determining any adverse effects on park/wilderness visitor safety and enjoyment. The
effects of atrcraft overilights on the natural, cultural, and historical resources of the
park/wilderness are to be studied. The benefits of the aireraft overflights, In terms of
visitor enjoyment, protection, and search and rescue, must alsc be considered,

The research specifled inn PL100-91 also calls {or an evaluation of the differences in
sound levels (within the parks) associated with commonly used atreraft at different
altitudes. The types of ajreraft operations identifled for review include nearly all sectors of

~ aviation, including "...sightseeing atrcraft, milttary alrcraft, commerctal aviation, general

auviation, and other forms of aircraft which affect such units, The law specifically

Pagel - 1



excludes atreraft operations associated with landing flelds within, or adjacent to, such
park units. The aircraft overflights from each of these categorles of operations are

summarized in the following paragraphs.

Sightseeing Afrergfl, Sightseeing alrcraft are commerclal tour flights over
park units for the purpose of observing park scenery. These alrcraft are
primarily helicopters and small flxed-wing propeller-driven aircraft.
Currently, over 30 park units are overflown by commercial air tour
operators. The majority of these tour operations are at aliitudes of less than

2,000 feet above ground level (agl).

Miitgry Alrcraft. Military operations consist of helicopters, fighters,
bombers, and transport aircrait, These overflights include alreraft in
designated operational airspace over or near park units, These operational
alrspaces, known as Military Training Routes (MTRs) and Military
Operations Areas (MOAs), are set aslde for the military to conduct training
activities. Activities in these airspaces range from low-altitude radar
avoidance flights to aerial combat maneuvers. In addition, military
overflights include transient aircraft such as aireraft on hlgh -altitude jet
routes over park units and cross-country flights,

Commercial Afrergft. Jet routes for high-altitude commercial aircraft cross
over or near a sturnber of park units. Aircraft on these routes are at alitudes
as high as 35,000 feet mean sea level {msl). A number of parks are also
affected by overflights by commercial aircraft {n transition altitudes of
5,000 to 158,000 feet msl. These aircraft are vectored over park units when
entering or leaving a local alrport's airspace.

General Apfgtion. General aviation aircraft overflying park units are
primarily single-engine and small twin-engine propeller-driven aireraft.
Overflight activities Include: sightseeing, incidental trafflc associated with
a nearhy airport, and aircraft using phystographic features within the park
for navigational aids.

. Other sources of atrcraft activities include aircraft
used by: the Park Service, various law enforcement agencies, and
contractors/researchers, Afrcraft used for these flights are primarily
helicopters and small fixed-wing aireraft, NPS aireraft use includes: search
and reseue, construction, maintenance work, service of facilities, or access
to remote locations. The Coast Guard also operates within coastal park
unita, Many park units have ongoing research studles of park resources that
use aircraft for gathering of data for accessing remote areas.

The purpose of this initfal study i3 to address various technical issues relating the
assessment of the sounds from aireraft overflights within pariks, These technical issues
include techniques for the measurement of aircraft sounds within parlk/wiiderness

Pagel- 2
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settings and determining the acoustic parameters that are important In describing alrcrait
sound within these settings, A methodology is to be developed that is capable of assessing
all types of aireraft sounds in all types of park settings on a system-wide basts, Ultimately,
the study is to Include research at no less than eleven units of the National Parlk system and
an unspecifled number of Forest Service Wilderness Areas. As part of the future studles,
sactological surveys of park/wilderness users will be used to determine visitor response to
these aircraft operations. From this research, assessment criteria for the determination of
the effects of atrcraft overflight on pari visitors is to be developed. A goal of these studles Is
to develop policies to manage alrcraft nolse within various park/wilderneas areas.

1.2 Contents of the Report

This report contains the results of the infttal study to develop a sound measurement
methodology to be used for the assessment of alrcraft overflight sound levels within the
National Park system. Measurements were conducted at two park units and at a remote
location of an Air Force Base. The parks studled were Grand Canyon National Park in

-November 1987, and Hawai! Volcanoes National Park, in January 1988. Measurements of

low-altitude military operations were conducted at Edwards Air Force Base (AFB) in June
1988, '

‘This report is divided into five sections and a section of Appendices. The eontent of
each of these sectionts i3 briefly discussed below:

Section 1.0 - [Introduction, Summarizes the purpose and content of the
study,

Sectiont 2.0 - Literature Repleiy, This secton summarizes the state of the art

in alreraft nolse assessment through a review of potential sound-rating
scales used in afreraft nolse analyses and a literature search that addresses
the assessment of en route atrcraft sounds within wilderness environments.
A more detalled summary of sound-rating scales is contained in Appendix B,

: The measurement
methodology and datn collection procedures that were followed at the three
measurement site visits are examined, Among the issues discussed In this
sectlon are equipment specifications, site selection criteria, measurement
methodology, monitoring procedures, noise metrie evaluation, and acoustic
and nonacoustic data collection requirements. Results from these site visits
are reported and discussed, thereby leading to specific recommendations for
sound-rating metrics and methods for acoustic impict determination,
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- 25, Special {ssues of concern to the study are
presented in this sectlon. These issues include: statistical sampling
requirements, special monitoring requirements for cultural or historic
parks, and a program to document the actual number and type of aircraft
overflights within each park unit.

- The

results of the preliminary measurements were used to develop a
methodology for the measurement of ambient and aircraft sounds in the
park/wilderness setting. This proposed measurement program Is presented
in this section, -

Appendfces, The. Appendices contain background information on

characteristics of sound as it relates to its description in the
park/wilderness setting and a more detafled summary of sound-rating
metrics. A Ifst of references, equipment used for each survey, noise
measurement results, and an example of measurement sites for three park

units are also included,
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Section 2.0
LITERATURE REVIEW

2.1 Introduction

Thia section of the report presents a review of the literature on current and poteritial
methods for assessing aircraflt overflight sounds in wilderness settings, These
methodologies include sound-rating scales used by the Federal Aviatton Administration
(FAA) for afreraft nolse and land-use compatibility analysis as well as other less
established metrics that are used in various types of acoustic analyses. This section is
intended to give the readers a greater understanding of methodologles used to assess
aireraft noise.

The literature search focused on {nformation relative to: existing data on aircraft
and/or ambient sound levels within National Parks or wilderness settings; existing
methods of assessing the {mpact of afreraft nolse in wilderness or quiet background
settings; data describing the response of a nonpermanent population, such as park visitors,
to aircraft noise; protion of the “natural quiet® as a resource; and the protsction of solitude
as a natural resource,

A comprehensive lterature search was conducted using the computer search
facilities DIALOG and BRS, Data bases accessed included TRIS, NTIS, Pollution Abatract,
and SC! Search. While sound measurement studies have been conducted within national
parks (Dunholter, 1986; Foch & Oliver, 1880; Harnapp, 1988) the search revealed a shortage
of information on the subjects of ent route afreraft sound, atrcraft sound in wilderness
settings, or the acoustie effects of atreralt overflights an a park visitor population,

One Canadlan researcher (Karlel, 1980) has studied the response of visftors to all
types of sounds found in Canadian national parks, The survey showed that annoyance to
sound was related to the source of the sound, with natural sounds found to be less annoying
than technology-related sounds (l.e., auto, aireraft, chain saw). Nonacoustic factors (Le.,
listener expectations, necessity of the noise, and prior experfence) wers also very itnportant
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In determining annoyance. Aircraft noise was not a major Issue at the parks studied in
that research.

An extensive amount of data’'is avallable on the effects of aircraft overflights on
urban populations in the vicinity of airports, Most research on the effects of notse was
completed around airports and highways. A very extensive report was prepared by the
Environmental Protection Agency that summarized the effects of noise on people (EPA,
1974). A number of studies of populations around airports and highways are listed in the
references of thia report (TRACOR, 1970; Galloway, 1973: Taylor & Hall, 1977; Schultz,
1978; Kryter, 1982), but none of these studies apecifically addressed the issue of the effects of
noise in a park or wilderness setting. The Air Force has specifically studied the nolse

" effects from Military Training Route operations.

The following subsections present a review potential sound-rating metrics and
various studles that address issues relating to the park service research. Subsections
include: (1) Factors Influencing Human Response to Sound; (2) Review of Sound Rating
Scales; {3) Detectability; (4)High-Altitude En Route Alrcraft Sound; (5) Alrcraft Noise from
Low-Altitude Training Flights; (6) Hellcopter Nolse; and (6) Atrcraft Noise Models and

Emission Data.

2.2 Factors mﬂueﬁcing Human Response to Sound

Many factors influence how a sound is perceived and whether or not it 18 considered
annoying to the listener. This includes not only physical characteristics of the sound but
also secondary influences such as sociological and external factors, Molino, in the
Handbook of Notse Control (Harris, 1979) describes human response to sound in terms of
both acoustic and nonacoustic factors. These factors are presented in Table 2-1,

Sound rating scales are developed to account for the factors that affect human
response to sound. Nearly all of these factors are relevant in describing how alreraft
sounds are perceived in the park/wilderneas settings. It is necessary that the acoustic
data-gathering portion of the study adequately addresses each of these parameters that are
found to be important. This table also {llustrates how the acoustic and soctological aspects
of the Nattonal Park study are interrelated. Many of the nonacoustic parameters play a
prominent role in affecting park user response to aireraft nofse. Background sound, an
additional acoustic factor not spectfically listed, is very important {n deseribing aireraft

sound in the park/wilderness setting,
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Table 2-1
Factors that Affect Individual Annoyance to Noise

Primary Acoustic Factors
Sound Level
Frequency
Duration
Secondary Acoustic Factors
Spectral Complexity
Fluetuations in Sound Level
Fluctuations in Frequency
Rise-tithe of the Noise
Localization of Nolse Source
Nonacoustic Factors
Physlology
Adaptation and Past Experience
How the Listener's Activity Affects Annoyance
Predictability of When a Noise will Occur
Is the Nolse Necessary?
Individual Differences and Personality

Source: C, Harris, 1979

2.3 Revisw omexﬁd Rating Scales

The description, analysis, and reporting of community sound levels from aircraft is

made difficult by the complexity of human response to sound and the myriad of sound-
rating scales and metrica that have been developed for describing acoustic effects. Various
rating scales have been devised to approximate the human subjective assessment to the
"loudness” or "noisiness” of A sound. Noise metrics have been developed to account for
additional parameters such as duration and cumulative effect of multiple events,

The most prominent of these rating scales and metrics include: Loudness Level,
Frequency Welghted Contours, Perceivei Noise Level, Sound Exposure Level, Effective
Perceived Noise Level, Time Above, Equivalent Nolse Level, Nolse Exposure Forecast and
the Day Night Noise Level, All of these scales are discussed in greater detall in Appendix B.
‘The Handbook of Nolse Rating (Pearsons & Bennett, 1974) provides a summary of
calculation procedures for each of these scales, The purpose of this subsection is to
summarize the most common scales used by the FAA and other agencies in assessing
community neise impacts from aircraft,
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The Loudness Level rating scale is the subjective judgment of an individual on how
loud or quiet a particular sound Is perceived, The human ear is not equally sensitive to all
frequencies; some frequencles are judged to be louder for a given signal than others.
Calculated Loudness Levels (Stevens, Zwicker) are single number ratings of full spectrum
sound signals that are determined from specifle formulas. They are designed to provide an
acoustlc measurement of an individual's judgment of loudness. The loudness level Is
determined by converting 1/3 octave spectral levels to loudness, correct for interband
masking, and adding the contribution of sound from each spectral band. There are no
specific community noise standards that use calculated loudness levels.

As a way of simplifying the measurement and computation of sound loudness
levels, frequency-weighted contours have ohtained wide acceptance. The equal loudness
level contours (all points on the-contour are judged to be equally as loud) for 40 dB, 70 dB
and 100 dB were selected to represent hurnan frequency response to low, medium, and loud
sound levels. By inverting these equal loudness level contours, the A-weighted, B-weighted
and C-weighted frequency weighting networks were developed, D-welghted is another
frequency weighted networle that has some limited use in afreraft measurements.

The metriec used In describing the noise environment involving humans i3 usually
in terms of A-weighted dectbels, A-weighted sound pressure (s filterad or weighted to reduce
the influence of the low- and high-frequency extremes. Many past studies reveal that when
people make relative judgments of the "loudness" or "annoyance” of a noise, their
Judgments correlate quite well with the A-weighted sound levels of those noises. Most
community sound-rating indices are based upon the A-weighted decibel,

Perceived Noise Level (PNL) and Tone Corrected Perceived Noise Level (PNLT) are
other methods of rating sound. Originally developed for the assessment of aircraft noise,
PNL and PNLT diifer from loudness in that they were developed to rate nolsiness or
annoyance of a sound as opposed to loudness of a sound, The Effective Percelved Noise
Level (EPNL) metrie is based on the PNLT level, and takes Into account an individual's
response to the "noisiness” of the aireraft, the disturbing effect of any pure tones, and the
duration of the event. The FAA's FAR Part 36 alrcraft certtfication noise standards are
based upon the EPNL metric. This regulation certifles new subsonic civilian aireraft for

arrival, departure, and sideline noise evels.

The FAA, In response to the 1979 Aviation Safety and Nolse Abatement Act,
established a single systemn of metrics for measuring and evaluating aviation noise for
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environmental iImpact assessment. These metrics may generally be grouped as elther

single event or curnulative levels and were developed to address the sound from afreraft at’

urban areas {n the vicinity of atrports.

The Day Night Nofse Level (DNL) is used by the FAA as a single number to measure
community nolse exposure, DNL is a cumnulative 24-hour metric based upon the A-weighted
decibel. DNL was introduced as a simple method {or predleting the effects on a population
or‘the average long-term exposure to environmental netse, A 10 dB correction is applied to
nighttime (10 p.m. to 7 a.m.) sound leveis to account for the increased annoyance of noise
during those hours. The speciled time integration period for DNL is 24 hours, and there Is
no stipulation of a minimuin noise sampling threshold. DNL i’ the speclfied metric in the
FAA FAR Part 150 nofse compatibllity planning process.

Applying the DNL metric to en route aireraft sound environments found in sample
parks does not adequately describe current levels of adverse visitor response within these
parks. Again, {t should be noted that noise assessment criteria in terms of DNL have
evolved from the study of urban land uses {n the vicinity of alrports, not remote areas

affscted by en route aireraft, In addition, DNL does not consider background sound, or ..

more simply stated, the relative difference in amblent sound levels and the levels generated
by aircraft activity. ' '

One other metric that may be of interest in this study is the 24-hour Time Above
(TA), TA provides the duration, in minutes, for which the combined aircraft event

throughout theé day exceeds a specified A-weighted sound level, Although there are no

assessment criterla in terms of TA, it can be directly related to some thresheld of
physiological or activity interference. There is no evidence that suggests any correlation
between TA and community response to noise, but it may provide a means of fllustrating
intrusion of the aircraft sounds above the background sound levels,

2.4 Detectability

Cumulative measures of community noise (such as DNL} are generally insensitive to
low-level sounds that may occur infrequently and thereby do not materially affect
integrated energy averages. This situation is predominant in the National Park System, in
which otherwise quiet areas are intermittently disturbed by low-level sounds from aircraift
overflights, For this reason, a metric that considers both background sound and the
relative level from the afreraft overflights is destrable,
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Researchers (Fidell & Teffeteller, 1978) have demonstrated that the annoyance of
low-level sounds may be predicted through a descriptor known as detectability. The
research showed that in low-level sound settings, signal detection or aud{bility can be the
most important factor in predicting annoyance. Detectability provides a methed of
measuring this level of intruston. ‘

Detectability, as it {s known today, began with the development of a formal
psycha-acoustic theory of detectability in the mid-1960s (Green & Sweéts, 1966). This
concept evolved into an analytical tool through’ interest in military, industrial, and
environmental applications. Emphas!s has also been placed on establishing criteria for

" nondetectability as well. For example, predicting the audibility of acoustic signals from

military vehicles in the fleld s a prime application area (Fidell, Pearsons & Bennett, 1972;
Fidell & Bishop, 1974).

Detectability {d) is a function of the differential between the 1/3 octave band noise
level of the source and the background in the same frequency band, Other factors include
the band width in that same frequency band and the efliciency of the lUstener. It can be
expressed as the maximum detection value or a composite level of all of the detectability
values in each band, Detectability (d] can also be expressed as a level using the log scale,
For the purposes of this study, detectability will be presented as the 10log(d? level using the
nomenclature D'

Detectability s useful in describing when a signal 18 detectable in various
background settings. The Fidell research demonstrated that detection can occur with D'
values below 4 for individuals specifically listening for a signal. In addition to these
low-level sound applications, more recent work by Fidell, et al, (Fidell & Teffateller, 1981)
suggests that the detectahility concept may also be applicable to more complex noise
environments, These studies report that with a D' of 22, virtually everyone exposed to the
noise will notice It, and approximately 509 of those people will be annoyed, Further, g D’
of 40 indicates that most of the exposed poptlation will be highly annoyed by the intruding
sound,

A modification of the detectability method deseribed above 18 used by the United
States Forest Service (Harrison, 1980). This method relates detectability to the amount of
intrusive riolse a person s willing to endure. Intrusive noise is classified into four broad
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areas, ranging from very quiet (primitive) to noisy (modern). Using the methodology
described in this work, a maximum D' of O I3 considered appropriate for primitive areas
whereas a maximum D' level of 16 s acceptable for modern sites. This methodology
accounts for the fact that the perception of annoyance depends upon a person's expectations
for a particular setting. In other words, most people desire even lower sound levels from
external sources when these individuals are located In a primitive setting. This method is
used by the Forest Service in recreational siting decisions, This methodology has been
used successfully to site off-road vehicle trails (Harrison, 1988, personal communication).

Detectability has also heen applied In the siting of power plants (Lelbich & Cristoforo,

1988),

In summary, the concept of detectability and its relation to annoyance appears to be
applicable to low-level sound situations within the park. However, it should be noted that
the research on detectability was completed primarily under constrained laboratory
conditions. Detactability has not been tested to predict annoyance in an outdoor setting
where both the background and source vary with respect to amplitude, frequency and
temporal domains. More evidence should be collected nnd'analyzcd before using it for
quantifying the effects from aireraft {lyovers in a quiet background setting, and it may not
be found to be as useful in higher sound level situations. In addition, detectabiiity does not
consider self-masking by adjacent bands nor does it take into consideration recruitment of
loudness, As part of the future soclological surveys, the use of detectabtlity to predict
annoynnce {n these settings should be {nvestigated.

2.5 High-Altitude En Route Aircrgft Sound

Existing jet routes for high-altitude atrcraft cross over or near a number of Naglonal
Parks and Forest Service Wilderness Areas, Alrcraft on these routes are at altitudes as high
as 35,000 feet msl. In the past, these afrcraft have occasionally deviated from published
routes to provide a better view of the park scenery. There was little information in the
literature on high-altitude en route aircraft sound as a source of annoyance,

The FAA I8 currently addressing the potential of acoustic effects from en route
commercial jet operations In transition altifudes for a community in New Jersey.
Modifications to flight procedures at Newark International Alrport resulted in atreraft
flying aver an affluent rural residential area that did not have any overilights before these
changes, These alrcraft are at altitudes of greater than 7,000 feet, The FAA study is
designed to agsess why adverse community response i9 talking place In an area that, based
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on the DNL criteria, should not be considered to have a noise problem. Specific methods for
addressing the nolse impacts from these types of operations has not yat been developed.

A number of researchers in Scandinavian countries are also addressing the
problem of aircraft operations in transition altitudes (Linde & Meijer, 1986) . Linde et al,,
have completed a number of noise surveys on en route aircraft operations. Thelr analysis
is based upon a metric called the Flight Noise Level. This ia similar to the DNL in that it
considers the number and duration of flights, and it applies a penalty for nighttime
operations. It differs in that it uses the maximum noise level from an aircraft event as the
basis for further calculations. A value of 55 has been established as the threshold of
acoustic impact. This metric has the same imitations as DNL {n that is does not consider
background levels.

A potential concern for future sound levels in National Parks s a new generation of
commercial alreraft engine that {8 now being developed and tested. Preliminary
indications are that the new unducted fan technology may result in higher en route sound
levels than the current jet engine technology.

Unducted fans are unique because the turbine blades are not contained in any form
of engine cowling but are exposed to the apen atmosphers, Concerns have been raised about
whether or not these unducted fans will result in a sound problem, Unducted fan engines
have no cowling with sound absorbent material to stop sound at the source, Also, the
counter rotating blades have noise characteristics not yet seen in jet engines, The air flow
around the blades i3 quite complex with velocities at the tips reaching supersonic speeds.
Engineering changes between now and the time of production should produce reductions in
the projected nolse levels, In summary, it is too early to draw any fitm conclusions about
the unducted fan noise levels. However, it would not be unreasonable to assume that
high-altitude en route notse from unducted fan engines will he at least as loud as current
technology. Research by NASA (McCurdy, May 1988) has found the annoyance factor to be
similar to current jet engined aireraft.

NASA (McCurdy, 1988) has studied the annoyance caused by sounds from advanced
turboprop aircraft engines, These engines will be used on new generation commercial,
commuter and larger general aviation aircraft. Advanced turboprop, or “propfan”, engines
are a single rotation propeiler turbofan with different propeller shsfpcs and number of
blades. This engine technology has unique spectral characteristics. The study showed that
A-weighted sound pressure level with a miodifled tone correction was the hest deseriptor for
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predicted annoyance. The research concluded that sounds from these engines were found to
be slightly less annoying then conventional jet and turboprop engined atrcraft,

2.8 Aircrqft Noise from LousAltitude Training Flights

One category of afreraft operation that affects park units has been the subject of
extensive research. Currently, the Air Force {8 conducting a major study to analyze
acoustic effects of low-altitude military tratning flights, These lghts are usually on fixed
routes called Military Training Routes (MTRs). These routes may be a number of miles
wide. Alrcraft using these routes are typleally high-performance jets, fiylng fast and low.
As a result, these incidents occur rapidly and are of short duration. The Alr Foree !s int the
process of deveioping a method of quantifying the acoustic effects from these flights
{Plotkin, Suthetland & Moline, 1987). MTR operations are a unique noise problem that is
very different than other types of atrcraft operations affecting parks.

The metric evolving from this Air Force study is based on DNL, except that the
integration period is equal to the average day of the peak month of aircraft activity and not
the annual average level of operations. Further, the metric is adjusted by an onset rate
factor to account for the surprise or startle element from high-speed aircraft operations.

Surprise or startle element can be a major factor in the nolse effect of MTR
overflight. The onset rate (see Table 2-1) is a measure of this surprise factor and has
potential application to those parks located in the vicinity of MTRs. The Alr Force study
deflnes onact rate as the rate of change, in dectbels per second, of the A-weighted “fast”
sound level of the overflight signal between the time the saignal flrst exceeds the ambient
level by 5 deeibels and the time the signal frst exceeds a level 5 decibels below its masximusn
value. Individual Ryovers along these routes are usually at an altitude of 400 to 600 leat
above ground level (agl) and produce maximum noise levels in the range of 100 to 110 dBA
{Plotkin et al., 1987), Other flights operate at lower altitudes (100 to 200 agl): thus, they
produce higher fiolse levels and higher onset rates, The width of the corridor affected by the
aircraft sound {8 narrower at lower altitudes,

It has also been suggested that a given noise would be more intrusive in a quiet
environment than a noisy one (Plotlin et al., 1987). Laboratory experiments indicated
that decreasing the difference between the atfreraft noise and the Iiackg,round sound by
approximately 20 dB made the aircraft noise about 5 dB less intrusive, This same study
also ghowed a linear relationship between subjective response to (ndividual aireraft events
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and the maximum noise level generated by that event, These experiments showed that
background sound should be considered in the development of a metric to assess these

alreraft overflights,

In accounting for a single military aircraft overflight along an MTR, the Sound
Exposure Level (SEL) provides a convenient method of measuring the contribution of each
flight to the surrounding noise environment. Plotkin, et al., devised a method of
quantifying the intrusiveness of military alrcraft overflights along MIRs using the SEL,
This methed places a penalty on the SEL f{or events that exeeed an onset rate of 15 dB per
second, with a maximum penalty of 5§ dB oceurring at an onset rate of 30 dB per second.
This study further recommends that no adjustment should be applied If the maximum
A—weighted sound level of the overflight, measured by a system with the time response set to
“fast®, does not exceed the ambient sound by at least 15 dB, »

While many aspects of the Alr Force study have applications to the patk/wilderness
setting, there are some niajor differences. An !mportant distinction is that the Air Force
study addresses a permanent residential popuiation, that has prior experience to MTR
overflights. In the park setting, the population s not permanent; a complete change In
individuzls occurs évery few days. As a result, most people have no prior experience to
noise from MTR operations, For many park visitors; any MTR overflight will be a first
time experience. Therefore, the startle effect of high onset rates on a visitor population
may result in a higher level of disturbance than is reflected in recommendations in the Air
Force study,

The use of a metric averaged over some time period to describe MTR operations has
limited use in the park/wilderness situation. MTR operations generate high nolse levels
and high onset rates directly under the flight path, but the width of the high noise exposure
zone is narrow. MTR routes are not fxed paths, but operate within specified corridors.
Because the width of the noise exposure for each overflight 1s narrow, at any given flxed
loeation, most of the MTR operations on that route will not generate the very high sound
levels. The high sound levels only occur when the aircraft happens to be on a path that is
close to overhead. An example of the distribution of the sound level and the time period of
the event for ane location Is presented in Exhibit 2-1 (Hans, 1988), This exhibit illustrates
haw, for a given location, the noise level and the duration of the event vary significantly.
(The duration can be directly related to onset rate.)
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Exhibit 2-1
Distribution of Sound Levels and Time Periods for MTR's
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Averaging the nolse exposure over some period of time de-emphasizes these peak
levels and spreads the sound over the width of the flight corridor, Given the fact that a
visltor population may be different every day, visitors are never exposed to the average, but
only to the ajreraft sound levels that occur at each individual's particular location on that
Individual's day In the park. The result is that the majority of visitors are exposed to little
or no aircraft sound at all. However, a visitor who happens to be at a location at which the
aireraft is directly overhead, would be exposed to very high nolse levels. This {llustrates a
problem for the sociological surveys, It will be very difficuit to kmow precisely the sound
exposure that each individual surveyed has experienced. A visitor population changes
daily, so the sound level must be known on a dally basis. In addition, visitors are not fixed
at one location, but move throughout the park during the course of their stay.

MTR operations are also a-significant problem in Europe, The operations in Europe
affect arens with higher population densities than those In the United States, Extensive
measurement studies have been completed on European MIR flights, One researcher (Hans,
1985 & 1988) measured over 8,000 operations at one measurement point. This researcher
concludes that an equivalent continuous sound level metrie (LEQ or DNL) Is not adequate
for addressing the noise effects from low-altitude military training flights. [Note:
Sociological studies were riot Included as part of these studies.) The research concluded that
the distribution of the sound levels and the rise time of the nolse are important factors in
describing the acoustic environment, The study presents no recommendations as to a
specific methodology for rating nofse levels from these operations.

In conclusion, while research shows that onset rates are an important element in
describing noise from MTR operations, it {s not clear which weighting factor appropriately
represents this disturbance (n a park/wilderness setting. This should be investigated as
part of the NPS study. In order to develop a correlation between the sound level data and
the sociological surveys, these surveys must be completed simultaneously, Sound levels
from MTR operations will need to be known on a daily basis and not averaged over some
time period. Even with simultaneous acoustical and social sampling, it will be very
difficult to determine the actual sound exposure of each visitor being surveyed,

2,7 Helicopter Noise
Concern has been expressed on whether current methodology of measuring and

predicting comimunlity response to helicopter noise {3 adequate. Current methods generally
are based upon A-weighted DNL nolse level. Some researchers suggest that methods may
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need to be supplemented by other noise metrics or Include penalties specifle to hellcopter
noise to better correlate community response with the nolse environment. !

NASA conducted a detailed review of 34 studies concerning the measurernent of
helicopter noise (Molino, 1982}, A number of psychoacoustic studies reviewed by the NASA
research team have proposed alternative methods of prediction of helicopter noise, These
proposed methods are designed to more adequately account for the unique perception of
heﬁcopter blade slap noise. The stucies involved laboratory and fAeld analysis of human
response to noisiness or annoyance caused by various levels and types of hellcopter noise,
Some authors suggested new methods of predicting hellcopter noise or the addition of a
constant penalty number to current methods of analysis. Many of these studies yielded
conflicting conclusions. The conclusion of the NASA study was that for the present state of
scientific knowledge, the current method of measuring perceived helicopter nofse levels is
adequate; there is no need to measure helicopter nolse any diferently from other atreraft
nofse, Note that this conclusion was drawn from often conflicting results. There 1s no
consensus of opinfon among acousticlans on this subject, ‘

2.8 Alrcraft Noise Models and Emission Data

An extensive amount of acoustic data has been developed relative to measured
sound levels for various aircraft types, This data has been gathered primarily by the Air
Force and the FAA, and covers nearly all types of aircraft that operate in and around park
units and wilderness areas. The Air Foree Aerospace Medleal Research Laboratory [AMRL)
at Wright Patterson Alr Force Base has generated noise emission data for nearly all of the
military aireraft in operation today. This sound level data is In terms of A-weighted noise
level as well as spectral nolse level for standard temperature and pressure. Civillan
aircraft manufacturers have sound emtssion data available for most recent production
aircraft as a requirement of FAR 36 regulations, The FAA has sound emission data for
nearly all types of aircraft and helicopters, This data is in terms of both A-weighted and
EPNL noise levels versus distance.

Computer models have been developed by various governmental agencies for the
analysis of nolse generated by alrcraft, In general, these models were developed to assess
the potential noise levels around airports. The Alr Force has developed noise models to
assdess sonic boom and MTR nolse. These programs have mapping capability for developing
noise contours,
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The FAA recotmends use of their Integrated Noise Model (INM) Version 3.9 for
noise and land use studies for civilian airports, The original version was released in 1977,
and the present clata base Version 3.9 was released in 1987 (Flythe, 1982). The INM Is a
large computer program developed to piot noise contours for airports, The program Is
provided with standard aircraft noise and performance data for over 60 aircraft types that
can be taflored to the characteristics of the alrport in question. Afreraft sound level data
that can be determined from this model include; DNL, NEF, SEL and Time Above, The FAA
has recently developed the Helicopter Nolse Model (HNM) to address the noise generated
from helicopter operations (Keast, Eldred & Purdum, 1988). This model provides similar
acoustic information concerning helicopter nofse as the INM model.

The Department of Defense requires the use of the NOISEMAP model for the

‘analysis of aireraft noise around military airports. The latest version of the model is

Version 5.1 {Afr Force, 1983} with Version 6.0 expected for release in mid 1985, The alreraft
noise data base is contained within the NOISEFILE program, Acoustic information that
can be determined from the model are DNL, LMAX, and SEL.

Although these airport models are different, from a mathematical and
programming perspective the programs are similar. These airport noise models require
the tnput of the physical and operational characteristics of the atrport. Physical
characteristics include runway coordinates, airport altitude, and temperature.
Operational characteristics include aircraft mix, flight tracks, approach profiles,
departure proilles, approach parameters, and aircraft noise curves,

The Air Force Is developing a new computer mode? called ROUTEMAP to predict the
notse from MTR operations. Version 1.0 is to be released in early 1989, This model is based
upon the methodology developed by the Alr Force that was reviewed In this section, Inputs
to the model include: number of operations, alrcraft type, Qight track routes, fight track
dispersion, altitude, and speed, among others, Acoustic information that can be
determined from the model are DNL, SEL and onset rate.

To analyze the effects from sonic booms, the Atr Foree has developed a model called
BOOMMAP2 (Day, Retlly, & Setdman, 1988}, This model analyzes the spund generated by
supersonic aircraft. The model can calculate the intensity and location of sonic beoms
resulting from alreraft overflights, Contours can be plotted for the average peak
overpressure or C-weighted DNL noise levels.
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Section 3.0
SOUND MEASUREMENT PROGRAM DEVELOPMENT

This section provides a description of the measurement and data collection
procedures that were used at Grand Canyon National Park, Hawatl Volcanoes National
Park, and at Edwards Alr Force Base. This detalls the development history of the
tnethodology recommended for use in measuring ambient and aireralt sound levels, and in
documenting the resulting acoustic effects of these overflights in the park/wilderness
setting. The methodology was refined, updated, and tested at each subsequent park site.

On the basis of these measurements, procedureé for the proposed nolse
measurement program were fully dcvélopcd and are presented in Section 5.0. Note that the
purpose of these measurements was not to quantify the noise environment of these parlc
units, but to test and develop a program that can be applied for future noise monitoring
requirements throughout the National Park system. These measurement results did
provide preliminary information relative to the level of aireraft sound in each of these
parks.

This section i8 divided into four subsections. Subsections 3,1 to 3.4 present the
results of the measurement surveys and the evolution into the inal program based on the
measurement results rom Grand Canyon, Hawail Volcanoes and Edwards AFB, The
measurement surveys are discussed relative to: (1) site selection methodoelogy, (2)
measurement instrumentation, (3) measurement procedures, (4) measurement results
including a review of potentia! sound rating descriptor and (5) conclusions and
recommendations, '
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Section 3.1
GRAND CANYON NATIONAL PARK MEASUREMENTS

3.1.1 Site Selection

Grand Canyon Natlonal Park (GCNP) was selected for the first phase of the sound
measurements, The park has a history of noise problems from aireraft overflights and the
high number of aircraft operations provides a large sample of test data of atrcraft
operating within a wilderness setting. The types of aircraft over the park are
predominantly tour alrcraft, both helicopters and flxed wing, with some en route high
altftude jet operations and transfent general aviation aircraft. The purpose of these
measurements was to identify acoustic factors that are important for describing aircraft
sounds in these settings and testing methods for describing these factors.

The noise measurement survey was conducted from the 9th to the 13th of November
1987 at five locations in the park. These locations are presented in Exhibit 3-1. The
Shoshone Point site was used primarily for equipment testing prior to the measurements
at the remaining sites, The four remaining sites are located in areas with varying degree_s
of alreraft exposure to all of the types of afreraft that operate In the park. Each site would
be considered a day hiking area or overnight backcountry location. These four primary
sites were each measured [or 3?_&}_1_0_1:: period.

Ajrcraft and ambient sound levels were measured at each site, The variety of sites
were sclected to determine aircraft sound levels under various ambient and operational
conditions. The measurement sitey were selected on the basis of the following preliminary

criteria:
* These sites must he exposed to a variety of alrcraft sources and

2

¥

w‘-‘?"; < altitudes. They should include all categories of aireraft
identified for review by the legislation.

» Each site should have vegetation and terrain representative of
the immediate area being studled,

» The sites should be {n areas that have some level of
recreationial use; either hiking, camping or sight seeing,

 The site must have access for up to 100 lbg. of equipment,

which must be accessible and operable with minimal detection
of the lacal aviation operaters,
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3.1.2 Measurement Equipment

A listing of the equipment by mode! and serial number used in the measurements is
contained in Appendix C - Noise Measurement Equipment. These measurement systems
' .,‘ comply with the American National Standards Institute (ANSI) Standards 1.4 1983 for
hU 4? Type 1 precision nolse measurement instrumentation, This class is the most stringent
D,L b/ ANSI standard for outdeor noise measurement systems,

of’ u*".-t, Two separate types of noise monitoring systems were used in the Grand Canyon
gy survey. One system was designed to tape record the data in the fleld for later frequency
analysis in the laboratory, The second system automatically measured the A-weighted
sound levels and provided a continuous strip chart recording of the data, Exhibit 3-2
graphically {llustrates the instrumentation used for this survey and the sound rating

metrics derived from each system. L M J_,Jgp M
The frequency analysis system consisted of Bruel & Kjmr {(B&K) 2230 or B&K 2204
nf # sound level meters as input to Nagra instrument tape recorders (il & SJ-8JS). The recorded
data wos analyzed in the laboratory with a Hewlett Packard 3561A Dynamic Signal
\,77‘ € w? Analyzer. This analyzer performed the 1/3 octave band analysis on the measuremeént data.
“The 1/3 octave information was determined for both ambient and atreraft sound. Various

potential sound rating metrics were calculated from this data. ﬁ‘he A-welghted
u\,) measurements used a B&K 4427 automated digital noise data acquisition system. This

W .
“’.{ f}‘\f 4 Instrument has the capability of operating unattended while calculating specific
! *'{ru c&" ¢ | A-welghted descriptors and strip chart recordings of the sound levels, This data was
$ V\;‘* primarily used as a verification of the results from the tape recorded dam.j
G
R
W“} o These noise monitors were equipped with B&K Model 4155 1/2 inch electret

W microphones (the B&K 2204 meter was equipped with 8 B&K 4131 1- inch microphions). The
microphones were all equipped with foam wind acreens (B&I{ UA0237).

3.1.3 Mcasurement Procedures

Amblent and atreraft sound levels were determined for each site using the following

N o  Pprocedures. At all measurement sites, the microphone was located at an elevation of five
34 @- % feet above the ground., The sound levels were analyzed with ime response set to ANSI
. "slow", Pertinent meteorological data, such as wind speed and directlon, temperature,
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Exhibit 3-2
Aircraft Measurement Systems (GCNP)
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humidity, and attrnospheric cloud conditions was measured during the noise survey.

The systems were calibrated with a B&K Model 4230 calibrator with calibration
traceable to the National Bureau of Standards. The callbrators were certified accurate
throughout the duration of the measurements by Bruel & Kjar, The tape recorded systems
were recalibrated for every new tape, or at least every two hours. The B&K 4427 system was
calibrated at the beglnning and at the end of the 24-hour measurement sequence and at two
additional times during the day.

Ambient sound levels were determined during periods when atreraft were not
vigible or audible to the fleld engineer. These measurements were of limited duration,
typleally flve minutes, (At times It was difllcult to have even this short period of time
without Interference from aircraft events), The ambient measurements were conducted on
the average of every two hours or when changing meteorological conditions dictated an
additiona! sample.

Alrcralt sound levels were determined from the same measurement systems
described above. The fleld engineer started the tape recording elther when an aircraft event
became audible, was visible, or when its arrival was noted on an aircraft radip. The
recarder was stopped when the aireraft was no longer audible to the feld engineer, Often,
many aireraft eventa were grouped, so the beginning or end of these events could not be
individually determined. During each event, the type of alreraift, the flight track and an
estimate of altitude was noted by the fleld engineer, '

The tape recorded data was returned to the laboratory for frequency analysis, The
sound level for each 1/3 octave band between 20 and 8,000 Hz was determined. The
analyzer calculated the 1/3 octave band levels st what is equivalent to 0.8 second LEQs. The
ambient sound levels were determined in terms of the LEQ sound level during the periods

without aircraft overflights.

For these preliminary measurements, detectability was determined from the
"Peak-Hold" level for each 1/3 octave band. (Note, this methodology was revised during the
subsequent measurements). This is the highest level reached In each 1/8 octave band
during the flyover. The detzcmbmtjr level was calculated ralative to this peak-hold leval
and the ambient level in the corresponding frequency. For these first phase measurements,
detectability was calculated for the maximum D’ value in any frequency. It should be noted
that the highest level In each band will not necessarily coincide with the maximum sound
during the flyover. For some frequencies, the peak level may occur before the atreraft {s at
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{s closest point from the microplione. Therefore, this peait-held value will numerically be
higher than the maxdmum sound level during the event., The spectral levels was also ~

determined for any titme period of Interest.

3
t’\f“%;_

The A-weighted amblent and aircraft sound levels were determined from the
continuous operation of the B&K 4427 sound level meter. This instrument was
programmed to caleulate the LEQ sound level and the L{n) sound levels for each hour as well
as tﬁsplaymg a printed strip chart recording of the sound. Nate that the hourly LEQ sound
levels and the L{n) data s calculated from all of the noise sources that occur during that

hour, including aireraft events. '

5
G

-

L

¥

The continuous strip chart recording from the B&K 4427 was used to determine the
maximum A-weighted sound level and the effective duration for each alrcraft overflight.
The effective duratton is the time between when a sound rises above the background sound
leve] until it drops back below the background level, For these preliminary measurements,
the effective duration was roughly deflned as the time above the ambient L90 sound level

T, plug 3 dBA, - This approximates the time which the aircraft would generally be considered
_ audible. SEL levels were also calculated for those events exceeding 45 dBA.

81,4 Ambient Measurements

Results. The results of the preliminary measurements at GCNP showed that the
amblent sound levels can be extremely quiet. Generally, during the meteorologleal
conditiona that were present during the survey {absence of wind), the ambient sound levels
were consistently below 20 dBA. In the mid-range and higher frequencies, the 1/3 octave
band levels were below 10 dB, An example of 1/3 octave sound level results from four of the
sites is shown in Exhibit 3-3. (The ambient 1/3 octave measurement data for all of the sites
is summarized in Appendix D - Measurethent Results,)

This exhibit presents the 1/3 octave sound level in terms of the LEQ metric for the
four different locations measured at Grand Canyon. Each curve is an example of one
sample period under varying amblent conditions and the wind speeds that were presented
during the monitoring survey. Note: The data for Point Shoshone shows higher sound
levels because of the higher wind speeds that were present during that measurement, The
samples at Horn showed slightly higher sound levels in the mid-frequencies. This is a
measure of the sound from the Colorado River that is just measurable at this location,
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Exhibit 3-3

Sample Ambient Noise Levels (GCNP)
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Most of the measured ambient sound levels were at or below the threshold of
hearing. The threshold of hearing (s often deflned by the Minimum Audible Field (MAF)
curve {also shown in Exhibit 3-3). The MAF curve represents the sound pressure level of the
threshold of hearing for young aduits (discussed in detall in Section B.2 of Appendix B).
The threshold of hearing Is defined as the minimum sound that {s able to generate an
auditory response. Note that at many of the frequenclesi the ambient levels are below the
MAF curve. This was especially true in the lower frequencies, In the frequency range that
was found to be most crittcal in the detectability calculation (100 to 500 Hz), the MAF curve
and the measured sound levels were aimilar, Under higher wind speeds, the measured
sound levels where generally higher than the MAF curve,

The B&K 4427 sound level instrument displayed a continuous strip chart recording
of the A-weighted sound levels throughout the measurement survey. A sample of one of the
hours for the Point Sublime measurement site s shown in Exhibit 3-4, This exhibit shows
the continuous A-weighted sound level for that hour including aircraft events and the
caleutated L1, L10, L50, L90, & L99 and the LEQ sound level for that hour. Note: The large
number of alreraft events for that hour was typical for the conditions experienced during
the measurements.

Conclusions and Recommendations. A number of observations can be drawn from
this ambient measurement data as it apples to developing the NPS measurement program.
These observations are listed below and described in detall in the following paragraphs.

Instrumentation Requirements
Incorporation af the Threshold of Heartng
Descriptor for Ambient Sound Measurements
Meteorological Considerations

[nstriumentation Requirements. The ambient sound levels experienced at Grand

Canyon were often below the notse floor for many analyzers and mierophone systems used
for outdoor community notse assessment, The primary microphone/preamplifiers used
for these measurements generally have a lower limit of 22 dBA (with a minimum signal to
the noise floor greater than 5 decibels), The noise floor for each 1/3 octave band ranges
from 1 to 11 dB depending upon the frequency, with the lower and higher frequencies
having the highest notse floor. Therefore, the background sound levels at Grand Canyon
were so low, that most of the measurements were a measure of the noise floor of the
instrumerntation and not the background sound. For the late mgﬁt conditions without
wind, the anvironment was essentially without sound.
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Exhibit 3-4 o
Sample Point Sublime Strlp Chart (GCNP)
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A second instrumentation concern I8 the ability to measure large dynamic ra.nges.j

With the need to continuously measure both ambient and afreraft sounds in 1/3 octave
bands, the dynamic range requirements can be greater than 80 dB. The dynamic range
requirentents for the MTR operations will be even higher. Analog tape recorders do not
meet this dynamic range requirement, Only digital audio tape (DAT) recorders or in feld

use of rezl time nmilyzem with digital filtsrs can achieve this dynamic range requirement. .

. Not all park units would be expected to have sound levels as low as at Grand Canyon,
This high desert setting (low humidity) i3 essentially void of any vegetation, wildlife noise
or other natural sources that are more prevalent at other parks. However, instrumentation
specified for the flnal program ahould have capabilities of measuring tn these very quiet
environments and meet the dynamic range requirementa, There are special
microphone/preamplifier systems available to measure very low sound leveld,

[ncorporntion of the Threshold of Hearing. A second important consideration is

that these sound levels measured at Grand Canyon were often below the level that most

40';0';
ko
o (s
,‘A;:;:\,‘-‘f?

d)u-

tndividuals are capable of hearing, [i‘herefore. the detectability of an aireraft sound may J v BN
not necessartly be relative to the background sound levels but to that particular listener's S Al

threshold of henﬂn@ Detectability ‘calculations should be relative to not only .the
background sound, but also the hearing threshold, whichever is greater. 7

Defining the threshold of hearing is not an exacting proposition. Threshold of
hearing varies with the population, The Minimum Audible Field (MAF) curve was

presented in Exhibit 3-3 and in Exhibit B-2 of Appendix B, The MAF curve represents the .

- sound pressure level of the threshold of hearing for young adults with normal hearing

measured in & free fleld. It was determined for pure tones with the listener facing the source
and listening with both ears, The threshold of hearing is not a sharp boundary, but Is
defined in terrns of the probability of a sound being heard., The threshold of hearing ia not
equal in all frequencies with reduced sensitivity in the lower and higher frequencles, This
curve is similar in shape to the A-weighted curve.

Note hearing sensitivity will vary between individuals and generally declines with
age. Other curves have been developed that represent the average hearing threshold for the
population or for defining normal hearing threshold for audiometry teating, These curves
apecify threshold of hearing levels higher than the MAF curve. The MAF curve is
recommended for use in the NPS study because it Is a measurement in the free fleld, as with
the park settings, and it 13 a well eatablished definttion of minimum audibility,
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Descriptor for Ambient and Background Sound Megsurements. The ambient or

background sounds are not steady state but vary with time, Because of these temporal
variations, statistical metrics must be used to define these sound level conditions.

For the purposes of this study the ambient sound and background sound have
specific meanings. The amblent sound environment {8 a measure of all sounds in the parle,
both natural and man made, except the sound from alreraft operations. The ambient sound
levels are to be determined for representative time periods throughout the day, The

background sound represents the residual sound environment, or the level from which all/ ‘

sounda, both atrcraft and non-aireraft intrude. The background scund level s to.be
determtned close to the ttme of each aircraft event.

Amblent Measurements. The ambient sound environment is to be determined for
sample periods throughout the day. The sources of sounds effecting the ambient
environment 18 to be decumentad, The purpose of these measurements are (o document the
ambient conditions that currently existing in the park system. The ambient measursment
data to be reported 18 in terms of the LEQ noise level and the statistical Lin) levels. For each
ambient sample peried, the LEQ, Lmax, L10, LS80, L90 and the L99 are to be determined for

each 1/3 octave band level and the A-weighted level. The ambient sound.levels should be

recorded during extended periods when there 18 no atreraft activity.

Background Measurements. Accurate information relattve to the background
sound levels 1s the most critieal and variable element tn quantfying the detectability of
the aircraft events, Measuring the energy mean (LEQ) sound leve] for each 1/3 octave band
for a limited duration is not sufficiently precise for deflning the baclkground sound levels.

The LEQ sound level i3 the energy mean sound level during the sample measurement
period, The LEG level would be highly senaitive to eventa such as vehicle pass-Lys, wind
gusts and &ven events caused by the individual tiaking the measurements, These short
duration events are part of the ambient sound environment, but will not masic the noise of
the atreraft event unieas these events have the {dentical temporal variability.

A statistical metric that 1a less sensitive to short duration event sounds {8 more
appropriate for defining the background sound environment in the park settings, The
influence of temporal variations in the ambient sound levels are minimized by using the
L90 descriptor (measured near the time period of the overflight) to represent the
background sound level, In community noise analysis, the L90 A-weighted sound level has
historically been used as representative of the background sound level. The L90 sound level
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. {s the sound level exceeded 90 percent of the time, 1t is represantative of the residual noise

environment. The background sound environment 3 {llustrated in Exhibit 3-5, This
exhibit shows that different events that take place during the sample period do not
matertally affect the background sound level. This background level s the level from
which the atreraft event becomes intrustve.

An example of the L90 metric was presented in Exhibit 3-4 for the .-;amplc hour of
measurement at Potnt Sublime. The results show that the L0 sound level Is still 21 dBA,
the level that the strip chart shows when no aircraft events occur, even though during the
sample peried there were many aireraft events. (In order to determine the background LEQ
level, the level would need to be calculated only when atreraft are not present), Proper
measurement of the LEQ metric for ambient levels in the park setting 13 highly sensitive to
discretionary actions by the individual malking the measurements {L.e., site location; time
and duration of measurements; or sound caused by the fleld engineer). The LS0 statistical
metric {s less sensitive to these variables that could influence the results,

This atudy recommends that the LS0 sound level in each 1/3 octave band and thch\
A-weighted L90 level be used to define the background sound level. This should be {g,-.g\ v
determined from a minimum sample period that was measured within a specified perod of ],\w:,;
time from the aireraft overflight for which detectability will be calculated. (For example a ]A"" :
ten minute sample that wus measured within 15 minutes of the aireraft event. These Umits ﬁ

uﬂ i

. nr?\t?: be specified in the proposed measurement program.) The L90 descriptor best M

repregents the background sound from which the intrusive levels of the alreraft event can v w‘J
be calculated. Intrusive sounds, both natural and un-natural wul be audible when their | %
sounds intrude into and abave this background level

Meategrologteal Considerafions. The ambient sound environment (as well as C,
¥

awreraft sound) will be affected by metecrological conditions that are present during the M"’

tirne of the survey. Pertinent meteorologleal data was recorded during the noise survey and  r#y. |
should be collected as part of all future surveys. This data includes wind speed, direction, WZ}Q ;
temperature and humidity. The wind data i3 determined because in quiet sound “’
environments, the wind can play a prominent role in the sound levels, The wind speed is ‘p
the most important variable In determining the ambfent sound level. For example, tn 5
Exhibit 3-3, the ambient Jevels at Shoshone are higher because of the higher wind levels,

Jukobsen (1983) in an effort to determine ambient wind noise categorized the wind

nofse measured by the microphones as : {1) natural wind noise, {2) vegetation notse, and (3)
"microphone notse”. Natural wind noise is the noise of the wind itself ofginating from
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v, | . - Exhibit 3-5
lllustration of Background Noise Levels
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turbulence in the air, Vegetation noise results from the rattling of leaves and other

vegét.auon excited by the wind. The microphone noise or "pseudo-noise” Is the notse
perceived by the microphone and originating from the air flow turbulence around the
diaphragm of the microphone. An example of the eiects of wind speed on the measured
sound levels i3 presented in Exhibit 3-8,

Determining the contribution of the wind noise to the ambient sound environment
and the role of this noise in the masking of the aircraft events is an important element of
the ambient sound level analysis. The elimination of pseudo-noise from mensuremem

-regults 15 higmy desirable, If proper precautions are not taken to control pscudo -fioise the

measurement results may be much higher than actually exiated.

The firat 'atnp in eliminating pseudo-nolse 18 through the use of a proper windscreen. o4

This usually consists of an open cell foam ball which is placed over the end of the
microphone, The B&K wind screen (Model #UA0237) are recommended windscreens for use

on this study,

The number of measurement days necessary to adequately describe the amblent
sound environment will vary with the variability of the meteorological conditions.
National Parks with a variety af meteorological conditions may require multiplé days of
measurements to quantify the ambient environment. Long term meteorologieal data from
each study area can be correlated with the ambient measurements to f[acllitate the
determination of the statistical distribution of the amblent environment. Statistical
sample requirements to determine the ambient sound levels were analyzed from a large
sample of sound data collected over a five year period at Grand Tetons Nattonal Park. This
analysis i3 presented in Section 4.1,

8.1.5 Aircrogyt Noise

Results, The measuremetit survey showed that there are a large number of aireraft
operating in and around Grand Canyon, The measurement sites averaged 145 aircraft
events per twenty-four hour period, The maximum sound level from these events typically
ranged from 30 to 50 dBA. Given the low background sound levels, these events were 10 to
40 dBA above the background level. As a result of these low background levels, these
aircraft operations were clearly audible for extended durations and had very slow onset
rates. Most aircraft events were audible for 2 to § minutes,
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Exhibit 3-6
Effects of Wind on Measured Sound Levels
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The results of sample alrcraft measurements at Crand Canyon are presented In
Appendix D. For {llustrative. purposes, flve events are presented within the text {Exhibits
3-7 through 3-11}, with one sample measurement for each site, The data contained in these

exhibits is discussed in the following paragraphs,

The top section of these exhibits describes the site location, the type of atrcraft,
flight track of the aircraft, date and time of the event, and meteorological conditions. The
middle section of theae exhihits summarizes hoth the spectral and A-weighted results, The
spectral information presented includes: the critical frequency (i.e., the frequency for the
highest detectability level), the deita value In the frequency {t.e., the difference between the
atreraft peak hold level and the background sound level/Minimum Audible Fleld), and the
detectability value for the critical frequency, For these preliminary measurements,
detectabﬂlty'wz‘xs calculated for the maximum D' value in any frequency. The use of
differsnt methods of caleulating D' was investigated in the Hawail Volcanoes .

measurernents.

The A-weighted information presented includes: the aireraft maximum sound

.level, the ambient L90 level during the hour of that particular afreraft event, the difference

between the atreraft and amblent level, and the effective duration of the event (deflned for
these preliminary measurements as the time above the L90 sound level plus 3 dBA). The
A-weighted atrip chart recording for that event is also shown.

The bottom section of these exhibits presents the 1/3 octave spectral data. The top
graph presents the peak hold spectral levels for the aircraft event, the ambient levels and
the MAF curve. The middle graph shows the difference between the atreraft peak hold level
and the ambient or MAF level, which ever is greater. The bottom graph presents the
aircraft peak hold and ambient level with the A-weighted correction, This is presented to
llustrate which frequencies are most important in terma of human response to nolse.

Exhibit 3-12 presents spectral data for different time periods of fhe overflight for
the Point Sublime helicopter event (Exhibit 3-11). This exhibit shows the spectral data for
the pealc hold level as well ag the spectral data as the helicopter approaches the site from
the cast (52 seconds before the maximum), the spectral levals at the A-wetghted maxtmum
sound level, and the spectral ievels as the helicopter departs to the south (104 seconds after
the maximum}, In addition, the SEL leve! for each frequency band is also shown.

A number of observations can be drawn from these exhibits, For example, the
¢ritical frequency In terms of fthe detectability calculation is not necessarily constant

-t
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Exhibit 3-7
Sample Horn Aircraft Data (GCNP)

Genaral Aviation - Singla Engine
Over River to East @ 8500° (est)

11/12/87 3:30p.m.
Woather:

§ @ 0-3 Cloar
E4°F ' &5% Humicity

- < e “-.':\ e ® e \:..s
in TS L, o el YL, {4! . . = .
= TR - 3
=, w0 e L
- 2IEEN AT N - .  —
lre._. N o H . A | et g u-'—‘-_ "
v - .

! ma -

Maasuremom Rosuits:-

Cﬂﬂcal S 250 Hz2
gfma (Max vs. AmMU/MAF) = 34 ag

Alreratt (Max) = 50 dBA

Ambient (L50) = 20 dEA

Deita (Max vs. Amb) = 30 gBA
‘Duration (L8O +3) m 257 Saconds

N
(=3
1

1/3 Octave Spsctral Data: 7

£

Lingar 50

B arcrtposkroid |, 4g 40
B AmtentLEQ 2

wme  Minimum Audible

Dolta a8
Ditarance Hatwaen
Max and Ambrernt
or MAF Curva
(Which aver ia
Higher)
70 -
60 4
e A« WG GN118 C emmrary 50 4
Bl Arcran Posk ot | . aB ;g 1
. Ambiant LEQ 20 |
10 4

Fiokl (MAF) 10 MH!

X NnE 5 & 125 X0 315 500 m l250 2000 .1150 sana aaaa

20 915 50 00 125 200 M5 500 000 1250 2000 3150 5000 8000

20 a5 50 M0 125 20 N5 500 400 1250 2000 3150 5000 8000
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- Exhibit 3-8
i Sample Crystal Aircraft Data (GCNP)

Enroute Jat

fasn |
i :r High Altiiuda to Scuth
11,1287 8:16pm.
B
{1 Waather:
5@ 0-3 Clgar
p- 56°F  49% Humidity
I Measuromant Reaulls:
= ~ Critical f =200 Hz
i-4 . Daitg (Max.vs. Amb/MAF} -24 a8
D'm 28
pa
P Afrcraft (Max) = 31 dBA
boe Ambiant (L90) = 20 dBA
Daita (Max vs, Amb.} = 11 dBA
]"" Duration (LS50 +3) = 130 Saconds
i;ii‘
1/3 Octave Spactral Data: 70
m : 60
-4 Linear. 50
. Alreraft Pagk Hoit ag v
by MW AmvientLEa a0, 4, .
- Minimum AudDio 20 o
[a Fiakd (MAF) 104
s 20 315 % 80 1282 20 M5 50 m 1250 2000 :nso m:a go0o
I@ 50
B !
F—m D0lt2 d e 40
Di
) . ﬂ:;m‘g BeMc’wn daB 30 1
(1] or MAF Curve 20
(Which aver ia
(& Highar) 10
b 0 PHENNERRERn,
2 M5 50 0 185 200 NE 500 900 1250 2000 3150 5000 8000
H 70
b 0
| 1.
. B aranreakton | gg #
Ambiant LEQ
' - 20 1
i 10 J .
0 om0 K000 5 0 S O
. 20 215 s50. o0 125 200 318 500 200 1250 2000 3150 5000 8000
L Rge3-19  1/3 Octave Bands



' Exhibit 3-9 P

Sample Shoshone PL Aircraﬁ Data (GCNP)\ PR . e el
‘. - N i -m . N . , . . .'-.F= ~
Fixad Wing Tour - Twin Oftar :
Approach To Grand Canyon Airport D e
1113/87 4:55p.m. !
Waather: -
S@10t20 E120-OVC o
45°F - 86% Humidity
Measurement Rosults: _ : "
Critical f = 1600 Hz )
Dalta (Max vs. AmMYMAF) = 3208 -
D= 41 o
Aircratt (Max)-= 59 dBA ) . -
Ambignt (L90) = 36 dBA ) ’
Detta (Max vs. Amb.) = 23 dBA : .
Duration (L30 +3) = 50 Saconds (est) -
1/3 Octave Spactral bata: 70 '
. 60 ‘| '1.. A [R R
Linear 50 M8
Alrcratt Posk Hold | 4 40 B
Bl -Amwient LEQ R U -
- Minimum Audibio 20
Fiakd (MAF) 10
20 315 50 80 128 200 315 500 800 msa 2000 :nso ma aaao
50 .
4
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Max and Ambient
ar MAF Curve
(Which aver is ot
Highar)
% 314 S0 00 125 200 315 500 00 1250 2000 3150 5000 8000 4!
2 1 iy
e A= WG N0 sy 50 | "
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ﬂ Ambient LEQ 20 | i
10 : l

a I} :._._. ‘,7._‘ .,'H i v ! ‘ b & ; x s
o N5 50 & 125 200 3!5 500 800 1250 2000 3150 5000 8000
Pax3-20 1/3 Qctave Bands
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Exhlbit 3-10

Sample Huxley Terrace Aircraft Data

(GCNP} -

Fixad Wing Tour

Over Site to East @ 7500'
/1187 t116am.
Weather:

E@0-3 Cisar
S0°F  60% Humidity

Moasuramant Rosuits: -
Critical f = 400 Hz ?}
Delta (Max vs. AmM/MAF) = 48 d8 3 50 - - _
D' = 54 3 o '
40 T
Aircraft (Max) = 61 dBA 330-1 ST AN R I
. Ambiant (L90) = 21 dBA R S S T
Daita (Max vs. Am) = 40 a4 e N a8
uration (L90 +3) = 180 -~ 5 = ~ 5N
: (LSO +3) = Saconds Nmo(m'mm)
1/3 Qctave Spectral Data; ~ 70
80
Linaar 50 13F -
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X 315 060 80 125 20 318 500 00 1250 2000 2150 5000 4000
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Raed-21  1/3 Octave Bands



Exhibit 3-11
Sample Point Sublime Aircraft Data
(GCNP)
Tour Meiicoptar- Ball 206
Point Sublime Tour

11/11/87  10:29 pm.
Weather:

W@ 3-5 Clear
42°F 75% Humidity

Measurement Resulita:

Critical £ = 250 H2 .
gfma gfax vs. AML/MAF) = 42 0B

Aircraft (Max) = 59 d8A

Ambiont (LS0) = 25 dBA

Daita (Max vs. Amb.) = 34 dBA
Duration (L90 +3) = 193 Seconds

o
[~3

L=

Sound Level {dBA)
T3 SN
o o

1/3 Octave Spectral Data: 7
50
Lingar— 50
Aircrant Paak Hoid daB 40 £
Ambiamt LEQ % ot
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Exhibit 3-12

- : Point Sublime Helicopter Example Frequency Data (GCNP)
1t
~ Tour Helicoptar- Beil 206
L Point Sublime Tour
e 11/11/87 1023 p.m.
— 1/3 Qotave Speciral Data:
- ' Approach
' ——Approach Pp
Arceat
L
‘ e Ambiont LEQ
" — Minimum Audibié
—- Fiaid (MAF)
-
L Closast Point—
(2] = Alrcran
s B Ambvient LEQ
wes  Minimum Audide
-4 Fiaid fMAﬂ
e
i@
-
~— Daparturoe
g Alreratt
bea B Ambien LEQ
. — Minimem Auddie
f Fiaks (MAF}
[Y—
!
ll:n
, SEL
1 Alrcratt SEL
ﬂ Ambiant LEQ
py - Minimum Auditie
e Fioid (MAF)
[
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throughout the évent. Note that the dominate helicopter frequency is dlfferent toward the
front of the helicopter (approaching the site) than the rear of the craft (departing the site).
Also note that the critical SEL sound level frequency Is shifted towards the lower
frequencies. The audibility will begin and end with the lower [requencies, while the peak
deteetability sound occurs at a higher frequency. Note also that the critical frequency I3
higher in higher wind conditions (E:'dublt 3-9).

The effective duration of the events was found to be an important acoustic factor in
deacribing the aircraft sound. Effective duration information was also calculated for sach
of the four 24-hour sites, For these preliminary measurements, the effective duration was
defined aa the time above the L90 A-weighted sound level plus 3 dBA. Note that thisis a
conservation deflnition with the actual duration that the aircraft was audible being
somewhat longer, These results were determined from the strip chart recordings from the
B&K 4427. A sample of these recordings was presented in Exhibit 3-4. The totat number of
afreraft events and the duration of these events for the Cryatal site 13 presented in Appendix
D, Table D-1. This table also presents the type of aircraft, flight track, maximum
A-weighted sound level, and the level above the ambient for each of these flights,

At the Crystal site a total of 134 atreraft were observed during a twenty-four hour
period. These aircraft were audible to the fleld engineer for aver § hours, of which over 0%
of these operations were during the eight hour tirne perjod of an hour after sunrise and an
hour before sunaet; and this survey was completed during the off-peak tourism season. The
effective durations for each of the measurement sites is summarized in Table 3-1,

sunncgyor e s i
ummary .
{Time Above L3O + 3 dBA) :
Location Duration Atreraft Audible
. (Hours/Day)
Pt Sublime 5.1
Huxley Terrace 4.0
Crystal 5.0
Horn 4.2
Foge 3- 24

I

P
i



k

I Y S A

)]

1

{1

-1

For comparative purposes, the duration above the ambient sound environment was
estimated for locations around two sample atrports, The example locations are (1) under
the approach pattern to Los Angeles International, a major commereial airport, and (2)
under the departure pattern for Santa Monica Municipal Afrport, a busy general aviation
airport. The audible duration for these girports was estimated using the Time Above
subroutine from the FAA's Integrated Noise Model,

The results of t.h.ese estimations are presented (n Table 3-2, This table also presents

the DNL sound level at these representative locations, The results show the effective

duration of alreraft nolse at Grand Canyon ia higher than around these sample airports,
This analysis is not {atended to infer that the sound levels at Grand Canyon are more
Severe than around major atrports, but to illustrate that audthle duration is an important
acoustic factor in describing aireraft sound in the wilderness setting,

Table 3-2
Time Above for Sample Airpam
AIRPORT DNLNOISE ~ TIMEABOVE -
. , LEVEYL* E0dBA
Log Angeles Internatonal Airport 65 3.8 hrs.
Santa Monica Municipal Afrport 87 2.0hrs,
~Shows DNL level at representative location selected to

{lustrate Tiune Abave.

An additional important observation from the measurements was that the aireraft

. aperations wepre characterized by very slow onset rates. The onset rate, or rise ime, 18 the

rate of change of the sound until it reaches its maximum. Sounds with very alow onset
rates have heen fourid to be more disturbing, In quiet backgrounds the alreraft are audible
aver large distances, For theae far off aircraft, the rate of change of the distancs between
source and recelver i3 slow, resulting In slow changes in the sound level, Research has
ahown that sounds with slow onset rates are more disturbing as a mault of uncertainty as to
the eventual maximum of the sound,
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Conclusions and Recommendations. Many factors Influence how a sound (8
perceived and whether or not It is considered annoying to a listener, Acoustic factors found
to be Important in describing these aircraft sounds in park/wilderness settings are listed
below. All of these factors vary in different background sound level. Each of these
elements are discussed in greater detail in the next paragraphs.

Audtble Duration of the Alreraft Sound
Atreraft Sound Level (Relative and Absolute)
Onset Rate of the Atreraft Sound

Number of Atrcraft Querflights per Day

Audible Duration of the Atreraft Sound. An important acoustic factor tn deseribing

the acoustic impact from aireraflt eperations in a park setting (s determining when a
paméulnr alrcraft becomes audible and for what duration. Studies have shown that in
low-level sound settings, signal detection or audibility can be the moat important factor in
predicting annoyance. Duration of aircraft events in the Grand Canyon was determined
from a simple estimation based on the A-weighted data. This method proved adequate for
the unusually quiet and satable setting in the Grand Canyon measurements, but i8 not
sufficlently exacting or precise for all park applications or settings,

A more precise method of defining duration can be obtained from detectabllity. The
total time that an atreraft event exceeds @ specific detectability value eould be determined,
The advantages to using this definition of duration include: (1) it 13 a mathematical
relationship that i3 repeatable, and can be included in 4 computer program that calculates

both detectability and duration, (2) detectability has some support from existing acoustlc -

research in describing annoynnice in low-level sound settings, and (3) this method would be
applicable to more varied parie conditions,

An tmpartant [actor is.the level of detectability to be used to define audibility, The
Fideli reacarch has shown that a detectability (D) of 3.8 will result (n a 50 parcent correct
detection of an aireraft event. (Note the numerical values derived from d' can be misleading
Jor this application, and are better presented on the logarithmic scale, For this study ail
detectability levels are presented as 10logc) or D). 1t ia important to note that this low
signal detection level is for a military observer actively listening for an alreraft and whose
life may depend on correctly (dentifylng that aircraft. The research Lhas shown that a D' of
13 13 a detectable sound to tndividuals performing another task other than solely
identifying a sound; but the observer was still actively listening for that sound. Thase
studies have shown that, D' values of 16 or greater are generally intrusive, These higher
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values more appropriately reflect thé park setting, where users will be hiking, sight seeing,
ar participating in some other activity other than looking for atrcraft,

It {8 therafore proposed that a D' of 13 to 16 be used to define mintmum audibiiity
and to determine the effective duration of a given aireralt event. This value is reasonable
in light of the fact that people using a national park are not usually actively listening for
an afreraft. In addition, lower levels of D' are diificult to measure with relfability, and
these values do not acourately represent those people using the park for recreational

purposes,

D' exceeding other levels of Intrusiveness should also ‘be calculated. The
sociological surveys may determine that one of these other detectability levels more
accurately reflects visitor response to the atreraft sound. This tnformation may ulttmately
be used to develop a “Time Above" descriptor to rate different levels of intrusiveness for the
total durations for all the operations for the day. Measuring duration requires the ability
to continuously sample so that the start of an event can be measured, This was not
practical with the portable analog tape recorders used in Grand Canyon. The measurement
system for future measurements must be capable of continuous sampling,

Alreraft Sound Lepel. Various sound rating scales are avatlable for describing the
“loudness” or “noisiness” of the aircraft sounds and were reviewed for their suitabmty in
these wilderness settings. The results of the Grand Canyon measursments showed that the
background sound leve! influenced the perception of these alrcraft sounds and these rating
scales should be determtned relative to the background level. The important eriteria for

‘sclecting the rating scales are: (1) correlation to park user response to the noise, (2)

applicability to all park settings, (3) support for metric with psychoacoustic research, and
(4) simplicity of determination. Three preliminary rating scales were reviewed at Grand
Canyon and are presented balow. All of these rating scales are determined relative to the
background sound level,

Highest Detectability Level
A-welghted  Level above Background
SEL sound level for the audible duration of the event

Sample aireraft events from the Grand Coanyon measurements were used to
calculate the relative sound level based upon each of these metrics. Table 3-3 presents the
sound level for these sample alreraft and the sound level for each metric. This table also
shows the measurement location, the aireraft type, A-welghted maximum and the duration
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Table 3-3

SUMMARY NOISE LEVEL DATA FOR SAMPLE AIRCRAFT EVENTS

Location Alrcratt Duration (sec) Max Lovel ' A«wt, Dift SEL over max
LSO + 3 dBA aBA ‘10logd’ Lmax:L80 1/3 Octave
A=t
S . &
Pt. Sublima Twin Platen 220 az 40 17 A 44
Heilcopter 208 50 37 29 H 48
ENR Jot 118§ 45 a7 21 - tb ag
ENR Jot .. 48 40 22 i 448
Twin Platon 175 50 47 28 tq a9
Helicapter 193 59 47 34 L2 47
Cryatai  Twin Otler 150 49 40 27 2 s
ENR Jot 185 41 a8 21 !5 aq
gingie Engine 25¢ 48 40 28 5, &1
Twin Pision g5 52 52 az - 54
’ ENR Jat 130 31 28" ty '., 3a
Helicapter 3ss 55 52 as ! o 54
Huxley Terr, Twin Plston 180 81 54 40 L g4
Single Engine. 184 55 43 as 1> sa2
Shashone Pt ENR Jot 230 51 a2 15 17 3¢
Twin Ottar 90 590 41 29 (1 ag
Hotn . Single Engine 267 50 29 30 9 43
Twin Piston 190 54 44 a3 ! o 48
ENR Jat 140 40 3z 20 ! g 44
Halicopler 340 a1 29 11 12 4
Az 16D
v 3,73
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based upon the L90 + 3 dBA formula, Each of these metrics and their strengths and
weakness relative to thelr application to this study are presented in the following

paragraphs.

Highest Detectabtiity Level, This {s the metric proposed for use in
the study. Research has demonstrated that annoyance of low-level
sounds may be predicted with detectabllity, However, D' has not yet been
tested to predict annoyance in an outdoor satting where both the source
and background vary with respect to amplitude, frequency and temporal
domains. Detectability aise does not account for differances in how
sounds are perceived (n different background settings. -

A-weighted Level Above Background. This metric is the simplest
and most understandable of all the possible metrics, It can be simply
calculated by subtraeting the maximum A-weighted aircraft sound level
from the ambient L90 sound level. It adequately presented the relattve
gsound level of the aircraft operations during the Grand Canyon
mensurements. [ts Umitations are that it may not he adequate in all
park settings, especially at locatlons with higher background sound
levels. Because of its simplicity, no matter what other metric i9 selected,
the A-weighted levels should also be reporied,

SEL sound level for the audiple duratton of the event. The SEL level
is useful because it takes {nto account not only the igudness of an event
but the duration of the event. SEL is cormmonly used in atrerait noise
modeling, however, there 18 very little community reaponse reasarch
relative to the SEL level alone. In addition, SEL is based upon the

- equivalent energy principal that may not hold true in low level sound

applications, The SEL value can be calculated for each frequency band or
a summation of all of the frequencies. :

The relntionship between the highest detectability and the relative A-weighted level
above the background is shown graphically in Exhibit 3-13, These resulis show good
correlation hetween each of thess potential metrics. In essence, each metric tended to
describe aimilar levels of relative sound. However, these results were determined under
idenl mepsurement conditions with lttle or no background sounds, The signal to noise
ratios ranged from 11 to 40 dBA. In other settings, one of these metric may be found to be
more useful. However, a correlation may be developed that allows for some A-weighted
measursments to supplement the more costly spectral meagurements.

It 18 necessary to also determine the absolute sound leve_lé of the afrerait, not juat

relative to the background level. This Is especially important with the higher sound levels.
Sound with the same relative loudness can be perceived differently in different background
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) . Exhibit 3-13
Campansqn of Noise Measurement Descriptors (GCNP)

Cootficiant Of Corralation = 0.87
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sounds. The primary acoustic effect of the low background sound levels is not that
otherwise quist sounds appear loud, but that sounds that would normally not be audible are
now clearly audible, and are audible for extended durations.

Theae potential sound rating scales, in addition to Loudness Level and Percelved
Noise Level, were reviewed in the Hawail Volcanoes measurements (Sectton 3.2} for
suitability in describing the aircraft sounds within the park setting, The selection of &
sound rating scale is to be completed tn concert with the soclological surveys. The proposed
measurement program is to be capable of determining any of these possible descriptors.

Onset Rate of the Afreraft Sound. Sounds with slow onset ratea (long rise times)

have been found to be more disturhing than sounds that reach their maximurn [n less than
3 seconds. The atrcraft overflights at Grand Canyon where characterized by very slow
onset rates, where the maximum sound level was not reached for many minutes. These
onset rates avernged leds than 0.2 4BA per second, There is little research to suggest an
appropriste penalty to apply to sounds with very alow onset rates, However, the effects of
this acoustic factor should be examined as part of the sociological surveys, It is
recommended that the onset rate be determined for sample atreraft operations to document.
the slow onset rates. Determining the onset rate for all aireraft is not nccesahry. because
the relative difference between these rates appears to be insigntficant. '

Number of Atrcraft Querflights Per Day. An important element in addressing the

acoustic tmpacts of aireraft operations in National Parles (8 an accurate assessment of the
number and type of aireraft operating over the parks. Although the number of overflight
incidents gver some park units are thought to be extenstve, the actual number has not been
clearly determined. The measurement sites at Grand Canyon averaged 145 aircraft

overflights in a 24-hour period,

A standurdized methodology for the identification of the levels of aircraft operating
over park units has been developed. This methodolegy 18 presented in Section 4.3, This
program is designed to determined not only the total number of operations, but also the
type, time of day, flight patterns and seasonal vartationa, The number of operations is to
be used during the sound measurement survey, the sociological survey, and a sufficlent
number of addittonal days that may be necessary (n order to gain a confident level of

‘kmowledge of the total number of operations,
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Section 3.2
HAWAII VOLCANOES NATIONAL PARK MEASUREMENTS

32.1 Site Sclection
Hawnli Volcanoes National Park (HVNP) wus selected for the second phase sound
medsurements. Atreraft operations at this park are predominantly tour helicopter flights.
The helicopters ferry tourists and sclentists who deatre to view or study current and
previous lava flows In the rugged park. Cther types of operations include tour and general
aviation fixed wing aircraft overflighta and transient military helicopter operations. ’

The noise measurements were conducted from January 24th to January 28th 1988,
at three locations in the Park (Exhibit 3-14). These sites were choden to represent various
ambient and airecraft conditions along active flight corridors. The methodology for
gelection of these sites were the same as thoae used in Grand Canyon (Section 3.1.1). The
Wahaula Visitors Center site i3 located near an area where lava is actively flowing into the
ocean, This attracts most of the island's sightseeing tour helicopter flighta as well as fixed
wing adreraft flying along the coast. The tour helicopters would generally remain in the
area for a nurnber of minutes viewing the lava, ‘The Koloolau Crater and the Puu Oo Crater
sites are inland park afeas and are located along common helicopter flight corridors. Both
the Wahaula Visitors Center and Kokoolau Crater aites are accesafble front country
locations, while the Puu Qo Crater site 18 a remote backcountry location,

3.2.2 Measurement Equipment

The Grand Canyon measurement. survey {dentified acoustic factors that are
important for describing aircraft sounds in the wilderness setting and recommends
instrumentation requirements necessary to determine this information. The results
showed that specialized spectral measurement Instrumentation 13 required in order to
adequately measure the ambient and aircraft sounds in these settings, DAT tape recorders
or in fleld use of real time analyzers (RTA) with digital fliters were recommended for the
future mensurements. The Hawall Volcanoes sound measurements utilized a real time
analyzer. DAT tape recorders were not yet available at the time of this survey,

Poge 3-32

P

e



o—

& Al
=

=@

Poge 3-33

O VR m...
‘ h.n_Eu AB{oOXEH LN

P Ty Yo P £

(dNAH) Suene30T JuSWAISEayy asioN
gL-€ NqIyx3



The noise monitoring system used in Hawall Volcanoes was a programmable real
time frequency analyzer (RTA), Model 830, manufactured by Norwegtan Electronics, Ine.
The Instrument performs real time 1/3 octave analysis of the sound using digital fllters,
Signal input to the system was provided by either a 1 inch B&K Model 4161 microphone
with a Model 2639 preamplifier or a B&K 2230 sound level meter with a 1/2 tnch B&K 4155
microphone. A lating of the equipment by model and serfal number used {n the
measurements {s contained in Appendix C. This measurement system complies with the
ANSI Standards 1,4-1983 for Type 1 precision noise measurement instrumentation and
ANSI Standard S1.11 1986 Class III for 1/3 octave fllters. This type and class are the most
stringent ANSI standard for outdoor rnolse measurement systams,

The concept of a portable RTA was used in order to evaluate the potential for
gathering and analyzing all data in the fleld, thus eliminating the need for costly and time
consuming follow-up laboratory analysfs, The system was programmed to capttire the
relevant data needed to determine amblent and aircraft sound levels. This
instrumentation setup was invaluable, in that it enabled real time in-the-fleld illustration
of detectability as the aireraft event was taking place.

8.2;.3 Measurement Procedures ..

The Grand Canyon measurements identifled the importance of determining the
time duration of the aircraft event and the background sound levels at the time of the event.

-In order to determine the total duration of an overflight, it is necessary to have a

continuous measurement of the sound environment. Tape recording the sound using the
analog tape recorders used in Grand Canyon was not practical, because it is difficult to
measure the start of the event. The procedures utllized for these measurements were
desigred for continuous real time measurement of apectral noise data in the fleld using the
real tme analyzer. Specific time periods of intsreat were later analyzed by computer to
determine specific sound metrics of interest. Miecrophone height, calibration, wind
screens and meteorclogical data collection procedures were the same as described for the

Grand Canyon measurements.

The Norwegian Electronics 830 real time analyzer was set up for continuous
mensurement of ambient and aircraft sound levels. The instrument was programmed to
continuously calculate 1-second LEQ values for each 1/3 octave band (20 Hz to 10,000 Hz}
and the A-wetghted sound level, The systems internal memory continuously stores each
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l-second spectra for the prior 12 minutes of sampled data. This data can be manually
stored to disk for later analysis by a computer, '

Ambient sound levels were determined during periods when atreraft wers not
visible or audible to the fleld engineer, These measurements were conducted on the average
of every two hours or when changing meteorological conditions dictated an additional
sample, These ambient samples were 12 minutes in duration,

Afreraft sound levels were measured in the same manner, At the end of an afrcraft
event, this 12 minutes of data was manually atored:-to disk. The field engineer noted the

beginning and ending time of each aircraft event, as well as the type of aircraft which .

caused the event, and its approximate flight track and altitude. This 12 minute sample of
spectral data would generally include the total duration of the sound from the aireraft
overflight as well as background sound levels that were present both before and after the

event.

The 12 minute sample of spectral data was transferred to a computer that was
programmed to calculate a number of potential sound descriptors. This included sound
rating scales for both ambient and aireraft data. The deicctabillt.y leval for the complete
time history of the atreraft overflight was determined from the data,

An advantage to this measurement procedure was the ablity to instantaneously
chserve detectability, The background sound level spectrum was overlayed over the time ”

history of the overflight to flluatrate the spectral characteristics of the aircraft event
relative to the background levels, This allowed for the fleld engineer and park service
personnel to correlate real time detectability levels with actual fleld experience.

32.4 Results

The ambient sound levels measured at Hawail Voleanoes were not as quiet as were
measured at Grand Canyon, The ambient sound levels were Influenced by the prevailing
tradewinds, the surf, animal, and vegetation noise that were not found at Grand Canyon.
Vehicular traflic on park roadways was also a contributor to the ambient environment.

An example of amblent sound measurement results for the Kokoolau Crater site s

presented in Exhibit 3.15. This exhibit shows the L10, L90 and LEQ sound level in sach 1/3
octave bands for a sample time pcﬁod. Note the spiice in the results at 1250 Hz. This wasa
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w Exhibit 3-15
Sample Kakoolau Crater Ambient Noise Levels (HVYNP)

50
s
0
5
30
dBA 2
20
15
10

L e B e e e e e e e S e e e
50 g0 125 200 NS 500 800 1250 2000 150 5000 8000
1/3 Qctave Bands (Hz)

ma-a&

-

.

5 S e




1

1

D

f

result of noise from occasional vehicles passing over a cattle crossing in a roadway
approdmately 500 feet away. This cccasional short duration sound did not materially
affect the LOO descriptor while the LEQ value shows an increase. This very short duration
sound would not influence the ability of an individual to hear an approaching aireraft. The
temporal characteristics of this sound is much shorter than the aircraft sounds. This
llustrates how the L90 descriptor minimizes the influence of sounds with shorter temporal
chargcteristiey in deserfbing the background sound level,,

The total number of atreraft operations over this park was less than at Grand
Canyon. Ninety percent of these operations were tour helicopters, The maximum sound
levels from these operations were generally higher and the durations were shorter than at
Grand Cariyon, This {s a result of the afreraft operating at lower altitudes (less than 1,000
feet agl). The higher background sound levels alsa played a role in reducing the total time
that these aireraft were audible, Maximum detectability also took place at a higher

frequency.

At the Kokoolau Crater site, typical maximum sound levels were 50 to 75 dBA with
eifective durations of less than ! minute (The effective duration was defined for these
measurements as the time above a D' of 13). The maximum noise levels measured at the
Wahaula Visitors Center site were lower, however the durations were much longer, The
lower nolae levels and longer durations was a reault of these atreraft not dirsctly flying
overhead, but cireling around the lava flows for a number of different passes. Many of
thege aiceraft remained in the area for up to 20 minutes,

Sample measurement resulis data for Kokoolau Crater and Wahaulz Visitors Center
sitea are prestnted in Exhibits 3-16 and 3-17 respectively, Additional data is presented in
Appendix D - Noise Measurement Reaults, These exhibits present the caleulated nolse data
for each event, including A-weighted, Loudness Level, Perceived Noise Level, Datectability,
and the time durations above specific Detectability levels, The bottom portion of the
exhibits present the time history of the events in.terms of both the A-weighted sound level

and the D' level.

A potential sound metric of intersst is the total time throughout the day that the
sound levels from aircraft overflights exceed speacific levels of detectability. Based upon the
measurement results and an estimate of the avernge number of daily operations, the total
average daily Time Above specific detectability levels (TAD) were estimated. Rough
estimates of operations at the Kokoolau Crater aite were 25 overflights per day, at the Puu
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Exhibit 3-16
Sample Kakaolau Crater Aircraft Data (HVNP)
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'Exhibit 3-17
Sample Wahaula Center Aircraft Data (HVNP)

127788 10:20 a.m.
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Oo Crater site 25 overflights per day, and at the Wahaula Visftors Center stte 45 olrerﬂlghts
per day. These results are presented in Table 3-4.

Table 3-4
Summary of Average Daily Alrerqft Durations

LOCATION TIME ABOVE, (Vinutes/Day)

- TAD'13. TAD'23 TAD'33 TAD'43
Kokoolau Crater 35 23 16 7
Wahaula Center 144 20 8 5

TAD' - "Time Above Detectability (D) Level

3.2.5 Concluzions and Recommendationa

A number of 1ssues for the measurement of atreraft sound in the parie/wilderness

' setting were addressed during this survey. These issues include: background sound

mersurement, datectability, absolute and relative aircraft sound level, A-weighted
measurements, and (nstrumentation requirements,

Background Sound Measurement. The results of the measurements again illustrated

. the itmportance of the background sound in studying aircraft sound in park/wilderness

settings. In these low-level sound settings, background sound influences the tntrustve level
of the afreraft sound and the total time duration that an alreraft {s audible, The influence
of temporal vartations in the ambient sound levels are minimized by using the L90

deseriptor to represent the background sound level.

The fluctuations in the ambient sound levels generally have different duration
characteristics than the atreraft signal. Measurement of the L90 sound level in close
proximity to the time of the aircraft event minimizes the influence of these fluctuations.
Measuring the background sound within 30 minutes of an aircraft event I3 usually
adequate for characterizing the background conditions that are presented at the time of the
aireraft overflight. The background measurements should have a minimum duration of 5
minutes,
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DRetectabiiity. The results of these measurements showed that detectability is useful
in quantitatively desérlbmg when a signal is detectable in vartous background settings. It
can also be used to describe different levels of intrusiveness of a sound, Detectability
provides a precise calculation of the time duration of the alrcraft overflight, This
methodology is capable of deacribing lower levels of intrusiveness of aircraft sound that Is

not possible with a simple A-weighted descriptor.

It {s recommended that D' of 15 be used as a preliminary definition of audibility and
to datermine the effective duration of a given aircraft event. Laboratory research has
shown that for detection levels between D'of 13 to 16 pcople would frst notice a sound when
perforning other tasks (Fidell et al., 1978). Thia method does nat account for all of the time
that an aireraft may be audible, but is a good indicator of the lowest detection level when an
alreraft may firat be noticeable to park visltors, It 18 also approaches the lowest
detectability level that can be reasonably measured in the fleld.

D' exceeding other levels of intrusiveness should also be caleulated. Time Above D'
levels of 10, 20, 25, 35, and 45 are recommended to present a range in D' values. (Note the
proposed methodology s dealgm:d to be capable of calculating: time durations above a D'
level). The sociological surveys may determine that one of these other detectability levels
more accurately reflects visitor reaponae to the aircraft sound, This Information may

_ulttmately be used to develop a "Time Above™ descriptor to rate different levels of

intrusiveness for the total durations for the day.

Detectability can be calculated from the measured 1/3 octave sound data using a
computer program. Using a computer, the time durations above any number of
detectability level can eastly be calculated. To minimize false events, the duration should
have a minimum duration time of flve seconds to be considered an event. Events of less
then three scconds apart should be merged. Note: Measuring detectability requires
attended measurements with the fleld engineer taking detatled notes of atreraft and

ambient conditions.

Detectability can be expressed as a function of the maximum detectability value (n
any 1/3 octave band or the integration of all of the detectability levels in each 1/3 octave
band to give a composite value of detectability. No one method has been demonstrated to
more accurately predict annoyance. The detectability calculations presented in this report
are based upon the highest detectability level in any band (D' maximum) and is
recommended for use in this study. The measurement of a composite D' would be very
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difficult to complete in the fleld and could not be used to accurately Qeld measure as low of
detectablity levels as can be done using the maximum D' methodology. (Most research
with detectability has been done in controlled laboratory settings.)

Absolute and Relative Atrcraft Sound Leve]. A number of sound rating scales are

availabie to describe the "oudness” or "noisiness” of the aircraft sound. The aireraft sound
level 13 to be determined for its absolute level and relative to the background level.
Potential sound rating scales reviewed in this study tnclude: A-Welghted Level,
Detectability, Loudness Levels, and Tone Corrected Perceived Noise Level.

" Detectability is recommended for deseribing the relative sound level of the atreraft
overflights, It is the only currently developed relative sound level metric with some
research to support Its use, Detectabllity can be used to fleld measure low-level sound
environments that is not possible with the other metrics. Given the temporal variations in
the afreraft sound, detectability is best expressed in terms of ttme durations above different
levels of intrusiveness, This was described in the previous paragraphs.

The results of the preliminary meagsuremaents did not favor one sound rating seale

» over another in terms of describing the absolute sound Jevel of atreraft (n these settings. ,In
these low sound level settings; the absolute loudness of the sound may play a less
prominent role in predicting annoyance. Research has shown that in low-level sound
applications stgnal detectfon or audibility is the most important factor in predicting
anneoyance (Fidell et al., 1978), Note that in applications with higher sound levels (L.e.,
MTR operations) the absolute sound level becomes more important than relative sound

. level,

Cnce the sociological surveys are completed, the metric that best correlates with
park visitor response can be selected. Until these surveys are completed, no one metric is
recommnended for describing absolute sound level. The proposed methodology 18 capable of
measuring all of the acoustic data hecessary to calculate any of these potential metrics,
Once the data has been transferred t0 a computer, all of theae metrics can be calculated
without any additional analysts time,

In these low sound level applications, the resulty suggest that the absolute sound
level from the aireraft overflight can be described using the A-weighted rating scale. The
low sound levels and frequency range (50 to 1000 Hz) of the aircraft sound are adequately
described using A-weighting, Some types of aircraft operations do have unique tonal
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characteristics, however, detectabllity 1s sensitive to these characteristics and the value
reflects their presence, '

A:Weighted Megsurements. Determining spectral sound level information requires
the use of more sophisticated instrumentation and substantially more data collection and
analysis tme. One of the goals of this study s to investigate less costly means of assessing
the aireraft sound environment. As with the Grand Canyon measurements, the D' and the
A-weighted relative sound level showed good correlation. This is for events that were
clearly above the background (i.e,, greater than 10 to 20 dBA above the background L80),
This means that both metrics are predicting similar sound level information.

In situations of limited resources (equipment and labor), A-weighted only

measurements may be used to supplement the more complete spectral measurements, For -

conditions at a particular park, a relationship may be developed between the more complex
D' deseriptor and the A-weighted relative sound level, Subsequent measurements may then
be completed in A-welghted to provide more long-tarm acoustic information.

Ipatrumentation Reguirements. Real ttme measurement analysis in the fleld is

feasible, and was useful in analyzing the ambient and afreraft sound; however there were
some limitations, The primiary constraint to this meéthod is its limited portability. Real
time analyzers that meet the more stringent ANSI Class III requirements weigh a
minimum of forty pounds, are very power intensive and the internal memory storage
capability of these machines is lmited. An additional constraint with real time
measurements 18 that.at locations with multiple sources of nolse other than the aireraft, it
can be difficult to differentiate between the different events, The field enginesr must take
very detailed notes beyond which would be necessary for tape recorded data, Recording of
the sound data, using DAT tape recorders (s recommended for future measursments,
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Section 3.3
EDWARDS AIR FORCE BASE MEASUREMENTS

3.4.1 Site Sclection

The purpase of the third and final phass of nofse measurements was to test the
methodalogy for measurements of low-altitude military training route (MTR) operations,
This survey was also used to test the measurement methodology using the digital audio tape
(DAT) tape recording system, Edwards Air Force Base (AFB) was selected for these
measurements because of the large number of low-altitude operations that occur over the
base. The expansive base had many remote areas used for training runs that allowed for
the measurement of a large sample of aireraft events in a relatively short period of ime. In
additton, the Afr Foree was conducting air speed calibration tests on a T-38 tjat enabled us
to precisely measure acoustic and aircraft operational data in a controlled setting. The
remoteness of the facility simulated the ambient sound levels of o park/wilderness area in
a high desert setting. '

Nolse measurements were perfomied at two locations on the base. The first site was
along the fly-by line on Rogers Lake Bed, This site is near the airport at a location on the
dry lake bed that is used for low-altitude high speed indicator tests that simulates MTR
operations and alttude, The second site was at a remote location at the base along the old

‘aouth sled track (also referred to as the Hay Stack) that is used for low-altitude training

flights, The mensurements were conducted on June 13th through June 16th, 1988.
3.4.2 Mcasurement Equipment

The primary measurement system to be tested during this survey was tape recording
the sound data uaing a DAT tape recorder. The tape recorded data was then analyzed in the
laboratory to determine the desired noise metrics. Input to the system was provided by
either a B&K 2204 Sound Level Mater with a 1-inch B&K Model 4163 Microphone or a B&K
2230 Sound Level Meter with a 1/2 inch B&K 4155 Microphone. The digital tape recorder
used in the measurements was a Sony TCD-D10. The recorded data was analyzed in the
laboratory with a B&XK 2231 Real Time Frequency Analyzer.. This analyzer performed the
1/3 octave band analysis on the measurement data. This data was directly tansferred toa
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computer program that calculated all of the aircraft and amblent sound descriptors of
interest. '

Simultaneous to these measurements, A-weighted nolse levels were also determined
from a B&K 4427 automated digital nolse data acquisition system deseribed in the Grand
Canyon measurements. The purpose of the A-welghted measurements were for verification
of the digital recorded results, A lsting of the equipment by model and serial number used
in the measurements 18 contained in Appendix C, These measurement systems comply with
the ANSI Standards 1.4-1983 for Type 1 precision noise measurement inatrumentation and
ANSI Standard S1.11 1986 Claas III for 1/3 octave fliters. Thia type and class are the most
stringent ANSI standard for outdoor noise measurement systems.,

The key to the system is the digital audio tape recorder that has greatly enhanced
performance capabilities over conventional analog recerders. The Grand Canyon
measurements demonstrated the importance in measuring the total duration of the
aireraft event as well as the background sound level at the time of the event, In order to
measures the start of an event and the background sound before the event, it {3 necessary to
continuously measure the sound. This is niot practical with an instrumentation analog
recorder because of the amount of magnetic-tape that would be needed. In addition, analog
recorders do not achieve' the dynamic range requirements for this study.. The
measurements in Hawail Voleanoes showed that the measurements could be achieved with
a real time analyzer in the fleld, however, the welght and power requirements constrained
the use of this syatem in the wilderneas setting.

DAT recorders are a ralatively recent development-that records and plays back
sound in digital form. These digital audip recordings have superior dynamic range and
frequency response characteristics. DAT recorders are only recently became avatiable in
the United States because of concern by the recording industry over copywrite problems, A
portable version was used for the Edwards AFB measurements. This recorder weights less
than four pounds and records sound onto small cassette tapes of up to two hours in length,

‘The DAT recorder's dynamic range and frequency response characteristics were
tested in the laboratory, With a B&K 2230 sound level meter as input, the overall system
demonstrated a dynamic range of greater than 80 dB. Between 50 and 10000 Hz, the
frequency range of concern for this study, the frequency response of the DAT was measured
at better than +/- 1 dB. (The results of these tests are presented in Appendix C). This is far
superior than could be achieved with an analeg recorder. The DATs light weight,

{
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portability, length of recordlng time, and superior performance characteristics ma.ke it an
ideal candidate for use on the NPS study.

3.4.3 Measurement Procedures

The results of the sound measurements at Grand Canyon and Hawall Volcanoes
were used to develop a measurement methedology. This methodology was tested during the
Edwards AFB measurements. In addition, since noise from low altitude military training
operationa had not been monitored during the two previoua surveys, the methodology for
measuring these operations was also tested, Microphone height,.calibration, wind screens
and meteorological data collection procedures were the same as described for the Grand
Canyon measursments. '

Ambient and aireraft sound levels were determined from continuous digital tape
recorded notse data. The digital tape recorder allows for continuous recordings for up to 2
hours of data. The continuous recording of sound level data ailows for the measurement of
the ambient sound levels just before and after an alreraft event as well as the full duration
., of the event, Field engineérs noted the beginning and ending time of each atreraft event as
"well as other available aireraft operational information. From this digital tape, the

relevant ambient and aireraft acoustic metrics were calculated,

This recorded data was then analyzed in the laboratory using the B&K 2123
Spectrum Analyzer, The 1/3 octave band noise level from 50 to 10000 Hz as well as the
A-welghted data was determined with time response set to ANSI "fast® at a sample rate of
125 miliseconds or higher, This spectral data was transferred to a computer program that
automatically calculates the arbient and atrcraft notse descriptors.

3.4.3 Results

The results of the measurements showexd that the ambient sound levels at Edwards
AFB were relatively quist during the morning time periods. The base is located in the high
desert were strong afternoon winds affect the afternoon ambient sound environment.
While there s minimal vegetation, sound from insects and birds were common. The
Rogers Lake Bed mensurement site was very close to the airport, so at that location, taxitng
aircraft were audible for much of the measurements.
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Sample ambient sound measurement results for the South Sled Track site are
presentedrln Exhibit 3-18. The exhibit presents the L10, LEQ and L90 sound level In each
1/3 octave band. This {8 an example of the ambient sound levels during a period of calm
wind conditions. Note the spike In the sound level at 830 Hz. The site was located neara
number of trees, and thia spike reflects bird sounds, Again note how these short duration
sounds affect the LE@ hut do not materially affect the L0 sound levels,

'During the time of the noise measurement survey, the Alr Force was conducting an
alr speed calibration test for a T-38 jet aircraft. The test consisted of a number of low
altitude passes along a precise ﬂy-ﬁy line on Rogers Lake Bed at different air speeds, Exact
air speed and altitude information were determined (in order to caltbrate the air speed

. Indicator of the atreraft, Noise measurements were conducted during this test, with the

monitor located at a distance of 325 fest from the fy-by line, Precise aireraft alr speed,
altitude and position are determined during these teata,

The results of these noise measurements for eleven passes is presented in Table 3-5.
This table shows the aircraft air speed, altitude, onset rate and various acoustic rating

scales. These rating scales include: the SEL level: maximum A-weighted, C-weighted, -

Loudness Level, Detectability (D) Level; and the Effective Perceived Nolse Level. The onset
rate 13 a measure of the rate of change in notse in dBA per second. Note that the noise level
and onget rate both therease with an increase in air speed,

Table 3-8 .
LOW ALTITUDE T38 NOISE LEVELS
TIME SPEED AL'ITI'UDE ONSET SEL MAXIMUIMAIRCRAFTLEVEL, EPNL
=) (agh dBA/se) (BN BN (dBG D LL
0631 342 kta a1 ft 28 96 g2 92 72 o8 104
0636 394 kta g9 it 26 o7 a3 a3 73 o8 106
0840 428Kis 136 1t a7 a9 96 97 77 103 108
0644 471 kts 122 ft &0 100 93 98 80 103 112
0847 407 lets 111 & 110 107 108 88 111 120
0851 586 kts 71t 124 112 110 109 89 116 121
0655 593 kta 67 it 93 113 111 110 91 113 122
0703 214kt 75 it 14 a3 89 20 72 97 103
0708 168 Icts G3ft 9 9N 88 8% 6 9% 101
0713 170 kta 1161t 8 g2 88 89 71 a7 102
0718 5825 kts 120t 58 112 108 108 80 113 121
1L - Loudness Level (S0 5328)
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Exhibit 3-18
Sample Ambient Noise Levels (Edwards)
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An example of the spectral sound level data from two of these fly-bys I3 presented In
Exhibits 3-19 and 3-20 for the 0831 and 0651 events, Note that the noise levels from these
operations were 60 to 80 dBA above the background levels, Typical D' levels were 70 to 90.
The spectral nolse characteristics of these operations have a higher frequency component
than with the aircraft measured in the previous studies, This would be expected, given the
smaller slant range distances between source and recelver. Generally the most prominent
frequencies were between 800 and 2000 Hz. The higher the air speed, the higher the thrust,
the higher the sound level, and in general the higher the dominant frequency.

These operations were also characterized by very high onset rates. Onset rate s a
measure of the rate of change of the sound level. Sounds with high onset rate result in a
surprise or atartle factor that can be major factor in the noise impacts of these operations,

3.4.5 Conclisions and Recommmendations

Instrumentation Reguirements. The results of these measurements showed that the

- DAT recording system was capable of obtaining the necessary acoustic information for

describing the ambient and aireraft notse within parik settings. This was achieved within
the speeifled tolerances for the measursment system.. - This system was capable of
measuring the very large dynamic ranges that are part of MTR events. [ts’ lightweight and
portability make it ideal 'for use in all types of park/wilderness settinga,

MIR_Megsurement Reguirements. Alreraft nolse from MTR operations have

‘unique acoustic characteristics that are very different than other types of aircraft

operations over parks. The sound from most of the other types of atreraft operations over
parka are characterized by low-level sounds in quite background settings. MTR operations
are characterized by potentially very high sound levels with high onset rates. This requires
different methodologies for‘the measurement of the sounds from MTR operations,

Many researchers are addressing this {ssue of MTR noise with often conflicting
recommendations (Section 2.6), Based upon conclusions in thege studies and the results of
theae preliminary measurements, the important acoustic factors can be identified. The
important acoustic factors in describing noise from MIR operations are the absolute sound
level, onset rate and number of overflights. The background sound level becomes a factor (n
conditions where the maximum sound level from the aircraft 1 not significantly greater
than the background. '
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, Exhibit 3-19
Sample T-38 Low Altitude Operation (342 kts - Edwards)

Edwards AFB - Rogers Lake Bed RESULTS:
Sidelina Distance = 325 fi. '
Critical f = 3150 Hz
T-38 Delta (Max vs. AM/MAF) = 62 4B
342kts 95N agl . D-Prime = 17,128,000
C-Waignted Lavel = 92
6/14/88 6:31 am. EPNAB Lavel = 104
Louanass Level (IS0 532B) = 58
© Waeathar: .
Caim Clear Alrcratt (Max) = 92 gBA
20°C 45 % Humidity ] Ambiant L50) = 39 d5A
Datta (Max vs. Amb,) = 53 dBA
On-sat Rata = 28 dBA/second
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Exhibit 3-20 , -
Sample T-38 Low Altitude Operation (586 kis - Edwards)
Edwards AFB -~ Rogers Lake Bed RESULTS:
Siceling Distance = 25 It
Critical f = 1250 Hz
T-38 Dsita (Max vs, AmMb/MAF) = 81 dB
586 kis 211 agl i D-Frime = 858,026,000
C-Waightad Lavel = 109
6/14/88 8:51 a.m, EPNdB Lavel = 121
Loudnaess Lavel {ISQ 5328) = 116
Waather: ’
Caim Clear Aircraft (Max) = 110 dBA
20°C 45 % Humidity Ambisnt (LS0) = 39 dBA

Deita (Max vs. Amb,) = 71 dBA
On-sat Rate = 124 dBA/second

1/3 Octave Speciral Data: ; 50

0 .
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The Air Force recommendas the use of the A—weighied sound level to megsure the
absolute noise from MTR operations. The SEL descriptor {3 used as a convenient method of
measuring the A-weighted sound from each flight. A penalty of up to 5 dBA Is added to the
SEL level to account for high onset rates. When the maximurm sound leval from the aireraft
18 within 20 dBA of the background leval, then any penalty associated with the onset rate is
not to be included. The cumulative nolse from these operations is determined for the daily
DNL averaged over the peak month of operational activity. The distribution of the actual
flight track for atreraft on an MTR route are agsumed to be normally distributed within a
corridor. While many aspects of the Air Force study have applications to a
park/wilderness setting, there are some significant differences. These similarities and
diffsrences are discussed in the following paragraphs in the development of a
recornmended methodology for use [n the NPS study.

Sound rating scales other than A-weighted have been suggested to describe the
absolute sound level for MTR overflight. These potential rating scales include: C-welghted
levels to calculate SEL, EPNL, and caleulated Loudness Level, Most researchers currently
use A-welghted levels, tn part do to its stmplicity and to matntain conaistency with current
methods used to asaess other types of aircraft operations. While the A-welghted level may
not be the moat accurats predictor of annoyance frorn MTR operations, it has been shown to
be a rensonably geod predictor.

Rasearch into determining which rating scales most accurately reflects annoyance
13 probably beyond the scope of the NPS study. The relatively small differences that might
be shovm from the use of a different rating scale will still not adequately describe the sound
problems of MITR operations (n the park/wilderness setting, Other acoustie factors such as
onset rate penalty and time averaging are more Important, Therefore, the A-welghted
sound pressure level 18 recommended for use in the NPS study for describing the sounds
from MTR operations. o

Directly under the afreraft flight path, the background sound level is not a major
factor because in most settings, the atreraft noise is significantty above the background. In
these situations, detectability does not provide any additional useful information
concerning MIR nolse. Detectabillty was developed for low-level sound appileations and
glve misleading resuits in higher sound level settings. For exampie, a sound of 110 dBA in a
background of 50 dBA will be more disturbing than a sound of 80 dBA in a background of 20
dBA, however, the detectability levels for these two examples would be the same. For less
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extreme differences, the relative sound level is still an important acoustlc factor. At
locations sideline to the aircraft overflight, the background sound level! {s useful in
defining the width of the area that the alrcraft will be audible.

Ambient sound levels should be determined at all MTR measurement sites. This
measurement methodology shouid be the same as recommended for all sound
measurements within the parks, For long-term sampling, A-weightcd data can be used to
supplement the apectm.l measurements, ‘

The onset rate i9 a very important acoustic factor in describing the annoyance from
MTIR operations. It is very poasible that in the park/wilderness setting, the surprise or
startle effect {s the most important factor In determining annocyance. The Air Force

recommends a penalty for onset rates above 15 dBA/second with a maximum penalty of 5

dBA for mtes abave 30 dBA/second.

The Atr Force study addresases a permanent residential population, that has prior
experience to MTR overflighta. In the park seting, the population is not permanent and

“may have little or no exposure to the very unique experience of an MTR overflight.

‘Therefore, the startle effect of high onset rates may reault in a greater level of disturbance

. for a parlk: visitor than a permanent population, The nppropnnte penalty factor to.be

applied to MTR avermghr.a with high onset rates should be mvest.igated Onset rates should
be determtncd for all MTR operations,

The use of a metric averaged over some time pertod to describe MTR operations is
not applicable to the parkt/wilderness situation. MTR operations generate high noise levels
and high onset rates directly under the flight path, but the width of the high nolse exposure
zone is narrow. MTR routes are not fixed paths, but operata within specifled corridors.
Averaging the noise exposure over some period of time de-emphasizes these peak levels and
sprenda' the sound aver the width of the flight corridor. Given the fact that a visitor
population may be different every day, visitora are never exposed to the average, but only to
the aireraft sound lavels that occur at each individuals particular location on that
individuals day in the park. The result is that the mafority of visttors are exposed to lttle
or no aircraft sound at aill. However, a visitor who happens to be at a location that the
afreraft is directly overhead would be exposed to very high notse levels,

The sound monitoring portion of the overall study must be well coordinated with
the park visitor surveys. One of the most difficult tasks of the study will be to determine the
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actual sound exposure level for each visitor that I3 being surveyed. In the park setting, the
viaitor population is not a permanent population and changes day to day. In addition, a
park visitor {3 not fixed at one location, but moves throughout the park where the atreraft
sound exposure levels can be significantly different. For these reasons it is necessary to

have imowledge of the aireraft sound expasure levels for sach day of the visitor surveys,

The soclological survey must be completed simultanecusly with the sound level
measurements; with the sociclogical survey providing information concerning each
visitor's itinerary, : .

It 18 recommended that sampling resources at parka with MTR operations be
oriented towards larger measurement samples at fewer measurement aites, Measurement
of spectral data for all of the measurements Is not necessary. Measurement of the
A-weighted notse Icvéla_and the onset rate Mmay be a more efflcient use of resources.
Supplemental unattended measurements can also be a useful method of increasing the
sample stze at certain park units, The actual aumber of MTR averflights in each park needs
to be documented. This methodology is presented (n Section 4.3,
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Section 4.0
SPECIAL ISSUES

This section presents the results of a number of individual areas of study to be
addressed ns part of the overall atreraft sound atudy. Three 198ues are addressed within this
section, The first section presents the development of a statistical sampling methodology
for annlyzing the ambient and aircraf sound measurement data. This includes a review of
current atntistical rmethods and an application of this methodolegy to actual measurement
data from a Nattonal Park, The second seetion reviews the monitoring needs for the
assecssment of aireraft noise on cultural or historie park units that may be different than
those required for natural or wilderness parka. The third seetion describes a program for
the identification of the number and type of atreraft operations over park unita. This
aircraft overflights documentation program 13 to-be completed by NPS personnel.

v
-
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Section 4.1
DEVELOPMENT OF STATISTICAL MEASUREMENT REQUIREMENTS

4.1.1 Owrvicw

The Issue of measurement statistics is a complex one, Thia discussion I8 nat
intended to be a technical discussion of the intricate mathematics of the theories of
sampling and statistical procedures. It {s meant to provide an overview of historical
procedures used in nolse control engineering and to present some engineering observations
about the technical problem that is being discussed. It s ltkely that statisticians and
engineers are not going to agres on the best methods of evaluating the adequacy of a nolse
measurernent sample. In this analysis we will discusa the purely statistical approach and
the engineering approach. In the statistical approach you will see that little or no
knowledge of the phenomena being measured is used to develop an analysis of the adequacy
of a measuremenit sample. Because of the somewhat unique nature of sound measurement
in decibels, a logarithmic scale, some very difficult problems are encountersd using a
purely statistical approach, You shall see that the more information you can provide about
the noise being measured, the better able you will be to determine adequacy of the sample
size. Two methods of evaluating the measurement sample will be discussed including: (1)
using auto-correlation to evaluate sample adequacy and (2} computing confidence intervals
using the Stuclenta-t distribution. Technical references for each method are presented in
the following paragraphs. First, a good problem definition ts needed.

The probliem at, hand Is how to determine the duration of a noise measurement
program in order to adequately describe the noise environment at a given location. In this
case the nojse source of concern Is aircraft flyover nolse. In other words, how long must
you measure at a gtven location in order to know the impact of aircraft nojse at that site?
This topic 18 discussed below for the general case of aircraft flyover noise. The problem of
deflning background sound levels i o National Park {s presented in Section 4.1.4.

4.1.2 Mcasurcment Stmmmmmaﬂ&; ]

There i{s one option for measurement that eliminates the need to analyze the
adequacy of the measurement sample. That option i3 permanent notse monitoring. The
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State of Caltfornta, in its Afrport Noise Regulations (State of Callfornia, 1970) requires
permanent nolse monitoring systems for certain commercial alrports with incompatible
land uses within the high nofse areas around the airport. All major air carrier atrports in
California have permanent noise monitoring systems. A number of alrports outside
California aiso have permanent systems.

Permanent nolse monitoring is expensive. A typtc'al system of 4 permanent
stations connected to a central computer can cost close to $200,000. Some airports have
nearly 30 stations as part of their systems (San Franciaco International, for example).

The FAA and the 49 atates other than California have not required permanent nolse
monitoring because of the high cost and the opinton that short-term measurements, which
are much less expensive, can be used to adequately measure the noise environment.
Permanent noise monitoring is used primarily for nolse ordinance enforcement and

documentation of long-term trends.

In a situation where financial resources available for monitoring are limited,
short-term measurements -allow many more areas to be measured and are a more cost
effective method of environmental noise monitoring, Therefore, a goal of short-term
monitoring 18 to determine the shortest period of monitoring that is needed to adequately
deline the sound environment.

. 4.1.3 Noilse Measurementt Statistics

Four Week Seasonial Measurements, The State of California Alrport Noise
Regulations provides airports with guidelines on short-term sampling, The State requires
1 week of nolse monitoring in each of the four seasons, This was selected intuitively as well
as empirically based on available permanent noise monitoring data. The goal was to
ensure that measurements included the range of atreraft operating conditions that oceur
over the year, {ncluding the effecta of temperature, wind speed and direction, and seasonal
variation in atreraft traffe. It should be noted that effects of temperaturs and wind are
important effects relative to sound propagation as well as atrcraft performance, runway
utilization, flight tracks, and flight routes,

Auto Correlation Analysis. This discussion 18 presented based on the work of
Schomer (Schomer, 1981). One of the critical assumptions made {n selecting the
mathematical method to be used to evaluate measursment sample adequacy is the
independence of the meagurement events. As we shall see later, If each afreraft flyover is
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an independent event, and normally distributed (gaussian distribution), then the job of
describing measurement adeguacy is somewhat simpler. Auto-correlation can be thought
of a3 a measure of event independence. Independent events show values of very low

auto-correlation while dependent events are highly auto-correlated. A good example of an

independent event is the flipping of a coin or a roll of the dice, Each event is unique and not
dependent on any previous events, nor are subsequent events dependent on the current
event. Auto correlation i3 computed by calculating the correlation coeflicient between the
nolse levels in a tme series with noise levels earlier in the time serfes.. In other words, it i3
the correlation of a variable with {taelf, but/takcn over different time periods.

Schomer et al., examined long-term DNL at several atrports including CNEL levels
at Los Angeles International Airport (LAX) where there are numerous permanent noise
monitoring stations. (CNEL is California’s version of DNL but includes an evening
weighting perlod.) Schomer concluded that there tended to be a high degree of
auto-correlation among day to day CNEL levels and hence produced a result that indicated
very long measurement periods were needed. Schomer does conclude that, even though
some of the LAX measurernent points indicated o need for long sampling times, in general 4
weeka of monitoring should be sufficient to describe long-term noise levels.

This result has proven to be counter-intuitive to many ¢nginesrs who observed that

at LAX the day to day vartation in CNEL was quite small and thersfore the needed sample ‘

should be much smaller. In trying to Interpret Schomer's results it {3 clear that the
auto-correlation computation numerically described the consistency of Southern

California weather near the coast. The Southern California coastal area experiences only

2 wind conditions during the day; on shore or off shore, Off shore winda occur ondy 109 of
the time and because of the logarithmic averaging used to compute CNEL, have no
significant effects on long-term noise levels, It appears that Schomer’s data says that in
order to measure all the variation in noise levels at LAX , one must measure aver a very
long period of tirne and that i3 due to the fact that the weather s so consistent.  However, the

long-term measurementa are not necessary If the nondominant mode is not important in

describing the overall sound exposure. Most parlk/wilderness settings are not expected to
show high auto-correlation.

Confidence Interval Based on the Students T Distribution. 1t is common in science
and engineering testing and research to deseribe the confldence intervals for measurement
tesulta, These confidence intervals are based on the probability that the true answer lies
within a certain range. For example, take the simple case of making a very precise
measurement of an Olympic sized swimming pool. By taking many measurements there
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will be a variety of results as each precise measurement will produce some smail
variations, Such a series of measurements could for example, produce an average result of
100 metars with a 909 confldence (nterval of plus or minus 0.2 meters. This is interpreted
as meaning that the there is a 90 percent probability that the trus value lies between 99.8
and 100.2 meters. A more correct definition of the confldence interval is that If the
measurements were repeated many times, the measured average result would e between
99.8 and 100.2 meters 90 percent of the time. The confidence interval provides a
quantitative means of describing the adequacy of the size of the measurement sample. As
more measurements are made the confidence interval becomes smaller as will be described

in later paragraphs.

The confidence interval can be stated in terms of many percentiles although 90, 95,
and 99 percent confidence intervals are the most common. In' airport acoustics work, the
90 percent confldence interval ia the most commonly used method of specifying the
aceuracy of a measurement sample. A detatled description of Students-t method of
computing conflidence intervals is presented by the U.S, Air Force [AMRL, 1980).

The confidence intervals are computed by making the following computations, For
a meagsurement sample the sample mean 18 computed. The confldence Interval about the
mean is computed from the equation 1, in Table 4-1, .

Thers are two conditions that should be met for use of the above equation. One is
that the distribution of the measurement sample be normal or nearly normal which means
that the sample should not be skewed or biased, and the other condition is that each sample
be an independent event. The independence of events was discussed as part of the
discuasion on auto-correlation. While daily DNL appears highly auto-correlated
(dé’pendent). individual flyover noise events are not dependent on’ any previous or
subscquent nofse events. Therefore, for computing confldence intervals for single event
noise metrics, the condition of independence s assumed to be met. The type of distribution
of the sample 13 discussed below,

An important question to be dealt with {3 whether or not aircraft noise data s
normally or near normally distributed. A histogram plot of aireraft single event data or
dally DNL data clearly shows that the data is essentially normally distributed. Example
plota of atreraft data are shown in Exhibits 4-1 and 4-2. The causes in variation in noise
levels measured lead one to suspect aireraft noise data should be normally distributed,
Noise is dependent on atreraft power, speed, altitude, control surface configuration, type of
afrcraft, wind speed, wind direction, temperature gradient, and relative position of the
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Table 4-1 . .
Sample Statistical Equations
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Exhibit 4-1
Sample Plot of SEL Data
1 Yoar of Data
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Exhibit 4-2
Sample Plot of CNEL Data
1 Year of Data
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aireraft to the observer, Given the number of variables that affect aircraft notse and the
independent nature of nost of the variables, Le., type of alrcralt is not dependent on wind
speed, one would expect a normal distribution of nolse levels,

‘The complicating fictor to this analysis {8 that in noise control engineering, the
linsar average of o sample {8 rarely the method used to compute the result that i3 desired.
The average notse level of a sample, whether the meagurement is of daily DNL or atrerait
single event levels or hourly equivalent noise levels, i3 always based on the logarithmic
average. The equations for these two forms of averaging are as presented in Table 4-1,

equations 2 through 4.

It is important to note that when computing the logarithmic average, it {ncludes a
non-inear transformation on the data, Such a non-linear transformation doés not
preserve the normal (gaussian) characteristics of the distribution. The Aitr Force
documents referenced earlier recommend doing the confldence interval analysis using the
logarithmic average and logarithmic standard deviation. Such a technique has its
problems including the fundamental fact that (n the logarithmic domain {actually the
antl-logarithmic -domain) the data distribution is highly skewed. This means the
technique is. questionable and will occasionally result in undefined answers (in, the
anti-logarithm domain, the standard deviation can sometimes exceed the mean value and
the lower lmit calculation will result in trying to take the logarithm of a negative number).

It 1a recommended that to compits the confidence interval for logarithmic averaged
noise data, the confldence interval should be computed based on the linear domain (the "dB
domain”. And that these confidence intervals be applied to the logarithmie average, This
technique will tend to overestimate the confidence interval, partcularly the lower lUmit.
The logarithmic average is more heavily influenced by data above.the mean than data
below the mean. Therefore, uncertainty on the low gide of the mean fs overestimated,

4.1.4 Estimating the Necessary Sample Size, Background Noise: A Case Study

Now that the basic issues of computing the nolse measurement atatistic has bheen
presented, it is imporiant to evaluate how this procedurs works when computing
background sound levels, Bacliground sound or residual sound is defined as the ambient
sound level in the absence of any noise intrusions, For purposes of deflning background
sound levels, the 90th percentile (1.90) sound level 18 used. That 13 the sound level that is
exceeded 90 percent of the time, This exercise in evaluating the sample size requirements
for measuring background sound levels {3 important because previous studies of noise
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sampling requirements have dealt with predicting some form of average noise level such as
CNEL, DNL, or average SEL, Therefore, establishing the requirements for an L890

meagurement may be unigue,

The design of this evaluation was to take an existing large database of L90 data and
divide it up into many small samples. The evaluation consisted of computing the statistics
on each of these small samples and determintng how the sample statistic compares with
the statistic for the whole population, as' a function of sample size, This exercige i3 made
possible by using a series of computer programs that systematically goes through the
database dividing it up Into small samples and performing the computations for-a very
large number of possible sampling schemes, This is a computer simulation of what would
happen if the larger database had not been collected and only a small sample had been
collected, The advantage of the computer simulation is that many combinations of

"posatble small samples can be evaluated and compared with the result obtained from ne

whole population.

A very unique data base exists for performing this evaluation. Over the past flve
years a series of aireraflt sound measurements have been conducted in Grand Teton
National Parlke., These. measurements are done as part of Jackson Hole Airport's
requirement to demonstrate compliance with a lease agreement establishing maximum
permitted noise levels In the park. These measurements are during both a spring and
summer season. The ‘spring' measurement was done in March and was used to represent
winter measurements as snow was still on the ground, temperatures were in the 0 to 20° F
range and sld season was atill going strong. Measurementa were not made in the earlier
winter montha because of measurement equipment probiems at temperatures as low as
30°F below zero which are not uncommon in Grand Teton, Also, the most popular ski time
in Jackson {busiest alrport period) In for the later part of the winter season.

The measurements consist of 24 hour continuous neise monitoring tn the park, and
include DNL, SEL, LEQ and the statistical measures of L10, L50, and L30 dBA sound level,
The datn used for testing was taken from measurements made in August of 1983 and March
of 1984, Continuous hourly L90 noise levels from 6:00 p.m. August 12, 1983 to 11:00 a.m.
August 19, 1983 and 8:00 p.m. March 11, 1984 to 6:00 p.m. March 18, 1984 were utllized,
The measurements were taken at the "Barker” measurement site which i3 located within
the Nattonal Park along Moose-Wilson Road. The annual avernge DNL at this aite is less

than 45 DNL.
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The computar programs 'testcd various combinations of measurement perjods and
sizes to determine the percentage of combinations whose predicted 90% confldence interval
contained the true average. Recall that the definition of Students-t confidence intervals Is
that {f the measurement were repeated many times, 90% of the results would fall within the
90% confidence interval. The computer program would systematically select a sample size
and sertes of data of that sample size and compute, for each unigue sample, the 803%
confidence interval, Then, for that sample size and sampling scheme, determine the
percentage of trials where the true average L0 for the entire population lles within the
sample confldence interval. If indeed 90% of the samples had a confidence interval that
included the true average L90, the Students-t confidence interval {s a valid method of

determining the adequacy of the sample size,

Random Sampling. This sampling method randomly chooses the times and sizes of
noise levels, and the group of readings are Jumped together to form a unique combination of
samples, To simulate this randem sampling process on 2 computer, a program was created
to pick random L90 values from the test data given and generate its own unique
cambinations of samplings, The results ars shown in Table 4-2, This table shows that 21
tests were run on the data, The first column shows the sampfe size used, the second column
identifles the total number of combinations that were tested, the third column identifles
whether the sampie included one or two seasons of monitoring, the third column-shows the
average conflidence interval {to show how the typical size of the interval changes with
sample size) and the last column showa the percentage of samples whose confidence
interval included the true average L90 computed from the entire population of data,

The results presented in Table 4-2 Indicated that the Students-t method very

. accurately predicted the correct confldence interval, That is, for all sample sizes,

approximately 909 of the tested small samples had 90% confidence intervals that {ncluded
the true average L80 of the entire population.

In an actual noite monitoring program this would relate to randomly maonitoring
hourly data throughout the year to find the ambient sound level. This ia not practical since
it is much more liely that once a measurement setup Is made, many hours of consecutive
data would be collected at that site before moving (o another site. The same anatysis was
completed for various series of consecutive data in the following section.

Consecutive Sampling. The goal here i1a to identify tﬁe besi utilization of

measurement resources by defining the shortest noise measurement period necessary to
obtain an accurate background sound level. The simplest way to accomplish this is to
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Tabie 42
Random Sampis Resuils

No. of % Within
Sample Combinations No. of Average Student-
Test No. Size Tested Seasons C.L Predicted 90% C.L
1 100 - 200 2 0.6 98%
2 50 200 2 0.9 %%
3 20 200 2 1.4 89%
4 15 200 2 1.7 5%
5 10 200 2 2.1 93%
6 5 200 2 i3 %
7 2 200 2 6.5 - 7%
8 100 200 1 0.4 100%
9 50 200 1 0.5 94%
10 20 00 1 0.8 90%
11 15 200 1 1.0 . 4%
12 10 200 1 1.3 92%
13 5 200 1 19 86%
14 2 200 1- 33 6%
15 100 200 1 0.5 9%
16 50 200 | 0.8 97%
17 20 . 200 1 1.2 2%
18 15 200 1 1.5 93%
19 « 10 200 1 1.9 93%
20 5 200 1 2.8 . 88%
21 2 00 1 52 9%
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malce one continuous measurement of hourly noise levels over the shortest possible length
of time. To find the shortest noise measurement period required, a computer program was
written to simulate this consecutive sampling, For example, let us assume that L90 values
were monitored continuously for a perlod of 8 days. The first test would show results for
treating this measurement period as one continuous sample (which in this first case would
be 8 days long). Then the program divided the measurement period by two which produced
two separate 4-day periods., The computer runs were repeated dividing the measurement
data into 4 and then 6 consecutive sequences, :

Table 4-3 gives the results of these tests, The frst column gives a unique test
number for referencing, In the second column the total number of samples for each
combinaticn is given. For example in Test 1, 100 consecutive samples were tested in each
combinatton, The number of series of consecutive samples is given in the third column, In
Test 1, 1 series of 100 consecutive samples were used. In Teat 34, 6 sertes of 17 consecutive
samples were chosen out of the array of values resulting in 102 total samples per
combinatton, This was done for 36 different combinations. In a measurement situation
the number of series relates to the number of times per year measurements would be taken,
and the total number of samples relates to the total number of hours of measurements
made during each serfes, The fourth column gives number of combinations in each tast.
For 'tests with one serfes (Tests 1 through 21) the maximum number of unique
combinations were tested. In tests with more than 1 series (Tests 22 through 39) the
program divided sach season into subseries and took multiple combinations of these
subseries. A sufficient number of unique combinations were selected to represent a portion
of the extremely large number of poasible combinations, This ia discussed more {nt a later

section. '

In the ifth column the number of seqsona used n the test {8 presented. The sixth
colurmn shows the avernge confldence interval for all the combinations. Thal {3, each
combifiation had a unique confldence interval and for Test 1, for exatnple, this i3 the
average for all 219 combinations (this is shown to give the reader an idea of typical
confldence intervalsa for this sample stze). The seventh column shows the percentage of
combinations whose 90% confidence interval included the true average L90 for the entire
population. Teats 1 through 7 used 1 period of consecutive sampley that inciuded 2 seasons
of data. Such a series could only be collected at the end of one season and the beginning of
another, Tests 8 through 14 used 1 period of consecutive samples taken from the summer
data and tests 15 through 21 used 1 period of consecutive samples taken from the spring
datz, Testa 1 through 21 show that for a case using one measurement series, the percantage
of samples that successfully cbmpute a 90% confidence interval that includes the true
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Table 4-3
Congorvative Sampis Flosulla

Towl fof % Within
#of  Meanrement #of Average Studentat
Tats  Sampla Seties Combirations  Scasony cl. Predicted 90% C.L

1 100 ! 19 2 0.4 10%
2 0 | 269 2 0.5 8%
3 20 { 299 2 0.8 9%
4 18 ! 304 2 0.9 i%
1 10 I E1 2 1o 10%
6 5 1 s 2 1.3 20%
7 2 I * o 2 1.2 29%
] 100 1 L] 1 0.3 48%
9 . 50 ! 108 ! 0.5 %
10 . 20 1 120 1 0.7 4%
1 T] 1 143 1 0.8 5%
12 10 1 148 ] 0.1 43%
13 ] 1 n ! 1.3 50%
14 2 1 . 158 1 18 6%
15 100 | &2 1 0.5 6%
16 10 ! 112 1 0.6 1%
17 20 } 2 1 0.9 21%
18 14 ! 147 1 1.0 U%
19 10 1 152 ! 1.1 0%
0 - ! 197 1 1.3 9%
21 2 1 160 1 1.8 36%
22 100 2 108 1 0.6 19%
23 30 2 133 2. 0.8 ity
24 20 2 148 2 1.3 A%
2 16 i 150 2 1.4 Pl
26 10 2 153 2 1.9 h
27 6 2 153 2 2.6 . g%
28 100 4 54 2 0.6 6%
2 50 4 &4 2 0.4 7%
30 20 4 " 2 1.4 0%
E) 16 4 7 2 1.6 53%
2 12 4 7% 1 1.4 7%
13 ] 4 T 2 2.4 9%
3 0 ] k! 2 0.6 100%
s &0 § 4 2 0.8 100%
8 24 ] 49 2 1.3 93%
a7 18 6 50 2 1.1 100%
i 12 ] s 2 2.0 100%
3 ] 6 52 2 ¥ 100%
" 10 4 3 2 0.6 7%
4 60 4 34 2 0.8 5%
4a 0 4 44 2 1.4 90%
43 H 4 450 2 1.6 96%
“ 12 4 456 1 1.9 26%
43 8 4 452 2 .4 1%
46 100 4 36 2 0.7 "%
47 & 4 kb ] 2 0.9 50%
4 i 4 436 2 L3 2%
49 16 4 42 ] 1.7 199
%0 2 4 458 2 1.9 3%
5 [ 4 474 2 2.3 %
i2 100 4 378 2 0.6 100%
5 @ 4 4 2 0.7 100%
4 20 4 LT 2 1.2 2%
55 16 4 52 2 1.4 1%
56 12 4 82 2 1.6 4%
3] [ 4 59 2 2.1 %%
a8 100 4 2970 2 0.6 7%
19 0 4 4160 2 0.8 "
0 20 4 1350 2 1.4 9%
61 16 4 5700 2 1§ 25%
62 12 4 182 2 1'% 0%
8 4 4 6006 2 1.4 4%
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average L90 for the total population 13 much less than 90%. One immediate observation
about these data s that the predicted 509 confldence intervals are much smaller for these
consecutive data than for similarly sized random samples. This {ndicates much more
consistency In the data producing smaller standard deviations.

Clearly, this sampling methodology does not meet the requirements needed to use .
Students-t methods of predicting confldence intervala, Such data is not suflleiently
independent. In such a series the data showns small day to day variation most lkely due to
consistent weather patterns. This 19 sirnilar to the high degree of autocorrelation found by
Schomer, et al in the LAX data, '. :

In order to make the moniforing program cleser to random monitoring, instead of
using a single consecutive sample of time, a scheme using multiple periods of consecutive
measurements was investigated. Teats 22 through 27 used 2 sample periods with half of the
total number of samples for each combination taken from the spring data and half from
the summer data, Tests 28 through 33 used 4 sample periods with 1/4 of the samples taken
from the firat hall and 1/4 of the samples taken from the second half of the spring and
summer data, Tests 33 through 39 used 6 sample petriods splitting the spring and summer
data in a similar manner. Examining the results of tests 22 through 39, it is clear that as
you increase the number of measurement series the Students-t methodology worlts better,
These data show that somewhere between 4 and 6 mensurcment serfes are needed to use
Students-t methods for asgseusing sample size requirements,

There are some inconsistencies in Table 4-3 that are troublesome., One !s that at 6 -
geries the Students-t method achieves a near 10096 performance rather than 90%, With a
geries of 4 measurements the reaults vary a large amount in the 60 to 100% range rather
than being consistent, One of the concerns I8 with the number of combinations evaluated
by the computer program. For this series of testa a rather simple means of selecting the
number of combinations was -used that tended to reduce the number of comblnations
evaluated as a function of the number of series used, Another series of tests were run in
which the number of combinations was varied and 18 discussed below,

Tests 40 through 63, shown in Table 4-3, tested incrzasing numbers of
combinations with 4 sample pertods to ind the number of combinations needed to
adequately represent the extremely large number of possible combinations, Some of the
tests have a similar number of combinations, albeit much larger numbers of combinations
than used for the 4 seriea In Table 4-4, but significantly different results because the
samples were taken from different parts of the whole database, What (s quite interesting is
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Tabloe 4-4
~ Addilional Conaervative Sample Rosulls
Total © #of % Within
) #of  Measurement #of Average Student-t
Test#  Samples Series  Combinations  Seasons C.I Predicted 90% C.1.
1 100 4 270 2 0.6 100%
2 60 4 320 2 0.7 100%
3 20 4 . 370 2 1.2 91%
4 16 4 375 2 1.4 90%
5 12 4 380 2 1.6. 94%
6 8 4 3ss 2 2.0 96%
7 100 4 280 2 0.7 80%
8 60 4 330 2 0.9 - 73%
9 20 4 380 2 1.6 82%
10 16 4 388 2 1.8 - 85%
11 12 4 3%0 2 2.0 9%
12 8 4 395 2 2.5 94%
Poged- 16
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that increasing the number of combinations shows that the sampling 4 times a year
produces results very close to the expected 90% success rate.

4,1.5 Sumnary

The results of these experiments Indicate that for measuring background levela
using the L90 metric should be made 4 times a year. Thia i3 {n agresment with the State of
California guidelines for airport nofse measurement and with Schomer's, et al.,
recornmendations for airport noise measurements. -

'The duration of each of the 4 mensurement trips should be based on the desfred
confldence interval. The results show that for a 90% confidence interval of £ 1 dB, data
fram 15 different hour samples would be needed to determine the average L90, Fora
confidence interval of + 1.5 4B, data from 5 hours would be needed. And for a confidence
interval of £ 2.0 4B, data from 5 houry would also be required.

These measurement times are for measuring background sound only. Describing
aireraft nojse levels adequately would require longer mensurement periods for each of the 4
annual trips. The required sample size would depend upon the number of atreraft
operations measured at each park. The methodology for calculating the number of aireraft
sample 15 presented n Section 5.5. It {5 based upon the same methodology presented {n this
section. : .
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Section 4.2
MEASUREMENT REQUIREMENTS FOR CULTURAL PARKS

- A number of park units are considered cultural or historic resources that may have
different sound measurement requirements than aatural or wilderness parks. The focus of
this subsection {3 {0 review any unique issues to these settings that shoukd be addressed by
the measurement program. These {ssues include differences In park visitor expectations of
the sound environment and atructural vibration effects on historical structures.

4.2.1 Visitor Expectations

Some of the historic or cultural park units are located near or within urban areas,
The ambient sound levels as well ag other urban sources of noise are generally higher than
those found in wilderness areas, These higher ambient sound levels will help mask the
nofse from aircraft overflights, [n addition, park visitors may not have the same
expectations of 4 quict environment in a more developed setting than in a wiklerness
actting, Visitors who htke for two days to reach a remote locatton will have different
expectations of a quiet environment then one who drives to 4 cuitural bullding,

A cultural or historic park, by Its nature, has some man made development
asgociated with it. Generally either a building, fortress or monument. Therefore, it would
not be completely unexpected to have some by-product of cultural, i.e,, aircraft noise,
affecting the environment. This is not to say that aireraft noise would be acceptable in

these settings, but that the threshold of significance may be different than in a wilderness

setting,

Some of the hiatoric or cultural parks were established to honor events from
American history, Visitors to these areas often experience moments of quiet thoughts over
the historie significance of what the park (s honoring. Extraneous events such as aireraft
flyovers can interrupt this train of thought and thercby aiter the visitor experience of the
park. The detectability analysis, presented {n the measurement program, can be used to
describe when a sound may result in disturbances of this type. This can be expressed in
terms of the time above or the number of times per day this disturbance 13 lkely to occur,
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The nolse measurement program proposed for wilderness parks is also applicable to
historic or cultural parks, The potential disturbances from aircraft overflights in these
settings can be adequately described by this program. Socioiogical surveys of park visitors
to historfc or cultural parks may not corralate with the results from surveys at wilderness
sites, and vice versa. In addition, the type of tndividual that visits historic parks may also
have different sensitivity to technology-related sounds than a visitor to a wilderness park,
Therefore, it is recommended that sociological surveya also be completed for at least one
cultural park. Those cultural or historic park units that are located in remote area would
be expected to have the same concerna as with wilderness paris.

4.2.2 Structural Vibration

A number of historic or cultural parks have very old buildings or Native American
Indian structures locatad within the parl, These structures are often fragile and concern
has been expressed over the potential for damage from vibration caused by’ aircraft
overflights. In order for atreraft overflights to result in structural vibration, the aircraft
must generate noise levels that are sufficiently loud or cause sonic booms. The noise levels
from aireraft at most park settings are not of sufficfent intensity to result (n structural
vibration, either noticeable vibration or levels that would result in structurnl damage. In
general, only those historic bulldings affected by low-altitude military overflights (MTRS)
or sonic boom would be potentially affected. In order to agsess the degree of impact due to
vibration it {8 necessary to first estimate the amount of structural vibration due to these
operations and then to determine the potentinl significance of these vibrations on the

historic structure,

Vibration {s mensured in terms of acceleration. The two most common terms of
scaling acceleration are In terms of meters per second squared or in multiples of the
acceleration of gravity, commonly referred to as "g". When an element 18 excited it will
vibrate at ita own natural frequency. Similar to a siring on a guitar; no matter how fast or
how hard you pluck the string it will still vibrate at the same frequency. How hard you
pluck the string will affect the amplitude or the loudness of the note, One has to change the
physical properties of the guitar string, such the length, tension, or welght, to change the
natural frequency of the atring, Different buflding elements will have different natural
frequencies. Typical natural frequencies for bullding elements are less than 70 Hz. '

Rescarchers (Staphens et al., 1982) have compiled data for helicopters, afreraft, and
wind turbines which show a correlation between wall, window, and floor vibration for
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various noise levels, To obtaln acceieration levels of 0.0014 in flpors, walls, and windows,
peal noise levels of approximately 95, 80, and 75 dB respectively are required.

Published guidelines suggest accelerations of 0.1g be used as a safe lUmit for
atructural damage, although minor damage may occasionally occur, More recently, a
commonly accepted conservative threshold for vibration to structures is 0.05g. Generally
accepted vibration levels for structural buildings in presented in Exhibit 4-3. For
extremely sensitive structures, such as ia the case with historic stractures within some
pari units, a lower threshold is recommended. The thredhold of vibration that may result
in potential damage to these historic structures should be investigatad.

The Alr Force Noise and Sonic Boom Impact Technology Project (NSBIT) and the
Oaltridge Nattonal Laboratories are studying the vibration effects from sonic booms and
MTR operations respectively. Included as part of these stucles are the effects to unique and
sensitive structures., For example, the results have shown no adverse eflects of sonie
booms on Indian pithigraphs, The Park Service should request that certaln sensitive
structures of concern be included a3 part of this research.

Historie structures located near sonic boom areas or military training routes
should be conatdered for measurement for structural vibration, These measurements can
be ¢ompleted using long term unattended sampling instrumentation. Correlation with
aireraft overflighta would still he necessary.
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- Exhibit 4-3 .

-1 Criteria for Building Vibration Exposure
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Section 4.3
DOCUMENTATION OF AIRCRAFT OVERFLIGHT INCIDENTS

An important element in addressing the acoustic impacts of aireraft over)iyghts in
National Parks {s an accurate assessment of the numnber and type of aireraft operating over
the parks, Although the number of overflight incidents over some park units are thought to
he extensive, the actual number has not been clearly determined. The purpose of this
section is to devise a standardized methodology for the identification of the levels of
aircraft operating over park untts. Thia program is to be capable of determining the
baseline level of overflights presently occurring, and to provide a means to asacsa change in
the number of flights or flight patterns over time.

Public Law 100-91 requires that the study *...distinguish between the tmpacts caused

-* by stghtseelng aircrgft, miitary atreraft. commercial aviatton, general avtation and other

Jorms of alrergft which qffect such units”. The impacts from overflights by both fixed wing
and helicopters are to be determined, Therefore, the levels of operations are also to be
determined for each of these catsgories of operation. The program !a organized such that
the operational levels for differant modes such as seasonal variations can zlso be

determined.

Overview

The purpose of the program is to determine the level of aircraft operations by
category. This level needs to be determined on a datly basis or averaged over some time
period. The criteria for developing the alreraft identification program tnclude:

» Statistical confldence

¢ Simplicity

* Minimnum manpower requirements
s Application to all park ssttings

There are two possible methods for determining the number and type of alrerait
operations within a parle unit. The first method is to determine atreralt aperations from
[ield observation by park service employees, This sampling program could involve:

Poge 4 - 22

L I |

)1

1 T

...‘1



=1

D R S

-

§. §7%

2

o

.

L

continuous year long sampling, informal non-random sampling, or formal random
sampling.

The second method Is to obtain the data directly from operators of aircraft that
overfly the park and when applicable, Air Traffic Control. Sources of aircraft operations
inelude: commercial airlines schedules, Air Traflle Control personnel, the local military
base, tour operator reports, and sclentifle research flight schedules. At some park units, it
may also be possible to cbserve operations on jet routes over the pa}k from the local Atr
Traffic Control TRACON. The pros and cons of each of these methods are discussed (n the

foliowing paragraphs. :

Continuous sampling for a year would, of course, result in the most complete data,
however, the costs for such a program could be very high. Another method of gathering the
required data would be to have all park employees that are in the fleld to be on a conatant
lockout for atreraft overflights, and noting Information relative to that aircraft. This
mathod of non random sampling has had Umited success in past studiea. An informal
sampling program by all park employees would be subfect to a higher level of variability.
The results would vary depending upon the time each employee was able to commit to the
program. There would be no basis for statistical confidence in the results.

A carefully devised formal random sampling program provides the optimum
balance between statistical confldence and available resources, It 18 recommended that
sampling be completed by an individual or staff specifically assigned to a formal program.
These individuai could also be performing their normal job only If this job did not
interfere with the aireraft data collection, For example, 4 ranger at the entrance gate at a
purk that has a large number of operations would miss many events. However, a ranger
assigned to the backeountry could also be used to ohserve occasional loud MTRS operations.

Operationtal information obtained from atreraft operators can provide useful
information relative to the frequency of gccurrence of overflights, Not all operationa can
be determined from this method, nor can {nformation relative to the path of the aireraft be
determined. Therefore, it is recommended that this data be obtained to supplement the
formal fleld random sampling program. 'This source of information may be especially
useful for aireraft operations that are found to occur non-randomiy. This data can also ba
used to develop the preliminary sampling requirements and to test the reasonableness of
the results.
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This program is developed for application on the dBASE computer program on an
{BM compatible system, [t is devised to be flexible and to be applied o ail park settings and
changing conditfons. It i3 assumed that the aircraft observers used for this program will
have some knowledge of alrcraft types and aircraft operationa, It is assumed that the
manager of the study will have working knowledge of the dBASE program and of basie
statistics. Each of the elements jor the development of this program are discussed in the

following paragraphs. -
ELEMENT 1 - Ident{fi operational information to be detarmined

An Important first step i3 to identify the type of operational data to be determined
from the sampling program, This I3 to ensure that the sampling is organized in a manner
that desfred information can be determined. Typlcal operational data to be determined
from this program s listed below.

* Qperations on a daily basts

» Average daily operations throughout the year

+ Average daily operations for peak month of activity
¢ Average daily operations for each season

This data is to be determined in terms of total operations, operations by category of
aireraft, and operations by flight corridor, In order to estimate peak levels of activity, the
probability distribution of these operations will be determined when the distribution of the
data allows for such determinations.

ELEMENT 2 - Estimate current aperational levels
Prior to the start of the sampling program, the number, type, frequency and time of
alreraft operations over the park unit should be estimated, This information can be used
in the formation of the sampling requirements and to help validate the results. The
sampling program can then be arganized so that it Is capable of determining the operations
for all of the aircraft overflightas of concern, For mmplé, if the operations have
significant seasonal variations, then the sampiing program should include seasonat

measurements.

The firat step 18 to identify the types of operatlons within the park. These
operations will generally fall into the categories of commercial operations, sightseeing

tour flights, general aviation, military operations and other flights (NPS, research, law
enforcement, search & rescue), Addittonal information to be determined when possible
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includes: eatimating the number of average dally operations; any seasonal variations in
operations; frequency variations in which the operations occur [(f.e,, weeltdays only; a two
weelkt period once per year) and the time of day the operations are likely o occur (Le.,

daytime only},

These estimates can be determined from a number of sources, Any previous studies
of atreraft overlights within the park should first be reviewed. Park employees with long
term experience are also a good source of information conceming types of operations and
any unique features (n terms of when mese/npmunns occur,

Atrcraft operators and the local Atr Traffle Control should be contacted to
determine operational information. The aircraft operators to be contacted may include the
local military bases, sightsesing operators, and commuter airlines, For example, the local
military bases that send atreraft over the MOAs and MTRs near the park can be contacted
to obtain tratning schedules. Most training operations are schectuled at least a week in
advance, The base can provide Inforrmation as to when major training exercises will oceur.
Information on aightseeing alrcraft can be obtained from the tour operators. They can
provicle information on number of opcmt!ona. time of day, differences iz the seasons, and
generalized flight patterns.

At park unita located near jet routes, or near airport approach or departure
patterns, the local Air Traffic Control (ATC) can be contacted to determine estimates on
number of commercial operations ort these routes. It may even be posaible to observe
alreraft operations over the TRACON radar. Knowledge of the origin/destination of
aircraft on these routes would also be useful in esttmating operational levels. The number
of operationa could then be estimated (rom the schedules of airlines that serve these routes,

The information from these sources will nnot be complete data, but should provide
an good initial estirnate on the dircraft operations, Thia data can be used to incorporate
current knowledge of the characteriatics of the alrerait operations into the development of
the atreraft overflights sampling program. This information can be used to direct the
sampling resources to collect the information that {a most important.

ELEMENT 3 - Identify Major Modes and Categories gf Operation
Alrcraft overflights need to be defined relative to the different modes or categories

of operation. For the purpoaes of this section. a mode of operation refers to groups of
operationa that display independent statistical characteristics. For these different modes,
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the operational data are to be determined independently in order to: (1} determine
statistical confidenice or (2) provides information that Is desired to be known separately,
The amount of sampling may vary for each of these modes, Only these modes with
significant differences, or those that are desired to be Imown (ndependently, need to be
calculated separately. This information will be used for the statistical caleulations as part

of the dBASE program.

These modes of operations are variables relative to: (1) types of afreraft operations,
(2) variations relative to changing weather patterns, (3) seasonal variations, and (4)
variations relative to time of day. These variables are discussed in the next paragraphs.

Different sampling requirements will be necessary for different types of atrcraft
operations, For examplé, the commercial air carrier operations over Everglades National

Park are relatively constant and do not vary signifieantly on a day to day basis. The .

required sampling days to achieve a statistically acceptable results will not be large.
However, the low altitude military training operations occur on 4 more sporadic basts and
these operations tend to occur in groups. Therefore, the number of required aampiing days
for these types of operutions s going to be much greater; in fact, they may not even be
normally distributed, [t'is expected that only MTR operations will have sufficient
differences in sampling requirements that they may need to be analyzed independently
from other aireraft,

Most parks would not be expected to have significant differences in aireraft
operations as a result in changes in weather patterns (except of course, the operations are
less during inclement weather). Aircraft operations and runway use at an airport are
dependent on wind direction and speed. Parks that ars located near major atrporta (l.e., 50
milea or less) may experience some variations in overflights as Air Traffic Control may
have different approach and departure routes to and from the atrport. In most park
applications, these changes in weather patterns occur randomly, and will not need to be
considered,

A number of parks, especially those with sightseeing tour operations would be
expected to have a large variation in the number of atreraft operations in differant seasons,
This may require that the sampling be completed i more than one season, and the level of
operations determined for each seanon.

Most parks are not expected to have a significant sound problem from nighttime
cperations. It may be cost eflective to divide the day into daytime and nighttime mode. If
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nighttime operations are not of concern at a particular park unit, then they will require
little or no measurements. The available resources can be directed toward the daytime

mode.

In summary, for most park applications the only type of alreraft operations that
may need to be analyzed independently from other operations are MTRs, Seasonal
differences in the operations and the daytime versus nighttime operations should also be
analyzed separately, For illustrative purposes, the preliminary modes of operations for a
typical park are presented below:

e Alrcrafl type modes
MTR atreraft operations
Other atrcraft operations

* Weather modes
Good Weather Mode
Bad Weather Mode

¢ Seasonal modes
Winter/Fall
Spring/Summer

* Time of day modes
Daytime
Nighttime

The results from the tnitial samples may show that additional modes may need to
be analyzed independently. For example, the measurements may show distinct differences
in the operations on good weather days versus bad weather days, Therelore, it may be
desirable to calculate the statistical confidence for these operational modes separately.

ELEMENT 4 - Idenitify primary flight corridor or patterns

Generally, airerafl overflights in parks are not on specific fiight tracks, At a fivst
glance, these atreraft appear to fly fn oll directions without any pattern. However, toat
operations over parks can be categorized into a Umited number of defined fight corridors
or grouped as patterns ‘of operations. These corridors represent groupa of operationa of
atreraft that are on similar Might paths. The corridors can be as specific as a flight track or
23 wide as a zone of operations.

The atreraft operations at each park unit should be categorized Into 10 to 20
preliminary fight cotridors. This should be completed by an individual familiar with the
operations at that park. These corridors or zones can be refined or added to during the
surveys. Note that not all operations need to have a precise corridor that defines this
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operation. For example, general aviation aircraft that randomly overfly the park. To
account for these operations, a park wide zone such as “"Eastbound over Park® is an

acceptable description for grouping of operations,
ELEMENT 8 - Idenitify Sampling Locations

Ground locations to observe and identify the aircraft operations must be selected.
These locations should be situated in open areas that provide for the moat advantageous
view of the gverilights. The sampling sites do not need to be one precise loeation, but can be
representative of an area for which the operations are to be determined. Large parks may
require multiple sampling locations. ‘

“The number of locations should be minimized. Generally sven at the very large
parks, the operations can be determined from three to five carafully selected locations. At
these parks, the multiple locations should be sampled simultaneously, During
strultaneous data collection, overflights of the same aireraft recorded at different sites
should be entered into the data base program as one overflight on one flight corridor, They
can usually be correlated using the time, flight corridor and aircraft description data. Note,
when sampling for one specific type of operation (Le.. MTR operations) {n one area, ¢t is not
necessary to sample at all of the other locations (f suffictent data on the operations (n those
areas has already been determined.

ELEMENT 8 - Devise Random Sampling Program

The sampling of aireraft overflights needs to be condtcted on a random basis. This
{3 a very important element of the progrum. Thia random sampling scheme needs to be
atrictly followed. If the randomly sclected day falla on a weekend or a day with poor
weather, it muat still be sampled. In order to be a true random sample, the sampling days

must be determined randomly for each time period for analysis,

The day may be divided into the daytime hours and the nighttime hours. For this
NPS study, the daytime (s defined as the hours between sunrise and sunset, Note of course,
that the daytime hours will vary depending upon the season and the latitude of each park
unit. This {8 different than with the DNL metric, which defines nighttime as the hours
between 10 p.m. and 7 am, .

The daytime and nighttime operations can be determined separately. [t i3 expected
that at most park units, nighttime operations are minimal and not of major concern.
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Therefore, a limited sampling of the nighttime operations that may not be statistically
sufficient, is atill an adequate sample, Simply stated, a couple of days of nighttime samples
are adequate if the nighttime operations are known to be small in comparison with the
daytime. (Note: It s possible to extend this assumption to other hours of the day i the
operations during these hours are not significant relative to the total operations),

Various methods are avaiable for selecting the random sample. These include the
use of a random numher generator, random nurnber tables, or simply selecting the sample
days out of a hat, It is recommended that initially the sampling be determined for each
month. The number of days to be sampled depends on the desired statistical confidence,
available resources and variability in the number of operations. The actual number of
required sarnple days can not be determined until some preliminary sampling has been

completed.

For the purposes of thia atudy the sample size will be determined for a 80 percent
confldence interval of plus or minus 20 percent of the average number of aperations. In
order to estimate the number of sample days, statistical calculations were completed of the
operations at an airport that ¢ assumed to have similar characteristics as many park
unfts., Based upon these results, approximataly 8 days should be sampled per month for
most types of aircraft operations. For MIR operations, the number of days was estimated
to be 10 days per manth,

ELEMENT 7 - Conduct Aircrgft Sampling

An example atreraft identflecation form has been devised that flluatrates the type of
information to be determined for each aircraft overflight. This sample form is presented
in Exhibit 4-4. The form i85 organized so that most of the information is divided into
categories or sub-categories that can be checked off The form includes information
relative to the time of the atreraft overflight, the type of aireraft, the category of aircraft,
the corTidor of operation, and subjective judgments as to the altihude and loudness of the
aireraft. Spaces are provided for more detailed {nformation if it can be determined,
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Exhibit 4-4
Sampla Aircratt identification Log -

1

-

NPS AIRCRAFT LOG SHEET

¥

—

PARK SITE DATE TIME ———  INITIALS
f AIRCRAFT TYPE T b
5 JET . PROPELLER ___ MELICOPTER _—.__UNKNOWN
Commerciat AC Single-Engine ——Civillan OTHER i

—Miltary Fighter ~ __Multi-Engina —Millitary -_—

Military Cther Multi-Englne(+10Q pass.)
! —_Carporate (smal) ____ Sea Plane ' : i
[ COMMENTS, VISIBLE __Yes _.No

' ‘ AIRCRAFT CATEGORY '

e COMMERCIAL GEN. AVIATION ——TOUR __MILITARY —_ OTHER y
' —_Park Servicg : ;|

—mtr
Conflrmed ____ Probable UNKNOWN moa Research "'
; . o —_LawEntSaR
COMMENTS ———tner Other E‘;J
S = e == kT
FLIGHT ZONE OR PATH Vo
Flight Zone Number —_VeryLow Level (<5001t} || —— Inaudiblo or Barely Audble | .
—Other Low Level (500 to 2,000 it — Claary Audiblg (No Speech
— ¢ ) interigrence) ~
Commeants Transiien (2,000 to 10,000 1) Loud (Speoch Interfarenca) .
High Altitude (>10,000 ft) Comments . |
N h i H
\ -\ _Gommenta JL )
1§
| ol
.
1: M
i '
I
| d
| -
!
‘
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Alternatives to this log form is a data sheet with columns for each of these data.
Codes for the different types and categories of operations is entered into each column, The
information to be determined for each overflight !s to be presented In the following

paragraphs.

SITE - Identifles the location of the cbserver

DATE - Date of the observation

TIME - ‘Time in military time of the afrcraft overflight

INITIALS - Identification of the observer )

AIRCRAFT TYPE - The type of aircraft should be marked as either jet englne,
propeller or helicopter. Spaces are also avadlable if the type of aireraft can not be
detarmined or for other types of aireraft that do ot fall under these descriptions.

Sub-types of each of these aircraft types should marked when this additional
data is known. If this additional information can not be determined, than this
sub-category should-be left blank, Space is provided in the comment section if
the exact type of atreraft is known including N number {dentification. Visual
siting of the atreraft should be noted. The types of atrcraft and the available

sub-types are listed below.

Commercial air carrier fet
Military Fighter jet

Military Other jet

Small Corporate business jet

Single Engine propeller
Multl Engine piston or turboprop
Large Multt-Engine piston or turboprop (10 passenger or greater)
Sea Plane
Helicoptar
Civillan
Military

Uoknown

Other )

To facilitate the identilication of aireraft, a number of handbooks are available.
Sample sources include “A Fleld Guide to Afrplanes” (M.R. Montgomery,
Houghtonn Mifflin Company. Boston 1984) and “Jane's Book of Alrcraft”
{Mocmillan Publishing Co., New York). Occasionally, the use of an aircraft radio
will provide additional information on the sireraft type.
AIRCRAFT CATEGORY - These operations are to be divided into the categories of
operations specifled in the legislation. These categories are listed below:

- Alr carrier commerctal airlines and scheduted

commuter atrcraft.

Genernl Avigtion -~ Predominantly the smaller propeller single engine or
twin engine adreraft and occasionally the small corporate jet aircrafl.
Alr taxi operations that are not on & slghtaeemg flight are included in
this category.
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- Alrcraft for hire that {s performing sightseeing fiights
within the park. These aircraft are most commonly helicopters or small
twin engine piston afrcraft. Air taxi aircraft with the purpose of
sightseeing are also included in this category.

Militare - All military afreraft including fighter jets, military transport
atreraft, military surveillance alrcraft and helicopters, Subcategories to
be noted when posatble Include low altitude rilitary training operations
{MTRs), aireraft In designated Military Operating Areas (MOAs) and all
other military aireraft {neluding trunasient

Other - All other categories of operations. Subcategories include: NPS
maintenance, service of facilities or access to backcountry locations;
alrcraft operations used for in research studies approved by the park;
atreraft used for search and rescue, law enforcement or drug enforcement
patrols; and other operations including the Coast Guard,

Note that it {3 nat always possible to identify the spectfic category of aireraft.
However, knowledge of the types of aireraft and operational procedures around
the park allows for a high level of confidence in determining the category. The
degree of confldence In identify the category of aircraft 18 to be noted as
conflrmed, probable and when It 1a not posaible, then listed as unlkmown. An
optional cormments section is also provided.

CORRIDCOR OF QOPERATION - The flight path of the aircraft should be {dentifled
with one of the corridors or patterns that have been developed for each pari, If
the operation does not it into any of these listed, then the ‘Other’ space should be
check and the flight path should be listed in the comments section, If enough
similar operation occur, then it may be necessary to add another flight cortidor
to reflect this group of operdtion.

ALTITUDE - A subjective ecutimate of the altitude of the aircraft should be
completed. No more than three to four categories should be used. This is not
intended to provide precise information in terms of altitude, but is for presenting
generalized categories of operations relative to altitude, Each individual park
may nteed to develop their own unique categortes. These categories should fall
under the headings of low level, transition, and high altitude, Estimates of
altitude can be determined from a number of sources, This includes use of
afreraft radio, comparison with known cloud altitudes, and with distance
measuring inatruments.

SQUND LEVEL - A subjective estimate of the sound level of the aircralt is
provided to facilitate the categorizing of the operations. Again this i3 not
intended to he precise information. The actunl sound level data is to be collected
from a noise measurement surveys. These three general categories of sound level
description include: inaudible or barely audtble to reflect alreraft that are
generally not noticeable unless one i3 apecifically looldng for atrcrait. The
second category, clearly audible, reflecta sound levela that can clearly be heard,
however, these levels would not result in sapeesch interference of normal
communication., The thirtd category is sound levels that are sufliciently loud so
that speech communication would be interrupted or altered. An appraximate
scund level would be above 60 dBA.
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Meteorological data is to be determined In conjunction with the operational data
collection, The data should be collected on the average of every two hours, or when
changing msteorological conditiona dictate an additional reading. The pertinent
meteorological to be determined includes:

¢ Average wind speed and direction

s Temperature

« Humtdity .
+ Atmospheric cloud conditions and precipitation

Sources of this meteorological data include: actual fleld measurements; a
meteorological atation at the park unit; and the local atrport or military hase,
Atmoespheric data should be reported using atandard weather report terminology. The
source of the meteorological data should also be noted. '

EILEMENT 8 - Enter Data inta dRASE Program

A standardized data base file has heen developed on the dBASE program that can be
used to enter the data, This information can then be tabularized in a report form, with
summarizes and statistienl results. The (nformation to be entered Into the dBASE file (s
presented (n Table 4-5. This data also tncludes codes for use in grouping of the data and
performing calculationa. These codes are shown tn Exhibit 4-5,

Once the data has been enteréd into the dBASE flle, a number of opttons are
available for calculating and displaying the results, These options tnclude;

» Listing of daily results
* Dnily opergtional summaries
« Operational averages with statistical calculations

The operational avernges and statistical data s calculated for any of the modes of
operations that have been identifled. The modes are identifled be defining the different
categories or codes that are to be grouped together for caleulation. For example, the
summary of operationa for MTR aircraft can be determined.

The statistical {nformation that can be determined ineludes; (1) average number of

operations, (2) atandard deviation, (3) 90 percent confidence band, (4 and additional
samples necessary to achieve the destred limits of the 20 percent confidence band.
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Table 4-5
Data Base Iiput

» SITE - ldentifies observer's location.

« DAY (XX - Day of Month of observation.,

* MONTH (00 - Month of observatton.

s YEAR (330 - Year of observation,

+ DAY OF WEEK (1234567) - Day of the week with 1 for Mondny and 7 for Sunday.

« TIME (Military) - Time of the Aircraft overflight (Military time in hours and
minutes).

» TIME OF DAY CODE - Enter 1 for daytime and 0 for nighttime,

¢ INITIALS - identification of the observer.

» AIRCRAFT TYPLE - Enter Code in Exhibit 4-5 for type of alreraft,

¢ AIRCRAFT CATEGORY - Enter Code in Exhibit 4-5 for category of aireraft .

* FLIGHT CORRIDOR - Enter fiight corridor number.

* ALTITUDE - Enter altitude code from Exhibit 4-5.

* SOUND LEVEL - Enter sound level code from Exhibyt 4-3.

+« COMMENTS - Enter all comments from the log sheet tncluding any of the
following information, Twenty five apaces are avallable.

Spectfic Alreraft type when observed. .

Alrerait N number when observed. )

When the aircraft operation was not visible (note as not visible).
If the category of nireraft was: confirmed (C) or probable (F),

Flight corridor comments,

Altitude comments.

Sound level comments.,

Any other commenta, .

¢« WIND SPEED - Average wind speed in Knots.

* WIND DIRECTION - Wind direction in terms of compass heading (000),

« CLOUD COVER - Cloud cover and precipitation data.

* TEMPERATURE - Temperature in degrees F.

 HUMIDITY - Relative Humidity in percent or dew point.

s WEATHER MODE] - Optionial code for defining different weather modes that effect
operational levels, For example, leave blank for when weather is good. Enter the
number 1 when severe weather aflects the number of operations.

« BLANKI1 - Avaflgble for grouping different modes of operations or for future use,

» BLANK2 - Available for grouping different modes of operations or for future use,
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Exhibit 4-5
Sampla Log Sheet with dBaso Codas

NPS AIRCRAFT LOG SHEET

PARK Y - DATE TIME INITIALS

{ AIRCRAFT TYPE )

20 &r 20 proresn DO veLicorter &0 UNKNOWN

24 Commorcial AC  ZR4_Single-Engind Rf_Civilan SO
& OTHER

A& Miltary Fighter  s&&R Multl-Engine 23 Military

LB Military Other ~ GR3B__Mult-Engine{+10 pass.)

284 Comporate (small a&_Sea Plane '
COMMENTS VISIBLE __ Yes __No

( AIRCRAFT CATEGORY )
2D cowmvercia. 228 GEN. AVIATION -S0..TOUR .'ZQ.MIUTAHY 2O omHeR

Park Service
—Confimed ____Probable mUNKNOWN ‘leon Research
COMMENTS ' — ,_ . &_‘n—omr

"SOUND LEVEL

TALTITUDS (agl) .

FLIGHT ZONE OR PATH
—_Flight Zone Number _LVary Low Level (<500 ft) _L Inaudibie cr Barely Audible
——Cther R Lowlovel (5001020001 || R Cloarly Audn)glo (No Speech
Comments s3_Transition (2,000t0 10,000 #) || B Loud (Specch Interference)
Mg Aitucio (210,000 ) Comments
\ Comments, - L . y
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Section 5.0
AMBIENT AND AIRCRAFT SOUND MEASUREMENT PROGRAM

The proposed sound monitoring pngmm for the National Park Service i5 a
carefully destgned program that takes into consideration the many unique and difflcult
problems associated with sound measurements (n National Parks, The program requires
the use of specialized measurement instrumentation and a specific methodology for data
collectlon, The program is Intended to ensure the highest level of accuracy and
standardization of the measurament results.

In order to determine complex sound-rating metries, the methodology includes the
megsurement of spectral sound level data, The measurement of spectral sound level data
requires the use of more sophisticated instrumentation and subatantially more data
collection and analysis time than with A-welghted measuremments, Under condttions of
limited resources {equipment and labor), there are situations where simple A-weighted
sound level measurements may be used as a substitute for the more complete spectral

' measurements, Where applicable, this option of measuring only A-weighted levels is

presented.

A-weighted mensurements can be used for the measurement of MTR operations and
when conditions dictate the need for longer-term sampling than can be completed with
available resources, For conditions at a particular park, a relationship may he developed
between the more complex descriptors requiring spectral information and the A-weighted
descriptor. Subsequent measursments may then be done in A-weighting to provide the
long-tertn acoustic information,

This section of the report outlines the procedures to be used in the mezsurement
program. The program is divided aa follows:

8.1 Equipment Specifications

52 Measurament Site Selection

8.3 Measurement Procedure

8.4 Acoustic Data Analysia

5.5 Statistical Sampling Requirements



5.1 Equipment Specifications

The measurement eqinpment to be used for this study must comply with exacting
instrumentation standards and specifications. These spectfications are for the complete

- measursment system, including any audio recording equipment and apply to all types of’

aircralt measurements. These requirements are listed below.,

» Sound leval measurements must conform with ANSI §1.4 1983 and
IEC 651 /DIN Type 1.

* Measure A-weighted sound level and 1/3 octave band levels between
50 Hz and 10,000 Hz, Frequency response of +/- 3 dB from 50 to
10,000 Hz.

* 1/3 Octave Bandwidths must meet ANSI 51,11 1986, ICE 225, and
DIN 45652 for Class IIf filters,

s Mintmum dynamic range of 80 dB (+/- 2 dB with less than 1%
harrmonde distortion) not including crest factor,

¢ Lower Imit notse level of 5 dB from 50 to 200 Hz and 0 dB from 250
to 10,000 Hz. Microphones/preamplifiers with higher Umits may be
used when approved by the NPS or USFS.

Proper care should be talten to ensure all auxiliary equipment is correctly used with
the sound level meter., For example, fllters, recorders, and cables should have an input
impedance appropriate for the sound level meter output impedance, To ensure
measurement [ntegrity, actual demonstration of the capabilities of the complete
measurement system must be documented before beginning the measurement program.
This requirement is for the complete system including all connection cables. This
demonstration requirement is for the frequency response, dynamic range and lower it
noise level specificationa, '

Various measurement systems are avallable that meet these requirements. The
final megsurement system used for this survey used a digital audio tape (DAT) recorder to
record the ambient and aireraft sound levels in the fleld. The recorded data can then
analyzed in the laboratory, The use of DAT recorders {5 recommended for this atudy,

A sample sound measurement system that meets the above requirements is
presented in Exhibit 5-1. Note that this equipment {s presented for lilustrative purposes
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Exhibit 51

Example Measurement instrumentation

Metsaorological

Micraphone
ophan Station

gax o1

Met 48
from Mat One

Sound Level Meter
Bax 2211

Dightat Audlo Recorder Fraquency Analyzer

(PAT)
Sony TCD-D10

83K 2123

Foge5-3

Melggrologicpl Data
Wind Speed
Wind Diraction
Temporature
Humidity

4QA Jeund Qata

LEQ

L.1, L10, L5, L90, L39
L{N)

Lreguancy Sound Rgla
LEQ :
L.1, L10, L5O, L3G, L99
L{N}

(in sach 1/3 Octave
band hetween 20 &
10,000 Hz)



only. Other manufacturers produce similar types of equipment that aiso meets these
specifications, It is extremely important that only instrurnents manufactured by
companies with long-standing reputations in the acoustic insttumentation fleld, with the
ability to support auch equipment, be considered. Measurement [nstrumentation used in
this program should have a demonstrated history of operating under harsh environments.

The cost for the complete scund measurement syatem may range from $8,000 to
$20,000. Note that this does not include the cost of the frequency analyzer that 8 necessary
to analyze the tape-recorded resuits, The cost for the frequency analyzer may range from
20,000 to $35,000. The costs for a meteorologieal atation 1 lesa than $2,000. Special
weather protection equlpmexit for long-term measurements in high-moisture or
low-temperature environments can add $3,000 to $5,000 to the unit cost of the

measurernent system.

This sound measurement system is recommended for use in all types of ambient and
aireraft settings. MTR operations and supplemental measurements may be done in
A-weighted sound levels only. The A-weighted system should have automated digital noise
data acquisition capabilities and provide a strip-chart recording of the measurement data.
The system must also meet the above atandards that apply to A-weighted measurements,
The cost for thia system may range from $8,000 to $18,000. An example sound level
instrument that meets these requirements ia the Bruel & Kjer 4427,
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5.2 Measurement Site Selection

The proper selection of representative measurement locations is a critical element
in deseribing the ambient and alreraft acoustic environment within the Natlonal Park
setting. Many of the parks encompass thousands of acres with varied aircraft
environments, and it ia not feasible to measure at all areas within a park. Given the very
large areas of these pnrl:- units, it is necessary to develop and apply criteria for selecting
representative measurement locations, It is particularly important to make certain that
background sound levels are representative of actual conditions in the park and that sites
are representative of the alreraft activity.

The selection of measurement locations must also be consistent with the needs of
the sociological portion of the study. The following critetia are to be used for selection of
these measurernent locations,

s These sites must be exposed to a varfety of alrcraft types and operations,
They should include all catagories of ailreraft identifled for analysis by
the law. Thia Includes any tour aircraft, an route high-altitude fets,
military aireraft, and general aviation aircraft that may operate at that
particular park unit,

¢ The vegetation and terrain of the s{tes must be representative of that
sites area of the park. The ambient sound exposure for each site must
also be representative of that area, Although site should not be located
directly adjacent to major sources of sound these sources should not to he

—excluded. For example, a site directly adjacent to a rondway or river is— 7 R
not acceptable. However selecting a site in the environs of these sources -wr'/i '
is acceptable as they are part of the amblent environment. /

¢ The sites should be in areas that have a high levet of recrentional use (i.e.,
hiking, camping, or sightseeing). The sites should include areas that
represent a range of activity levels including remoté back country
dispersed recreation and accesaible frant country developed area use. In
the larger parks, at least one site for each type of park use should be
selected to represent the acoustic environment for each of these areas,
Forest Service sites are to be measured at remote backcountry Iocations
only.

* The park use patterns of visitors should also be incorporated into the site
selection process. Measurement sites should be grouped to defined areas
of use, This {5 intended to facilitate the correlation between and
acoustical and sociclogical portion of the study. For example, a site that
represants a popular overnight hiking trail would be an excellent site,
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¢ At park units with a "point-of-interest”, a measurement site should be
selected that {s representative of that location, A point-of-Intereat is
defined as an attraction point in the park that generates activities from
both sightseeing tour flights and as well as park visitors on the ground
{e.g.. Mount Rushmore National Monument or Wahaula Visitors Center
at Hawall Volcanoes National Park). )

The measurement site should not be located near any structures, large
trees, or aevere topographie variations that will alter the sound exposure,
An exception can be made if the stte !s designed to measure this type of
environment. For example, measuring in the forest or a canyon {38
appropriate if that {s representative of the park area; measuring under
the only tree in the area is not appropriate.

The law speciflcally excludes operations assoclated with landing flelds
within, or adjacent to such units, Therefore, the measurement sites
should not be located local to any airport appreach or departure patterns
or within the atrport traflle area, En route-aircraft operations are onty
considered by this legislation.

s The sites must be accesaible for the fleld technicfan and the monitoring
equipment. Access and operation must be achieved with minimal
detection by the local aviation operators. The use of helicopters for site
access is acceptable when necessary, but {ts use Is to be minimal and
discouraged. ) '

The gite should be marked in some manner sp that it can again be
relocated for monitoring at some future date, This could be a detatled
description of the site or a stake.

The NPS or USFS ataff should make a prélimlnm‘y recommendation on the number
of mensurement locations for each park unit or wilderness area under consideration for
Given a fixed funding resource, the number of measurement sites will always
represent a tradesif between spattal coverage of the park area and statistical confidence in
the results, In general, more measursments at fewer aites will provide more meaningful
information on the aircraft sound environment than less measurement time at maore sites.

For most park units and wilderness areas, approximately flve representative
locations should provide sufliclent information concerning the ambient and aircraft
environment. For very large unita with varied levels of atreraft operations, as many as
eight sites may be necessary, For smaller units one to three locatlons may be adequate,
Sample measurement sites are presented for three park units in Appendix E.
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5.3 Measurement Procedure

The program requires specific standardizad measurement procedures that must be
followed. This is designed to ensire uniformity for all of the measurements. These
measurement procedures have been developed for both acoustie and nonacoustic data
acquisition. These specifications are summarized tn the following paragraphs.

Acgustic
» Microphone is to be mounted on a tripod at an elevation of flve feet above

the ground,

¢ The microphone 1s to be covered with a foam wind screen. This wind
acreen should have comparable wind induced noise characteristics to the
Bruel & Kjeer UAQ207 ocreen.

» Sound level data 18 to be recorded in the Reld using DAT tape recorders.
The tape recorders should operate continuously, Continuous recordings
are neceasary in order to record the time history of an atreraft overflight
and the background sound levels before and after the event. Input aignal
to the recorder must be linear between the frequencies of 50 and 16,000
Hz .

¢ When measuring with (nstrumentation that only determines the
A-weightad sound level, the measurements must include a continugus
atripchart recording of the sound environment.

s The equipment i3 to be calibrated at regular intervals with calibration
traceable to the National Bureasu of Standards. This calibration
certification s to be completed by the callbrator manufacturer and must
be current for the duration of the measurements,. Regular {ntervals are
defined as & minfmmum of every four hours for all sites that the fleld
engineer ia in attendance and bil-weekly for any long-termn unattended
measurements, Tape recording of data must have at least one calibration

signal on all tapes.

* A hard copy of the measurement data muat be stored on tape, printout, or
diak by the contractor, and be available for review for at least one year
after the completton of the contract. This requirement i3 designed to
allow for modifications to the metric used to describe the actual aircraft
nojse settings,

Nomtacoustic - -
« Meteorological data is to be collected In conjunction with the acoustic
data, The data should be reported hourly during the daytime hours and
at least twice during any nighttime sampling. For measursment sitea

Page 5-7



where the fleld engineer s In attendance, this data should be reported for
each measurement site, For long-term unattended sampling, the data
should be correlated with meteorologicat data fromn other measurement
locativns, The meteorological data to be collected includes:

* Wind speed and direction measured at an elevation of five
feet at a location at or near the recording microphone. The
data Is to be reported in terms of average and maximum
speed.,

* Temperature, humidity and atmospheri¢c pressure.

¢ Atmospheric cloud conditions.

°® Lapse rate data, NPS may occasionally request lapse rate
information be determined for a number of samples at one
location in the park using radicsondes.

¢ In order to provide long-term (nformation on the meteorological
conditions In a park unit, it is recommended that a permanent
meteorological station be Installed prior to the start of the measurement
program. Site specific mateorological data can be correlated with the
permanent site.

s Each ajreraft overflight must be ‘identified in terms of a categoty of
afreraft and the flight procedure. The aircraft are to be identifled by the
specific type where poasible and at least by category. This identification

procedure must be the same as' the atreraft identification program |

specilled in Section 4.3 of this raport.

The atreraft flight corridor relative to the measurement site is to be
reported. Thia flight corridor classification should be consistent with the
corridors deflned within the atreyaft identification program (Section 4.3),
The program 18 designed to determine the number of overflights In ¢ach
park. The altitude of the aireraft should also be estimated as well a8 any
apecific procedure, such as climbing or descending, that the airerait
performs during the measurements.

s The measurement sites are to be characterized relative to the type of
vegetation, recreational use, and level of park visitor activity, All sources
of sound affecting the ambient sound levels at that location should be
reported. This includes both-natural sources {i.e,, rustling of trees, rivers,
and wildliife such as birds, ingects ete.) and man made (l.e., traflic notse,
park visitors, generators, power lines ete.).
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8.4 Acoustic Data Analysis

The measurement program requires the collection of both ambient and afreraft
sound level data, Amblent sound levels are to be determtned In order to characterize
ambient sound level conditions within the park and to provide Information concerning the
background sound level during the time of each aireraft overflight. -Accurate information
relative to the background sound levels is the most eritical and variable element in
quantifying the detection of the atreralt eventa, Therefore, the background sound level is to
be determined close to the time period of each afreraft overflight.

Currently there {3 no single number rating-asystem recommended to describe the
alreraft sound levels, Potential rating syatems will be reviewed and developed in concert
with the sociological surveys, At this time a number of sound-rating scales and acoustic
factors are heing constdered to describe the atreraft sound levels. These potential
descriptors are based upon hoth A-weighted sound level data and on more complex
information that require collection of 1/3 octave band nofse levels, This measurement
program fs esatablished in 3 manner that allows for collection pf all the necesgary acoustic
information’ so that computer calculations of all of theae potential descriptors can be
completed. ‘ :

The noise levels are to be analyzed using time constant ANSI "alow” response. The
acoustic data to be determtned from the measurements is the A-weighted sound level and
the 1/3 octave sound levels from 50 to 10,000 Hz, The data should be processed at a
miinimum sample rate of once per aecond for all aireraflt operations other than MTR
overflights. For MTR operations, the sample rate during the overilight should be a
minimum of 125 milliseconda or at a minimum rate necessary o determine the maximum
sound level and the onsat rate.

Amblent Megyurements

" For the purposes of this study the ambient sound and background sound have
spectfle rmeariings. The ambient sound environment is a measure of all sounds in the parl,
both natural and man made, except the sound from aircraft operations, The sources of
sounds affecting the ambient environment {3 to be dacumented {(e.g. wind, wildlife,
roadway, campground). The ambient sound levels are to be determined for representative
time periotls throughout the day. The purpose of these measurements are to document the



ambient conditions that currently existing in the park system., The background sound
Tepresents the residual sound environment, or the lowest levels of sound from which all
sounds, both aircraft and non.aircraft intrude into. The background sound level s
rapresented by the L90 level, The background sound level is to be determined during the

time of each aircraft event.

The ambtent sound environment I8 to be determined for sample periods throughout
the day, The ambient measurement data to be reported is in terms of the LEQ sound level
and the atatistical L{n) levels, For each ambient sample period, the LEQ, Lmax, L10, L50,
L90 and the 199 are to be determined for each 1/3 octave band level and the A-weighted
level, The data reported should be rounded to the nearest whole number after all
caleulations are made, Sources of notse aflecting these measurements, including natural
and man made sources should be described as gtscuased in Subsection 5.3 (Measurement

Procedures).

The ambient sound levels should be recorded during extended periods when there i3
no aireraft activity. During the measurements, at least one sampie is to be collected every
two houra. More specifically, for describing the ambilent sound environment, the
measurements should include one sample every two hour during the daytime hours and at
least two -samples during any nighttime measurements, The duration of these
measurements can be from 15 to 60 minutes,

At lesst one measurement site within a park unit should include sampling during
the nighttime and other off hours, The amount of sampling necessary should be correlated
with the type and level of nighttime afrcraft activity at a particular park unit, Parks with
only tour atreraft would not have significant nighttime activity, Other parks, located near
Jetways, mdy have more nighttime operations that make knowledge of nighttime sound
levels more of a concern. '

The background sound environment is to be determined during the time period
whenever there {8 an aircraft event or series of ajreraft events, The L80 sound level tn each
band and the A-weighted level s to be used to deflne the background sound environment.
Every atreraft event should have an agsoclated background sound level that is indicative of
the background sound levals during the time period of the event. This background sound
level should be determined for a time pericd aa close to the time of the event as possible,
The period of time used to characterize the background sound environment is defined

below.
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The 1/3 octave and dBA L90 values used to represent the background sound level for
a particular event must include data measured within five minutes before or after the event
occurrad, {For these calculations, the beginning or end of an event i3 deflned as when the
fleld observer no longer considers the air¢raft audible, or 10 seconds before or after D'
exceeds fifteen for a preliminary caleulation) Data mensured more than 30 minutes before
or aftar an event Is not to be included in these calculationa, The minimum duration of
measursment i3 5 minutes, The maxmum duration 1s 30 minutes,

{Note: This (s not an absolute requirement, but should be adhered ta as aften as
possible, There will be some measurements in which atrergft will be affecting the noise
environment for extended durations and ambient conditions may change substantinliy
durtng that time period. When necessany, the contractor Is to use judgment to define an
appropriate measurement period (o determine the backgraund sound level. The coniractor
is to document any deviation from this standard precedure.}

Alrerqft Measurermnenits’

The noise levels from individual afreraft events are to be analyzed. Often, 2
number of atreraft operations will oceur simuitaneously and these-aircraft will be grouped
a3 one event. ‘The A-welghted and 1/3 octave band sound levels during atreraft events, the
two minutes prior to the atart of the event, and the twvo minutes after the end of the &vent ares
to be used In the caleulations. A number of different acoustic metries used to deseribe the
afreradt notse levels are to be determined fom this data,

Many of these matrics are based on detectability. Detactability {d) is a funetion of
the dliferential between the 1/3 actave band noise level of the source and the bacleground in
the same frequency band. The band width and the efficiency of the listener are also {actors
in the o' culeulation, For this study, the derectability value reporied is the maximum
detectabiiity value in any 1/3 octave band, Detectability {d? 1s 1o be reported in terms of the
10logld) level, ar D',  The equation 13 presented below: .

D'=10logfd)=10loglutw)1/2(S/N)  where: S - Signal level In a 1/3 octave band
. N - Background leve! in same band
w - Band width in same 1/3 octave

i - Eficiency of observer reiative to

an idead energy detsctor, For this

study, g =4
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The 1/3 octave and dBA L90 values uged to represent the background sound level for
a particular event muat include data measured within five minutes before or after the event
occurred. (For these calculations, the beginning or end of an event {a defined as when the
field observer no longer considers the atreraft audible, or 10 seconds before or after D
exceeds fifisen for a preliminary caleulation,) Data measured more than 30 minutes before
or after an event s not to he included in these calculations. The minimum duration of
measurement i8 3 minutes. The maximum duration is 30 minutes,

{Note: This is not an absolute requirement, but should be adhered to as often as
posstble. There will be some measurements in which aireraft wil be affecting the noise
environment for extended durations and ambient conditions may change substantially
during that time period. When necessary, the contructor s to use judgment to define an
appropriate measurement period to determtne the background sound level The contractor
ta to document any devtation from this standard procedure.}

Alrcrgft Measurements’

The noise levels from individual alreraft events are to be analyzed. Often, a
number of aireraft operations will occur aimultaneously and these.atreraft will be grouped
as one event. The A-weighted and 1/3 octave band sound levels during atreraft events, the
two minutes prior to the start of the event, and the two minutes after the end of the event are
to be used in the calculations, A number of dilferent acoustic metrics used to deacribe the
alreraft notse levels are to be deterinined from this data,

Many of these metrica are bosed on detectability, Detectability (d') 15 a function of
the differential between the 1/3 octave band notse level of the source and the background in
the same frequency band. The band width and the efficiency of the liatener are also factors
in the d' caleulation. For this study, the detectability value reported is the maximum
detectability value in any 1/8 octave band, Detectability (d) ia to be reported in terms of the
10log(d) level, or D',  The equation s presented below;

D'=10log(d)=10lo0gluiw)1/2(S/N))  where: S - Signallevel in a 1/3 octave band
. N - Background level in same band
w - Band width in same 1/3 octave

i - Eficiency of observer relative to

an ideal energy detector. For this

study, p =4
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the maximum level and the background is the LS80 level. The relative
Loudness Level is also to be determined (difference between maximum level

and L9O level).

s PNLT. The tone corrected Percetved Noise Level (PNLT) is to be determined
for the aireraft and background conditions, The PNLT of the aircraft is the
moximurm level and the background is the L90 value. The relative PNLT
level is also to be determined (difference between maximum level and L90

tevel).

» Time Above L90 dBA Jevels (TALO0+ 5,10, 20,30, 40, The duration of the
event above the background sound level 18 to be determined for various
levels of intrusion. The background sound level s the L90 dBA value, These
durations are deflned as tme above the L20 value plus 5, 10, 20, 30, 40 dBA,
The event must have g minimum duration of three seconds. For fluctuating
events, the total durations of the event are sumined, This tnformation is
determnined in order to provide a correlation between determining duration
using the more precise detectability and using simpler A-weighted data. -

A number of park units are located in areas with MTRs. The aircraft sound levels
frorn these MTRS are often associated with low-altitude aireralt that potentially have high
sound levels and onsct rates. The following acoustic data i3 to be determined for MIR

operations,

Prﬁnm-ynata
s SEL_Leval. The Sound Exposure Level (SEL) from the A-welghted
messurnment data is to be determined.

-« dBA_Sound Level The maximum dBA sound level from the aircraft
overllight and the background L90 dBA level are to be reported. The
maximum value represents the highest dBA noise level measured for this
aircraft event. The relative A-weighted sound level is also to be reported
I[gg;eighted differenice between the maximum level and the background

» Onuct Rate, The onset rate of the airerait event in terms of the mte of change
in dBA per second is to be determined for each atreraft overflight, Onset s
to be determined between the ime the signal is 5 dBA abave the background
and 5 dBA below the maximum dBA value.

Sa:mdm-ynm
¢ EPNL. The Effective Percelved Noiae Level rBPNI.) from the event s to be

caleulated,
» Loudness Level. The Loudness Lavel (ISO 532B) 18 to be determined for the

aireraft and background conditions, The Loudness Level of the aircraft is
the maximum level and the background is the L90 level. The relative

Poge §- 13
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The 1/3 octave and dBA L90 values used to represent the background sound level for
a particular event must include data measured within ive minutes before or after the event
occurred. (For these calculations, the beginning or end of an event i3 defined as when the
fleld observer no longer considers the aircraft audible, or 10 seconds before or after D'
exceeds fifteen for a preliminary caleulation,) Data measured more than 30 minutes before
or after an event i8 not to be inecluded in these calculations. The minimum duration of
measurement is 5 minutes. The maximum duration 15 30 minutes,

{Note: This {5 not an absolute requirernent, but should be adhered to as oflen as
possible, There will be some measurements [n which atreraft will be affecting the noise
envtronment for extended durations and ambtent condlittons may change substantially
during that time period. When necessary, the contractor (s to use judgment to define an
appropriate measurement period to determine the background sound level. The contructor
(s to document any devtation from this standard procedure.}

Alrerqft Measurements’

The noise levels from individual aircraft events are to be analyzed. Often, a,

number of aircraft operations will oceur simultaneously and these atrernft will be grouped
as one event. The A-weighted and 1/3 octave band sound levela during atreraft events, the
two minutes prior to the start of the event, and the two minutes after the end of the event are
to be used in the calculations, A number of dilferent acoustic metrics used to describe the
udreraft noise levels are to be determined from this data.

Many of these metrics are based on detectability. Detectability (27 s a function of
the differential hetween the 1/3 cctave band noise level of the source and the background in
the same frequency band., The band width and the efficiency of the lstener are also factors
in the d' calculntion. For thia atudy, the detectability value reported {s the maximum
detectability value in any 1/3 octave band. Detectability {d is to be reported in terms of the
10log(d) level, or D', The equation is presented below:

D'w10log{d)e10logluiw)1/2(S/N))  where: S - Signal level In a 1/3 octave band
‘ N - Background level in same band
w - Band width in same 1/3 octave

i - Eficiency of observer relative to

an ideal energy detector. For this

gtuacly, (L w4
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For example, a measured slénai of 60 dB in the 500 Hz 1/3 octave band (the signal
also Includes the background sound level) tn a background sound of 50 dB In the same
frequency band results ina D" of 16,

The acousti¢ information to be determined from these gircraft measurerments

varies for different types of aircraft operations. These operations can be divided into two
categories. OQne category is the low-altitude MTR operations, These operations are

characterized by potentially high maxdmum sound levels and high onset rates. All of the

remaining typés of atreraft ‘operations affecting parks are included in the second category.
Thede operations are generally charactcnzed by relative low-level sounds with long

duration and very slow onset rates.

The following paragraphs describe the acoustic information that is to be reportad
for all aireraft operations other than MTR aircraft. A computer program has been written
that will autormatically calculate this information from the measurement data. Once
again, an aircraft svent may include a number of grouped afreraft that operated

simultaneously.

Primary Data ‘

o dB4 Sound Level The maximum dBA sound level from the atreraft
overflight and the background L0 dBA level are to be reported. The
moximum value represents the highest dBA nolse level measured for this
aireralt event. The relative A-weighted sound level {3 also to be reportad
%erghted difference between the maximum level and the background

. . i . The time duration of the
event ghove varfous detectability levels is to be determined. These
durations are defined as tine above D' nf 10,15, 20, 25, 35, 45, In the D'
calculation, the aignal (S) 1a the event sound levels and the Noise (N} is the
larger of the ambient L.80 or the MAF curve in the samé band, The event
must have o minimum duration of three seconds, For {luctuating events,
the total durations of the event are summed,

Sevondary Data
« Onagt Rate. The onset rate of the nircraft event in terma rate of change in
dBA per second i3 to be determined for a representative sample of aircraft
averfiights, Onset is to be determined between the time signal exceeds D' of

15 and the maxdmum dBA value,

+ Loudness Leval, The Loudness Level (SO 532E) is to be determined for the
aireraft and background conditions. The Loudness Level of the atreraft is
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the maximum level and the background is the L90 level. The relative
Loudness Level i3 also to be determined (difference between maximum level

and L0 level),

s PNLT. The tone corrected Percelved Noise Level (PNLT) s to bhe determined
for the aircraft and background conditions. The PNLT of the aircraft s the
maximum level and the background s the L90 value, The relative PNLT
level 18 also to be determined (difference between maximum level and L90

level).

* Tima Above L0 dBA lovels (TALIQ+ B, 10,20, 30, 401, The duration of the
event above the background sound level {a to be determined for various
levels of intrusion. The background sound level s the L3S0 dBA value, These
durations are deflned as time above the LS80 value plus 8, 10, 20, 30, 40 dBA.
The event must have a minimum duration of three seconds. For fluctuating
events, the total durations of the event are sumnmed. This information is
determined in order to provide a correlation between determining duration
using the more precise detectabllity and using simpler A-weighted data. -

A number of park units are located in areas with MTRs. The atreraft sound levels
from these MTRs are often assoclated with low-altitude aireraft that potenttally have high
sound levels and onset rates. The ronow-lng acoustic data 1s to be determined for MTR

aperations.

Primary Data
* SEL level. The Sound Exposure Level (SEL) from the A-weighted

measurement data is to be determined,

o dRA _Sound Level, The maximum dBA sound level from the aireraft

overflight and the background L90 dBA level are to be reported. The
maximum value represents the highest dBA noise level measured for this
aireraft event, The relative A-weighted asound level s also to be reported
I(.Aé-;;'elghted difference between the maximum level and the background

« Onegt Rats. The onset rate of the atreraft event tn tarms of the rute of change
in dBA per second is to be determined for each alreraft overflight. Onset is
to be determined between the time the stgnal 1s 5 dBA above the background
and 8 dBA below the maximum dBA value,

Secondary Data o
» EPNL.. The Effective Perceived Notse Level (EPNL) from the event i to. be
calculated, .

* Loudness Level. The Loudness Level (ISO 532B) is to be determined for the
afrcraft and background conditions, The Loudness Level of the airceaft is
the maximum leve! and the background is the L90 level. The relative

Poge 5. 13



Loudness Level i3 also to be determiined (&lﬁ'erence between maximum lavel
and L90 level). :

+» dBC Sound Level The maximum dBC sound level from the aircraft
overflight and the background L80 dBC level are to be reported. The
maximum value represents the highest dBC noise level measured for this
afrcraft event. The relative C-weighted sound level 18 also to be reported
(C-weighted difference between the maximum level and the background

1s0. .

. ! ! . The titne ciumt!on of the

event above various detectabflity levels is to be determined. These
durations are deflned as time above D' of 10,15, 20, 25, 35, 45. In the D'
caleulation, the signal (8) 18 the event sound levels and the Noise (V) i3 the

. larger of the ambient L90 or the MAF curve in the same band. The event
must have a minimum duration of three seconds, For fluctuating events,
the total durations of the event are summed,

The above acoustic data is intended to provide the most complete {nformation
concerning the ambient and atrcraft sound environment. In situations where available
resources limit the ability to conduct a more complete study, Umited acoustic data
concerning the sound environment can still be useful in describing the sound levels of
operations within a particular park. This data would be in terms of A-weighted sound level
measurements. This program may also be used to supplement the more completed
measursments in order to provide long-term information. The deacriptors to be
determined from this modifled program are presented in the following paragraphs, The
ambient and background sound level ia deternined in the same manner as presented in the
completed program, except that A-welghted only sound levels are measured.

Opcrations other than MTR
» The maximum dBA gsound level from the atreraft

* dBA _Sound  Level

overflight and the background L90 dBA level are to be reported. The
maximum vaiue represents the highest dBA noise level measured for this
aircraft event. The relative A-weighted sound level is also to be reported
(A-weighted difference between the maximum level and the background

.

. * Time Above LO0 dBA Jevals (TALDO+ 5, 10, 20, 30, 401, The duration of the
event above the background sound level 18 to be determined for various
levels of intrusion. The background sound lovei {s the L90 dBA value. These
durations are defined ag time above the L90 value plus 8, 10, 20, 30, 40 dBA.
The event must have a minimum duration of three seconds. For fluctuating
events, the total durations of the event are summed, This data should be
correlation with detectability results,
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MTR Operations
s SEL Leve]l. The Sound Exposure Level (SEL) from the A-weighted

measurement data s to be determined,

» dBA Sousns Level. The madmum dBA sound leve]l from the atreraft
overflight and the background L90 dBA level are to be reported, The
maximum value represants the higheat dBA noise level measured for this
aireraft event. The reiative A-weighted sound level is also to be reported
{A-weighted difference between the maximum and the background L90),

« Onsst Rats. The onset rate of the aireraft event in tarms of the rate of change
in dBA per second is to be determined for each aireraft overflight. Onset i3
to be determined between the tme the signal is 5 dBA above the background
and 5 dBA below the maxtimum dBA vailue.

A number of park units’ have historical or cultural resources that are affected by
MOA and MTR operations, These operations can result in very high sound levels or sonie
booms. The potential effects of vibration caused by these overflights on these sensitive
structures ia not known. At historical or cuitural structures affected by these gverilights,
sound and vibration measurements should be completed. Theae measurements should be
done using automated eguipment that can operate unattended for long perfods of sampling
time. ‘Durmg the measurements, park personnel should note the time of any sonic bm_ms
or very loud overflights to correlate the measured values with the aireraft operations.

_ The information to be determined from these measurements I8 the maximum dBC
sound level from the afreraft overflight and any structural vibration measured in Gs. The
Instrument measuring the C-weighted sound level should be located on or near the structure
of concern. A convenient location 18 4 roof top. The vibration transcducer should be
attached to a critical location of the bullding, In general, this should be located on the
building structure itself, and not windows, in that it is the integrity of the building
structure 13 of concern.

The measurement tnastrumentation to be used for these measurements is the same
automated sound instrumentation specified for the long-term A-weighted measurements,
The vibration measurements use the same instrumentation, except that the
microphone/preamplifier i3 replaced with a transducer, Note: This methodology provides

information concerning the vibration levels caused by these operations and the nurober of ©

times vibrations oceur, but doea not research into what the effects are to the structure and
what levels would be acceptable. .
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5.5 Statistical Sampling Requirements

The following pamgrapﬁs present the recommended methodology for determining
the measurement sampling period for both atreraft overflight sound levels and ambient
sound level measurements, The key elements in determining the sample size include
identifying the major "moces” affacting aircraft operations, estimating the measurement
statistics and, finally, estimating the needed measurement sample sizes and the duration
of time needed to achieve that sample size. '

~

The statistical confidence recommended for this study i3 the 80% confidence level
for plus or minus 3 dB. For duration data, a 90% confldence level for plus or minus 10% of
the mean. The smhple size needed for the measurements will be determined for this
confldence level. The methodology could be used for other confldence intervals or levels of

- confldence, but actual experience in the fleld and Uimita on measurement resources will

probably determine the best level of confldence that can be athieved.

There will always be a tradeoil between statistical confldence and number of sites
measured, Longer measurement periods at each site will result in higher statistical
confidence In the measured results, However, given 4 fixed amount of measurement
resoirces (measurement equipment and labor), the more time spent at any given site will
result In fewer sites being measured. Therefore, the sampling program selected should
represent a balance between statistical confidence at any site and apatial coverage of a large

park system.

This section {8 not intended to provide complets information in tarmas statistical
analysis requirements. Its purpose is to present the general methodology used to develop
statistical sampling requirements, A general guideline to use tn estimating the number of
sampling days 13 also presented.

5.6.1 Determine Major Modes and Catcgories of Alreroyt Operations

In order to deflne sample size it I3 important to recognize the different and unique
"modes” or "categorfes” that may affect atreraft noise. For the purposes of tlis section, a
mode or category of operation refers to groups of oparations that display independent
atatistical characteristics. The amount of sampling may vary for each of these modes.
These modes of operations are variables relative to: (1) types of afreraft operations, (2)
variations relative to changing weather patterns, and {3) seasonal variations. One must
determine these modes and determine if it I8 negessary to measure during al! modes of
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operation or just certatn dominant modes. The aircraft identiflcation program to
determine levels of atreraft operations (Section 4.3) can be used to help establish modes
and categories of operations, Modes of operations are discussed in detail in Element 3 of

that section.

A wind rose or historical operations data can also be used to help determine
dominant modes of operations. Note that ihera maoy be seasonal variations In demand, Le.,
tourist seasons versus off-seasons, In general there will be a need to treat different aircraft
nojse expogure situations with care. At or near an airpott, runway utilization and seasonal
variations will be important, When sampling near en route traffic corridors, the wind
direction will be an tmportant factor primartly because of the eflect of wind direction on
sound propagation over long distances. Upwind of a corridor the nolse may be highly
attenuated while downwind at the same distance the noise may be significantly higher.
Under or near areas of sightseeing ajreraft the winds may determine direction of ight and
the season may have a significant effect on tourist demand and subsequent number of
operations,

Nolse measurements should be made during ezch major seasonal mode of operation

.that 18 identified. In general, measurements should be conducted for at.least 4 different

times during the year, or once for sach aseason. For park units with only one season, two
trips are recommend with each measurement trip at least two weeks in duration.

8.6.2 Determine Sample Size for Airergst Nolse Events

Once the dominant seasonal modes and the time perfod that they oceur have been
identified, there is & need to know how long to measure during each of the seasons. The
required sample size can be estimated from accompanying equations for the Students-t
confidence interval (Exhibits 5-2 and 5-3). For a given confldence interval, i.e., plus or
minus 3 dB, the sample size, n, can be computed if the standard deviation 1s known,
Therefore, preliminary measurements be made to estimate the standard deviation, These
calculations are necessary for each type of afreraft that as been identified for each atreraft
rating scale being analyzed. '

An alternative to preliminary measuremefits 18 to esttmate the standard deviation
based on previous mensurement experience. In general there are substantial data provided
by the FAA that show that in the vicinity of the 6% DNL contour at civilian air carrier
airports the standard deviaton for air carrier afreraft 19 about 2 dB. At military airports,
the Afr Foree has published a curve for military atreraft that shows the expected standard
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Exhibit 52
Student-t Equations

The fallowing aquations are uaed far the camputation of nm:mdlnm intwrvals
for sampias of alze n. The vaiue fort 3 feund in the aitached besed on the magnituce of

of n,

-t
Confidance Interval s C1aT ¢ _(??m

It the desired confidenca interval [s plus or minus 1.5 dB the following equations
can be used {0 satimate (e required sample siza, n.

2
Sample Slze = n -[.'—'.]
1.8

in the above equationa the aymbols ars dafined as;

t s the Siudenta-t value from the attached tebls for
. 80%, 9@%. or other confidence level desined.
8 |3 the sample standard deviation

T is the semple mean vana
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Exhibit 5-3
Students-t Distribution
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deviation based on distance from the flight tracks and angle of elevation to the ground.
This {3 presented in Exhibit 5-4. These types of data have not been published for general
avintion aircraft or commuter aireraft or helicopters, It would be of benefit to this program
to develop curves of estimated standard deviation based on elevation angle and distance for
general aviation and rotoreraft aireraft similar to the data developed by the Air Force for

military alreraft,

Once the standard deviation is known either by preliminary measurement or
estimated, the needed sample size can be estimated from the equation in Exhibit §-2, This
sample size will apply for each mode or category of atreraft operation, For example, if it is
determined that there are 2 types of aireraft operations, and the needed sample size for
statistical confidence fs 20 aircraft nose events, then 20 atreraft flyover measurements

should be mads lor each type of alrcraft.

In general. it can be assumed that 10 to 30 samplea of aircraft overflights are
required for each maode or category of operation. These measurement samples should be
determined from a minimum of seven different days per measurement trip.

5.68.3 Determine Sample Size for Ambicnt Non-Atreraft Noise
The ambient sound level shall be defined by measuring the L{n) and LEQ sound
levels, The measurements should be made during each major maode of operation affecting
aireraft notse, and In fact should be completed as part of the aireraft nolse measurement
gequence. Weather has a mafor effect on ambient levels as well as atreral noise pattemns.
Therefore, amblent sound measurements need to cover periods which represent the range of
wind conditions,

The 90 percent confldence intervala for the average Lin) computed fom the sample
L{n)2 can be determined using the same Student-t methodology. Again the needed sample
size of ambient mensurement periods needed for estimating the average L{n) with a plus or
minus 3 dB confldence intarval can be determined from the Students-t equation based on
the sample standard deviation of the L{n)s. The study recommends that ambients sound
levels be determined from four seperate measurement trips, A minimum of 10 ambient
measurements randomly selected over a one week period should be completed for each trip.
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Appendix B
BACKGROUND INFORMATION ON ACOUSTICS

B.1 Introduction

The description, analyais and reperting of community sound levels from

atreraft s made difficult by the complexity of human reaponse to sound and the myriad

of notse metrics that have been developed for deseribing acoustic impacts. The purpose
of this chapter 1a to present background (nformation on the characteristics of sound as
it relates to the National Park setting, and present various rating scales that are
available to describe the sound. This i3 intended to glve the ‘reader a greater
understanding on sound and the current methodologies used to assess potential impacts

from noise. . :

This chapter I8 divided (nto four sections. The Arst section presents properties
of sound that are important for technically describing sound In the park/wilderness
setting and factors in human subjective response to a sound that affects its perception.
The second section describes potential human disturbances and health effects to sound
and factors that affect individuals reaponse to that sound. The third section presents
various sound rating scales and how they may ‘be applied to addressing aircraft
operations within parks. The fourth section presents a surnmary of current noise
assesament criteria that I8 used for quantfying the effecta of alreraft noise.

B.2 IProperﬂes of Sound

Sound Level and Frequency. Sound can be technically described in terma of the
sound pressure (amplitude) of the sound and frequency (similar to pitch) of the sound.
The sound pressure {8 a direct measure of the magnitude of a sound without
consideration for other factors that may influence its perception.

A atandard unit of measurement of the sound is the Decibel (dB). The range of
sound pressurcs that occur in the environment is 30 large that it 18 convenient to
express these preasures ns sound pressure levels on a logarithmic scale. The sound -
pressure level in decibels 19 the pressure of o sound relative to a reference pressure of 20
micropascals. The logarithmic scale compresses the wide range in sound pressures to a
moere usable range of number in a manner similar to the Richter scale for earthquakes.

The frequency of a sound i3 expressed as Hertz (Hz) or cycles par second. The
normal audible frequency for young adults 1s 2 Hz to 16.000 Hz, The prominent
frequency range for afreraft noise in the park setting 18 between 50 Hz and 5,000 Hz,
‘The human car 18 not equally sensitive to all frequencies with some frequencies judged
fo be louder for a given signal than another, As a result of this, various methods of
frequency weighting have been developed.
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Sound levels decraase as a function of distance from the source as a result of
wave divergence atmospheric absorption and ground attenuation. If sound {s radlated
from a source in a homogenious and undisturbed manner, the sound travels as
spherical waves, The sound wave form travels away from the source, the sound energy
{s dispersed over a greater area digpersing the sound power of the wave. Spherical
spreading of the sound wave reduces the noise level at a rate of 8 dB per doubling of the

distance.

Atmoapheric absorption also influences the levels that are received by the
observer, The greater the distance traveled, the greater the influence and the resultant
fluctuations, Atmospheric absorption becomes important at distances of greater than
1000 fest. The degree of absorption ig a functton of the frequency of the sound as well as
the humidity and temperature of the air. For example, atmospherte absorption {s
lowest at high humidity and higher temperatures. Sample atmospheric attenuation
graphs are presented in Exhibit B-1, Turbulence and gradients of wind, temperature
and humidity also play a significant role in determining the degree of attenuation,
Certain conditions can also result in higher noise levels than would result from
spherical spreading as a reault of channeling the sound waves,

Absorption effects in the atmosphere vary with frequency, The higher
frequencies are more readily absorbed than the lower frequencies, Over large distances,
the lower frequencies become the dominate frequency as the higher frequencies have
been attehuated. For example, the sound at ground level from the high altitude en route

Jets has o very strong low frequency component.

These factors are an Important consideration for assessing altitude and flight
track restrictions over park units. Given the large distances between the notse source
and receiver in many of the park settings, atmospheric conditions will play a
significant role in affecting the sound levels on a day to day basis and how these sounds

are perceived.

Durution qf Sound. The annoyance from a sound rises with increased
durations. The "effective duration” of a4 sound {a the time between when a sound rises
above the background sound level until it drops back below the background level,
Paychoacoustic studies have determined a relationship between duration and
annoyance. Exhibit B-2 presents the results from one such study (Kryter, 1968) that
determined the amount a sound must be reduced to be judged equally annoying flor
inereased duration, Duration i8 an important factor tn deseribing the atreraft sound in

the park/wildernees setting.

This exhibit also {llustrates the equivalent energy principal of sound exposure,
The dashed line corresponds to a reduction of 3 dB per doubling of duration. Reducing
the acoustic energy of a sound by one half results in a 3 ¢B reduction. Doubling the

‘duration of the sound increases the total energy of the event by 3 dB. This equivnlent

energy principal 1 based upon the premise that the potential for a neise to impact a
person is dependent on the total acoustical energy content of the noise (EPA, 1974).

DNL, LEQ and SEL are all based upon the equal energy principle,
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Exhibit B2
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‘ Rise Time, The rise time or onset rate of a sound can also affect its perception,
The rise time or onset rate of a sound is the time untll the scund reaches its maximum
sound level, Very quick and very slow onset rates have been found to have an increased
level of disturbance. Rise me rates between 0.5 and 3 seconds are found to be the least
disturbing. Impulsive nolses with quick rise times and short durations can result in a
startle effect that 18 judged to be more annoying.

Both quick and slow rise time rates are of concern to. the park setting.
Low-altitude military operations are characterized by rise times of less than 0.5
seconds. Measurements of high altitude aircraft resulted In very slow rise time rates of

many seconds,

Threshold qf Hearing. The threshold of hearing i3 the minimum sound pressure
level that will result in an auditory response: This threshold i not an exact level, and

. therefore i3 expressed as a probability of an individual hearing a sound (typieally

defined as 50 percent]. The threshold of hearing varies with the population. The
Mintmum Audible Fleld (MAF) curve 1s reproduced in Exhibit B-3. This MAF curve
represents the sound pressure level of the threshold of hearing for young adults with
normal hearing measured (n a free fleld, It j8 determnined for pure tones with the
listener facing the source and lstening with both ears, The threshold of hearing 13 not
equal in all frequencies with reduced sensitivity in the lower and higher fequencies,

Note hearing sensitivity will vary between Individuals and generally reduces
with age. Other curves have been developed that represent the average hearing
threshold for the population or for deflning normal hearing thresholds for audiometry
testing. These curves specify threshold of hearing levels higher than the MAF curve,

Change in Noise. This concept of change in ambient sound levels can be better
understood with an explanation of the hearing mechanism's reaction to sound, The
human ear ts a far better detector of relative differences tn sound levels than absolute
values of levela, Under controlled laboratory conditions, lstening to a steady
unwavering pure tone sound that can be changed to slightly different sound levels, a
person can just barely detect a sound level change of approximately one dectbel for
sounds in the mid-frequency region. When ordinary noises are heard, a young healthy
ear can detect changes of two to three decibels, A five dectbel change (3 readily
noticeable while a 10 decibel change Ia judged by most people as a doubling or a halving
of the loudnesa of the sound.

Recruitment of loudness, Recruitment describes the perception of loudness in
situations where the threshold of hearing of a sound is elevated by masking from a
background sound. A listener's judgement of the loudness of a sound will vary with
different levels of background nolse, In low level background situationa that are near
the threshold of hearing, the loudness level of a sound increases gradually. In these
situations, a desired scund, such as music that is a level of 40 to 60 dB above the
background, would be judged as comfortable. In loud background settings, a sound that
is approximately 20 dB above the masking thresheold will be perceived as the same
loudness as the sound would have If no masking sound was present.
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Musking Effect. A characteristic of sound that Is critical in the Natfonal Park
setting is the ability of a sound to interfere with the ability of a listener to hear another
sound. This is defined as the masking affect. The presence of one sound effectively
raises the threshold of audibility for the hearing of a second sound. For a signal to be
heard, it must exceed the threshold of hearing for that particular Individual and exceed
the masking threshold for the background nolse, :

The masking characteristics of sound (s dependent ppon many factors,
including the spectral characteristics of the two sounds, the sound pressure levels and
the relative start time of the sounds, The masidng affect is greatest when the masking
frequency 13 closest to the frequency of the aignal. Low frequency sounds can mask
higher frequency sounds, however, the reverse s not true, ,

B.3 Health Effects of Noise

Noise has often been described as unwanted sound and it {8 known to have
several adverse effects on people. From these lmown eifects of noise, criteria have been
cstablished to help protect the public health and safety and prevent disruption of
certain human activities, This criteria is based on such known effects of noise on
people as hearing loss (not a factor with community noise), communication
interference, sleep interference, physiological responses and annoyance. Each of these
potential nolse impacts on people are briefly discussed in the following narratives:

HEARING LOSS s, in general, not a concem in community atrport noise
problems, The potential for noise induced hearing loss is more commonly
associated with occupational noise exposures In heavy industry or very
noisy work environments with long term exposure. The Occupational
Safety and Health Administration (OSHA) identifles a nolse exposure
limit of 90 dBA for 8 hours per day to protect from hearing loss. Noise
levels in neighborhoods, even in very noisy alrport environs near major
International airports, 18 not sufficiently loud to cause hearing loss.

COMMUNICATION INTERFERENCE is one of the primary concerns In
environmental nolse problems. Communication Interference Includes
speech Interference and actvities such as watching television. Normal
conversational speech 1s in the range of 60 to 65 dBA and any noise in this
range or louder may interfere with speech. There are specific methods of
deseribing speech Interference as a function of distance between speaker
and lstener and volce level. Exhibit B-4 shows the percent of sentence
intelligibility with respect to various nolse levels.

SLEEP INTERFERENCE s a mafor noise concern in -afrcraft noise
assessment and, of course, 15 most critical during nighttime hours. Sleep
disturbance is one of the major causes of annoyance due to comrmunity
nolse. Noise can make It difficult te fall asleep, create momentary

Apperclix B PogeB-7
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disturbances of natural sleep patterns by cauémg shifts from deep to
lighter stages and cause awakening, Nolse may even cause awakening
which a person may or may not be able to recall.

Extensive research has been conducted on the effect of notse on sleep
disturbance. Recommended values for desired sound levels in residential
bedroom space range from 25 to 45 dBA with 35 to 40 dBA being the norm.
The National Association of Nolse Control Offleials have published data
on the prabability of sleep disturbance with various single event noise
levels. Based on experimental sleep data as related to noise exposure, a 75
dBA Interior noise level event will cause noise induced awakening (n 30
percent of the cases, A summary of this data is presented in Exhibit B-5.

PHYSIOLOGICAL RESPONSES are those measurable effects of noise on
people which are realized as changes in pulse rate, blood pressure, etc,
While such effects can be induced and observed, the extent is not known to
which these physiclogical responses cause harm or are a sign of harm.
Generally, physiological responses are a reaction to a loud short term
noige such as a rifle shot or a very loud jet overflight.

ANNOYANCE {s the most difficult of all nolse responses to deseribe.
Annoyance IS a very individual characteristic and can vary widely from
person to person. What one person considers tolerable can be quite
unbearable to another of equal hearing capability. The level of
annoyance, of course, depends on the.characteriatics of the noise (L.e.;
loudness, frequency spectra, time, and duration), and how much activity
interference (e.g. speech interference and sleep interference) results from
the noise. However, the level of annoyance 18 also a function of the attitude
of the receiver. Personal sensitivity to noise varies widely. It has been
estimated that 2 to 10 percent of the pepulation is highly susceptible to,
noise not of their own making, while approximately 20 percent are
unaffected by noise. Attituces are affected by the relationship between the
person and the nolse source, (Is it our dog barling or the neighbor's dog?)
Whether we believe that someone is trying to abate the notse will also
affect our level of annoyance,

B.4 Sound Rating Scales

Loudness Level, Varlous rating scales have be devised to approximate the
human subjective assessment to the "loudness’ of a sound. Loudness Is the subjective
Judgement of an individual as to how loud or quiet a particuiar sound is perceived. The
human ear {s not equally sensitive to all frequencies with some frequencies judged to be
louder for a given signal than another. This sensitivity difference also varies for
different sound pressure levels,

Apperciix B Poge B- 8
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Exhibit B-6 presents equal loudness level contours for pure tone signals. These
equal loudness level contours are expressed as Phones, All points on a contour
represent a sound level that is judged to be equally as loud as another point on the same
contour. The bottom of this exhibit also shows the Minimum Audible Fleld (MAF)

curve that forms the threshold of audibility,

Thia data 1s obtained through group laboratory studles of human response to
nolse. Generally a pure tone signal of 1000 hertz is played and then after an elapsed
Interval a second tone of a different frequency Is played. The listener muat adjust the
signal untf] the two tones are judged to be the same,

The Phone scale for equal loudnesa level curves I8 a decibel scale. In the decibel
scale, increases in sound pressute levels of 10 dB is roughly equivalent to a Judgement of
the sound being percelved as twice as loud. Loudness differs from loudness level, but
they are related logarithnueally, Loudness Is expressed In the Sones scale, a subjectlve
scale that gives a ratived scale of loudness. The Sones scale establishes that a sound of 2
Sones Is twice as loud as a sound of 1 Sone. One Sone [s defined as the loudness of a 1000
Hz tone having the sound pressure level of 40 dB,

Calculated loudness levels are single number ratings of a full spectrum sound
signal that is determined from specific formulas, They have been destgned to provide
an acoustic measurement that correlates with an individual's judgement of loudness.
There are two accepted methods for calculating loudness level: SO Method A {Stevens)
and ISO Method B (Zwicker). Both require acoustic data measured it one or 1/3 octave.
The loudness level s determined by converting 1/3 octave spectral levels to loudness,
correct for interband masking and add the contribution of sound from each spectral

band. :

There are no speclfic noise standards that use caleulated loudness levels.
Loudness calculations are most useful in showing relative differences In changes in
steady state sound levels as opposed to absolute fluctuatng levels,

Frequency Weighted Contours (dBA, diB, dBC and dBD). In order to simplify the
measurement and computation of sound loudness levels, frequency weighted networks
have obtained wide acceptance, The equal loudness levels contours for 40 dB, 70 dB and
100 dB have been selected to represent human frequency response to low, medium, and
loud sound levels, By inverting these equal loudness level contours, the A-weighted,
B.weighted and C-welghted frequency weightings were developed. D-weighted Is another
freqquency weighted network that has found some limited use int alreraft measurements,
These contours are presented (n Exhibit B-7,

The A-weighting (dBA) scale has become the most prominent of these scales and
is widely used in community noise analysis, [is advantages are that it has shown good
correlation with other rating scales and (s easily measured. [n the A-welghted decibel,
every day sounds normally range from 30 dBA (very quiet) to 100 dBA {very loud). Most
community noise metrics, such as DNL or LEQ and SEL are based upon the dBA scale.
The C-weighted scale has some limited industrial and military uses,
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Perceived Noise Level. Percelved noisiness Is another method of rating sound, It
was originally developed for the assessment of aircraft noise. Perceived nolsiness is
defined as "the subjective impression of the unwantedness of a not unexpected, nonpain
or fear-provaking sound as part of one's environment’ (Kryter, 1970). "Noisiness”
curves differ from "loudness curves" in that they have been developed to rate the
nojsiness or annoyance of a souund as opposed to the loudness of a sound.

Equal perceived noisiness curves {noys) are presented in Exhibit B-8. As with
loudness curves, nolsiness curves have been developed from laboratory psychoacoustic
surveys of individuals. However, in nofsiness surveys, (ndividuals are asked to judge in
a laboratory setting when two sounds are equally nolsy or disturbing if heard regularly
In ones own environment., These surveys are more complex and therefore subject to

greater variabllity.

Rating scales have been developed to combine the cotitributions of each of the
spectra of a complex sound to give an overall perceived noise level rating, These scales
include the Perceived Noise Level (PNL) and the tone corrected Perceived Noise Lavel
(PNLT). PNLT differs from PNL In that it also takes into account discrete frequency
components. These metrics, by themselves are not widely used, however, the time
domain metric EPNL, used by the FAA, 1s based upon the measured PNLT level,

Maximum Noise Level. The highest noise level reached during the flyover s, not
surprisingly, called the "Maximum Nolse Level,” or Lmax, Lmax is usually measured in
dBA. As an aircraft approaches, the sound of the aireraft begins to rise above ambient
nolse levels. The closer the aireraft gets the louder it 18 until the aireraft I8 at its closest
point directly overhead., Then as the aircraft passes, the noise level decreases until the
sound level again settles to ambient levels, Such a history of a flyover is plotted in
Exhibit B-9. [t (s this metric to which people generally instantaneously respond when
an alreraft flyover occurs, Speech and sieep Interference research can be asseased
relative to maxdmum noise level data.

Sound Exposure Level (SEL}). Another metri¢ that Is reported for aircraft
flyovers is the Sound Exposure Level (SEL). It 13 computed fom dBA sound levels,
Referring again to Exhibit B-9 the shaded area, or the area within 10 dB of the
maximum noise level, is the area from which the Sound Exposure Level I8 computed.
The SEL value is the Integration of all the acoustic energy contained within the event.

This metric takes into account the maximum noise level of the event and the
duration of the event. Single event metrics are a convenient method for deseribing
noise from individual aireraft events, This metric {2 useful in that airport noise
models contain aircraft noise curve data based upon the SEL metrie. In addition,
cumulative noise metrics such as LEQ and DNL can be computed from SEL data.

Effective Perceived Noise Level (EPNL). The EFNL sound level is similar to SEL
except that it is based upon the tone corrected Percelved noise level data (PNLT) as
opposed to dBA sound level data. It takkes Into account an individual's response to the
“tioisiness" of the aircraft, the disturbing effect of any pure tones such as whines or
screeches, and the duration of the event. (It I3 calculated for 1/2 second 1/3 octave
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apectral data of an aircraft flyover.) Being derived from noisinesa curves, EPNL will
have the same limitations as the perceived Noise level, The FAA's FAR Part 36 atrcraft
certification nolse standards are based upon the EPNL metric. This regulations
certifies new subsonic commercial alreraft for arrival, departure and sideline noise

levels,

Equivalent Noise Level (LEQ). LEQ is the sound level corresponding to a
steady-state A-weighted sound level containing the same total energy as a time-varying
signal over a given sample perfod, LEQ is the "energy” average noise level during the
time period of the sample. It I8 based on the observation that the potential for a noise
to impact people is dependent on the total acoustical energy content of the nofse, It s
the energy sum of all the sound that occurs during that tirne period. This is graphically

ilustrated in Exhibit B-10.

LE@ can be measuréd for any time period, but is typically measured for 15
minutes, 1 hour or 24-hours, The one hour LEQ 18 also referred to as the Hourly Noise
Level (HNL). A number of agencles have developed noilse standards in terms of the LEQ
index. This includes a 24 hour LEQ by the FAA to assess the impact of hellcopter noise
and a peak hour LE@ by the Federal Highway Administration for the assessment of

highway traffie noise tmpacts,

Percent Noise Level (Ln). To account for intermilitent or fluctuating noise,
another method to characterize noise 13 the Percent Noise Level (Ln). The Percent Noise
Level is the level exceeded ndt of the time during the measufement perfod, It 1s usually
measured in the A-weighted deetbel, but can be an expresaton of any noise rating scale,
Percent Noise Levels are another method of characterizing ambient noise where, for
example, L0 {3 the nolse level exceeded 90 percent of the time, L50 is the level exceeded
50 percent, and L10 i3 the level exceeded 10 pereent of the time. L90 represents the
background or mininum noise level, L50 represents the average noise level, and L10 the

peak or intrusive nolse levels,

This descriptor can be used to account for the fact that some time histories may
be more annoying than others, For example, a nearly constant background noise of a
given frequency spectrum, such as found n many national packs, is lkely to be much
less annoying than a noise which fluctuates rapidly with timme. Such a situation exists
when an alreraft intrudes on an otherwise natural setting. In this case, an L90 noise
could provide a good description of the background sound leve! in a park setting,

Community Noige Ordinances are comnmonly specified in terms of the percent
noise levels, Ordinances are designed to protect people from non.transportation
related nolse sources such as music, machinery and vehicular traffic on private

property.

Day Night Noise Level (DNL), Cumulative nolse metrics have been developed to
assess community response to nolse. They are useful because these scales attempt to
include the loudness of each event, the duration of these cvents, the total number of
events and the time of day these events occur into one single number rating scale, They
are designed to account for the known health effects of noise on peopie described in
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Section B.3. DNL does not take into consideration background sound levels.

DNL is a 24-hour, time-weighted energy average noise level based on the
A-weighted decibel, It {3 a meagure of the overall ‘noise experienced during an entire
day. The time-weighted refers to the fact that noise that oceurs during certain sensitive
time periods {8 penalized for occurring at these imes. In the DNL scale, those events
that take place during the night {10 p.m. to 7 a.m.) are penalized by 10 dB, This penalty
was selected to attempt to account for the higher sensitivity to noise in the nighttime
and the expected decrease In background noise levels that typleally occur in the
nighttime. The DNL index I1s specified by the FAA and the Environmental Protection
Agency (EPA) for alrport noise assessment, It ts also specifled by many other agencies
to assess all types of transportation noise.

The public reaction to different nolae levels varies from community to
community, Extensive research using the DNI. index has been conducted on human
reaponses to exposure of different levels of aireraft noise. Exhibit B-11 relaies DNL
noise levels to community responae from one of these surveys, Community noise
standards are derived from tradeoffs between cornmunity response surveys, such as
this, and economic considerations for achieving these levels,

Community Notse Equivalent Level (CNEL). CNEL is a energy average 24-hour,
time weighted noise level based on the A-welghted decibel. It is similar to DNL, except
that CNEL also has an evening time period penalty. Sounds that occur between the
hours of 7 p.m. and 10 p.m. are considered more intrusive and are weighted by 5 dB,
CNEL has been used by the State of California to assess community nolse levels atound
airports, Recently, the State of California has changed to DNL in the updated airport
neise regulations,

Nolse Exposure Forecast (NEF), NET is the total summation of all the noise that
takes place In a 24-hour period hased on the Effective Percelved Noise Level (EPNL).
NEF has been used to as3ess nolse levels around airports, As with DNL, events that take
place at night (10 p.m, to 7 a.m.) are weighted by 10 dB.

Flight Noise Level. The Swedish government has also developed a metrie for
quantifying impacts from atreraft noise [Linde, 1986). This metric, called the Flight
Nofse Level, 13 similar to the DNL in that it considers the number and duration of
flights, and It applles a penalty for nighttime operatians, [t differs in that it uses the
maximum nolge level from an alreraft event as the basia for further calculations. A
value of 55 has been established as the threshold of impact. This metric would have the
same Umitations as DNL, in that it does not consider background levels,

Time Abgve (TA). The FAA has developed the Time Above metric as a second
metric for assessing impacts of aircraft noige around airports. The Time Above Index
refers to the total time In seconds or minutes that aircraft noise exceeds certain dBA
noise levels in a 24-hour perfod, [t i3 typically expressed as Time Above 75 and 85 dBA
sound levels, While this index Is not widely used, it Is required by the FAA [n
environmental assessments of airport projects that show an increase (n nolse levels.
There are no noise and land use standards in terms of the Time Above index. Modifying

Apperulix B Pone 8- 19
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Time Above to determine the Time Above the background sound level may have
applications in the wilderness/park setting,

Noise and Number Index (NN1) The Noise and Number Index i3 an clder index
that was developed in England after extensive surveys around London's Heathrow
Alrport. It takes into account the maximum PNL noise level (based on noisiness curves)
and the number of operations to compute a composite nolse rating for any specifled
time period. The NNI index uses a factor that shows a doubling of the number of
operations will Increase thie compoasite noise by 4.5 dB (DNL and LEQ gives a 3 dB
Increase).

B.5 Noise/Land Use Compatibility Standards and Guidelines

The above presented noise metrics have attempted to quantify community
response with varjous noise exposure levels. Based upon these metrics, noise standards
have been developed. These standards generally are In terms of 24-hour averaging
scales that are based upon the A-weighted decibel, Extensive research has been
conducted on human responses to exposure of different levels of community noise,
Utllizing these metrica and surveys, agencies have developed standards for assesasing
the compatibility of various land uges with the noise environment. As would be
expected, these metrics and standards do not.always adequately predict community
response to ail particular nolse levels, For exampie, this has occurred with hellcopter
noise, where adverse community response has extated In areas that, based upon DNL
assessment criteria, would not be considered to have an acoustic problem.

The purpose of this section ia to present information regarding the
compatibllity of various land uses with environmental noise. Noise/Land use
guldelines have been produced by a number of Federal and State agencies including the
Federal Aviation Administration, the Environmental Protection Agency, the
American Natlional Standards Institute and State and Local agencies, There are other
agencies that have published nolse guidelines including the Federal Highway
Administration, the Department of Housing and Urban Development and the
Departmenit of Defense. The FHWA guidelinea are spectlically for highway nolse
sources and not airports, The other agencies' guldelines are essentially the same as
either the FAA or ANSI guldelines, A summary of number of theses regulations and
guidelines are presented in the followtng paragraphs (MGA, 1986).

With respect to afrports, most of the administrative actions are talen by the
Federal Aviation Admuinistration, These laws and regulations provide the basis for
local development of airport plans, analyses of atrport lmpacts, and enaction of
compatibility pollcies, .
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o Atrport and Alrway Development Act of 1970, as amended (Public Laws 91-258
and 94-353).

This act establishes the Federal requirements for funding of airport planning
under the Planning Grant Program (PGP) and alrport development under Atrport
Development Ald Program (ADAP), An Alrport and Airway Trust Fund is created
to pay for these programs and operations of the Federal Aviation system. The
general types of projects aligible for Federal funding are indicated, Additionally,
the Act directs the preparation of a National Airport System Plan (NASP) which
lists the location of alrports in the national system of airports and the
recommended development of each.

Among the conditions for Federal funding are two requirernents involving
airport/land use compatibility, As a condition to the receipt of ADAP (:.nds, the
airport sponsor (owner) must, among other things, give assurances regarding land
uses in the alrport environs that: .

"The aerial approaches to the airport will be adequately cleared and
protected by remouing, lowering, relocating, marking, lighting or
otherwise mitigating existing airport hazards and by preventing the
establishment or creation of future airport hazards”;

and that: "Appropriate action, (ncluding the adeption of zening laws,
has been or will be taken to the extent reasonable, to restrict the use of
land adfacent to or in the immediate vieinity of the atrport to activities
and purpeses compatible with normal atrport operations, (ncluding
landing and takeoff of atrcraft.”

{The authorization for funding under PGP and ADAP expired in October 1980 and
as of early 1982 Congress has not enacted new legislation. Previous funding was
provided at g rate of 909% Federal to 10% local. There Is great uncertainty as to
future sharing ratios; historically, Federal aid to airports has been available in
various forms since 1946 with local matching requirements ranging from 10 to

509¢).

Federal Avtation Regulatfons, Part 36, "Notse Standards: Alreraft Type and
Alrworthiness Certification”,

Criginally adopted in 1960, FAR Part 36 prescribes noise standards for issuance of
new aircraft type certificates. Part 36 prescribes limiting noise levels for
certification of new types of propeller-driven, small alrplanes as well as for
tranaport category, large airplanes, Subsequent amendments extended the
standards to certain newly produced aircraft of older type designs. Other
amendments have at varfous times extended the required compliance dates.
Although aireraft meeting Part 36 standards are noticeably quister than many of
the aircraft then and now llying, the regulations make no determination that
such aireraft are acceptably quist for operation at any given airport.
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The FAA has considersd adopting certification noise standards for hellcopters,
These standards would be similar to the FAR Part 36 standards now in place for
fixed wing commercial and general aviation aireraft. While a sirnilar standard Is
under consideration for helicopters, it i3 not expected to be adopted in the near

furure,

U.S. Department of Defense Atlr Installations Compatible Use Zones (AICUZ)
Program SECNAVINST 11010.11. :

The Department of Defense inftiated the AICUZ program io protect the public's
health, safety, and welfare and to prevent civillan encroachment from degrading
the operational capability of military air Installations, The AICUZ program
recommends land .uses which will be compatible with noise levels, accident
potential and flight eclearance requirements associated with military airfleld
operations. ‘

U.S. Depurtment of Transportation Aviation Notse Abatement Policy.

This policy, adopted in 1976, sets forth the noise abatement authorities and

responisibilities of the Federal Government, airport proprietors, State and Locat

governments, the air carriers, air travelers and shippers, and airport area

residents and prospective residents, The basic thrust of the policy is that the

FAA's role 1s primarily one of regulating nolse at Its source {the airerait] plus

supporting local efforta to develop alrport noise abaternent plans, The FAA will -
give high priority in the allocation of ADAP funds to projects designed to ensure

compatible use of land near airports, but it is the role of State and lLocal

governments and airport proprietors to undertake the land use and operational

actions necessary 10 promote compatibility.

Avlation Safety and Noise Abatement Act of 1979,

Further weight was glven to the FAA'S supporting role in nofse compatibility
planning by congressional enaction of this legislatfon., Among the stated
purposes of this act is "To provide assistance to airport operators to prepare and
carTy out nolse compatibility programs”. The law establishes funding for noise
compatibility plahning and sets the requirements by which airport operatars can
apply for funding. The law does not require any airport to develop a noise
compatibility program,

Federal Aviation Regulations, Part 150, "Air Noise Compatibiity Planning",

As a means of implementing the Aviation Safety and Noise Abatement Act, the
FAA adopted Regulations on Airport Noise Compatibility Planning Programs.
These regulations are apelled out in FAR Part 150, As part of the FAR Part 150
Noise Contrel program, the FAA published nolse and land use compatibility
charts to be used for land use planning with respect to alrcraft noise. An expanded
version of this chart appears In Aviation Circular 150/5020-1 (dated August 5,
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1983) and s reproduced In Exhibit B-i2. These guidelines represent
recommendations to local authorities for determining acceptability and
permissibility of Jand uses. The guidelines apecify a maximum amount of noise
expogure (in terms of the cumulative noise metric DNL) that will be considered
acceptable or compatible to people in living and working areas.

These noise levels are derived from case histories involving aireraft noise
problems at clvillan and military alrports and the resultant comrmunity
response, Note that residential land use is deemed acceptable for noise exposures
up to 65 DNL. Recrcational areas are also considered acceptable for noise levels up
to 65 DNL (with certain exceptions for sport activity areas that are allowed higher
noige levels), Note that these recreational noise level guidelines are intended for
application to zoning of land use around an existing airport as opposed to
assessing impacts in g wilderness setting, Several important notes appear for the
FAA guidelines including one which indieates that ultimately “the responsibility
for determiining the acceptabllity and permisaible land uses remains with the

local authorities,"

Federal Avtation Order 5050.4 and Directive 1050,1 for Envirorunental Analysis
of Atrcraft Noise Around Alrports.

Tlie FAA has developed guidelines (Order 5050.4) for the environmental analysis
of airports. Federal requirements now dictgte that Inereases In noise levels in
noise sensitive land uses of over 1.5 DNL are considered significant (1050.1
Directive 12.21.83). For noise sensitive land uses that show an increase in nolse
over 1.5 DNL, Time Above noise levels are to be presented,

Federal Avtation Order 5050.2 for the Enuvironmental Assessment of New
Heltports,

The FAA in December 1983 provided apecific guidelines to planners of hellports in1
"Noise Assessment Guidelines for New Heliports", (Ref: AC 180/5020-2). This
document provides a means of compatibility determination (n terms of the 24
hour LEQ@ noise level (LEQ(24)). The criteria specifles that the "maximum
recommended cumulative sound level due to the proposed operations of
helicopters at a new site should not exceed the ambient nolse level already present

in the community at the site of the proposed heliport”. In other words, that the .

average cumuiative helicopter nolse not exceed the amblent noise levels that
already exist,

Environmental Protection Agency, “Informationt on Levels of Environmental
Nalse Requisite to Protect Public Health and Welfare with an Adequate Margin of

Safety"

In March 1974 the EPA published a very importarnit document (EPA, 1974) entitled
“Information on Levels of Environmental Noise Requisite to Pratect Public
Health and Welfare With an Adequate Margin of Safety” (EPA 550/9-74-004). In
this document, 55 DNL is described as the requisite level with an adequate margin

Appendic B Poge 8- 24

B S

-



P |

K

-

=
-2

.

g

Exhibit

8412

FAA Noisa Assosamant Guidaiinoa
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of safety for areas with outdoor uses, this includes residences, and recreational
areas, This document does not constitute EPA regulations or standards, Rather, it
is Intended to "provide State and Local governments as well as the Federal
Government and the private sector with an Informational point of departure for
the purpose of decision-making®. Note that these levels were developed for
suburban type uses. Insome urban settings, the noise Jevels will be significantly
above this level, while in some wilderness settings, the noise levels will be well
below this level. The EPA "levels document” does not constitute a standard,
specification or regulation, but {dentifies safe levels of environmental nolse
exposure without consideration for economic cost for achieving these levels,

American Nattonal Standards Institute (ANSI} .

The American National Standards Institute (ANSI) has published "Sound Level
Descriptors for Determination of Compatible Land Uses," ANSI §3.23-1980, May
30, 1980, As purt of this document ANS! published a “for information only" land
use compatibllity guidelines. Note; Residential land use with outdoor uses are
compatible to marginally compatible with noise exposures up to 65 DNL.
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System A
B&K 4427 SOUND LEVEL METER
B&IK 4155 MICROPHONE
B&IS 2230 SQUND LEVEL METER
B&K 4158 MICROFPHONE
B&I 4230 CALIERATOR
NAGRA IV-SJ TAPE RECORDER
B&K UAQ237 WIND SCREENS
Systern B ol
B&K 4427 SOUND LEVEL METER
B&IK 4155 MICROPHONE
B&K 2204 SOUND LEVEL METER
B&K 4131 MICROPHONE
B&IK 4230 CALIBRATOR
NAGRA III TAPE RECORDER
B&K UA 0237 WIND SCREENS
Shosone Point A
Potnt Sublime B
Huxley Terrace A
Crystal B
Hom A
Apoendix C Pune C- 1

Appendix C

NOISE MEASUREMENT EQUIPMENT

GRAND CANYON NATIONAL PARK

S5/N 1167015
S/N 1329673
S/N 1184383
S/N 1163960
S/N 1314549
S/N 1653

S/N 1166961
S/N 1215168
S/N 315393

S/N 238514

S/N 1169765
S/N BH 6710286

11/9/87, 11/13/87

11/10/87, 11/11/87
11/10/87, 11/11/87
11/12/87, 11/13/87
11/12/87,11/13/87



HAWALI VOLCANOES NATIONAL PARK

NI 830

BA&K 4161
B&K 2230
B&IK 4155
BaK 4230
B&K UA 0237

REAL TIME ANALYZER

MICROPHONE

SOUND LEVEL METER

MICROPHONE
CALIBRATOR

WIND SCREEN
Measurement Dates; January 25, 1988 through January 28, 1988

S/N 11483
S/N 468916
S/N 1236239
S5/N 1394179
S/N 1169765

EDWARDS AIR FORCE BASE
B&K 4427 SOUND LEVEL METER S/N 1167015
B&K 41585 MICROPHONE S/N 1215168
B&K 2204 SOUND LEVEL METER S/N 315393
B&K 4161 MICROPHONE S/N 468916
SONY TCD-D10 TAPE RECORDER MGA 001
B&IK 4230 CALIBRATOR S/N 1169765
B&K 2123 REAL TIME ANALYZER S/N 1407150
B&K UA 0237 WIND SCREENS

Measurement Dates; June 13, 1988 through June 15, 1988
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Exhibit C-1
DAT Recorder Frequency Response Test
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Tabie C-1

DAT TAPE RECORDER DYNAMIC RANGE TEST

(SIGNAL 1000 Hz)

DAT SIGNAL SOURCE DAT RANGE COMMENTS
RECORD LEVEL ATTENUATOR SIGNAL ouTPUT
INDICATOR GENERATOR
-5 o 100.8 100.68 0.9 - no harmonic distortion
<15 -10 90.8 90,8 10.0 .
.30 .20 g80.8 80,8 20,0
+50 -30 70.8 70.8 30.0
-50 a0 60.6 60.5 401
Off scala -850 50.6 50.8 £0,0
-60 40.6 40,7 59.9
+70 30.7 30.7 89.0
- +80 20.6 20,5 80.1 +/+ .3 d8
-80 10.8 16.8 §0.0 +/- B dB
<100 0.0 0,0 100.8 +- 3048483105 dB
above noise floor
2230 SIGNAL SOURCE DAT RANGE COMMENTS
fSD ATTENUATOR 2230 ouTPUT
100 240 93.8 112.9 Q nd harmanie distartian
+3Q 83.9 102.8 10.1
40 72.9 52,9 20
<50 84.0 2.9 30
60 54,1 72.5 40.4
<70 44.3 2.6 50.3
<80 . 52.8 80.1
«90 . 42.8 701 +- 2 dB
«100 . 33,5 79.4 +- 5 dR
94Q <10 102.8 132.4 . QOvaricad w/ harmenic dist,
20 93.8 123.8 0 ne harmonic distortion
-30 83.8 113.8 10
-40 73.8 103.8 20
-50 4.0 93.4 a0
<50 54.0 Ba.a 40
-70 441 73.6 54
80 34.3 83.7 58.9
-90 - £3.7 69.9
<100 - 43,7 78.9 +/- 5 dB
FogeC -4
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Appendix D
MEASUREMENT RESULTS
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POINT auaLiMe

AMBIENT MEASUREMENTS (LEG)

Hz 10-Nov __ 10-Nov  10-Nov  10-Nav  1Q-Nev  11-Nov  11-Nov  11.Nev ENERQY
123 PM __1:31 PM 288 PM__4:05 PM__ 7:33 PM ___7:35 AM  11:48 AM 1:35 PM AVERAGE
20 24 as 33 a6 37 az 28 3z 35
25 23 N 3a ae 34 25 27 as a3
31.8 24 29 34 32 a2 22 27 i 31
40 a0 30 35 az 33 18 28 31 a2
50 34 20 as 33 34 17 a0 - n al
83 a 23 a3 31 30 16 a0 28 -1
a0 27 2§ a3 a0 a0 18 30 268 3o
100 25 23 31 30 a4 18 N 27 3t
125 21 20 28 a0 az 16 24 20 28
160 16 25 24 27 24 14 20 19 23
200 12 23 24 28 25 1 20 18 24
250 11 23 23 28 24 12 20 16 23
215 9 23 21 24 25 11 21 17 22
400 10 25 21 22 25 - 22 18 21
500 7 25 20 21 24 - 23 17 21
6ao 3 23 19 19 22 - 23 15 19
goo 2 25 18 18 19 . 21 12 17
1000 2 20 14 18 18 . 18 1 15
1250 1 18 12 15 21 - 18 14 18
1800 1] 18 9 4 12 . 13 15 11
2060 1 . 7 3 8 . 1n 11 8
2500 1 - 8 2 5 - 7 9 é
3156 2 . a 2 4 - L 8 4
4000 3 - - 2 2 3 . 3 10 5
o000 3 . K] 3 3 . 3 8 4
0300 3 - 3 3 3 - 3 4 3
8000 2 . a P | 3 . 3 3 3
Linear 38 . 43 43 44 . a9 42 42
{AWalgntad 17 29 268 28 29 20 28 24 27
[~ Wind Dir. cam Cam Woat Woat  caim Cam Wost Wast
Spaad (kta) 03 0-3 05 0-3
| 1 E7. BIK 2230 = 3 E28 a E7. BK 2230 5 E2 8 £10 apa Av
*.* Denotes valugs less than 10 ab.
Page D1




CRAYSTAL

AMBIENT MEASUREMENTS (LEQ)

W

Hx 12-Nov  12-Nov  12«Nov  12-Nov  13-Nov [}
11:31 AM__ 2:50 PM 458 PM  8:21 PM__ 8:30 AM_AVERAGE
20 33 32 a3 18 31 31
25 32 33 26 18 27 31
a1.5 a1 34 28 17 29 a
40 32 a4 20 16 25 32
50 a1 34 18 18 24 N
83 28 29 16 14 24 27
&0 27 27 15 14 25 25
100 29 23 13 15 20 25
1285 23 18 13 15 19 20
180 20 18 14 14 23 18
200 1 13 13 14 . 17
250 17 14 12 14 - 15
218 14 12 12 14 - 13
400 12 10 1 14 - 12
500 11 10 10 14 . 12
630 9 7 - 14 - 1
a0o 7 § - 13 - 10
1000 8 3 . 12 - - 8
1260 2 1 . 10 - (1]
1600 1 1 . 7 - 4
2000 a 1 - 8 - 5
2500 4 1 - 7 - -]
3150 2 2 . g9 - 6
4000 <] 2 - 7 - 5
5000 K] 2 - 8 . 4
éaoo 2 2 - 6 . 4
80a0 3 3 . ? - ]
Lincar 40 41 - 28 - a9
LA-Weightad | 20 18 17 22 20 20
I~ Wind OIr. South  South . Soulh Cam cam
Spoed (kts) Q-3 043 Q-3
1 E1.5 4 E, BK 2230 5 E6 BX 2230) (Tapo A
*.* Denctes values losg than 10 dB,
oAl ool
Poge D-2
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HORN
oo AMBIENT MEASUREMENTS (LEQ)

ﬂ MHx 12.Nov  12-Nov  12-Nev  12-Mov  13-Nov  13-Nov ENEAGY
200 PM__2:11PM__6:00 PM__6:22 PM__7:57 AM___8:00 AM__ AVERAGE
r} 20 a8 28 27 27 36 38 as
o 25 40 29 24 25 a3 ar 36
31.5 94 27 23 24 az a4 az
: 40 a6 24 22 24 N a1 33
T 50 34 23 22 24 28 a1 a1
i 83 a2 22 23 23 26 29 29
S pa 80 32 22 23 24 28 a2 29
@ H 100 a0 22 23 . 23 24 27 a7
128 29 21 22 22 24 25 28
i 180 28 20 21 21 23 23 25
i I“‘ 290 a2 19 20 20 22 22 28
il 250 26 18 19 18 21 21 23
215 29 18 17 17 19 20 25
‘ 400 24 16 16 18 18 - 19 21
g 500 23 15 18 15 18 19 20
a g3a 22 14 15 14 17 18 19
w 800 20 12 14 13 18 18 17
i Il, 1000 18 ¢ . 12 11 35 17 15
Ot 1250 14 . - 9 12 14 12
& 1800 12 . . 8 g 10 9
i £ 2000 12 . - 4 [ - 9
e be 2500 11 - . 5 4 - 8
& 3150 13 . . 8 5 . 9
4000 13 - . 6 8 - 10
Ay 5000 15 B - 8 7 - 11
: 6aoo 18 - N 8 - 12
i 8000 17 . - 10 7 . 13
Vi (- Lincar 45 41 a9 a5 41 . 42
- LA-woighted 30 21 22 23 24 25 27
;1 Wind Dir. Soulh  South  South  Sodth  Sowth  Seuth
e Spead (kta) - 03 0-3 0-3 0-3 03 0-3

. (T4 E10} _(BK 2230) (BK 2230 ES 3 E7y (BK 2230) (Tape Ave) |
. *-* Denales values Jass than 10 aB,

T
-

i

YN [
v

L I
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HUXLEY TERRACE

AMBIENT MEASUREMENTS (LEQ)

** Denates values losa than 10 ¢B,

Hx 10/11-Nov  10-Nov _ ENERGY
Composite 2:32 PM AVERAGE I
20 34 a6 a4
25 a4 30 34
31.5 31 27 31
40 29 25 29
50 27 23 27
83 26 19 28
80 25 14 25
180 24 15 24
128 22 18 22
180 20 10 20
200 18 . 18
250 19 . 19
218 16 . 16
400 17 . 17
500 15 . 15
a3g 14 . 14
800 12 . 12
1000 11 . 11
1250 10 - 10
1800 9 . 9
2000 7 . 7
2500 5 Ce s
3150 4 . 4
4000 3 . 3
5000 3 .o, 3
6300 3 - a
80046 3 - a
Linear 40 40 40
LA-Weightad 22 18 22
Wind Dir. South  Soulh
Spood (kts) ~ 0-3 0-3
Bi€ 2230) (Tape Awv
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SHOSHONE POINT
AMBIENT MEASUREMENTS (LEQ)

RPN s

Page D-5

Hz g-Nov 12:Nev  13-Nev  13-Nav  ENERGY .
4:27 PM 424 PM__4:28 PM _ 4:44 PM AVERAGE

20 83 82 70 83 78
25 84 60 87 81 75
21.5 £a 57 84 70 73
40 52 53 80 77 71
50 51 50 58 74 68
aa a9 47 83 70 84
80 45 45 51 g7 a1
180 A3 42 48 84 58
125 az2 38 45 80 84
160 as as 41 14} 50
200 27 32 38 52 48
250 27 30 as 48 43
318 28 29 34 AG 40
400 28 a1 as 47 42
500 a0 30 38 48 41
630 as 29 a5 A7 41
800 35 27 a4 48 42
1000 34 25 33 48 42
12580 a3 22 ao 47 42
1600 a1 20 28 47 41
2000 a8 17 25 48 40
2500 27 18 22 44 a8
2150 22 1 20 41 a5
4000 17 g 18 a8 a2
5000 18 8 19 a§ a0
8300 15 10 20 34 28
8000 14 11 22 aa 27
Lineanr 67 a8 73 a7 81
A-Welightod 42 a8 43 58 52

Wind Oir., East South . Sauth __ South

Spood (kis) 10-15 10-20 10-20 1020

(BKK2230) (T1EYH _(T3EY) (TIEE)

!‘l‘.'
o é‘} : RN
et mhﬂ.Lu Vil B % dein e




Horn Measurements
(L. 37601)
Tour Fixod Wing - Twin Engine
North Rim to East @ 7500'
111287 1:54pm.
Waeather:
S@0-3 Cloar
G4°F  45% Humidily
Maasuroment Rosulls:
Criticgl / = 250 Mz
Deita (Max vs. AMB/MAF} = 39 d8
D-Primo = 26,410
Alrcralt (Max) = 54 dBA
Ambisnt (L80) = 21 dBA | ‘
Deilta (Max vs. Amb) = 33 dBA T B 8 & &
o *3 1 ndi i Y] H
uration (L90 +3) = 120 Saco e ('i;m rhas) 6o
1/3 Octave Spectral Data:
60
Linear 50
[ arcran Poax How a8
B Ambintiso 30
- Minimum Audible 2
Fioid (MAF) 10 N H
0 i 1 eI G el B B i b
20 35 50 B0 125 200 M5 600 800 1250 2000 3150 5000 5000
50 1
40
Delta o8 ]
Ditfarence Satwoon dag a0
Max and Amblertt .
or MAF Curve 20 4
{Which aver is
Highes) 10 ¥
3 il B I 47
04 AN T I HELLE LR LLEE AT .
20 M5 50 80 125 200 315 500 BOU 1350 2000 1506 5000 800
70 +
50 1
R D4 11 o] 1o J— 50 4
Alreraft Poak Hokt d8 40 4
30

Ambiont LEQ

‘e

31.5. 50 60
Page D6
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Horn Measurements
(EL. 3780 )

Tour Mglicoptar « Boalt 206
North Rim to West @ 8000°

11/12/87  1:41 p.m.

Wealthor:
S @ 0-3 Claar
E4°F  45% Humidity )
Msasurement Results: e N
&0 —
Critical f = 80 Mz é .............
Dalia (Max vs. AmB/MAF) = 26 dB g 40 - :
D-Prima = 710 S odTT }{ """"" -
E ) I 1 rr"t I'\:'l " -'.i'
Aircraft (Max) = 44 dBA .§ 30 qerpikatb— | " bl
Ambiant (L90) = 21 dBA P WY i e N
Delfa {Max vs. Amb) = 23 dBA 20 e e e
Duration (L90 +3) = 150 Seconds T 0t v 00
Tima (minutes)

1/3 Octave Spoctral Data: 79

60
Linear 50 43
Acrant Pesk Hold | g 40
B Ambiont LEQ 20 1
— Ainimum Augdible 0
Flokd (MAF) - LR
"R
50 +
40
Daita dB
Differance Baiwaan a8 30 1
Max and Amblent
ar MAF Curve
(Which aver is
Highat)
70
60 4
.—-—A-Wo.fﬂhmd—-—n 50 4
E 40 -
B
d 30 A
20 w
194 1
- , .-mﬂ.

20 315 50 80 125 200 315 500 600 1250 2000 3150 5000 2000

568 50 r:“"'ﬂ 1250 2000 3180 5000 8000
sagen7 . 1/3 Octave Bands




Horn Measurements
(EL. 37601)

Enrouts Jot
High Althtude Over Head

11/12/87 #4:33 p.m,
Weather:

S@ 03 Claar
B4°F  45% Hurnidity

Measuramont Results:

Critical £ = 250 Hz
Daita (Max vs. Amiy/MAF) = 28 dg
D-Prima = 1,769

Alreraft (Max) = 40 dBA

Ambisnt (LS0) = 20 dBA

Doita (Max vs. Amb) = 20 dBA
Duration (L0 +3) = 140 Saconds

& B AR

1/3 Qctave Spectral Data:

Lingar
Alrcrat Poak Hold dg
B Amoient 20
= Minimurn Audible
Flakd (MAF)
50 «
40 1
Dalta dB
Dittaronco Botwaen dB a0 4
Max and Ambiagm
or MAF Curve 20 4
(Which avaria ‘
Highar) 10 -

g 4

70 4

l Amblant LEG

gt

X a15 50 @0

125 200 315 500 8§00 1250 2@0 .‘15 5000 8000

80 125 200 315 “500 000 1250 2000 3150 $000 800D
- wpageDg -:1/3 Octave Bands
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Crystal Measurements
- (EL. 2800 1)
Ly Tour Fixad Wing - Twin Engino Cassna
Nanth Alm to East @ 8000"
'll
L nA287  11:38.am,
Woathar:
i S@ 0-3 Cloar
I 62°F  51% Humidity
pav Meaaurement Results: - o [ .
[+ § 60— —o: ;
Cr!ﬂmlfn.?ISHz = "-I‘,' ....... i
. Dalta (Max vs, AmME/MAF) = 47 dB g 50
I‘: D-Prime = 167,358 2 w0
Alrcraf (Max) = 52 d9A & a0 -1 ﬁ‘
&) Amblent (L0} = 20 dBA g
i Dutta (Max vs. Amb) = 32 dBA A T e i,
- Duratlon (L30 +3) = 85 Saconds " Mo¥ ﬁmc(q o”)
iy 1/3 Octave Spectral Data: 70
80
R ' Linear 50
s . | B acrerresknon | gg 40
m B AmviontLe a0 3
i — Minlmum Audible 20
£ Fioid {MAF) 10
3]
ks
£ Delta d8
4 BB oierenca Batwaon
Max and Ambient
I ot MAF Curva
{Which avar i3
b Highar)
L; 20 315 50 80 125 200 35 500 600 1250 2000 2150 5000 8000
i
o M N7 77T A—
i Afrcraft Poak Hold
[ .
s Armbiant LE
u - iant LEQ
| .

20 315 50 00 .125 200 315 500 200 1250 2000 3150 5000 8000



Crystal Measurements

(EL. 3500 1)

Fixad Wing Tour - Twin Ottar

North Of Rivar To West @ 7750

11712187 3:28 p.m.

Waathar:
S@0-3 Clear

B4°F  45% Humidity

Moaasurament Resulls:

Critlcal £ = 1000 Hz

Dalta (Max vs. AMYMAF) = 42 08

D-Primo = 88,954

Aireraft (Max) = 49 dBA
Ambient (L.90) = 21 dBA

Doita (Max vs. Amb.) = 20 dBA
Duration (L90 +3) = 150 Saconds

§ 04— :

_;g_ 50 i ..........*.‘?

& 90 Pr—H—1—
.

§
oRa %'Mn)

Ca e
SR T s

1/3 Octava Spectral Data: 70

550 i

2 J1.5

80
| Linear. 50
Alreraft Pogk Hokd dg
| B Ambient LEQ 3o Hl
= Minimum Audible 20
Fiald (MAF) 10
7]
50
p)
Deita dB 91
Ditferance Bolwaon dB 30 |
Max and Ambiont
orMAF Curve <0
{Which averis
Higher) 10 1
2 3Jrs
70
60
A-Weighted 50
Alrcraft Paak Hold | o 40
- Ambiant LEQ gg

5] =1 = [P}

o ') &Y b

50 40 125 200 215 500 800 1250 2000 3150 5000 8000

E T e el £1-1 it 5 o ) 1t Y g g r,..u....;j
50 80°- 125 200 315 500 T 800 1250' 2000 3150 500
! page p-10'1/3 Qctave Bands
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Crystal Measurements

(EL. 2600 1)

Tour Halicopter - Ball 208

Point Sublima Tour
11/12/87 11:59 a.m.

Waaiher:
S®0-3 Cloar

82°F  51% Humidity

Measurament Rasults:

Critical f = 400 Hz

Doita (Max v, AmIYMAF) = 46 dB

D-Primo = 162,544

Aircraft (Max) = 55 dBA
Ambiant (L90) = 20 dBA

Defta (Max vs. Amb.) = 35 dBA
Duration (L30 +3) = 355 Seconds (est)

o
r-f'_ -

I
o
-
%
L

8

[~
b

Sournd Level (dBA)

Lo
Q

g ] 0 A t E

] &
Tima (mifutes)

1/3 Octave Spectral Data: 70

80
Linoar 50
(H| ArcrattPoakHold | g 40 F
B Amvientisa 30
- Minimum Audible 2
Flakd (MAF) 10 HH
50 -
Delta dB
Dirterance Yotwaen
Max and Ambiant
or MAF Curvo
(Which aver is
Highar)
R WY 777,17 . A— 50 -
7] 40 4
i Aircraft Poak Hoid as 0 |
M AmbiontLEQ . 2p
-4 '
i 10
A 0

20 ‘1.5 & V 125 B 1250 2000.‘!50500 8000
pagep-11  1/3 Octave Bands



Crystal Measurements

(EL. 3600 1t

Enrouta Mifitary Jot
High Altitude to West

11/12/87  2:04 p.m.

Waeathor:
S@ 03 Cloar

G4°F  45% Humidity

Measurement Resulls:

Critfeal f = 200 Hz2

Dalta (Max vs. Amb/MAF) = 32 08

D-Primo = 4,154

Alrcralt (Max) = 41 d8A
Ambignt (L50) = 20 gBA

Dolia (Max vs. Amb.) = 21 UB8A

Duration (L90 +3) = 185 Seconds

g 8 3 8 8 &6 8 8
Time (minutea}

1/3 Octave Spoectral Daia:

Linoar

Alrcralt Poatt Hold

Ambignt LEQ
wa Minimum Audible

Floki (MAF)

Della dg

Differanca Batwoon
Max and Ambiant
or MAF Curve
{Which ever is
Highar)

A-Weightade——
Alrcratt Paak Hold
Ambiant LEQ

as

dB 20 1

10 4
0

“m a5 S0 B0 125

200 15 --500 800 1250 2000 3150 5000 8000
poge D12 1/3 Octave Bands
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L Shoshone Pt. Measurements
(EL. 72001)
PI
I Fixad Wing Tour - Twin Oftor
Approach To Grand Canyon Alrport
o
1 , 11/13/87  4:55p.m.
Weather:

P S@10te20 E£120-0v0
|3 45°F 85% Humidity
rie Measuramant Ragults:
s Critical £ = 1600 Hz -
: Dalta (Max v, AMBMAF) « 32 dB
;“.‘ D-Prima = 12,028

]

Alreraft {Max) = 53 dBA
(a1 Ambiont (L30) = 36 dBA
by Deita (Max vs. Amb.) m 23 dBA
Duration (L90 +3) = 50 Saconds (ost)

7
Isﬁ 173 Octavs Spectral Daia:

I8 Linear
'8 Arcratt Poak Hold | g 40 {1
Bl AmiiomigQ )
Ik - Minimum Audidle
t8 Flaki (MAF)
A i
i . 2 315 50 &0 125 200 :rm‘ 500 d00 1250 zoao 2150 5000 0000
1*5 &0 4
40 |
iﬁ Dallg OB ermmrem— 2
;. Diftaranca Satwosn 1
m Max and Ambiant dg
or MAF Curve 20 4
”" {Which aver i
] Highar) 10
1 20 315 50 80 125 0 m 560 aoo 1250 2000 3150 5000 3000
o 7
N : ]
= e A~ WEIG NG 50
o " 0
[N Aircrant Paak Hoid dB 20
{h
. u Ampdlant LEQ 20
0 4 ; .
L R 1 i xfrz.»s 200 18 Jaa -800 .'ma 2aaa :nsa saoo aooa
1/3 Octave Bands "~
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Shoshone Pt Measurements

(EL. 7200 1)
Enrout Jot

High Altitude Ovar Haad

11/13/87 5:13 p.m.

Woather:

N@10to20 E120-QVC

45°F

6§6% Humidily

Measuremant Rasults:

Crilical f = 315 Hz

Dolta (Max vs, AmNMAFR) = 27 dB

D-Primo = 1,636

Alrcraft (Max) = 51 dBA
Amblent (L90) = 36 dEA

Deila (Max vs. Amb.) m 15 dBA
Duration (LS50 +3) » 230 Ssconds (os1)

1/3 Octavae Spectral Data: 70

e LInGar
Alrcratt Posk Hokd

Bl Amviantizo
w— Minimum Audiblo
Fiakd (MAF)

Dolta o8

Diffaronca Batwean
Max and Amblent
or MAF Curva
{Which over ia
Highar)

il Areraft Pagk Hold
BB AmsiertLEQ

g0 B

50
ag 40
a0
20
10

s
40
a8 a0
20
10

70
&0
50
40
di 20

20
10

IO T i <
2 15 80 &

150 '50

Nifdulble

Page D-14
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Shoshone Pt, Measurements

(EL. 7200 1)

Enrout Jot

High Altituda Ovar Moad

11713787 8§13 p.m,

Waather:

N@ 1020 E120-QVC
45°F §6% Humldity

Measuremant Resulls:;

Critical f » 315 Hz

Daita (Max vs. AmB/MAF) = 27 d8

D-Primo = 1,636

Aircratt (Max) = 51 dBA
Amblant (L90) = 36 dBA

Daita (Max vs. Amb,} = 15 dBA
Duration (L90 +3) = 230 Seconds {esi)

1/3 QOctave Spoctral Data:

- Linear
Alrcraft Paak Hold
B AmbiertLEQ

- Minimum Audible
Flakd (MAF)

Dalta d8

Differarce Batwaon
Mar and Ambiant
or MAF Curve
{Which aver i3
Highar)

B2 Aircratt Paak Hoid
B AmbientLEQ

— U1 /o717 T (-

dg

dg

das

50 «
40 1
a0 4

20 315 50 80 125 200 315 £00 000 1250 2000 3150 5000 4000
Page p-18 1/3 Octlave Bands




Pt Sublime Measurements
(EL. 7400 1t)

Enroute Military Jat
Northgast Bound @ High Allituda
11/11/87 12:25p.m.
Weathar:
w® 3-5 E250 -5CT
48°F  70% Humidity

Maasurameant Roesulls:

: Critical f = 160 Mz
i . Doita (Max vs. AmMB/MAF) = 36 08
D-Prima = 8,915
Aircraft (Max) = 46 dBA
Ambiant (L50) = 24 ¢8A
! Deita (Max vs. Amb,) = 22 dBA
1/3 Octave Spectral Data: 7
&0
; Lingar 50
a ¥ Areratt Poak ot dB 9 %
B AmvierLEQ %
o= Minimum Audible 20
Fiokd (MAF) 10 %
i 2 N8
50 ,
40 -
Dafla dB
Dittaranca Botwoen| g 90 |
Max and Amblont
or MAF Curve 20 ;
{Which avaer s
Highor) 10
¢4
70 1
60 {
A-Waig htodf e 50
B amanpokron | dB ;g
B AmismiEC 20 .
! 10
T X

x ars

20 a5

g r
w
i B !

S0 80 135 W0 315 500 B0 1250 2000 315¢ 500¢ 4000

s 20 175 20 315 500 1250 2000 3150 5000 2000
page D16~ 1/3 Octave Bands
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Pt Sublime Measurements
(EL, 7400 1t.),

Enraule Jot
Wastbound @ High Altituda

11/11/87  12:10 p.m.

Waather:
W@ 3-5 E250 -5CT
46°F 70% Humidity

Measurement Results:

Crillcal £ w 315 Hz
Dalta (Max vs. AmMtYMAF} = 32 d8
D-Frimo = 5,221

Alrcral! (Max) = 45 dBA

Ambiant (L30) = 24 d8A

Defta (Max vs, Amb.) = 21 dBA
Duration (L20 +3) = 115 Saconds (ast)

H et Tl
T eadivad el

R 1l > h.f
SR 221 rr o +
LT = T

[ - L

1/3 Octave Spectral Data: 70

o 60
Linear 50
Alrcraft Peals Hald . | g 40
BR AmbientLEQ g0 LpfEIE]I

o Minimum Audible 20
Fiokt (MAF) 10 4

i Bl ﬁ l:‘lih

A

2 M5 &0 125 200 215 500 800 1250 2000 3150 5000 4000

50 -
40 |
Dolta dB
Diffarencae Botween dB a0
Max and Ambilent
or MAF Cuve 20
(Which avaris
Highar) 10
0
70 1
50 4
prmm A+ WG 1110 e, 50 |
{l Arcratt Poak Hod | g 90 -
B Amvtentiea ' :: |
w.--['?' R I 1=

20 a15 5 00 125 200 315 500 800 1250 2000 3150 5000 000
rageD-17 1/3 Octave Bands




Pt Sublime Measurements
(EL. 74001)

Fixgd Wing Tour - Casana 340
North Rim Eastbound @ 8000°

11/11/87
Waathar:

w 3-5 E250 -SCT
46°F  70% Humidily

13:35 p.m.

gt
M

A" A

Moaauroment HResultsa:

Critfeal f = 250 Hz
Della (Max vs, AmB/MAF) = 42 dB8
D-Prima = 3,183

Alreraft (Max) = 50 d8A

Amblont (L30) = 24 dBA

Daita (Max va Amb.) = 26 dBA
Duration (LS0 +3) = 175 seconds (ast)

1/3 Octave Speciral Data: 70

50

Lingar: 50
Alrerant Peak Hold dB 4 4
Bl AmtiontiEC 30 4
w— Mininum Audibie 20 1
Fiald (MAF) 10 4

0

Deita a8

Dittaranca Botween
Max and Ambdiant
or MAF Curve
(Which ovor ia
Higher)

. Ambient LEGQ

0 NnE H W

20 N5 5 L0

315 50 &
Page D-18
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Pt. Sublime Measurements

(EL 74001)

Ganearal Aviation - Twin Pision
North Aim Eastbound @ 8000'

11/10/87  1:40p.m.
Weathsr:

Caim E250-SCT
82°F 66% Humidity

Measuromeant flesuits:
Crilical f = 250 Hz

Dofta (Max v8, AMB/MAF) = 35 dB

D-Primo = 10,087

4
Alrcraft (Max) = 37 dBA 30 Y q
Ambient (L90) = 20 dBA ‘
Daita (Max vs, Amp.) = 17 d8A 20—~ -
Duration (L90 +3} = 220 Seconds (ost) moom Fmo Erinu?as)

1/2 Qctave Spectral Data:

Linoar
B arcratt reak Hota dg ¥

M Ambientiea

w  Minimum Audible
Flald (MAF)

—=Doita d2
Dmaranca donvoan
Max and Ambient
r MAF Curve
{Which avar is
Highar)

st A« WG O ey
w  Aircraft Paak Hald dB ;g
Ambiant LEQ

20
10

883

2 315 &0 @

0 .
& ns 50 &0

20 315 50 60
Page D-19

125 aao .'HE 500 doo0 1250 2000 3!50 5000 JOGO

f23 200 315 s00 aaa 1250 2000 3150 5000 a00o

125 200 315 500 000 1250 2000 3150 5008 800D
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Pt Sublime Measurements

(EL. 7400 i}

Tour Heilcogtor - Seit 208

Point Sublima Tour
1171087  4:12p.m.

Weather:
W@ 03 £250 -SCT

46°F  70% Humidity

VA T

ridry]

1oty

g2

Moaasurament Rasults: e N N : !
0 Ga t
Critical £ = 100 Hz é it
Daita (Max vs, AMYMAF) a 35 dB § 50 5
D-Primo = 5,546 24 : h'r' %1
Afrcralt (Max) = 50 d8A - 30 . i k')
Ambiant (LS0) = 21 dBA 8 {1 2 BT N N
Detta (Max vs. Amb.} = 29 dBA 20 i ——
Duration {L5‘0 'h?) a 205 Saconds (ﬂsf) -] -~ - ﬁ(m, Frﬂm?ﬂs) - -
1/3 Octave Spectral Data: 70
60
Linear. 50
Alrcraft Poak Mokt | ye3 40
BB AmbiontLEQ a0
" Minimum Audibly 20
Flaid (MAF) 10
p
p [ulsT17 |- f—
Difforanca Botwoan dB
Max and Amdient
or MAF Curve
{Which avat is
Highar)

A Woightad mmmm
E] 4ircratt Poak Hoia
B AmtintLsa

as

0 i b A L I I S OO VO IR O B B S
20 315 50 00 125 200 315 500 H00 1250 2000 3150 5

2 2315 50 80 125 315 500 800 1250 2000 3

Pagep20 173 Octave Bands
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Pt Sublime Measurements
(EL. 74001)

Tour Helicoptar - Boll 208
Poimt Subiimoe Tour

11/10/87  4:12 p.m.
Waather:

W@ 0-3 E250 -SCT
46°F  70% Humidily

Moasurement Rosulls: - : !
60 i ;
Critical f = 100 Hz . §_ﬁ. ' .
Dalta (Max vs, AMYMAF) = 35 ag g% TR
D-Prima = 5,548 -§ PrYE ’“r _J'L“ """"
Aircraft (Max} = 50 dBA 3 2 b ot o
Amblent (L90) = 21 dBA Vol P Wt -
Delta (Max vs. Amb.) = 29 dBA 20 A Y —
Duration (L30 +3) = 205 Saconds (est) s = =z i
1/3 Octave Spactral Data; 70
60
Linaar 50
Alreraft Paak MHold ds 40
Ambilont LEG a0
- Minfmum Audibia 20
Flaid (MAF) -10 4§
50
40 4
Dalta d&
Differance Between | g3 a0 4
Max and Amblers
ar MAF Curvo 20 1
(Which aver is s
Kignar) 10 2
2 ars 80 125 35 00 1250 2000 3150
70
50
prmremme A+ WO 1110 ey 50

Alreratt Poak Hold ag 40
- Ambienl LEG

pagep-21* 1/3 Octave Bands
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Huxley Terrace Measurements ..~

o
(EL. 5760 1) ity
Ganaral Aviation - Single Enging . prn o o
Over River lo East @ 8500' . N == A
11/11/87  10:47 a.m. ', b
. ', t ". “.':" rn‘._‘
w;%hg:.? Cloar ".".'!",‘.3'5‘»1&- ?ﬁ: ' K” : \\ i }H Ry '7 1\‘%
"‘ / i |'¢ +!
S0°F  80% Humidity YA { '""-'*v\ W 1, a]
Moaaurament Results: e O P S R o
[:1+] ol e
Critical f = 315 Hz gi N
Datta {Max vs. AMB/MAF) = 43 d8 g L1k L e R S
D-Frime = 66,485 3 4 I P A T S
. "I B 1
YT TLILTEn | oot PR TIETITTRS .
Alrcraft (Max} = 55 dBA ,§ 30 f Y ; “Lrim
Ampignt (L90) = 20 dBA oy J e S
Deita (Max vs. Amb) = 35 ¢BA B0 et et .
b - : R ¥
uration (L30 +3) = 164 Seconds i 1 Time (rinctos)

1/3 QCctave Speciral Dala:

Linear
Alrcratt Posk Hokd
B Ambiant LEQ

= Minimum Audible
Flakt (MA

Doita dB

Ditterance Bomween
Max and Ambient
orMAF Quive -
{Which avar iz
Highar)

EXY  Atreeatt Poak Hoid
n Ambiant LEQ

L L Ll 1] S

a8

20 .'Hﬂ' 50 a0 128 200 35 S0 0 1'250 2000 3150 5000 6000

o4 LR ) N - B
0 N5 5 80 125 m ns 500 WO 1250 2000 3150 5000 8000

a8

0 o 250 k4 1o 1w O O O O Y O O PR R o) A
W 315 50 0 125 200 315 500 400 1250 2000 3150 000 6000

pagen2z 13 Octave Bands
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Huxley Terrace Measurements

(EL. 57001

Fixad Wing Tour
Ovar Site to East @ 7500

11/11/87 11:16a.m.
Waathor:

E@03 Clsar
50°F.  60% Humidity

‘x;?.‘:‘f-)?f.sf/ -u.kf’e-
‘-,ﬁ"'- 11'—

Moasuramant Rasults:

———— ———

o §
€

g
-

N _':4"-

Fis

Tima {minuos}

Critical f = 400 Hz :
Doita (Max vs, AMYMAF) = 48 d8
D-Primo = 238,758
Alreraft (Max) = §1 dBA
Ambient (L90) = 21 dBA
Dailta (Max vs. Amb) = 40 dBA
Duration (L90 +3} = 180 Seconds
1/3 Octave Spectral Data: 70
50
Linaar 50
@ arcan poak How dB
B Amvintica’ g0 4
= Minimym Audibio 20
Fiokd (MAF) 12 4l il
§0 4
Daita d8——=—
Dirtaronca SBotvacn dB
Max and Ambient
or MAF Curve
{(Which over fa
Highar)
e A+ WG 00 ey
Alrcran Paak Mokt

n Amblent LEQ

0 LA
2 NS5 50
Page D-23

20 315 50 80 125 200 316 500 400 1250 2000 3150 5000 8000

125 200 318 500 a00 1250 2000 .')150 saaa 8000
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Tabla D=1

Crystal Aircraft Flight Log

ale Time :Itlrlll Type Tiam Traeh [ Alrarait - Amaisni
12-Nav 11111 Flxsd Crlar N fim o & O 2000° 20 29
12-Nov 11312 Fau Quter N Fim D & & 8000* 11 ] 20 38
12-Mov 11;18 11 £T 0 Aim o WO Hgh AR M 20 -
12-Naw 11310 KA &T N Ikm % W @ High At 27 210 7
12-Nov 11310 MR JET SRm WO Hpn AR LI 20 -
12:.Nay $1:118 Flaed Twin N Am o O M0 - 20 .
i2.-Hor 13310 Hall B0 Jublime Towr 84 29 FL]
12.Nav 113:18 Hall B200 Subiims Tour .1 20 39
12.-Mov 11:20 Fired Nevag N Rim m B § 000" . 20 +
12+Nov 11:22  Flamg SE 204 . - 20 .
{2.Noy 11:22 INA ST C ol 0he 3 O Mgh AR . Fid .
12-Nov 11:28 INA JET NRmDE Y Hgn AR a 20 ]
12=Nav 11:24 Hall D208 River ta W 48 20 19
12:Nov 11:040 Fiamd T Cosarnt . NAm B E @ 10N 30 20 F1 ]
12-Nav 11:01 NA Hgh AR Jet W@ rgha . 10 .
12-Nev 11:23 MR Hgh AL Jet R @ high &t n 20 13
12:Mav 41:33 ¥ TCESTNA HAmBE Y KN az 19 az
12:-Nov 11:23 I TCEXNA N Am & E O 800 44 20 28
12-Hoy 11:36 Fized TCESTA N e B & 8000 1] 20 ET ]
12-Noy 11;20 Flusd ™ NAm ok O soor a2 a0 az
12:Nay 11:44 NA JET High At ag 20 3]
12.Nov 11:44 Hull B2de Sabime Lovg Tow 'Y ] 0 23
12:Nay 11:88 Hal| a20a Sabtime Towr £1 29 as
12-May 12:08 PFiwm = . 34 Fi] 24
12:Mav 12:11 Huil 208 Jabiime Tour 1] 20 a8
12-Ngv 1212 Lali] ML XT BNQH AT M 20 .
12«Nov 12219  flam TWHN L] a7 20 "
12.Mav 12:22 [ CCMET 080 iegh An 7 24 7
1:Nav 12:28  Towr -4 Salis o W D A0 a9 b1 2
12-Nov 12:27  Towr TWHN sAmR n FL) 1"
12:Noy 12:30  Tow TWH AAmuw 26 20 [}
1a:-Mav t2:38 Tow TWHN S Rmnw 28 20 [
1«Noy 12:38 Tow TR ammel a7 a0 7
12-Nov 12:38  Towr QTER HAm© & Q #000r 8 0 28
13-Nav 12:4¢ Towr TWRE sAmeg 4 20 14
fi-Nav 12:43 Hal aioe Sabtire Tour ar 20 a7
12:Nuy 12:48 Famd QiR N Am D £ @ 8xe [ 0 N
12:.Mav 13:00 Fined OTTRA NAmBEQ N, 50 a0 £l
t12:Haoy 13:08 HA LT a8 20 ]
thNav t3:00  Faed OnER HAmD e g W - H HL a2
12:Nov t3:11 Huil pi00 Subime Towr aa F{] b1 )
t2:-Nav 12:138 Hall 8208 Oubikm Towr .1} 20 s
12-Nov 13:10 Firea TVWIN N fim o & @ 2000 42 20 32
12-Nav 12;28 Fiasd Twei N Am i B g 200 [ 1.3 20 43
fd:Nay 13:23 Fireg TWiny apmuw 7 io 1
12-Nav 12:34 nNA ST -1 27 20 ?
12-Hav 13:3% Hull 0108 fubims Tour 49 20 k)
12-Hav 13:28 .5 28 NAimew E1 ] kL a8
12:Haw 13:44  ROED TCOXTA N i o v B1 0 N
12:Hay 13:43 HEL o200 Jubiitm Towr 81 a0 41
13 Mov 13147 FOED T HAmB & g oo 1] 20 38
td-Naw 13:49 HELI #2008 Gubitine Tour a’ (1] E]
12-Nav 12:80 FRED TOISINA N Am o E 9 K G4 20 34
12:Haw 13:58 HELI 8aca Subiknn Tour 59 20 e
12-Now 14:02 R AT NAmow . 20 .
12-Now 14:08 MELY a20a gadilime Tour is 20 F]
12:Nov 14:14  FOED T SAMBE a0 20 1
12-Now 14578 HEL d208 Ssbilme Tow [ 14 20 49
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Table D-1 (Cont.)
Crystal Alreraft Flight Log

1] me raratl Tyas “TTiaia Trash ” Alrarail Amblsnt AT Duratlen lmﬁnl Enlﬁ_ﬂ [-T11]
Litpgery

12-Nay 14219 HELI f208 Sabima Tour a1
12-Nov 14:23 FIEDR 3E 208 NRm KW .1}
13Mav 14:20 FOED TOTTER Nfmow 44
12:Nov 14;2¢  FOED TCOTTER N Aim o & @ 5000 L]
f2.Kov 14132 U B20¢ Tour [
12:Nov 14;20 FOED TOTER Qvae River 0 E 31
12:Nov 14139 FOXED TSI Over fivee 0 & 48
12:-Nov 14142 HEL a20a fabime Tax -13
12-Nov 14:64  FOED TEEENA Nm o B O 8000 4l
12-Nav- 14:44  FRED TR N fim k& E ¢ 800Q" 83
12:Nov 1448 FOID TOTTER W Am b E g 8000 51
12-Nav 14:48  HEL) azas 18
J2-Nav 1448 FDED TQTTER NEmB EQ 3000 55
12-Nov 14:40 & Am a
12-Nov 14:40 HELY azue Hadtime Tour 14
12.-Nay 18:04 NR MR 2T Hgh AL K Vst 41
t2-Nov 15:12 A Ovr K AM 12
td-Nov t4;18 Ta Sovh Eas O 5he -
13:Nov 18:24  PIED TR £ Over River ]
12-Now 18:28 FOED oIt Over filver Ta W Q30G0 1]
12:-Nov 15:28 ) -4 Over flvr 1 £ § 0000 40
1T.-Hov 15:43 FOED [-1g:1] Yepm Ta GG Over HRM 4
1&Hav 15:48 FIXED I NAmTow 51
12-How 18:47 MELE 208 Jubtime Tour [E
t2-Nay 18:42 ML 208 Sublime Tour 1]
1d:Now 18:08 FIXED+/NA S+ 8T W Cver livee « To N [
12+Hav 18:03  FUID T™WH A0t Nver TOE H1
12:-Mav 18;08 HELI 208 O Rivar To B (1]
12-Nav 10:13 FOID @ Ovtr Rvee TO WY 10
12:Now 18;24 HELI+ PIX W08 2 SuimaTowr + TR O i
12:Nov $8:32 L] KT Ovit Rvey Ta W i
124Nov 18:34 FiX o+ NR COTTER+JET NAwwToE+ e To W 10
12:Nov 10:40  FDED NOtRiver To E3 4
12-Mav 18:82 FOED = N Over Dublime ¢ 10000 42
12-Hay 17:30 R J&XT Bcumn 4
13:Nav 19:88 Lal) AT L]
12-Nov 20:18 R JT High Alt 10 Souh n
12-Hoy 20:2% NR AT 7
t2.-Nav 21:88 LT
1hov 32:40 ELY
13:-Hay 1:02 Ei)
13:Nev 2:08 4|
11Noy 2:16 F13
13-Mey 218 . i
1Koy 8:02 a8
13.May S:48 40
13-Nov 0:42 a7
13-Nov 7:13 14
13:-Nov 08:22 HEL} 2048 8 CX Aiver b1
1Moy B:28 Ll JET L1
13:Nav 9:29 HEL 200 Juoime Tour L]
12:Har $;82 FIRLD TR N Gt Fiver Ta QCAP "
13-Nav #:08 HEL 200 4 Over Bustme -3
t3:Nov 0:07 FXED T CERTI N Waet Of Subime 4
11:How 9:00 FOED CNTR N Of Aiver Ta GCAR LH]
13:-Hov @318 HEL 208 Auniime Tour L1
13:-Hov 9:24 FUED S5 CERINA NOtANe To W LT
13:Novy 128 MA WE JET  Over Aivw To £ @15000 10
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Crystal Aircraft Flight Log
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13-Nev 10002 FED = NOAver ToW s0 20
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~ AppendixE
SAMPLE MEASUREMENT SITES
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Appendix B
SAMPLE MEASUREMENT SITES

In order to illustrate the site selection process, the preliminary number and
location for sound measurament sites for three park units was estimated. Measurement
sites were selected for Grand Canyon, Hawail Volcanoes, Everglades Natlonal Park, and
Fort Jefferson National Monument. Measurement locations are presented In Exhibits E-1
through E-3 for Everglades, Hawail Volcanoes, and Grand Canyon respectively.

The measurement locations for Everglades and Fort Jefferson are described in

Table E-1, This table presents a description af each site, type of visitor use, access, types of
atrcralt that affect each site, and the type of meagurement data to be determined,
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Exhibit E-1, Sample Measurement Locations
for the Everglades National Park
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Exhibit E-2, Sample Measurement Locations
for the Hawail Volcanoes National Park
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Exhibit E-3, Sample Measurement Locations
for the Grand Canyon National Park
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Tabla E-t

g SAMPLE MEASUREMENT LOCATIONS FOR EVERGLADES NATIONAL PARK
m
SITE TYPE OF VISITOR ACCESS TYPES OF AIRCRAFT TYPE OF NOISE
ACTIVITY OPERATIONS MEASUREMENTS
EVERGLADES NP

Shatk Valloy area

Sandily Istand aroa

Capo Sablo

§- Fsbng

Losimans Koy

Royal Palm

FORT JEFFERSON NM
Forl Jellarson

Flamingo Visilors Conlor aroa

Franl Counlry Tram/Vahiclo

Undavoiopod Racraaticn

Froni Country Vehicle
Dovolopad Acciealion
Front Counlry Vahicto

Undovaloped Recrealion

Backcountry Boal/Halicoplar

Disparsed Racroalion

Backcountry ’ Boot/Halicoptor
Dispersed Racrealion
Front Couniry Vohiclo

Dovalopod Rocraalien

Cultural Site  ~BoatHolicoplor

Enroule Commercial
Commaercial Training
Transienl Mililary

Transionl all types

Transiont all types
Stan o MTR

MOA
MTR
Transient all types

MOA
MIR
Teangsiont ali lypos

Teangiont all lypos

MTR
Transient all types

Allended Speciral & dBA

Ationdod Speciral & dBA

Allended Speclral & dBA
Unailendod dBA & Onset
Allended Speciral & dBA
Unattanded dBA & Onsal

Allondad Speciral 8 dBA
Unatlendad dBA & Onsot

Allended Spectral 8 dBA

Unaltended dBA & Onsel
Unaltended Siruclural Vibralion




