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1, INTRODUCTION AND EXECUTIVE SUMMARY

This volume presents the Noise Exposure Map and related information that
comprise the first volume of required documentation for an FAR Part 150
submission for the Montgomery County Airpark (GAI)l. The documentation
has been developed under the provisions of Federal Aviation Regulations,
Part 150; it addresses the specific requirements of Part 150, Subpart B,
Section 150.21, as well as Appendix A of the regulation. The work
reported here provides the foundation for the Airport Noise Compatibility
Program, which is presented separately in Volume 2. Appendix A of this
report presents a copy of the Part 150 regulation.

This chapter provides an introduction to the objectives and requirements
of FAR Part 150 (Section 1.1), describes the GAI project organization
(1.2), summarizes the development of this volume (1.3), outlines the
balance of the report (1.4), and presents an executive summary.

1.1 FAR Part 150

Part 150 of the Federal Aviation Regulations (FAR Part 150) sets forth a
process for airport proprietors to follow in developing, documenting, and
obtaining FAA approval of programs to reduce or eliminate
incompatibilities between airport-generated noise and surrounding land
uses, Part 150 prescribes specific standards and systems for:

. measuring noise;
. estimating cumulative noise exposure using computer models;

describing noise exposure (including instantaneous noise levels
single event levels and cumulative exposure); '

. coordinating noise compatibility program development with local
' land use planning officials and other interested parties;
. documentation of the analytical process and results, and of
compatibility program development;
. submission of documentation to the FAA:
e FAA and public review processes; and
e FAA approval or disapproval of the submission.

Part 150 also sets forth guidelines for identifying land uses that
normally are compatible with various levels of noise exposure.

Formal FAA acceptance of the Part 150 submission does not eliminate
requirements for formal envirommental assessment of any proposed actions
pursuant to requirements of the National Environmental Policy Act (NEPA).

However, acceptance of the submission is a prerequisite to application for
funding of implementation actions.

1 GAT is the FAA's official 3-letter designation for the Montgomery
County Airpark.
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The Part 150 submission consists of two basic elements: (1) a Noise
Exposure Map (NEM), and associated documentation, and (2) a Noise
Compatibility Program (NCP). The Noise Exposure Map is a graphic
depiction of existing and future noise exposure resulting from aircraft
operations, and of land uses in the airport environs. Documentation must
accompany the NEM that describes the data collection and analysis
undertaken in its development. '

The Noise Compatibility Program is, in fundamental terms, a list of the
actions the airport proprietor proposes to undertake to minimize existing
and future noise/land use incompatibilities. Its documentation must
describe the development of the program, including a description of all
measures considered, the reasons that individual measures were accepted or
rejected, how measures will be implemented and funded, and predicted
effectiveness of individual measures and the overall program. That
material is presented in Volume 2.

1.2 Project Organization and Execution

The consulting firm Harris Miller Miller & Hanson Inc. (HMMH), in
association with the LPA Group Inc. (LPA), Hanifin Associates Inc (HATL),
and Lindgren Design Associates (LDA), conducted the Part 150 study that is
the basis of the material presented in this volume. HMMH has undertaken
this study for, and under the direction of, the Montgomery County Revenue
Authority, the proprietor of GAI. The airport is managed by the Airport
Manager who currently is licensed by the State of Maryland. The Airport
Manager does not report to the Revenue Authority. Consultants to the
Revenue Authority monitored project progress for consistency with their
policies. An Advisory Committee monitored the progress of the study and
provided technical input, as described in Chapter 15. The study commenced
in October 1990 and is scheduled to be completed by January 1992.

1.3 Development of this Volume

This volume is based on the aggregation of data collected by HMMH of which
the majority has been presented in two Advisory Committee Meetings and one
Community Workshop/Public Meeting. Comments as a result of the
aforementioned meetings and from other sources have been reviewed and
integrated into this document such that they can address Part 150
requirements in an organized fashion. The one major additional area
addressed is the Chapter 15 documentation summarizing the public

participation process, in accordance with Part 150, Subpart B, paragraphs
150.21 (b) and (e).

1.4 Organization of Volume 1
The NEM requirements in the Part 150 regulations specify more than a

gsimple "map" to provide all the information requested. In addition to
graphics; tabulated information and text discussion are required. At most
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airports, even the graphic information required is too extensive to
present on a single sheet.

The FAA has distributed an implementation memorandum which includes a
checklist of required items associated with the NEM. To assist readers in
reviewing this document, Table 1.1 presents this checklist, and indicates
the location(s), in this document, of each required item. Section 1.5
presents an executive summary of the NEM. The basic NEM graphic
requirements are presented in a single graphic, and each of the FAA
checklist items are addressed in a concise fashion.

Chapters 2 through 15 present this information in greater detail, along
with discussion of its development, supporting data, and data sources,

1.5 Executive Summary of the Noise Exposure Map

This section consolidates all of the Part 150 NEM requirements on a single
graphic, Figure 1.1, to the fullest extent feasible. This includes all
items that can be depicted on a map, and information that can be
summarized in concise tabular form. A limited number of items require

discussion. These items cannot be addressed in a graphic or tabular form,
and are discussed below.

An inventory of the information contained in Figure 1.1, with respect to
the FAA checklist, is presented below,

1. Base map developed using INM or approved equivalent.

The U.S. Air Force NOISEMAP computer model was utilized in developing the
GAI noise contours. NOISEMAP is one of two models approved by the FAA's
Office of Environment and Energy for use in Part 150 studies.

a. Land uses identified.

Figure 1.1 depicts the different classes of land use in the GAI environs,
based on local municipal zoning and land use maps. Figure 14.1 also
presents the land use in the .area of GAI.

b. Scale not less than 1 inch = 8.000 feet.

Figure 1.1 is presented at a scale of 1 inch = 2,000 feet, larger than the
minimum requirement. Different scale maps are used only when it is
necessary to "zoom in" or "out" to provide the proper level of detail in a

limited number of situations. No figures are at a scale of less than 1"
to 8,000'.

¢c. Runway locations and alignments.

The figure depicts the operational runway at GAI, 14/32.
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Table 1.1
Part 150 Noise Exposure Map Checklist

Part 150 Location(s) in

Checklist Item: Reference: this Volume:

1. Base map developed using INM or approved equivalent. A150.103¢a) Chapter 1
a. Land uses identified. A150.101¢a) Fig. 1.1, Chapter 14
b. Scale not less than 1 inch = 8,000 feet. A150.103(b) MEM at 1"=2000!
c. Runway locations and alignments. A150.101¢e) Fig. 1.1, Chapter 5
d. Airport boundaries. A150.101¢e) Fig. 1.1, Chapter 5
e. Flight tracks. A150.101(e)} Fig. 1.1, Chapter 7
2 Continuous noise for Ldn 65, 70, and 75. A150.101(¢a) Fig. 1.1, Chapter 12/13
a. Total area in square miles within each contour. A150.101(e) Fig. 1.1, Chapter 14
b. Estimates of numbers of people residing within each contour. A150.101¢e) Fig. 1.1, cChapter 14
3 Depiction and identification of each public and/or planning agency
having jurisdiction within the Ldn 65 contour. A150.105¢a) Fig. 1.1, Chapter 14
4, Brief analysis of the types of land use controls available to the
identified agencies. A150.105(b/c) Chapter 14
5. Incompatible land uses identified within the Ldn contours using ‘ .
Table 1 of Part 150 and based on self-generated noise (ambient). A150.101¢a/b)Fig. 1.1, Chapter 14
6 Location of noise sensitive public buildings (schools, hospitals, etc.). A150.101(e) Fig. 1.1, Chapter 14
7. Locations of noise monitoring sites. A150.101¢e) Fig. 1.1, Chapter 4
8

Projected aircraft operations for the current year and fifth

calendar year. 150.21(a) Fig. 1.1, Chapter 10/11
Consultations with public, users, and other agencies. 150.21(b/e) Chapter 15

10. Certified as true and complete. 150.21(e) page ii
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Figure 1.1 ‘
Noise Exposure Map Summary

To Be Included At A Later Date
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d. Airport boundaries,

The airport boundaries are clearly delineated; off-airport property is
shaded, airport property is not. This technique was used to minimize the
number of lines in the graphically congested area immediately around the

airport. Figure 5.2 presents an enlargement of the airport property with
the property lines clearly marked.

e. Flight tracks.

Flight tracks are depicted. Figures 7.1 thru 7.3 of Chapter 7 present the
flight track definitions in greater detail.

2. Continuous noise for Ldn 65, 70, and 75.

Figure 1.1 depicts the 55, 60, and 65 dB Ldn noise exposure contours for
the current year and fifth calendar year, based on reasonable assumptions.,
These are also presented in Figures 12.1 and 13.1.

a. Total area in acres within each contour.

The table inset into the upper right corner of Figure 1.1 summarizes this
information. The information is also presented in Table 14.2 and 14.3.

b. Estimates of numbers of people residing within each contour,

The table inset into the upper right corner of Figure 1.1 summarizes this
information. The information is presented in Section 14.1.

3. Depiction and identification of each public and/or planning agency
having jurisdiction within the Ldn 65 contour.

Montgomery County has jurisdiction over all land area within the 55 dB Ldn
contour. '

The corporate boundaries of local municipalities are depicted on Figure
1.1. More information is included in Chapter 14.

4. Brief analysis of the types of land use controls available to_the
identified agencies,

Montgomery County has land use planning and control authority within their
boundaries through zoning, subdivision controls, building codes, and

capital improvement programs. Chapter 14 presents additional information
on this topic.
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5. Incompatible land uses identified within the Ldn contours using Table
1 of Part 150 and based on self-generated noise (ambient) .

There are mno incompatible land uses within the GAI environs, using the
Part 150 Table 1 definitions or any other accepted noise/land use

compatibility standards or guidelines. Chapter 14 discusses this issue in
detail.

6. Location of noise sensitive public buildings (schools, hospitals,
etc.

Figure 1.1 indicates residential areas and the locations of sensitive
receptors in the GAI environs. More information is included in Chapter

14,

7. Locations of noise monitoring sites.

Figure 1.1 depicts the 13 locations at which measurements were conducted
during the preparation of the NEM. See also Chapter 4.

8. Projected aircraft operations for the current vear (1991) and fifth

calendar year (1996),

The table inset at the upper left corner of Figure 1.1 summarizes this
information. See also Chapter 10 and 11 for a discussion of the basis for
estimating current and fifth calendar year operations, particularly the
Section 10.4 discussion of the relationship between the base case analysis
period (1989/1990) and the existing 1991 case.

9. Consultations with public, users, and other apencies.

An extensive public involvement program was undertaken in the development
of the GAI NEM, which included consultations with each of these groups.
This consultation process is described in detail in Chapter 15.

10. Certified as true and complete.

The required certification is provided on page ii of this document.
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2 INTRODUCTION TO NOISE METRICS

FAR Part 150 is based largely on a description of airport noise exposure
using Day-Night Average Sound Level (Ldn) noise contours. This study also
involves the use of several other noise metrics, where Ldn does not
provide the proper basis for quantifying a specific situation.

To assist reviewers in interpreting these complex noise metrics used in
evaluating airport noise, we present below an introduction to relevant
fundamentals of acoustics and noise terminology (2.1), a discussion on the
effects of airport noise on people (2.2), and an overview of currently
accepted noise and related land use compatibility guidelines (2.3).

2.1 Introduction to Acoustics and Noise Terminology

Five acoustical descriptors of noise are introduced here in increasing
degree of complexity:

° Decibel, dB;

. A-weighted decibel, dBA;

. Sound Exposure Level, SEL:

. Equivalent Sound Level, Leq; and
. Day-Night Sound Level, Ldn.

These noise metrics form the basis for the majority of noise analysis
conducted at most airports throughout the U.S.

2.1.1 Decibel, dBA

All sounds come from a sound source -- a musical instrument, a voice
speaking, an airplane passing overhead. It takes energy to produce sound,
The sound energy produced by any sound source is transmitted through the
air in sound waves -- tiny, quick oscillations of pressure just above and
just below atmospheric pressure. These oscillations, or sound Pressures,
impinge on the ear, creating the sound we hear.

Our ears are sensitive to a wide range of sound pressures. The loudest
sounds that we hear without pain have about one million times more energy
than the quietest sounds we hear. But our ears are incapable of detecting
small differences in these pressures. Thus, to better match how we hear
this sound energy, we compress the total range of sound pressures to a
more meaningful range by introducing the concept of sound pressure level.

Sound pressure level is a measure of the sound pressure of a given noise
source relative to a standard reference pressure: either 0.0002 microbars,
0.00002 Newtons/square meter, or 20 micropascals -- all ways to express
the same basic quantity. This reference pressure is typical of the
quietest sound that a young person with good hearing is able to detect.



Montgomery County Airpark FAR Part 150 Study March 1991

Volume 1: Noise Exposure Map page 9

Sound pressure levels are measured in decibels (or dB). Decibels are
logarithmic quantities reflecting the ratio of the two pressures, the
numerator being the pressure of the sound source of interest, and the
denominator being the reference pressure (the quietest sound we can hear).

The logarithmic conversion of sound pressure to sound pressure level (SPL)
means that the quietest sound we can hear (the reference pressure) has a
sound pressure level of about 0 dB, while the loudest sounds we hear
without pain have sound pressure levels of about 120 dB. Most sounds in

our day-to-day environment have sound pressure levels on the order of 30
to 100 dB.

Because decibels are logarithmic quantities, they do not always behave
like regular numbers with which we are more familiar. For example, if two
sound sources each produce 100 dB operating individually and they are then
operated together, they produce only 103 dB -- not the 200 decibels we
might expect. Four equal sources operating simultaneously produce another
3 dB of noise, resulting in a total sound pressure level of 106 dB. In
fact, for every doubling of the number of equal sources, the sound
pressure level goes up another 3 dB. A tenfold increase in the number of
sources makes the sound pressure level go up 10 dB. A hundredfold

increase makes the level go up 20 dB, and it takes a thousand equal
sources to increase the level 30 dB!

It is also true that if one source is much louder than another, the two
sources operating together will produce the same sound pressure level (and
sound to our ears) as if the louder source were operating alone. For
example, a 100 dB source plus an 80 dB source produce 100 dB of noise when
operating together. The louder source "masks" the quieter ome. But if
the quieter source gets louder, it will have an increasing effect on the
total sound pressure level such that, when the two sources are equal, as

described above, they produce a level 3 dB above the sound of either one
by itself.

A simple procedure for adding decibels from different sources is shown in
Table 2.1. When using it for more than two sources, always start by

adding the lowest two sources together first, then the higher sources in
increasing order.

From these basic concepts, note that one hundred 80-decibel sources will
produce a combined level of 100 dB; if a single 100-dB source is then
added to the group, they will produce a total sound pressure level of 103
dB. Clearly, the loudest source has the greatest effect on total noise.
Conveniently, people also hear in a logarithmic fashion. Two useful rules
of thumb to remember when comparing sound pressure levels are: (1) most of
us perceive a 6 to 10 dB increase in the sound pressure level to be about
a doubling of loudness, and (2) changes in sound pressure level of less

than about 3 dB are not readily detectable outside of a laboratory
environment.
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Table 2.1
Decibel Addition
When two decibel values Add the following amount
differ by: to the higher value:
0or 1d8 3 ds
2or 3ds 2 dB
4 to 8 dB 1dB
9 dB or more 0 dB

2.1.2 A-Weighted Decibel, dBA

Another important characteristic of sound is its frequency, or "pitch".
This is the rate of repetition of the sound pressure oscillations as they

reach our ear. Formerly expressed in cycles per second, frequency is now
expressed in units known as Hertz (Hz).

When analyzing the total noise of any source, acousticians often break the
noise into frequency components (or bands) to determine how much is low-
frequency noise, how much is middle-frequency noise, and how much is high-
frequency noise. This breakdown is important for two reasons:

(1) People react differently to low-, mid-, and high-
frequency noise levels. This is because our ear is
better equipped to hear mid and high frequencies but is
quite insensitive to lower frequencies. Thus, we find
mid- and high-frequency noise to be more annoying.

High frequency noise is also more capable of producing
hearing loss,

(2) Engineering solutions to a noise problem are different

for different frequency ranges. Low-frequency noise is
generally harder to control.

The normal frequency range of hearing for most people extends from a low
frequency of about 20 Hz to a high frequency of about 10,000 to 15,000 Hz.
People respond to sound most readily when the predominant frequency is in
the range of normal conversation, typically around 1,000 to 2,000 Hz.
Psycho-acousticians have developed several filters which match this
sensitivity of our ear and thus, help us to judge the relative loudness of
various sounds made up of many different frequencies. The so-called "A"
filter does this best for most environmental noise sources. Sound
pressure levels measured through this filter are referred to as A-weighted
levels (measured in A-weighted decibels, or dBA) .

The A-weighted filter significantly de-emphasizes those parts of the total
noise that occur at lower and lower frequencies (those below about 500 Hz)
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and also at very high frequencies above 10,000 Hz where we do not hear as
well. The filter has very little effect, or is nearly "flat", in the
middle range of frequencies between 500 and 10,000 Hz where we hear just

. fine. Because this filter generally matches our ears' sensitivity, sounds
having higher A-weighted sound levels are judged to be louder than those
with lower A-weighted sound levels, a relationship which otherwise might
not be true. It is for this reason that A-weighted sound levels are
normally used to evaluate environmental noise sources.

Because of the correlation with our hearing, the A-weighted level has been
adopted as the basic measure of envirommental noise by the U.S.
Environmental Protection Agency (EPA) and by nearly every other agency
concerned with community noise throughout the United States.

Figure 2.1 presents typical A-weighted sound levels of several common
environmental sources.

An additional dimension to environmental noise is that A-weighted levels
vary with time. For example, the sound increases as an aircraft
approaches, then falls and blends into the background as the aircraft
recedes into the distance (though even the background varies as birds

chirp or the wind blows or a vehicle passes by). This is illustrated in
Figure 2.2.

Because of this variation, it is often convenient to describe a particular
noise "event" by its maximum sound level, abbreviated as Lmax. In Figure
2.2, it is approximately 85 dBA. However, the maximum level describes
only one dimension of an event; it provides no information on the
cumulative noise exposure generated by a sound source. In fact, two
events with identical maximums may produce very different total exposures,
One may be of very short duration, while the other may continue for an
extended period and be judged much more anmnoying. The next section
introduces a measure that accounts for this concept of a moise "dose".

2.1.3 Sound Exposure Level, SEL

The measure of cumulative noise exposure for a single aircraft flyover is
the Sound Exposure Level, or SEL. It may be thought of as an accumulation
of the sound energy over the duration of an event, where duration is
defined as the time when the A-weighted sound level first exceeds a
threshold level (normally just above the background or ambient mnoise) to
the time that the sound level drops back down below the threshold.

The lightly shaded area in Figure 2.3 illustrates that portion of the
sound energy included in this dose. But to account for the variety of
durations that occur among different noise events, the dose is normalized
(standardized) to a one-second duration. This "revised" dose is the SEL;
it is shown as the darkly shaded area in Figure 2.3. It has exactly the

same sound energy as the longer event though it is presumed to last for a
much shorter period.
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Figure 2.1
Common Environmental Sound Levels, in dpa2
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2 Harris, A.S., and Miller, R.L., Airport Noise Seminars,

documentation prepared for the Airports Division, Southern Region, Federal
Aviation Administration, November 1977.
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Figure 2.2

Variation in the A-Weighted Sound Level over Time
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Note that because the SEL is normalized to one second, it will almost
always be larger in magnitude than the maximum A-wveighted level for the
event. 1In fact, for most aircraft overflights, the SEL is on the order of
7 to 12 dB higher than the Lmax. Also, the fact that it is a cumulative
measure means that not only do louder flyovers have higher SELs than do

quieter ones, but also flyovers that stretch out longer in time have
greater SELs than do shorter ones.

With this metric, we now have a basis for comparing noise events that
generally matches our impression of the sound -- the higher the SEL, the
more annoying it is likely to be. Second, SEL provides a comprehensive
way to describe a noise event for use in modeling noise exposure.

2.1.4 Equivalent Sound Level, Leg

We tend to think of maximum A-weighted levels and SELs as measures of the
noise associated with individual events. The remaining two metrics in

this introduction describe longer-term cumulative noise exposure that
often include many events.

The first, the Equivalent Sound Level, abbreviated Leq, is a measure of
the exposure resulting from the accumulation of A-weighted sound levels
over a particular period of interest -- for example, an hour, an eight
hour school day, nighttime, or a full 24-hour day. However, because the
length of the period can be different depending on the time frame of
interest, the applicable period should always be identified or clearly
understood when discussing the metric. Such durations are often
represented as, for example Leq(24).

Conceptually, Leq may be thought of as a constant sound level over the
period of interest that contains as much sound energy as the actual
time-varying sound level with its normal peaks and valleys. This is
illustrated and presented in Figure 2.4. It is important to recognize,
however, that the two signals (the constant one and the time-varying one)
would sound very different from each other if compared in real life,
Also, be aware that the "average" sound level suggested by Leq is not an
arithmetic value, but a logarithmic, or "energy-averaged" sound level.
Comparable to the addition of decibels, this means that higher A-weighted
sound levels receive greater emphasis than lower values. For example, if
the sound level is 50 dBA for 30 minutes, followed by 100 dBA for the next
30 minutes, then the Leq for the entire hour is 97 dBA -- not the 75 dBA

that we might expect. Thus, loud events clearly dominate any noise
environment described by the metric.

As for its application to airport noise issues, Leq is often presented for
consecutive one-hour periods to illustrate how the hourly noise dose rises
and falls throughout a 24-hour period as well as how certain hours are
significantly affected by a few loud aircraft. '
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Figure 2.4
Example of a 1-Minute Equivalent Sound Level

o -1 MINUTE

2.1.5 Day-Night Sound Level, Ldn

In the previous sections, we have been addressing noise measures that
account for the moment-to-moment or short term fluctuations in A-weighted
levels as sound sources come and go affecting our overall noise
environment. Now, the Day-Night Sound Level (or Ldn) represents a concept
of noise dose as it occurs over a 24-hour period.

Earlier, we illustrated the A-weighted sound level due to an aircraft fly-
over as it changed over time. The example is repeated in the top frame of
Figure 2.5 on the following page. The level increases as the aircraft
approaches, reaching a maximum of 85 dBA, and then decreases as the
aircraft passes by. The ambient A-weighted level around 55 dBA is due to
the background sounds that dominate after the aircraft passes. The shaded
area reflects the noise dose that a listener receives during the one
minute period of the sample.

The center frame of Figure 2.5 includes this one-minute interval within a
full hour. Now the shaded area represents the noise dose during that hour
when sixteen aircraft pass nearby, each producing a single event dose

represented by an SEL. Similarly, the bottom frame includes the one-hour
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Figure 2.5
A-Weighted Level Fluctuations and Noise Dose
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interval within a full 24 hours. Here the shaded area represents the

listener's noise dose over a complete day. Note that several overflights
occur at night, when the background noise drops some 10 decibels, to
approximately 45 dBA.

An analogy is helpful here to relate the dose in this bottom frame to the
Day-Night Sound Level. The 24-hour noise dose, shaded in the figure, is
analogous to 24 hours of rain falling on a garden. The "rain dose" is the
total accumulation of rain over 24 hours, just as the noise dose is the
total accumulation of noise. Note that every shower increases that 24
hours' rain dose. Also, strong showers increase the dose more than do
light ones, and longer showers increase the dose more than do shorter
ones. The same is true for noise: (1) every aircraft increases that 24
hours' noise dose; (2) loud aircraft increase the dose more than do

quieter ones; and (3) aircraft flyovers that stretch out longer in time
increase the dose more than do shorter ones.

One important exception to this analogy is that the Day-Night Sound Level
treats nighttime noise differently from daytime noise. In determining
Ldn, it is assumed that the A-weighted levels occurring at night (defined
very specifically as 10:00 p.m. to 7:00 a.m. the next morning) are

10 decibels louder than they really are. This 10-dB penalty is applied to
account for our greater sensitivity to nighttime noise, plus the fact that
events at night are often more intrusive because nighttime ambient noise
is less. The 10-dB penalty is illustrated in Figure 2.6, and its effect
on the noise dose defined by Ldn is always included.

Values of Ldn are normally measured with standard monitoring equipment or
are predicted with computer models. Measurements are practical only for
obtaining Ldn values for relatively limited numbers of points, and, in the
absence of a permanently installed monitoring system, only for relatively
short time periods. Thus, most airport noise studies utilize
computer-generated estimates of Ldn, determined by accounting for all of
the SELs from individual events which comprise the total noise dose at a

given location on the ground. This principle is used in all airport noise
modelling.

Computed values of Ldn are often depicted as noise contours reflecting
lines of equal exposure around an airport (much as topographic maps
indicate contours of equal elevation). The contours usually reflect long-
term (annual average) operating conditions, taking into account the
average flights per day, how often each runway is used throughout the
year, and where over the surrounding communities the aircraft normally
fly. Alternative time frames representing a single day or a typical

seasonal day may also be helpful in understanding shorter term aspects of
a noise environment.
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Figure 2.6
10 dB Nighttime Penalty
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Representative values of Ldn in our environment range from a low of 40 to
45 decibels in extremely quiet, isolated locations, to highs of 80 or 85
decibels immediately adjacent to a busy truck route or off the end of a
runway at an active Air Force base. More typical values would be in the
range of 50 or 55 decibels for a quiet residential community to 60 or 65
decibels in an urban residential neighborhood. Figure 2.7 gives some
examples of Ldn values measured in different areas across the U.S.

Why is Ldn used to describe noise around airports? The U.S. Environmental
Protection Agency identified the measure as the most appropriate means of
evaluating airport noise based on the following considerations:

(1) The measure should be applicable to the evaluation of
pervasive long-term noise in various defined areas and
under various conditions over long periods of time.

(2) The measure should correlate well with known effects of
the noise environment and on individuals.

(3) The measure should be simple, practical and accurate.
In principal, it should be useful for planning as well
as for enforcement or monitoring purposes.

(4) The required measurement equipment, with standard
characteristics, should be commercially available.

(5) The measure should be closely related to existing
methods currently in use.
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Figure 2.7
Representative Examples of Measured Day-Night Sound Levels (Ldn)
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(6) The single measure of noise at a given location should
be predictable, within an acceptable tolerance, from
knowledge of the physical events producing the noise.

(7) The measure should lend itself to small, simple
monitors which can be left unattended in public areas
for long periods of time3.

Now, most other public agencies dealing with noise exposure, including the
Federal Aviation Administration (FAA), the Department of Defense, and the

Department of Housing and Urban Development (HUD), also have adopted Ldn
in their guidelines and regulations..

2.2 The Effects of Airport Noise on People

To residents around commercial and even general aviation airports,
aircraft noise can be an annoyance and a nuisance. It can interfere with
conversation and listening to television, it can disrupt classroom
activities in schools, and it can disrupt sleep. Relating these effects
to specific noise metrics helps in the understanding of how and why people
react to their environment. This section addresses the various ways we
are affected by airport noise.

2.2.1 Speech Interferemnce

One of the primary effects of aircraft noise is its tendency to drown out
or "mask" speech, making it difficult or impossible to carry on a normal
conversation without interruption. Outdoors, the sound level of speech
decreases as distance between a talker and listener increases. As the
level of speech decreases in the presence of background noise, it becomes
harder and harder to hear. Figure 2.8 presents typical distances between
talker and listener for satisfactory outdoor conversations in the presence
of different steady A-weighted background noise levels for three degrees
of vocal effort: raised, normal, and relaxed. As the background level
increases, the talker must raise his/her voice, or the individuals must
get closer together to continue their conversation.

As Indicated in the figure, "satisfactory conversation" does not always
require hearing every word; 95% intelligibility is acceptable for many
conversations. This is because a few unheard words can be inferred when
they occur in a familiar context. However, in relaxed conversation, we
have higher expectations of hearing speech and require complete 100%
intelligibility. Any combination of talker-listener distances and
background noise that falls below the bottom line in Figure 2.8 (thus

3 "Information on Levels of Environmental Noise Requisite to Protect
Public Health and Welfare with an Adequate Margin of Safety", EPA Report
No. 550/9-74-004, March 1974.
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Figure 2.8
Outdoor Speech Intelligibility

Steady A-Weighted Sound Pressure
Level in dB re 20 Micropascals
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assuring 100% intelligibility) represents an ideal environment for outdoor
speech communication and is considered necessary for acceptable indoor
conversation as well,

One implication of the relationships in Figure 2.8 is that for typical
communication distances of 3 or 4 feet (1 to 1.5 meters), acceptable
outdoor conversations can be carried on in a normal voice as long as the
background noise outdoors is less than about 65 dBA. Indoors, the
interior background level must be less than about 45 dBA. If the noise
were to exceed either of these levels, as might occur when an aircraft
passes overhead, intelligibility would be lost unless vocal effort were
increased or communication distance were decreased.

A second implication of these relationships is that an acceptable
background level of 60 to 65 dBA outdoors does not guarantee an acceptable
background level indoors. This is because, with windows open, most
housing construction typically provides about 15 decibels of sound
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attenuation (reduction) from outside to inside the building. Thus, only
if the outdoor sound level is 60 dBA or less is there a reasonable chance

that the resulting indoor sound level will afford acceptable conversation
inside.

It follows, then, that the amount of time per day that aircraft noise
exceeds either 60 or 65 dBA outdoors is indicative of the time during
which speech interference can be expected. The U.S. EPA has used these
same relationships to identify an outdoor criterion of Ldn 60 as requisite
to protect against speech interference indoors, and a criterion level §
decibels less than that to provide for an additional "margin of safety"4,

2.2.2 Sleep Interference

Much of the past research on sleep disruption from noise has led to widely
varying observations. In part, this is because (1) sleep can be disturbed
without causing awakening, (2) the deeper the sleep the more noise it
takes to cause arousal, (3) the tendency to awaken increases with age, and
other factors. However, under Congressional mandate, the FAA has reviewed
literature on sleep disruption in a study of soundproofing hospitals where
sleep is an important factor in patient care. That study”’ identified a
level of 40 dBA as a conservative threshold of sleep disturbance.
Separately, the EPA identified 35 dBA as a threshold of sleep disruption
in the presence of steady noise, with maximum levels of 40 dBA resulting
in a 5% probability of awakening®. Figure 2.9 shows a summary of
laboratory findings on the topic.

Assuming an interior threshold level of 40 dBA requisite to maintain sleep
and 15 decibels of outside-to-inside noise reduction, this means that

levels exceeding about 55 dBA outdoors have the potential to cause
arousal’.

2,2.3 Community Annoyance

It has long been clear from social survey data that individual reactions
to noise vary widely for a given noise level. Nevertheless, as a group,
people's aggregate response to factors such as speech and sleep
interference and desire for an acceptable environment is predictable and
relates well to measures of cumulative noise exposure such as Ldn. Figure
2.10 shows the most widely recognized relationship between noise and the

4 0p. cit., EPA Report No. 550/9-74-004, March 1974.

5 Wyle Labs, "Study of Soundproofing Public Buildings Near Airports",
FAA Report No. DOT-FAA-AEQ-77-9, April 1977.

6 0p. Cit., EPA Report No. 550/9-74-004, March 1974.

7 Newman 5.J., and Beattie, K.R,, "Aviation Noise Effects", FAA
Report No. FAA-EE-85-2, March 1985.
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Figure 2.9
Sleep Interference
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Figure 2.10
Percentage of People Highly Annoyed
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percentage of people highly annoyed by it regardless of the noise source.

Based on data from 18 surveys conducted worldwide, the curve indicates
that at levels as low as Ldn 55, approximately 5 percent of the people

will still be highly annoyed, with the percentage increasing more rapidly
as exposure increases above Ldn 658,

Separate work by the EPA has shown that overall community reaction to a
noise environment is also dependent on Ldn. This relationship is shown in
Figure 2.11. Levels have been normalized to the same set of exposure
conditions to permit valid comparisons between ambient noise environments.

From the previous figure, little reaction would be expected for intrusive
noise levels 5 decibels below the ambient, while widespread complaints ecan

8 Schultz, T.J., "Synthesis of Social Surveys on Noise Annoyance" ,
Journal of the Acoustical Society of America, Vol. 64, No. 2, August 1978,
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Community Reaction

Vigorous community
action

Several threats of legal
action, or strong appeals
to local officials to stop
noise

Widespread complaints
or single threat of
legal action

Sporadic complaints

No reaction, although
noise is generally
noticeable

be expected as intruding noise exceeds background levels by about 5 dB.

Figure 2.11

Community Reaction as a Function of Outdoor Ldn

]
e ® ®
B e N
-
e
-~
Fad
i Envelope of 0% Data K
v
Vg
/
v
- /
7
/
// Data Normalized to:
4 Some Prior Exposure
/ Windows Partially Open

B // / No Pure Tone or Impluses

S

/
C e o o : s @ / . —]
& o - °
| 1t | | | f
-10 Ambient : +10 +20 +30

Normalized Intruding Noise Level, Ldn

Vigorous action is likely when the background is exceeded by 20 dB.

2.3 Noise and Land Use Compatibility Guidelines

Based on these relationships between noise and the collective response of

people to their environment, Ldn has become accepted as a standard for
evaluating community noise exposure and as an aid in decision-making

regarding the compatibility of alternative land uses.

In their application to airport noise in particular, Ldn projections have
two principal functions:

(L)

To provide a means for comparing existing noise
conditions with those that might result from the
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implementation of noise abatement procedures and/or
from forecast changes in airport activity; and

(2) To provide a quantitative basis for identifying
and judging potential noise impacts.

Both of these functions require the application of objective criteria.
Government agencies dealing with environmental noise have devoted
significant attention to this issue, and thus have developed noise/land
use compatibility guidelines to help Federal, state, and local officials
with this evaluation process.

- FAA Regulations and Guidelines

In FAR Part 150, which defines procedures for developing airport noise
compatibility programs, the FAA has established Ldn as the official
cumulative noise exposure metric for use in airport noise analyses, and
has developed recommended guidelines for noise/land use compatibility
evaluation. These guidelines are reproduced in Table 2.2.

They represent a compilation of extensive scientific research into
noise-related activity interference and attitudinal response. However,
reviewers of Ldn contours should recognize the highly subjective nature of
response to noise and the special circumstances that can either increase
or decrease individuals' tolerance. For example, a high non-aircraft
background or ambient noise level (such as from traffic) can reduce the
significance of aircraft noise. Alternatively, residents of areas with
unusually low background levels may find relatively low levels of aircraft
noise very annoying. Response may also be affected by expectation and
experience. People often get used to a level of noise exposure that
guidelines suggest may be unacceptable, and similarly, changes in exposure

may generate response that is far greater than that which the guidelines
might suggest,

Finally, the cumulative nature of Ldn means that the same level of noise
exposure can be achieved in an essentially infinite number of ways. For
example, a reduction in a small number of relatively noisy operations may
be counterbalanced by a much greater increase in relatively quiet flights,
with no net change in Ldn. Residents of the area may become highly

aroused by the increased frequency of operations, despite the apparent
status quo of the noise,

With these cautions in mind, the FAA's guidelines for compatible land use
can be combined with Ldn contours indicating points of equal exposure to
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Table 2.2
FAA Noise / Land Use Compatibility Guidelines

Yearly day-night average sound level, Ldn, in decibels

FAr

= Z- Z22Z Z2Z2Z2Z 2 Z2Z2Z2Z22Z

Z =RZZ2Z

Below 65 65-70 70-75 75-80 80-85 Over 85
Residential Use
Residential other than mobile
homes and transient lodgings Y N N N
Mobile home park Y N N N N
Transient lodgings ¥ N N N
Public Use
Schools Y N N N N
Hospitals and nursing homes Y 25 30 N N
Churches, auditoriums, and concert halls Y 25 30 N N
Gavernmental services Y Y 25 30 N
Transportation Y Y Y Y Y
Parking Y Y Y Y Y
Commercial Use
Offices, business and professional Y Y 25 30 N
Wholesale and retail-building materials,
hardware and farm equipment Y Y Y X Y
Retail trade—general Y Y 25 30 N
Utilities Y Y Y Y k'
Communication Y Y 25 30 N
Manufacturing and Production
Manufacturing general Y Y Y Y Y
Photographic and optical Y Y 25 30 N
Agriculture (except livestock)
and forestry Y Y Y Y Y
Livestock farming and breeding Y Y Y N N
Mining and fishing, resource
production and extraction Y Y Y Y Y
Recreational
Outdoor sports arenas and
spectator sports Y Y Y N N
Outdoor music shells, amphitheaters Y N N N N
Nature exhibits and zoos Y Y N N N
Amusements, parks, resorts and camps Y Y Y Y Y
Golf courses, riding stables and
water recreation Y Y 25 30 N
Key to Table 2.2
Y(Yes) = Land use and related structures compatible without restrictions
N(No) = Land use and related structures are not compatible and should be prohibited
25, 30, or 35 = Land use and related structures generally compatible; measures to achieve
outdoor-to-indoor Noise Level Reduction of 25, 30, or 35 dB must be
incorporated into design and construction of structure. '
(There are special provisions pertaining to many of the compatibility designations that are not included
here. Please refer to FAR Part 150, (Appendix A), Table 1 for details).
Note: FAR Part 150 guidelines are presented in Appendix A,
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identify the potential types and locations of land uses and the degree of
their incompatibility. Measurement of the land areas involved can provide
a quantitative measure of impact that allows a comparison of at least the
gross effects of existing or forecast operations.

Note that by these guidelines, all land uses are considered compatible
with aircraft noise at exposure levels below Ldn 65. This does not mean
that people will not complain or otherwise be disturbed by aircraft noise
at lower levels (as has been shown earlier), nor does it preclude
individual communities or other jurisdictions from adopting lower
standards to meet local needs.

- Housing and Urban Development (HUD) Guidelines

The U.S. Department of Housing and Urban Development (HUD) has promulgated
regulations (set forth in Part 51 of the Code of Federal Regulations (24
CFR Part 51) that establish criteria for the eligibility of a site to
qualify for Federal funds supporting construction. Like the FAA's, those
criteria are defined in terms of Ldn and also utilize Ldn 65 as the
threshold of acceptability. They are summarized in Table 2.3 below.

Table 2.3
HUD Site Acceptability Standards
Category Ldn in dB Special Requirements
Acceptable  Not exceeding 65 dB None
Normally Above 65 dB but not 5 to 10 dB additional
Acceptable exceeding 75 dB attenuation required
Unacceptable Above 75 dB Approval with additional
attenuation on a case-by-
case basis
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3 NOISE MODELING METHODOLOGY

The Federal Aviation Administrations (FAA) Office of Environment and
Energy approves the use of two computer models for use in Part 150
studies. The two models include the U. S. Force NOISEMAP, Version 5.2 and
the FAA's Integrated Noise Model (INM) Version 3.9. The NOISEMAP computer
model was used in developing the Ldn contours for GAI. The model

incorporates a comprehensive set of computer routines for calculating
noise exposure contours around airports.

Use of the NOISEMAP computer model requires data in two principal

categories: (1) aircraft noise and performance data, and (2) aircraft
operational data.

3.1 Noise and Performance Data

The noise curves and performance profiles of the various aircraft types
from the Version 3.9 data base data base were used to generate the Sound
Exposure Levels (SELs) of individual aircraft operations. The noise data
1s used to identify how loud specific aircraft types are at different
distances from the point of concern -- these distances range from 200 to
25,000 ft. Data are provided for typical thrust settings used on takeoff,
landing, level flight and when conducting the different portions of
patterns or touch-and-go training operations. The performance data used

by the model define the length of the takeoff roll, the climb rate, and
speeds for each flight segment.

The final computation of Ldn values produced by the operations at GAI was
accomplished with NOISEMAP 5.2. This program computes Ldn values at
individual grid points around the facility using the noise data and
aircraft profiles from the Version 3.9 data base. Separate plotting
software is used to generate the Ldn contours from the grid of the
computed noise exposure levels.

3.2 Operations Data

NOISEMAP also requires the operational data as one of its input sources.
Operational inputs describe activity at the airport during the period of
interest. Required operational inputs include the following:

. description of the runways;

. number of aircraft operations:

o aircraft fleet mix;

. day-night split of operations;

. runway utilizations rates;

. typical flight track descriptions; and
. flight track utilization rates.

The process of collecting and refining these inputs is summarized in

Chapters 5 through 11. Chapters 12 and 13 present the noise exposure
contours.
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4, NOISE MEASUREMENT PROGRAM

A noise measurement program in the GAI environs was a major element of the
data collection phase of the study. This chapter provides an overview of
the measurement program (Section 4.1) and its results (Section 4.2).
Section 4.3 summarizes the history of aircraft noise complaints at GAT,

4.1 Overview of Measurement Program

This section describes the objectives of the program, its design and
execution.

4.1.1 Objectives of the Noise Measurement Program
The noise measurement program had three main objectives:

(@8] Acquire sufficient information on the noise of individual
aircraft events to have confidence in the prediction of

their noise levels under possible future operational
alternatives,

(2) Document actual aircraft noise levels at typical
noise-sensitive sites in the community and compare those
with other individual noise sources which comprise the
total noise environment at those locations.

(3) Observe aircraft operations to become acquainted with their
flight tracks and use, and to identify specific problem areas.

When met, these objectives permit a quantitative evaluation of the effects
of individual aircraft noise levels on factors such as speech interference
and annoyance. They also help to provide credibility to estimates of the
noise resulting from various noise abatement strategies.

In addition to the program objectives, the measurement program allowed for
the collection of operations data and discussions with persomnel familiar
with the operation of GAI.

4.1.2 Noise Measurement Program Design and Site Selection

In order to achieve the measurement objectives, noise measurements were
undertaken at thirteen sites. Two types of measurement sites were
selected; long-term or primary sites where noise monitoring equipment was
set up for the entire duration of the survey period, and short-term or
secondary sites where noise monitoring equipment was set up only when
personnel were at the sites. The sites were also selected to

simultaneously satisfy as many of the following four basic criteria as
possible:
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(1) The sites were located near frequently used runways and
under major flight corridors to maximize the number of
operations measured.
(2) Sites were sought near typical residential neighborhoods,
schools, and other identified noise-sensitive areas.
(3) Sites were selected to provide information on noise levels

produced in each major type of flight activity, including
elements of a typical touch-and-go pattern (takeoff,
crosswind, downwind, base, and final) and for non-pattern
activity such as takeoffs, landings, and overflight.

(4) Sites were selected to provide representative data on areas
from which noise complaints are regularly received, and for
which Advisory Committee members or other interested
parties expressed concern.

An initial list of eleven recommended sites was presented to the Advisory
Committee on 9 October 1990. Several site locations were altered and
additional sites were added based on comments and suggestions offered by
the Advisory Committee. On the basis of site surveys undertaken at the
outset of the noise measurement program, the final locations of the sites
were adjusted to fit the aforementioned criteria. Figure 4.1 depicts the
final noise measurement locations. The three long-term (primary)
locations are identified as Sites 1 through 3 on Figure 4.1. The short-
term (secondary) locations are noted on Figure 4.1 as Sites & through 13.

4.1.3 Execution of Noise Measurements

The noise measurements were initially undertaken beginning on 10 October
and ending on 15 October, 1990. Due to some unforeseen weather conditions
during several days of the monitoring period, additional measurements were
scheduled for period 26 October through 29 October 1990. The locations,

dates, and times at which measurements were conducted at each site are
listed in Table 4.1.

To maximize the effectiveness of the measurement field trip, several other
types of data were collected simultaneously. Staff conducting the
measurements observed and recorded information on aircraft flight paths,

and used a photographic technique to record the "slant distance" from the
microphone to the aircraft. '

4.2 Nolse Measurement Results
Three types of noise level information were collected:
(1) First, information on noise levels produced by single aircraft

events were measured in the form utilized in the noise
modeling process; i.e., the sound exposure level, SEL.
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Table 4.1

Summary of Noise Measurement Locations

Site No,

Location/Neighborhood

Ridge Heights Drive
Hunters Woods

Filbert Terrace
Hadley Farms

Gaithersburg-Laytonville Rd.
Farmer Fulks Greenhouse

Bell Bluff Road
Prathertown

Total Hours

Bramble Bush Drive
Hunters Wood
Total Hours

Beaver Ridge Road
East Village

Total Hours

Warfield Road
Goshen Elementary School
Total Hours

Start/End

Dates and Times

Start:
End:
Start:
End:
Total Hours of Monitoring:
Hours of Observation:

10
15
26
28

October, 1990 @
October, 1990 @
October, 1990 @
October, 1990 @

Start: 10 October, 1990 @
End: 15 October, 1990 @

Total Hours of Monitoring:
Hours of Observation:

Start:
End:
Start:
End:
Total Hours of Monitoring:
Hours of Observation:

Start:
End:
Start:
End:
Start:
End:
of Monitoring/Observation:

10
15
28
29

15
15
27
27
29
29

October, 1990 @
October, 1990 @
October, 1990 @
October, 1990 @

October, 1990 @
October, 1990 @
October, 1990 @
October, 1990 @
October, 1990 @
October, 1990 @

Start: 15 October, 1990 @
End: 15 October, 1990 @

of Monitoring/Observation:

Start:
End:
Start:
End:
of Monitoring/Observation:

14 October, 1990 @
14 October, 1990 @

27
27

October, 1990 @
October, 1990 @

Start: 14 October, 1990 @
End: 14 October, 1990 @
of Monitoring/Observation: 1.0

1100
1100
1500
1100
164
8.5

1500
1300
118
1.0

1200
1300
1100
1400
148
2.5

0930
1100
1700
1730
1115
1215

3.0

1030
1130
1.0

1600
1700
1000
1200

3.0

1130
1230
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Table 4.1 (cont'd)
Summary of Noise Measurement Locations

8

10

11

12

13

Site No.

Location{Neighborhood

Lochhaven Drive
Goshen

Total Hours

Giant Step Terrace
Ashford

Total Hours

Snouffer School Road
Green Park

Total Hours

Gaithersburg-Laytonville Rd.
End of Runway 32

Total Hours

Muncaster Mill Road

Start/End Dates and Times

Start: 14 October, 1990 @
End: 14 October, 1990 @
Start: 27 October, 1990 @
End: 27 October, 1990 @

of Monitoring/Observation:

Start: 14 October, 1990 @
End: 14 October, 1990 @

of Monitoring/Observation:

Start: 14 October, 1990 @
End: 14 October, 1990 @

of Monitoring/Observation:

Start: 12 October, 1990 @

End: 12 October, 1990 @
Start: 14 October, 1990 @
“End: 14 October, 1990 @

of Monitoring/Observation:

Start:712 October, 1990 @

Rock Creek Stream Valley Park End: 12 January, 1990 @

Total Hours

Airpark Road

Start: 14 October, 1990 @
End: 14 January, 1990 @

of Monitoring/Observation:

Start: 14 October, 1990 @

Lindbergh Center Business Park End: 14 January, 1990 @

Total Hours

of Monitoring/Observation:

1630
1830
1500
1700

4.0

0930
1030
1.0

0845
0945
1.0

0930
1200
0845
0945

3.5

1500
1600
1130
1230

2.0

1530
1600
0.5

(2)

(3)

Second, single event data were measured in terms of the

maximum A-weighted sound level, Lmax.

This measure provides

the most basic and easily understood description of single

event noise levels.

Third, overall noise exposure was measured in terms of the
hourly equivalent level, Leq, and the Day-Night Average Sound

Level, Ldn.
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Each type of noise level information serves a specific purpose in this
study. The SEL data provides a basis for developing modeling inputs that
accurately represent the flying procedures used at GAI. The SEL data
address the first of the measurement objectives identified in Section
4.1.1 above. The Lmax data provides a basis for estimating the disruptive
potential of individual aircraft events. The Leq and Ldn data help in
understanding the general acceptability of the overall noise environment.

These Lmax, Leq, and Ldn data address the second measurement objective
identified in Section 4.1.1.

The measurement goal was a period of approximately five days (120 hours)
at each of the primary sites and up to four hours at each of the secondary
sites. As summarized in Table 4.1, the three primary sites underwent 430
hours of monitoring or an average of 143 hours per location. The

secondary locations underwent over 20 hours of monitoring with an average
of approximately two hours per site.

Section 4.2.1 presents the Lmax and SEL measurement results. The results
of the Leq and Ldn measurements are presented in Section 4.2.2.

4.2.1 Single Event Aircraft Measurements

Lmax and SEL information was collected on numerous aircraft types.
However, the predominant aircraft was the single engine piston-powered

propeller aircraft. A summary of all SEL and Lmax measurements are
presented in Appendix B.

Other monitored aircraft include the following:

L

"Corporate Jets" - generally smaller, twin-engine jet-powered
aircraft.

"Twin Piston" - twin-engine, propeller driven aircraft with
piston (reciprocating) engines.

The twin turboprop aircraft also operates at GAT, however, none were
observed during the monitoring program. The turboprop is a twin-engine,
propeller driven aircraft with turbine engines. It is used pPrimarily as
corporate aircraft or by air taxi companies.

There are four basic types of operations observed: (1) takeoffs or

departures, (2) landings or arrivals, (3) pattern operations, and (4)
overflights.

"Patterns" are local training operations rather than arrivals or
departures which are destined to, or originate from, other airports. The
most common type of pattern operation is a "touch-and-go", which is a
closed loop operation consisting of a takeoff from a given runway end, a
series of connected turns which bring the aircraft around to line up with
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the runway end again, and a landing. Pilots often conduct a number of
touch-and-go patterns in series, reapplying power for takeoff as soon as
the aircraft touches down, and never coming to a full stop. A standard
touch-and-go pattern includes an initial takeoff or "upwind" leg, a 90°
turn to a relatively short "crosswind" leg, a second 90° turn to the
"downwind" leg (which is parallel to the runway being used), a third turn
to the "base"™ leg, and a fourth turn to "final".

"Overflights" are aircraft transiting the area. They often are associated
with a local arrival or departure, but were recorded in areas where the
aircraft was not on initial departure or on final approach.

- Lmax

Maximum A-weighted sound levels, Lmax, were measured for most aircraft
types and types of operations. These data provide a basis for comparing
single event noise levels for aircraft and non-aircraft sources, and for
common environmental sounds in general. They also provide a convenient
basis for comparing noise levels from site to site.

Figures 4.2 through 4.4 present the measured maximum A-weighted levels of
individual aircraft events at the three long-term measurement sites (Sites
1 - 3). For categories of aircraft events with numerous data points, the
figures show the range of observed levels, the median? level, and the
number of observations. Each figure includes discussion summarizing key
information about the measurement site and the data collected at it. The
measured levels are grouped by the type of operation: which runway was in
use and the type of activity monitored. They are further divided by
aircraft types. The figures also include typical values for common
environmental sounds on the left hand side of the page.

Site 1 was located in the sideyard of a residence at 19613 Ridge Heights
Drive in the Hunters Woods area of Montgomery County. The site was
located in a relatively quiet residential neighborhood and was dominated
by aircraft noise, with only occasional traffic noise on Snouffer School
Road. Approximately 164 hours of monitoring was undertaken on Ridge
Heights Drive. The monitoring site was attended approximately 8.5 of

these hours - that is, a project staff member was at the site logging
noise-producing activity. '

Site 1 was located approximately 7,400 feet from the brake release point
for Runway 32 departures (takeoff to northwest) and 3,200 feet from the
landing threshold of Runway 14 (landing to southeast). The site was
located 150 feet southwest of the extended centerline of the runvay.

% The median level is the level that splits the sample in half. That
is, half the observations are higher and half are lower. It is not an
arithmetic average, which would tend to skew the average toward any
unusually low or high levels.
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Figure 4.2
Maximum A-Weighted Levels at Site 1
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Figure 4.3
Maximum A-Weighted Levels at Site 2
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Figure 4.4
Maximum A-Weighted Levels at Site 3
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Departures on Runway 32 and arrivals to Runway 14 fly almost directly
overhead this location. Over 40 aircraft operations were visually logged
at Site 1. These included 35 departures and 9 arrivals of primarily
single-engine piston propeller aircraft. Imax departure noise levels
ranged from a high of 94 dBA to a low of 62 dBA all from single-engine
piston aircraft. A single twin-piston departure was logged at 82 dpA,
while the only corporate jet departure was logged at 86 dBA. Arrival
aircraft events were logged at a high of 79 dBA for a twin-piston aircraft
to a low of 63 dBA for a single-engine aircraft. Several other Lmax noise
levels were logged at Site 1. These included trucks, motorecycles, and an
automobile with a defective muffler. Lmax noise levels ranged from a high
of 79 dBA for a truck to a low of 68 dBA for the auto.

Judgments of disruptive potential can be made by comparing the measured
maxima on the right of Figure 4.2 with the normal speech level shown on
the left and also by comparison with Figure 2.8. Note that .almost all of
the noise levels from aircraft operations, as well as the levels from the
other modes of transportation, monitored at Site 1 exceed this level.

This implies that all operations at this location would interrupt outdoor
conversation.

Site 2 was located in the backyard of a residence on Filbert Terrace in
the Hadley Farms area. The area is a very quiet residential neighborhood.
The noise levels at the site are, however, dominated by aircraft noise
undertaking touch-and-go operations or overflying the area on approach to
the airpark. Approximately 118 hours of monitoring was undertaken at this
location, with the monitoring attended for about one of those hours.

Site 2 was located northeast of the airpark, approximately 5,500 feet
lateral distance from runway. The site was affected by aircraft in the
downwind for pattern operations to either Runway 14 or 32.

Over two dozen aircraft arrivals/downwinds were logged at Site 2. Noise
levels ranged from a high of 70 dBA to a low of 56 dBA, all from single-
engine piston aircraft. The measurement site was in a very quiet
residential backyard and was not impacted by any extraneous vehicular

traffic. However, air conditioner noise seemed to dominate nighttime
noise levels,

Judgments of disruptive potential can be made by comparing the measured
maxima on the right of Figure 4.3 with the normal speech level shown on
the left and also by comparison with Figure 2.8. Note that approximately
half of the aircraft arrivals monitored, exceed this level. Overall, the

monitoring would imply that some of the aircraft operations would
interrupt outdoor conversations.

Site 3 was located at the rear of Farmer Fulks Greenhouse on Gaithersburg-
Laytonville Road in Montgomery County. The site was located well off the
main road, but was impacted by heavy truck traffic on Gaithersburg-
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Laytonville Road and truck traffic using Lindbergh Road in the industrial
park. The site is clearly dominated by aircraft departing Runway 14, but
aircraft arriving on Runway 32 are as much a contributor to the overall
noise environment as are trucks on the local streets. Approximately 148
hours of monitoring was undertaken at this location, with the monitoring
attended for almost three of those hours.

Site 3 was located approximately 5,000 feet from the brake release point
for Runway 14 departures (takeoff to southeast) and 800 feet from the
landing threshold of Runway 32 (landing to northwest). The site was
located approximately 600 feet northeast of the extended centerline of the

runway. Departures on Runway 14 and arrivals to Runway 32 fly almost-
directly over this location. :

Almost 20 single-engine piston aircraft operations were logged at Site 3.
Noise levels on departures ranged from a high of 83 dBA to a low of 69
dBA, while noise levels from arrivals ranged from 61 to 75 dBA.

Additional measured noise levels resulted from trucks on adjacent roadways
and ranged from 60 to 70 dBA.

Figure 4.4 presents the judgments of disruptive potential, by comparing
the measured maxima with the normal speech level shown on the left. This
comparison can also be made with Figure 2.8. Note that all of the
aircraft departures, half of the arrivals and all truck noise levels
monitored, exceed this level. Overall, the monitoring would imply that
almost all events at this location, except for half of the aircraft
arrivals would, almost certainly, interrupt outdoor conversations.

- SEL

Noise measurements of aircraft events were made at all of the locations
shown on Figure 4.1. For each aircraft overflight, both the sound
exposure level, SEL, and the distance to the aircraft was measured. A
photograph of each aircraft was taken, and the closest point of approach
was measured photographically. The image length of the aircraft in each
photograph was measured, and the distance between the camera and the
aircraft was determined by knowing the focal length of the lens.

The SEL and slant distance data permit a comparison with the computer
model. As discussed in Section 3.1, development of noise contours
requires noise data for each aircraft type. The standard U.S. Department
of Transportation data basel provides noise data for most civil aircraft
types, and is widely used to develop noise contours. Two distinct noise
curves (i.e. noise versus distance relationships) are required to
accurately model all aircraft operating at GAI. These noise curves

10 Incorporated in Version 3.9 of the Integrated Noise Model (INM
3.9).
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roughly correspond to two fundamental flight domains: (1) climb out or
departure, and (2) level flight and descent or arrivals.

Three SEL versus slant distance curves are presented in Figures 4.5
through 4.7: single-engine piston arrivals and departures, and twin-
engine piston departures. The single- and twin-engine piston aircraft are
not the noisiest aircraft operating at GAI, in terms of their SEL.

However, they account for almost 98 percent of the total operations at
GAT.

The vertical axis in the figures is the SEL in dBA. The horizontal axis
is the "slant range" or distance in feet from the measurement site to the
aircraft at the aircraft's point of clesest approach. Each figure shows
the empirically derived ("least squares") noise curve and the individual
data points on which the curves were based.

At GAIL, over 95 percent of all of the existing average daily operations
are conducted in single-engine piston aircraft. This class of aircraft
encompasses a great variety of aircraft types, with significant variation
in noise emissions and flight characteristics. The standard modeling data
available for this aircraft type are relatively limited. They are
available for fixed-pitch propeller, variable-pitch propeller, and a
composite "national average" single-engine piston aircraft. Since the
single-engine aircraft accounts for such a large portion of all "existing
operations at GAI it is important to "fit" the correct noise curve to the
aircraft. Based upon analysis of the three single engine aircraft noise
curves, the fixed-pitch propeller curve correlated best with the measured
data at GAI, and thus was used in the modelling to represent all singles,
Figures 4.5 and 4.6 reveal that the average of the measured noise levels
(least squares curve) is 1.7 dB less than the data base noise levels for
the fixed-pitch propeller departures and 2.0 dB less than the data base
for arrivals. INM, therefore, slightly overpredicts the noise levels from

single-engine piston aircraft, which would result in a conservatively high
estimate of the noise exposure.

The measured SEL data and the resulting least squares curve for the twin-
engine piston departures (see Figure 4.7) is also within 2.7 dB of the
data base curve used in the computer model. Therefore, the INM computer
model slightly overpredicts the twin-engine piston departures.

Since the focus of much of the noise abatement analysis will be detailed
evaluation of relatively small changes in standard operating procedures,
the input data must be valid for the specific airport, in order to
accurately reflect the effects of the changes.

Other aircraft operations, including twin-engine piston arrivals and
corporate jet departures, were measured at GAI during the monitoring
period. However, the data is somewhat limited and an SEL versus slant
distance curve was not generated. However, based on the measurements
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Figure 4.5
SEL VS. Slant Distance
Single-Engine Piston Departures
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Figure 4.6
SEL VS, Slant Distance
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Figure 4.7
SEL VS. Slant Distance
Twin-Engine Piston Departures
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undertaken for this study, the curves indicate that other aircraft types
in the GAI fleet may be quieter than the data base aircraft. This
indicates that the INM computer model would tend to slightly overpredict
the noise from these aircraft types, resulting in a conservatively high
estimate of the noise exposure.

4,2.2 Cumulative Noise Measurements

Tables 4.2 to 4.4 present the measured hourly noise levels, Leq, for each
of the three primary locations (Sites 1 to 3). A total of 116 hours of
Leq measurements were undertaken at each of the three sites, although a
somevhat smaller number may actually be presented due to equipment
malfunctions. Leq measurements were not conducted at Sites 4 through 12
because the relatively short measurement periods precluded meaningful data
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Table 4.2
Measured Hourly Noise Levels From Site 1

10-0Oct 11-Oct 12-Oct 13-Oct 14-Oct 15-Oct 26-Oct 27-0ct 28-0ct
(wed) (thu) (fri) (sat) (sun) (mon) (fri) (sat) (sun)
Hourly Hourly Hourly Hourly Hourly Hourly Hourly Hourly Hourly
Noise Noise Noise Noise Noise Noise Noise Noise Noise
Hour Level Level Level Level Level Level Level Level Level
1 48.2 43.7 48,2 44,2 43.8 47 .6 48.1
2 53.2 41.7 46.7 43.7 43.2 44 .7 47.7
3 45 .4 43.7 46.1 44 .8 42.5 44 4 49 .5
4 46.3 44.3 46.5 42.2 41.4 43.8 46.3
5 46.9 45,2 44 .2 44 .5 42.5 43.9 47.8
6 51.0 47.9 45.8 44,7 45.5 46.0 45.3
7 53.4 49.7 46.5 42.8 49,2 47.1 46.9
8 58.1 51.8 51.0 45,8 56.3 51.9 53.9
9 57.9 53.4 49.5 55.5 55.2 64.2 62.7
10 60.0 52.6 50.7 59.2 61.5 61.2 65.7
11 52.4 51.5 51.3 57.6 56.1 67.2 65.7
12 62.8 51.4 53.4 50.3 63.7 62.9 62.9%
13 53.5 54,7 5713 53.1 61.1 63.7 63.7%
14 91.5 53.7 57.1*% 60.6 57.1% 64.6 64 . 6%
15 53.7 56.0 53.7% 48.2 53.7% 65.1%  65.1%
16 55.8 51.1 58.3% 51.9 63.1 65.0 65.7
17 57.2 56.1 55 54.3 59.0 56.8 60.4
18 58.8 51.9 56.2 57.5 60.4 62.5 63.7
19 56.1 57.3 54.3 55.7 571 60.6 55.8
20 52.9 56.1 54.5 51.2 58.5 55.7 52.1
21 52.1 55,9 51.5 47 .4 49.5 50.0 50.4
22 51.6 48.3 47.8 46.7 50.6 48.0 50.4
23 50.6 48.8 49.7 45 .6 47.1 47.3 50.9
24 48.8 42.8 49,0 44 4 48.3 48.3 50.4
Ldn 58.5 55.0 55.7 54.8 58.1 61.1 61.5
(Calculated)

NOTES: (1) All measurements obtained during calendar year 1990.
(2) Sound levels include aircraft and community noise sources.
(3) Ldn = Day/Night Average Sound Level.

(¥) Calculated by energy averaging similar hours from other measured
days.
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Table 4.3
Measured Hourly Noise Levels From Site 2
10-0ct 11-Oct 12-0Oct 13-0Oct 14-Oct 15-Oct
(wed) (thu) (fri) (sat) (sun) (mon)
Hourly Hourly Hourly Hourly Hourly Hourly
Noise Noise Noise Noise Noise Noise
Hour Level Level Level Level Level Level
1 54.1 50.9 52.4 51.9 52.1
2 52.4%  50.4 54,1 52.5 51.8
3 53.4 51.2 54.6 52.8 50.9
4 54.3 52.0 54.1 52.4 49.1
5 54.0 51.9 53.8 51.4 46.3
6 54.9 51.7 52.7 50.4 45.6
7 55.2 50.4 50.1 48.6 45.6
8 57.1 49.3 52.9 46.9 50.1
9 55.2 49 .4 52.4 50.0 53.8
10 532 53.4 49.8 53.7 573
11 53.3 55.9 48.9 51.3 52.9
12 52.9 56.0 46.1 54.3 56.0
13 51.5 51.8 56.6 54.3 55.3
14 51.9 58.0 52.7 53.7 54 . 8%
15 49.1 55.5 48.1 54.1 56.9%
16 57.4 47.8 54.8 51.2 54.7
17 57.0 51.0 53.7 50.0 53.4
18 52.8 51.4 53.7 52.5 56.1
19 54.5 52.2 52.5 53.6 53.9
20 53.8 54.3 53.2 53.2 53.7
21 53.5 54 .4 53.5 52.1 51.8
22 54.1 51.1 51.6 52.9 51.3
23 57.8 51.9 53.3 52.7 50.6
24 53.6 50.8 51.8 52.4 52.7
Ldn 58.1 55.2 55.7 56.3 57.2
| (Calculated)

NOTES: (1) All measurements obtained during calendar
year 1990.
(2) Sound levels include aircraft and community
noise sources,
(3) Ldn = Day/Night Average Sound Level."
(*) Calculated by energy averaging similar
hours from other measured days.
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Table 4.4
Measured Hourly Noise Levels From Site 3
10-0Oct 11-Oct 12-Oct 13-Oct 14-Oct 15-Oct 28-Oct 29-0ct
(wed) (thu) (fri) (sat) (sun) (mon) (sun) (mon)
Hourly Hourly Hourly Hourly Hourly Hourly Hourly Hourly
Noise Noise Noise Noise Noise Noise Noise Noise
Hour Level Level Level Level Level Level Level Level
1 54.1 50.1 54.9 55.6 52.1 44,9
2 52.5 50.2 54,2 53.9 52.1 44,0
3 55.2 52.4 54.3 53.2 52.5 44 .2
4 55.0 527 53.9 53.8 52.1 49.5
5 56.6 54.6 55.5 54.5 50.6 47.6
6 57.9 55.8 56.2 53.7 54.0 52.1
7 57.8 59.1 54.0 54.5 57.0 56.6
8 60.4 57.9 58.0 53.5 62.1 59.9
9 59.9 62.7 56.0 52.3 60.1 58.4
10 60.7 63.5 56.7 55.8 58.9 59.3
11 60.3 58.2% 56.0 54.0 Lo 60.0
12 58.0% 60.5 55.8 55.4 59.0 56.8
13 64.9 57.8 55.8 '57.0 54.5 58.8 57.5
14 59.1 58.1 52.5 55.8 54.8 56.2
15 60.3. 59.9 59.2 55.4 56.2 55.9
16 61.3 57.2 60.9 55.9 57.2 56.5
17 61.3 57.7 57.4 56.1 52.6 56.1
18 58.3 56.1 58.6 55.0 54.4 55.2
19 61.5 56.0 56.0 54.3 53.7 54.6
20 57.6 '54.9 53.3 53.1 54.4 54.7
21 52.3 54.0 54.3 52.2 54.6 52.0
22 53.3 53.0 53.0 54.4 54.0 50.6
23 53.3 52.1 53.9 54.9 54.0 46.4
24 53.2 50.3 54.0 55.1 52.8 45,7
Ldn 63.0 61.6 61.5 60.9 60.5 57.7
(Calculated)

NOTES: (1) All measurements obtained during calendar year 1990.
(2) Sound levels include aircraft and community noise sources.
(3) Ldn = Day/Night Average Sound Level.

(*) Calculated by energy averaging similar hours from other
measured days.
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collection. The Leq values are for the hour ending at the times

indicated. Calculated Ldn values are shown wherever 24 hours of data were
available.

Figures 4.8 to 4.10 present, in graphical format, the measured hourly
noise levels at Sites 1 to 3. This format permits a comparison on a day-
to-day and hour-by-hour basis at each site. Shading is used to indicate
the different days of the monitoring period.

A review of the Leq data in the graphs reveals a consistency with trends
which one would expect at GAI and most other airports. In general,
nighttime hours are quieter than the daytime, as both aircraft and non-
aircraft noise-producing activity are typically reduced at night. 1In

addition, relationships between the runway in use and the noise levels can
also be seen.

Site 1 is presented in Figure 4.8. The first graph presents the hourly
Leq noise levels from the first measurement period (10 October to 15
October 1990). The second graph presents the hourly noise levels from the
second period (26 October to 28 October 1990). In addition, the second

graph presents the hourly average noise levels (solid line) from the first
measurement period. :

The first graph reveals some very distinctive trends. The lower nighttime
Leq noise levels in the hours ending 0100 to 0600 are reflected in the
lack of activity at night. The morning departure peak occurs between 0700
and 1200, with a slight 1ull at 1100. The activity drops off slightly in
the early afternoon between 1300 and 1500 hours. The evening peak occurs
between 1600 and 2000, before dropping off around 2100 to 2200 hours.

The second graph presents the monitoring undertaken during the second
measurement period. The higher hourly noise levels during the 0900 to
1900 period is a direct result of the extremely high winds during the
second measurement period. Therefore, pilots had to use more power and
took longer to fly over a measurement site than what is considered normal,
Therefore, the SELs for aircraft on that weekend were higher as would be
the resulting hourly Leq and daily Ldn levels.

Figure 4.9 presents the measurement data at Site 2. The site was affected
primarily by aircraft on the downwind of touch-and-go patterns. The Leq
noise levels remain fairly constant during all hours of the day. The
constant noise levels are a result of; (1) the relatively quiet background
noise levels of the measurement location and the lack of extraneous noise
sources, (2) the relatively quiet nature of the aircraft events over Site
2, (3) the steady cyclical nature of the noise levels from the air
conditioner/heat pump units in the back yard of the areas houses, and (4)
the steady nighttime noise levels created by insects during warmer months.
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Figure 4.9
Measured Hourly Noise Levels From Site 2
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Figure 4.10
Measured Hourly Noise Levels From Site 3
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Site 3 measurement data is presented in Figure 4.10. The first graph
presents the hourly Leq noise levels from the first measurement period (10
October to 15 October 1990). The second graph presents the hourly noise
levels from the second period (28 October to 29 October 1990). 1In

addition, the second graph presents the hourly average noise levels (solid
line) from the first measurement period.

Daily airpark operating trends are clearly evident in the figures. 1In the
first graph the lower nighttime Leq noise levels are clearly evident
between 0100 and 0600. As daily activity, including airpark operations,
increase the noise levels increase (0700 to 1000). Noise levels and
operations decrease somewhat during the noon hour period between 1100 and
1300 before increasing during the mid-afternoon (1400 to 1700). During

the early evening (after 1700) the operations begin to decrease before
‘leveling off after 2100 hours.

The second graph presents the monitoring undertaken during the second
measurement period. The lower levels at night, during the second
measurement period, are most likely the result of much lower ambient
temperatures during that period. Air conditioning units from the nearby
industrial park would not likely have been operating on a regular basis.
In addition, the much cooler temperatures during the second period would

have a tendency to decrease the insect noise noticeable on warm summer
evenings.

Table 4.5 presents a summary of the measured daily Ldn values at the three
primary measurement sites. The measured Ldn values are then energy-
averaged to obtain a combined Ldn value for each site.

Site 1 had an average measured Ldn of 58.6 dB. The site is heavily
influenced by departures on Runway 32 and arrivals on Runway 14. The
average measured Ldn at Site 2 was 56.6 dB. The Ldn for Site 2 was
influenced only by overflights and aircraft on the downwind of pattern
operations. Therefore, it is reasonable to see the lowest noise levels at
this location since it is the furthest site from the airpark and is not
directly influenced by operations to Runway 14/32. Site 3, which had an
Ldn of 61.1 dB, was influenced by arrivals on Runway 32 and departures to
Runway 14. It is reasonable to see the highest noise levels recorded at
this location, since it is much closer to the runway threshold than Site 1
and it is also impacted by local truck noise.

One must keep in mind that the measured noise levels represent the Ldn
from only the five to seven day measurement program and do not necessarily
represent the actual annual Ldn. A comparison of the averaged measured

Ldn to the computed annual average day Ldn will be undertaken in Section
12.
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Table 4.5
Cumulative Noise Measurement Summary

Calculated Averape

Site/Location Day/Date Ldnl) Ldng)
1 - Ridge Heights Dr./ Wed 10/10/90 - Thu 10/11/90 58.5
Hunters Woods Thu 10/11/90 - Fri 10/12/90 55.0
Fri 10/12/90 - Sat 10/13/90 55.7
sat 10/13/90 - Sun 10/14/90 54.8
Sun 10/14/90 - Mon 10/15/90 58.1
Fri 10/26/90 - sat 10/27/90 61.1
Sat 10/27/90 - Sun 10/28/90 61.5

58.6
2 - Filbert Terrace/  Wed 10/10/90 - Thu 10/11/90 58.1
Hadley Farms Thu 10/11/90 - Fri 10/12/90 55.2
Fri 10/12/90 - Sat 10/13/90 55.7
Sat 10/13/90 - Sun 10/14/90 56.3
Sun 10/14/90 - Mon 10/15/90 57.2

56.6
3 - Gaithersburg- Wed 10/10/90 - Thu 10/11/90 63.0
Laytonville Rd./ Thu 10/11/90 - Fri 10/12/90 61.6
Farmers Fulks Fri 10/12/90 - Sat 10/13/90 61.5
Greenhouse Sat 10/13/90 - Sun 10/14/90 60.9
x Sun 10/14/90 - Mon 10/15/90 60.5
Sun 10/28/90 - Mon 10/29/90 . 57.7

61.1

NOTES: (1) Calculated from measured hourly noise levels.
(2) Energy Averaged

As demonstrated in the discussion of single engine aircraft noise levels,
all sites are exposed to single aircraft overflights that can disrupt
speech outdoors (A-weighted noise levels of 65 dBA). Thus, even locations
conforming to Ldn based standards or guidelines with an Ldn of less than
65 Ldn, should not always be thought of as having no noticeable adverse
noise exposure. The implication for the Part 150 study is that single
event noise levels may provide a necessary method for assessing the
effects of various noise abatement measures. Conversely, noise abatement
measures may result in lowering of exposure in terms of Ldn, but such
improvements should not be expected to make aircraft noise inaudible;
abatement measure that lowers Ldn from 60 dB to 55 dB produces a

noticeable reduction, but almost certainly will not make aircraft
undetectable.

an
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4.3 Summary of Noise Complaints

There is no formal process to log noise complaints at the office of the
Airpark Manager. However, noise complaints seem to occur approximately on
a once-per-month basis, although there are exceptions. Complaints dropped
off considerably after the departure from the airpark of a based Lear
corporate jet and of a European military training jet. Both aircraft were
older and noisier models. In addition, complaints seem to peak in the
late-spring with the annual undertaking of the Gypsy Moth spraying.
Numerous complaints seem to be verbalized to airpark and Revenue Authority
officials, but are not officially logged.
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5 ATRPORT PHYSICAL DESCRIPTION

This chapter presents the physical description of the airport, including a
general description of the airport facilities (Section 5.1) and specific
noise modelling inputs (Section 5.2).

The general description of the airport is provided for reviewers of this
document who may be unfamiliar with the airport. The other items are
fundamental inputs to the noise model, used to define a coordinate system
for the computations. The fundamental source of these data is the Airport
Master Plan and associated the Airport Layout Planll,

5.1 General Description of the Airport

Montgomery County Airpark (GAI) is located three miles northeast of the
City of Gaithersburg, Maryland, centrally located in Montgomery County and
approximately 15 miles north-northwest of Washington D.C. The airpark is
located at an elevation of 539 feet above sea level and covers
approximately 165 acres.

The airpark is bounded on the north by commercial properties and the
Montgomery County Airpark Industrial Park. To the east of the airpark is
located Gaithersburg-Laytonville Road (State Route 124), commercial
properties, the Lindbergh Center Industrial Park and the Rock Creek Stream
Valley Park. Snouffer School Road is located to the south and west of the
airpark. Additional commercial and industrial properties are located
adjacent to the airpark to the south, while Green Park and agricultural

area is located to the west. Figure 5.1 presents a general location map
for GAI. '

The airpark has a single paved runway, designated 14/32. The runway is
4235 feet long and 75 feet wide and has a corresponding parallel taxiway
system that ends 130 feet from the approach end of Runway 14 and 220 feet
from the approach end of Runway 32. There are also itinerant and local
aircraft parking areas.

GAI is located in an area of very busy airspace. Three major air carrier
airports and a major military airfield are located within 25 miles of GAT;
Baltimore-Washington International Airport (BWI) to the east, Washington
National Airport (DGA) to the south-southeast, Dulles International
Airport (IAD) to the southwest, and Andrews Air Force Base to the
southeast. In addition, three smaller general aviation airports are
located within 20 miles of GAI; Davis Airport (W50) to the north, Leesburg
Municipal Airport (W09) to the west-southwest, and Frederick Municipal
Airport (FDK) to the north-northwest.

11 prafe "Montgomery County Airpark: Airport Layout Plan Report™",
Dynaplan International Corporation, September 1989,
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Figure 5.1
Airport Location Map
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The airpark does not have a FAA Air Traffic Control Tower (ATCT) . However,
the FAA ATCT at BWI provides radar separation (Baltimore Approach Control)
on all instrument flight rule (IFR) aircraft within the Air Route
Surveillance Area (ARSA). All radar facilities are located at BWI.

Ground control of aircraft at GAI is performed by the individual pilot.

All separation of visual flight rule (VFR) aircraft are also performed by
the pilot. :

The airpark facilities are all located on the northwest side of the
property. The terminal facilities include the airport administration
building, aircraft storage and maintenance hangars, and transient/based
aircraft parking facilities. The main administration building contains
facilities for general aviation pilots, a restaurant, offices of the
airpark management, and offices for several aviation-related businesses,

Miscellaneous structures at the airpark include the aircraft fueling
facilities.

Local lighting and visual aids at GAI include Medium Intensity Runway
Lights (MIRL) on the runway, as well as Medium Intensity Taxiway Lights
(MITL) on the adjacent taxiway. Runway lighting is controlled at all
times by air-to-ground radio control. Approach lighting systems include
Visual Approach Slope Indicators (VASI) at the approach end of Runway 14
and unidirectional Runway End Identifier Lights (REIL) at each end of
Runway 14/32. There is also a rotating beacon at GAI.

There are numerous military facilities in the Washington D.C. area, as
well as sensitive historical and political areas. Therefore, GAI has
numerous restricted, prohibited, warning, or military operating areas
within its airspace, the closest being within approximately 15 miles of
the airpark. No Federal airways radiate to/from GAI. GAI has three
published Instrument Approach Procedures (IAP) to the airpark. However,
only two procedures are operational at this time. The two operational
non-precision approaches include the very high frequency omnidirectional
range (VOR) approach to Runway 14 and the radio navigation (RNAV) approach
to Runway 14. . The non-directional radio beacon (NDB) approach is
presently not operational.

A VOR is a Very High Frequency Omni Range navigation aid that transmits a
signal in all directions. Aircraft equipped with the necessary receiver
can use this signal to navigate. A VOR is used for enroute navigation of
VFR and IFR airecraft as well as for non-precision instrument approaches.

A TACAN uses the ultra high frequency range and is use primarily by
military aircraft. A VORTAC is a VOR and TACAN located together. An
aircraft equipped with Distance Measuring Equipment (DME) can also receive
information from a VOR if it has a TACAN or a DME located with the VOR. A
non-directional beacon is a navigational aid that sends out a broad
signal. This aid is considered less accurate than a VOR.

The VOR approach uses the Frederick VOR which is located approximately 20
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miles north-northwest of the airpark. It allows straight-in approaches to
Runway 14 with minimums of 1180 feet MSL (640 feet above touchdown) with
one mile visibility. The RNAV approach uses the Westminster VORTAGC which
1s located approximately 25 miles north-northeast of the airpark. This
approach allows straight-in approaches to Runway 14 with minimums of 1160
feet MSL (620 feet above touchdown) with one mile visibility. The NDB
approach allows a circling approach to the airpark with minimums of 1480
feet MSL (940 feet above touchdown) with one and a guarter mile
visibility. The VOR, RNAV and the NDB approach provide guidance to the
airport. A copy of the three published IAP's are presented in Appendix C.

5.2 Noise Modelling Inputs

The specific noise modelling inputs include:

. runway orientations;

. runway lengths;

. start-of-takeoff-roll points on each runway;
° landing touchdown points on each runway; and
° airfield elevation.

Figure 5.2 depicts key airfield layout parameters.

5.2.1 Runway Designations and Orientations

GAI has a single paved bidirectional runway which is designated 14/32.
The pairs of numbers correspond to the names of the runvay ends. Because
aircraft can land and takeoff in either direction on a given runway, each
end has a unique name. The numbers are a shorthand notation which
indicates the runway's geographic orientation: the compass heading of the
runway, rounded to the nearest ten degrees, with the trailing zero
dropped. For example, the magnetic heading of Runway 14 is about 136
degrees. The number is rounded to 140, and finally to 14 with the zero
dropped; hence, Runway 14. Simple geometry requires that the difference

between the designation of each end equals 18 (that is, 180 degrees);:
hence, Runway 32.

- Runway Dimensions

Runway 14/32 is 4,235 feet long and 75 feet wide.

- Takeoff Thresholds

Aircraft start-of-takeoff-roll, brake release, or takeoff threshold points
are assumed to be at the physical end of both runways. However, the

taxiway system at GAL is such that end of the taxiways occur 130 feet from
the approach end of Runway 14 and 220 feet from the approach end of Runway
32. This results in aircraft having to "back taxi' the remaining distance
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Figure 5.2
Airport Layout Plan
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to the runway end to benefit the most from the full runway length on
takeoff. It has been estimated by airpark personnel that 80 percent of
all corporate jet aircraft, 50 percent of all multi-engine aircraft, and

30 percent of all single-engine aircraft back-taxi for departures on
Runway 14 and 32,

- Landing Thresholds

The landing thresholds (the first points at which aircraft can legally
touchdown on the pavement in non-emergency conditions) are not displaced
on the Runway 32 approach end at GAI. However, the approach to Runway 14
is displaced approximately 200 feet. Since the approach end to Runway 14
is preceded by a ravine, the displacement is there to provide a safety
area should aircraft land short of the touchdown point on the runway. The
thresholds are noted in Figure 5.2. The NOISEMAP computer model used in
this study assumes a standard threshold crossing height of 50 feet on
arrival. d

- Airfield Elevation

The official elevation of GAI is 540 feet above mean sea level (MSL). The
airpark is located in gently rolling terrain with elevations ranging up to
1200 feet MSL (320 feet above ground level) to the north of the airpark.
Reviewers of this document should note whether altitudes are being
discussed in terms of MSL or above ground level (AGL).
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6 RUNWAY UTILIZATION

The next six chapters describe the airport operational parameters and how
these are used in the noise modelling process. As discussed in Chapter 3,
the NOISEMAP computer model is the analytical tool that was used in this
study in developing cumulative noise exposure estimates in terms of the
Day-Night Average Sound Level, Ldn. That chapter provides a description
of the model and its required input.

A major input to the noise modeling process is average annual runway
utilization: that is, the percentage use of each runway end. Runway
utilization depends on several factors, including wind conditions, runway
length and heading, aircraft type and performance, flight purpose
(origin/destination), and terrain. More specifically:

(1) In general, pilots prefer to take off and land into the
wind. Generally, lighter aircraft are more susceptible to
wind effects. The stronger the wind is, the more it has to
be taken into account.

(2) Aircraft performance can be an issue when aircraft have
operational requirements that some runway ends do not meet.
For example, in hot weather the air is less dense and
aircraft require a greater runway length to takeoff.

(3) Flight origins and destinations can affect runway selection
to the extent that one runway end offers a shorter flight
and/or ground taxi time. Flight purpose can be an issue if
the tower segregates one or more types of activity, such as
touch-and-go training operations.

(4) Darkness or poor visibility (instrument flight rules) may
dictate which runways are used due to the nature of the
terrain surrounding the airpark.

(5) The aircraft's pilot has ultimate decision-making authority
over which runway, out of all operational runways, he or
she will use.

Development of the runway utilization rates were based on the wind rose
data and from interviews with airpark management and pilots at GAI. The
wind rose data from Dulles International Airport, whose weather has been
determined to be representative of GAI, was analyzed to determine actual
runway usel?,  The All-Weather Wind Rose for GAI is presented in Appendix
C. The analysis and discussions resulted in the utilization rates
presented in Table 6.1.

12 y.s. Department of Commerce, National Oceanic and Atmospheric
Administration, Dulles International Airport, January 1965 - December
1974,
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7. FLIGHT TRACK DESCRIPTIONS AND UTILIZATION

Flight tracks represent the ground projection of "average" paths flown by
aircraft at an airport. The development of a set of flight tracks, which
provide a reasonable description of the broad range of operations and

conditions actually operating on the annual average day, is a complex task
at an airport.

The objective of this chapter is the definition of prototypical flight
tracks and the development of utilization rate which are both reasonable
and manageable for the modelling program. Section 7.1 describes the
assumptions behind the development of the flight track geometry. Section
7.2 discusses the utilization rates.

7.1 Flight Track Geometry

A flight track is the ground projection of flight path flown by an
aircraft for a given operation. Aircraft operations at GAT fall into
three basic classes of flight tracks: (1) departures, (2) arrivals, and
(3) touch-and-go "patterns." The first two of these classes do not
require definition. The patterns flown at GAI are discussed below.

The touch-and-go pattern is a sequence of turns and straight segments
which form a rectangular or oval "box". Aircraft which fly the complete
pattern are said to be executing a "touch-and-go". Patterns have a
direction associated with them. A "left-hand" pattern means that all
turns are to the pilot's left. Departing and- arriving aircraft will most
often leave or enter the pattern at or near one of the turns.

Each airport specifies a set of operating procedures which dictate how the
pattern is flown. Patterns may vary from funway to runway. At GAI, a
typical touch-and-go pattern on each runway would have the following
common elements:

o climb straight out on runway heading;

. turn 90 degrees onto the "crosswind" leg of the pattern;
. continue climbing to pattern altitude:

. upon reaching pattern altitude of 800 feet above ground

level (AGL) or 1340 feet above mean sea level (MSL) or at a
designated area (with the specific location varying from
runway to runway), turn 90 degrees onto the "downwind" leg;

. maintain pattern altitude (800 ft. AGL) over the downwind
leg until abeam of the landing threshold of the runway
being used or until another designated landmark is passed
(once again specific instructions vary with the runway
being used) and then initiate descent;

. turn 90 degrees towards the airport (to the "base™" leg)
when a line from the aircraft to the runway end is at
approximately a 45 degree angle from the runway centerline:
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. make turn to "final" when the aircraft is in line with the
runway end;
° descend to land on specified runvay.

Flight tracks were developed for GAI based on the results of fielad
observation of actual aircraft operations and from interviews with airport
management and with corporate pilots. Observation by field personnel
provided confirmation of flight corridors over particularly sensitive
areas. Personnel familiar with operations at the airport provided
information on major departure, arrival, and pattern corridors. A
principal source of flight track information is usually the FAA's
Automated Radar Terminal System (ARTS). However, since GAI is a non-
towered airport, radar information was not available.

Since each runway has a unique orientation and set of associated
procedures, the flight tracks associated with each are discussed
individually below. The tracks are depicted in Figures 7.1, 7.2, and 7.3,
with appropriate labels and arrows indicating direction of flight, Figure
7.1 depicts the departure tracks on the 2,000 feet-to-the-inch scale base
map that is the basis of most figures in this document. Figure 7.2

depicts the arrival tracks, while the touch-and-go patterns are presented
in Figure 7.3.

A standard nomenclature has been adopted to clarify the tables and figures
in this Chapter. Each track is assigned a four character name. The first
two characters are numbers that designate the runway used by the flight
track (14 or 32); the next character are letters that describe the type of
operation. Arrival tracks use the letter "A", departure tracks use & "D
and touch-and-go tracks use "T". The last digit distinguishes that track

from other arrival, departure or touch-and-go tracks on that particular
runway.

7.2 Flight Track Utilization Rates

Tables 7.1, 7.2 and 7.3 present the departure, arrival, and touch-and-go
flight track utilization assumed in the 1989/1990 base case (1991
existing) and the 1996 future case noise contours. The utilization

percentages are based on estimates provided by airport management and
corporate pilots.

Essentially all touch-and-go pattern operations are assumed to be
performed by student pilots or pilots maintaining proficiency training.
Therefore, only single- and twin-piston propeller aircraft were modelled
flying full patterns. Multiple patterns arise from some very early turns
and some very late turns. This variation results in a general uniform
density of tracks over a broad area. This variation in pattern dimension

results in pilots flying a relatively broad flight corridor rather than on
a concentrated single, narrow path.
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Table 7.1
Departure Flight Track Utilization By Percent
Departures
Track . Single- Multi- Corporate
Runway  Name Engine Engine Jet Helicopter
14 14D1 33 33 0 33
14D2 33 33 49 33
14D3 1 1 1 1
14D4 32 32 49 32
14D5 1 1 1 1
Total: 100 100 100 100
32 32D1 10 10 10 10
32D2 10 10 10 10
32D3 10 10 10 10
32D4 50 50 50 50
32D5 20 20 20 20
Total: 100 100 100 100
Table 7.2
Arrival Flight Track Utilization By Percent
Arrivals
Track Single- Multi- Corporate
Runway Name Engine Engine Jet Helicopter
14 14A1 20 20 20 20
14A2 20 20 20 20
14A3 5 5 5 5
14A4 5 5 5 g,
14A5 5 5 5 5
14A6 5 5 5 5
14A7 5 5 5 5
14A8 30 30 30 30
14A9 5 5 5 5
Total: 100 100 100 100
32 32Aa1 10 10 10 10
32A2 10 10 10 10
32A3 10 .10 10 10
32A4 10 10 10 10
32A5 10 10 10 10
32A6 10 10 10 10
32A7 10 10 10 10
32A8 20 20 20 20
32A9 10 10 10 10
Total: 100 100 100 100
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Table 7.3
Touch-and-Go Flight Track Utilization By Percent
Touch and Go Operations
Flight Track Single/Twin
Runway Name Piston
14 14T1 33
14 14T2 34
14 1413 33
32 32T1 33
32 32T2 34
32 3273 33

In order to calculate the number of operations to model on each track for a
given aircraft, the percent use for each track was applied to the number of
daily operations by that aircraft type, multiplied by the annual runway use.

7.3 Flight Track Description

The following discussion provides information on the distribution and
utilization of each of the flight tracks.

7.3.1 Departure Flight Tracks

A total of 10 departure tracks were modelled for both the existing and future
case as presented in Figure 7.1.

- Runway 14

There were five departure tracks modelled from Runway 14. After departing on
Runway 14, tracks 14Dl and 14D2 turn left and proceed north toward the
Westminster VOR, while tracks 14D3 and 14D5 turns right and proceeds south
toward IAD and DCA. Some of the traffic, track 14D4, makes a slight left turn
and proceeds toward BWI and the coast. Most traffic turns to the north or
towards the coast (98%), while only two percent turns to the south. All
aircraft, except corporate jets, were modelled using all five departure

tracks. Corporate jet aircraft were assumed to make a later turn to the north
and would use only track 14D2.

- Runway 32

Runway 32 was also modelled using five departure flight tracks. After
departing, tracks 32D1, 32D2, and 32D3 turn north, while track 32D4 continues
on runway heading. Track 32D5 turns east toward BWI and the coast. All
aircraft were assumed to use all tracks, with the majority of the traffic
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(50%) turning east. Since corporate jets contain a higher proportion of
itinerant aircraft (not based at GAI), it was assumed that a higher percentage
of the corporate jet operations were unable, unwilling, or unaware of the
request to turn right after departure. The remaining fifty percent of the
aircraft are assumed to be split almost evenly between the right turns and the
straight out departure on runway heading.

7.3.2 Arrival Flight Tracks

The arrival flight tracks are presented in Figure 7.2. Eighteen arrival
tracks were modelled for the existing and the future case.

- Runway 14

Nine tracks were used to model arrivals on Runway 14. Track 14Al1 utilizes the
approach from the northeast over the water tanks on Gaithersburg-Laytonville
Road. Track 14A2 is an approach from the Westminster VOR. Tracks 14A3, 14a4,
and 14A5 are approaches from the Frederick VOR, while the approaches from IAD
and DCA utilize tracks 14A6, 14A7, and 14A9. Aircraft from BWI and the coast
use track 14A8. All aircraft are assumed to use all tracks, with the majority
of the arrivals on tracks 14A1, 14A2, and 14A8 (70%). The remaining thirty
percent of the traffic is evenly distributed over the other tracks.

- Runway 32

Arrivals on Runway 32 were also modelled using nine tracks. Track 32A1 is an
approach from the BWI area. Track 32A2 approaches from the northeast over the
water tanks on Gaithersburg-Laytonville Road, while track 32A3 approaches from
the Westminster VOR. Tracks 32A4 and 32A5 approach from the Frederick VOR,
while tracks 32A6, 32A7, and 32A9 approach from the IAD/DCA area. Track 32A8
approaches from BWI and the coast. All aircraft are assumed to use all
tracks, with the traffic almost evenly distributed over all the tracks.

7.3.3 Touch-and-Go Flights Tracks

Standard touch-and-go tracks at GAI, as presented in Figure 7.3, include left-
hand patterns on Runway 14 and right-hand patterns on Runway 32. On busy
days, pattern lengths can be extended because of increased occupancy of the
pattern and the need for sufficient spacing between aircraft. Due to the
corridor defined by the pattern operations observed during the field
measurement program and from discussions from corporate pilots, three touch-
and-go tracks have been defined for each runway. In order to model the even
distribution of aircraft across the corridor, flight tracks were evenly spaced
across the area. Operations on each track are assumed to be equal.
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8. FLIGHT PROFILES

Similar to the way a flight track shows the horizontal ground projection
of the path followed by an aircraft during an operation, the flight
profile provides information on the vertical dimension (the altitude at
any point along the flight path). Data on flight profiles is not
specifically collected during the field measurements. Instead, the FAA's
computer model data base (Version 9) assumes standard departure and
arrival profiles for each individual aireraft. Discussions with pilots at
GAI confirmed that the pattern altitude at GAI is 1,340 feet mean ses
level (MSL) or 800 feet above ground level (AGL).
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9. EXISTING NOISE ABATEMENT PROCEDURES

The Montgomery County Airpark has several noise abatement procedures
published as part of their "Airport Regulations"l3, These regulations are
presented in Appendix D. The regulations specifically set forth a number
of procedures to address concerns identified within the CGAI environs.

The procedures cover traffic patterns, approach and departure routes,
altitudes, noise abatement procedures, ground operating rules, rotorcraft
operations, disabled aircraft, accidents, and insurance. Several policies
refer specifically to, or are related to noise abatement and include
instructions for pattern altitudes and locations, a departure turn on
Runway 32, and restrictions nighttime operations by noisier aircraft.

The first procedure sets pattern altitude at 1,340 feet MSL or 800 feet
AGL (Section II.A.(1)). Turns on Runway 32 patterns shall be to the right
and for Runway 14 they ‘shall be to the left (Section II.B.(3)). Most
aircraft seem to comply with this regulation.

The next procedure assigns jet aircraft departing on Runway 32 a right
turn and a heading of 340 degrees (Section III.A.). Most based aircraft
seem to comply with the regulation, while itinerant aircraft tend to
ignore the regulation.

The last procedure prohibits aircraft operations between the hours of
11:00 p.m. and 7:00 a.m. if their FAA AC 36-3E noise levels exceed 90 dBa
in landing and 82 dBA in takeoff (Section III.D.). This regulation was
never approved by the County Council and, therefore, never put into

effect. It also has no legal or technical basis and probably would not be
approved by the FAA.

The airpark also has an airside sign used for noise abatement purposes.
The sign, located near the departure end of Runway 32, reminds pilots to
turn right after departures on Runway 32. The sign reads: "Noise

Abatement - Runway 32, turn right to at least 340 degrees, refrain from
night use of Runway 32".

13 Montgomery County Airpark, Airport Regulations, November 1, 1989
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10. BASE CASE AIRPORT AGCTIVITY

The number of daytime and nighttime operations conducted at GAT by each

aircraft type (the "fleet mix") is the final operational input to the
model.

In order to address the most current situation possible, the base case was
defined to be the 12 months immediately Preceding the start of the
inventory phase of this project: October 1989 through September 1990,
Section 10.4 provides a discussion of the rationale for basing the
“current year" 1991 analysis on the data for that period.

10.1 Data Sources Used in Developing the Base Case Fleet Mix

Data for the base case fleet were obtained from an aircraft activity study
undertaken by the Maryland Aviation Administration (MAA) at GAI. 1In
addition, discussions with airport personnel and pilots presented
additional information to the overall fleet mix. The use of this source
is discussed below, followed by a summary of the overall approach taken to
the fleet mix development (Section 10.2) and the resulting breakdown into
the annual and average daily operations (Section 10.3).

10.1.1 Aircraft Activity Counts

Since GAI is a non-towered airport, records of aircraft operations at the
airpark are virtually non-existent. Therefore, over the last year the MAA
has undertaken a study to determine the annual operations at the airpark.
Using what is called an aircraft activity counter (AAC), personnel from
the MAA set up equipment for approximately two weeks during each of the
four seasons through out a one year period. The AAC is an accurate means
of obtaining a count of aircraft movements at small non-towered airports.
The resulting data is accurate within a 95 percent confidence level,

The data from the AAC presented annual takeoffs at GAI at 54,164 or annual
operations (takeoffs and landings) of 108,328 within the 95 percent
confidence level (£12.27%). The operations, which can be broken down into
daily and hourly counts, provide four categories of aircraft, as follows:

. single-engine propeller;
. multi-engine propeller;
. jet; and

. helicopter.

The hourly traffic counts from the AAC also provided data which accounts
for the day/night percents needed for the noise analysis.
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10.2 Overall Approach Taken to Fleet Mix Development
The overall approach to the fleet mix development consisted of the
following steps:
° derive total annual operations from the MAA report using
the AAC; :
. develop single-engine, multi-engine, jet, and helicopter fleet
mixes through analysis of AAC daily counts:
. analyze daily counts to adjust the fleet mix to account for
nighttime operations;
. develop annual breakdown of the four counted aircraft

categories into specific aircraft types for noise modelling
purposes through discussions with airport management and
FBO's; and

. divide totals by 365 to arrive at annual average day
values as required by Part 150.

10.3 Aircraft Operations

The AAC logged, during the 1989/1990 period, a total of 108,328 annual
operations. These operations are accurate within a 95 percent confidence
interval (#12.27%). The operations are summarized and presented as annual
operations in Table 10.1. 1In addition to the MAA counts, the helicopter
operations were increased by 325 to account for annual helicopter
operations that do not use the runway for departures or arrivals and,
therefore, would not have been logged by the AAC. These estimates were
provided by airpark management. The table also presents the general fleet
mix and the day/night breakdown for each of the aircraft categories.

Table 10.1
1991 Annual Operations

Aircraft Total Day Night
Fleet % Ops. % Ops. % Ops.

Single-Engine 94.7 102,912 96.9 99,722 3.1 3,190

Multi-Engine 3.3 3,575 94.9 3,393 5,3 182
Corporate Jet 1.0 1,083 91.9 995 8.1 88
Helicopter 1.0 1,083 98.1 1,062 1.9 21

Total 100.0 108,653 105,172 3,481
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The resulting base case average daily fleet mix is presented in Table
10.2. The mix is disaggregated into four aircraft categories and numerous
other aircraft types. These aircraft types represent classes with common
noise and performance characteristics. To clarify the classification
scheme, brief discussions of the classes are presented below.

- Single-Engine

This aircraft type is by far the most common operating at GAI,
accounting for almost 95 percent of the total operations with 281.951
average daily operations. While these aircraft are generally the
quietest class operating at the airport, the volume of activity that
they represent cause them to be a source of noise in the airport's
environs that cannot be overlooked. All single-engine piston
aircraft are modelled using the fixed-pitch single-engine piston
aircraft in the data base.

- Multi-Engine

This aircraft category represents both the recreational and corporate
aircraft using twin-piston propeller aircraft and the corporate and
air taxi operators using turbine powered propeller (turbo-prop)
aircraft. The twin-engine aircraft comprise over three percent of
the aircraft operations (9.795 average daily operations) at GAI,
Approximately 60 percent are the twin-engine piston aircraft which
are similar to the Beechcraft Baron 58. The twin-engine turboprop
aircraft generally are split between the Beechecraft King Air
90/100/200 (20%) and the Cessna 441 Conquest (20%).

- Corporate Jet

Although corporate jet activity accounts for less than one percent of
the operations, or 2.967 average daily operations at GAI, it is also
the noisiest and therefore the most disturbing aircraft operating at
the airpark. Six types of corporate jets are identified as the most
common aircraft operating at GAI. The based Israel Aircraft
Industries Westwind 1124 which accounts for 40 percent of the jet
operations, the Cessna Citation II/III with 30 percent of the
operations, the Beechcraft Beechjet 400 with 15 percent, the British
Aerospace 125-800 with 14 percent, and the Dassault Falcon 50 with
one percent of the total jet operations.

- Helicopters

Helicopters account for less than one percent of the total operations
or 2.967 average daily operations at GAI. Through discussions with
airpark personnel the specific helicopter types can be defined. A
based Robinson R22 Alpha accounts for approximately 60 percent of the
helicopter operations, while the remaining 40 percent is split
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Table 10.2
1991 Annual Average Daily Operations
Aircraft % of Arrivals Departures Touch-and-Goes Total Daily
Type Fleet Day Night Day Night Day Night Operations
Single-Engine 94.7 81.963 2.622 81.963 2.622 109.398 3.383 281.951
Total Single-Engine: 281.951
Beechcraft Baron 58 2.0 2.649 0.142 2.649 0.142 0.295 0.000 5.877
Beechcraft KingAir 0.7 0.930 0.050 0.929 0.050 1.959
Cessna 441 Gonquest 0.7 0.930 0.050 0.929 0.050 1.959
Total Multi-Engine: 9.795
TIAT Westwind 1124 0.4 0.545 0.049 0.545 0.048 1.187
Beechjet 400 0.1 0.204 0.019 0.204 0.018 0.445
Cessna Cit. TI/III 0.3 0.409 0.036 0.409 0.036 0.890
British Aero. 125-800 0.1 0.191 0.017 0.191 0.016 0.415
Dassault Falcon 50 0.1 0.014 0.001 0.014 0.001 0.030
Total Corporate Jet: 2.967
Robinson R22 Alpha 0.7 0.838 0.016 0.838 0.016 0.427 0.000 2.135
Bell 206 JetRanger 0.1 0.204 0.004 0.204 0.004 0.416
Sikorsky S§-76 Spirit 0.1 0.204 0.004 0.204 0.004 0.416
) Total Helicopter: 2.967
TOTAL DAILY OPERATIONS: 297.680

between the Bell 206 JetRanger and the Sikorsky S-76 Spirit. Due to the
specific lack of concern about helicopter noise, the small levels of
activity and the relatively quiet nature of the helicopter, when compared

to jet and turboprop aircraft, no helicopter activity was modelled at this
time.

10.4 Comparison of Base Year to Current Year (1991)

Part 150 regulations call for the Noise Exposure Map (NEM) to present
noise contours for the current year and the fifth calendar year which
follows. The current year is usually defined as the year the NEM is
submitted. The 1989/1990 base case conditions discussed above are assumed
to be representative of current 1991 conditions because activity at the
-airpark is expected to undergo only a minor growth in activity in the
immediate planning period. Therefore, the contours presented throughout

this document for the base year, 1989/1990, can be thought of as depicting
current or existing year conditions (1991).
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11. TFORECAST OF AIRPORT ACTIVITY

FAR Part 150 requires that the Noise Exposure Map (NEM) include estimated
noise exposure contours for a forecast year, five years from the year of
submittal of the NEM. As discussed in Chapter 10, the base case year
studied was 1989/1990. However, submittal of the Noise Exposure Maps will
not be undertaken until 1991, resulting in 1991 being used as the current
or submittal year (see discussion in Chapter 10). FAA allows the year of
submittal to be different from the base year if operations increase less

than 15 percent. This would result in an actual future or forecast year
of 1996.

Operations for GAI in the year 1996 were evaluated from several different
sources. The most recent System Plan for GAI presented 195,700 existing
1990_operations and projected 244,900 annual operations by the year
200014, Interpolating the operations to 1995 results in 220,300 annual
operations. The Terminal Area Forecasts (TAF) from FAA presents 194,000
existing (1990) operations and projected operations of 232,000 by 199515
A comparison of the operational forecasts are presented in Table 11.1 The
existing operations from the System Plan and the TAF's are all much higher

than the existing operations provided by the MAA. Therefore, these future
operations forecasts are unreasonably high.

Table 11.1
Operational Forecasts
: System Plan FAA : MAA
Year Forecasts Forecasts Operations
1990 195,700 .194.,000 108,653
1995 220,3001) 232,000 122,3102)
2000 244 900 ---

L Interpolated between 1990 and 2000,

Forecasted using annual growth rate in System Plan
forecasts.,

14 "System Plan Summary - Montgomery County", Dynaplan International
Corporation, December 1989,

15 "Terminal Area Forecasts FY 1990-2005", Federal Aviation
Administration, July 1990
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The actual operational forecast uses the same pattern of growth that was
used in the System Plan. The System Plan forecasts a growth rate of 12.57
percent over five years or a growth rate of 2.396 percent per year. This
growth rate applied to the existing operations of 108,653 results in a
forecasted level of total operations in 1996 of 122,310. An analysis of
the System Plan and discussions with Airpark and County officials reveals
that no major improvements are planned at the airpark within the next five
years. This would result in different aircraft using the airpark and,
ultimately, result in a change in the future fleet mix.

Therefore, the forecasts assume that the fleet mix would not change and
that all aircraft categories would experience increased operations by. the
year 1996. Table 11.2 presents the resulting annual average day
operations for 1996, by aircraft category, and compares them to the actual
1991 annual operations. The resulting future 1996 average annual day
operations are presented in Table 11.3. The mix is disaggregated into
four aircraft categories and represent classes of aircraft types with
common noise and performance characteristics. To clarify the
classifications, brief discussions of the classes are presented below.

- Single-Engine

This aircraft type would still be the most common operating at GAI in
1996, accounting for almost 95 percent of the total operations with
317.393 average daily operations. This would be modelled using the
fixed-pitch single-engine piston aircraft in the data base.

- Multi-Engine

This aircraft type, which comprises the twin-engine piston and
turbine-powered propeller (turbo-prop) aircraft, accounts for over
three percent of the aircraft operations (11.024 average daily
operations) at GAI. This aircraft is modelled using the twin-engine
piston Beechcraft Baron 58 and the twin-engine turboprop Beechecraft
King Air 90/100/200 along with the Cessna 441 Conquest,

- Corporate Jet

The corporate jet activity in 1996 accounts for less than one percent
of the operations, or 3.340 average daily operations at GAI. The
aircraft is modelled using the Israel Aircraft Industries Westwind
1124, Cessna Citation II/III, Beechcraft Beechjet 400, British
Aerospace 125-800, and the Dassault Falcon 50.

- Helicopters

Helicopters account for less than one percent of the total operations
or 3.340 average daily operations at GAI. The specific helicopter
types include the Robinson R22 Alpha, Bell 206 JetRanger, and the
Sikorsky §-76 Spirit. However, as a result of the small levels of
activity and the relatively quiet nature of the helicopter, no
helicopter activity was modelled at this time.
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Table 11.2
Operational Comparison
Annual Averapge Operations
1991 $ of 1996 % of
Aircraft Type Existing Case Total Future Case Total
Single-Engine 102,912 94.7 115,848 94,7
Multi-Engine 3,575 3.3 4,024 3.3
Corporate Jet 1,083 1.0 1,219 1.0
Helicopter 1,083 1.0 1,219 120
Annual Total 108,653 100.0 122,310 100.0
Daily Total 297.680 --- 335.097 ---
Table 11.3
1996 Annual Average Daily Operations
Aireraft % of Arrivals Departures Touch-and-Goes Total Daily
Type .Fleet Day Night Day Night Day Night Operations
Single-Engine 94.7 92.266 2.952 92.266 2.952 123.149 3.808 317.393
Total Single-Engine: 317.393
Beechcraft Baron 58 2.0 2.982 0.160 2.982 0.160 0.332 0.000 6.616
Beechcraft KingAir 0.7 1.046 0.056 1.046 0.056 2.204
Cessna 441 Conquest 0.7 1.046 0.056 1.046 0.056 2.204
Total Multi-Engine: 11.024
IAT Westwind 1124 0.4 0.613 0.055 0.613 0.055 1.336
Beechjet 400 0.1 0.230 0.021 0.230 0.021 0.502
Cessna Cit. II/III 0.3 0.460 0.041 0.460 0.041 1.002
British Aero. 125-800 0.1 0.215 0.019 0.215 0.019 0.468
Dassault Falcon 50 0.1 0.015 0.001 0.015 0.001 0.032
Total Corporate Jet: 3.340
Robinson R22 Alpha 0.7 0.942 0.018 0.942 0.018 0.480 0.000 2.400
Bell 206 JetRanger 0.1 0.230 0.005 0.230 0.005 0.470
Sikorsky S-76 Spirit 0.1 0.230 0.005 0.230 0.005 0.470
Total Helicopter: 3.340

TOTAL DAILY OPERATIONS: 335.097
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12. EXISTING NOISE EXPOSURE

This chapter presents the mnoise contours as developed from the existing
operations data. These contours, as explained in Section 10.4 are
representative of the current year 1991 conditions.

12.1 Noise Exposure Contours

This section presents the noise exposure contours for the 1991 existing
period. The noise metric utilized is the Day - Night Average Sound Level,
Ldn. Ldn is the metric which Part 150 requires be used in depicting
cumulative exposure. Chapter 2 introduces Ldn.

Figure 12.1 presents the 1991 Ldn noise exposure contours during an
average annual day in the current year.

12.2 Comparison With Measured Levels

As detailed in Chapter 4, measurement periods of approximately six to nine
days were undertaken at the three long-term measurement sites. Table 12.1
presents the comparison of the measured versus computed Ldn for these
three sites. The measured Ldn, as presented previously in Table 4.5, is
the energy average of each day's Ldn during the measurement period. The
computed Ldn is the annual average day Ldn calculated using the NOISEMAP

computer model, for the 1991 existing noise contours presented in Figure
12.1.

Table 12.1
Measured Versus Computed Ldn
Measurement  Computed Measured Difference
Site Ldn Ldn in Ldnl)
1 53.5 58.6 -3.1
2 45.0 56.6 -11.6
3 53.5 61.1 -7.6

) Computed - Measured Ldn.

Reviewers should recall that the computed Ldn values are an estimate of
cumulative aircraft noise exposure for operations on the average annual
day. Given the relatively short measurement durations, approximately six
to nine days, and the fact that operations during the measurements were
not equal to those on the average annual day, one would expect differences
between computed and measured levels. Additionally, lower levels of
aircraft noise (levels below about 60 dB Ldn) are difficult to measure



Montgomery County Airpark FAR Part 150 Study March 1991

Volume 1: Noise Exposure Map page 81

accurately in suburban neighborhoods where non-aircraft noise levels are
typically in the mid-50's (Ldn).

At Site 1, the computed- level was about three decibels lower than the
measured average. Site 1 is located in a residential area off the
approach end to Runway 14. The area is affected by traffic noise on
neighboring streets. During the measurement period, Runway 32 was the
active runway for departures approximately 57 percent of the time. This
compares well with the modelled runway use of 65 percent on Runway 32,

An analysis of Tables 4.2 or 4.5 reveals noise levels on the last two days
of the measurements were 3.0 to 6.3 dB higher than on the previous five
days. The last two days actually occurred during a separate measurement
trip. Field observations revealed high wind conditions during that
period. During this two day period, small single-engine piston powered
aircraft had very high SEL's, since the high winds restricted their
forward movement and delayed their flight time over a specific point. As
a result, the Ldn levels recorded on the last two days are not considered
typical of the annual average conditions. If the average Ldn is
calculated on only the first five days, the average Ldn is reduced to
56.7, or only 1.1 dB greater than the computed values. Site 1 also had
some background noise levels which tended to increase the measured Ldn

values. This included the traffic on Snouffer School Road and the nearby
residential streets.

The computed level at Site 2 was almost 12 decibels lower than the average
measured level. Site 2 is located in a quiet residential area, located
away from the nearest traffic noise source.

The measured Leq noise levels remain fairly constant during all hours of
the day. The constant noise levels are a result of; (1) the relatively
quiet background noise levels of the measurement location and the lack of
extraneous noise sources, (2) the relatively quiet nature of the aircraft
events over Site 2, (3) the steady cyclical nature of the noise levels
from the air conditioner/heat pump units in the back yvard of the areas

houses, and (4) the steady nighttime noise levels created by insects
during warmer months.

At Site 2 the measured hourly noise levels, with aircraft, were typically
one to three dB higher than the background hourly noise levels.
Therefore, it is difficult to accurately compare measured and modelled
aircraft noise at levels below 60 Ldn, which are approaching the
background noise levels of a quiet residential neighborhood. Site 2 and
its residential location with neighboring houses all had outdoor air
conditioning/heat pump units. These units seemed to be in regular
operation at night which contributed to a higher nighttime noise level.
In addition, insect noise creates a steady background level on warmer
evenings. As a result, noise levels at night seemed to be in the range of
six to ten dB higher than the nighttime noise levels at Site 1. If
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nighttime levels at Site 2 had been comparable to levels at Site 1.,

measured Ldn values would have been approximately two dB less than
previously measured.

In addition, a new residential development was under construction adjacent

to the rear of Site 2. Noise levels during the day were higher than would
normally be recorded at this location.

Site 2 is impacted by aircraft on arrival to the airpark and on the
downwind of a touch-and-go pattern. However, traffic over this
measurement site is widely scattered and does not have the narrower field-
of-flight afforded Site 1 and 3, which are located relatively close to the
ends of the runways. Due to the widely scattered nature of the observed
flight tracks, only one touch-and-go pattern track and none of the arrival
tracks were located directly over this site. The lack of overhead flight

tracks would also contribute to the result that computed levels are less
than modelled levels.

At Site 3, the computed levels are about eight decibels less than measured
levels. One factor primarily accounts for this underprediction; the noise
levels from traffic on Gaithersburg-Laytonville Road and in the Lindbergh
Center Business Park on Lindbergh Drive contributed to the measured
levels. 1In addition, the noise levels from construction sites in the

Industrial Park and nighttime insect noise contributed to the overall
measured noise levels at Site 3.

The measured hourly noise levels at Site 3, with aircraft, were typically
one to three dB higher than the background hourly noise levels, it is
difficult to accurately compare measured and modelled aircraft noise at

levels below 60 Ldn, which are approaching the background noise levels of
a quiet residential neighborhood.

The computer model reflects only aircraft noise, therefore, noise levels
obtained during the measurement period would be expected to be higher than
the noise level obtained from the model.
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13. FUTURE NOISE EXPOSURE

This chapter presents the noise exposure contours as developed from the

future operations data. The 1995 forecast activity data is discussed in
Chapter 11.

13.1 Noise Exposure Contours

Figure 13.1 presents the Ldn noise exposure contours during an annual
average day for the forecast year 1996. As discussed in Chapter 11, these
contours are a technically sound basis for the estimated five year
forecast contours (1996) required for the NEM.

Figure 1.1 presents a direct comparison of the existing 1991 and the
future 1996 noise exposure contours. The contours are almost exactly the

same with only a slight increase in size due to the 12.57 percent increase
in the operations.
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14. NOISE/LAND USE COMPATIBILITY

Once the noise exposure areas have been defined, the next step in the
airport noise compatibility planning process is to evaluate off-airport
land use within the noise contours. The objective of this evaluation is
to identify any developed areas in the airport environs that are
considered incompatible with airport-generated noise. Federal Aviation

Regulations (FAR) Part 150 delineates the guidelines for noise/land use
incompatibility around airports.

The FAA-mandated means for describing noise exposure associated with
airport operations is in terms of the Day-Night Average Sound Level (Ldn),
which delineates noise in 5-decibel increments known as Ldn noise
contours. Previous sections of this document have presented existing and
future contours for GAI. This chapter presents land use information for
the airport environs (Section 14.1), and information on land use planning
and control authority required in the Noise Exposure Map (Section 14.2).
It also tabulates the potential incompatibilities indicated by the three
way comparison of noise, land use, and compatibility guidelines
information (Section 14.3).

According to FAR Part 150, all land uses are compatible with a noise
exposure level of less than Ldn 65, however, the land area within the 65-
Ldn contours is virtually non-existent. Therefore, for purposes of this
study impacted areas within the 55-Ldn noise contours, outside of airport
property, will be discussed. Section 14.3 also presents information that
reviewers might find useful in interpreting the noise/land use comparison,
including a discussion of the relevance of considering noise/land use
compatibility where Ldn is below the Part 150 lower limit of 65 dB in its
published guidelines.

Noise impacts on land uses off the Airport were identified by means of the
noise exposure maps depicting the existing (1991) noise contours and the
future (1996) scenario. The development of these noise exposure maps was
discussed in previous sections of this document. The off-airport land use
analysis focused on the areas located within the boundaries of the areas
identified on the two noise exposure maps.

14.1 Land Use in the GAI Environs

A comprehensive inventory of off-airport land use within Montgomery County
in the environs of Montgomery County Airpark was conducted. The most
current and reliable information that was available to identify existing
land use on a county-wide basis were property maps prepared by Montgomery
County. These maps were obtained from Montgomery County in October, 1990
and digitized into a computer format. In order to validate the property
Maps, an on-site windshield survey of the study area was conducted in
October, 1990. The information obtained through this land use inventory
process is presented in the existing land use map in Figure 14.1 and in
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Figure 14.1
Land Use In The GAI Environs
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the following discussion of land use in the area surrounding Montgomery
County Airpark. d

FAR part 150 suggests that various general categories of off-airport land
use (i.e. residential, commercial, industrial, etc.) be catalogued within
the noise exposure area; Ldn 65 and above. Part 150 has set forth
guidelines for noise and land use compatibility based on various levels of
noise exposure. These guidelines are presented in Table 14.1. 1In
addition, FAR Part 150 also suggests that noise sensitive receptors (i.e.
schools hospitals, churches) within the noise exposure area be identified.
Any noise sensitive sites are identified in this section. Montgomery
County is the government jurisdiction with areas impacted by the noise
contours generated by aircraft at Montgomery County Airpark.

- Existing Land Use

Based on the comprehensive evaluation of off-airport land use that was
undertaken, it was determined that approximately 182 acres are located
within the existing noise exposure area, exclusive of airport property.
Most of the surrounding area affected by aircraft noise is within the
Ldn 55 to 60 noise contour. Table 14.2 provides information on the
quantity of land, presented by general land use category, exposed to
various levels of aircraft noise. Figure 14.2 provides a graphic
illustration of the various land uses in the existing noise exposure
area. As such, this figure represents the Noise Exposure Map for the
existing scenario. As can be seen from Table 14.2 and Figure 14.2,
there is little developed land located within the noise exposure area.

Further examination of Table 14.2 and Figure 14.2 indicates that the
majority of land located within the noise exposure area is undeveloped
vacant land. However, there is a small area encompassed by the Ldn 55
contour that is currently being utilized for residential purposes
(single family homes, multi family homes, congregate living facilities).
The commercial land use and industrial use categories also represent a
portion of the affected land use, however, they are considered
compatible uses.

A comprehensive evaluation of residential land uses within the existing
noise exposure area was conducted. This evaluation revealed that there
are some residential land uses that are potentially incompatible with
airport operations. This evaluation indicated that at the present time,
there are 6 dwelling units located within the noise exposure area.
Based on US Bureau of Census information, it has been estimated that

there are approximately 18 residents located within the noise exposure
area.

The commercial development which is located mainly south of the airport,
consists primarily of office buildings with related business and a
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_ Table 14.1
FAA Noise/Land Use Compatibility Guidelines

Yearly day-night average sound level, Ldn, in decibels

Z2Z2ZZ Z ZHZZZZ zZz2Z

<z Z2Z

Z Zzz

Below 65 65-70 70-75 75-80 80-85 Over 85
Residential Use
Residential other than mabile
homes and transient lodgings Y N N N
Mobile home park N N N
Transient lodgings N N N
Public Use
Schools Y N N N N
Hospitals and nursing homes Y 25 30 N N
Churches, auditoriums, and concert halls Y 25 30 N N
Governmental services Y Y 25 30 N
Transportation Y X Y Y Y
Parking Y Y Y ' Y
Commercial Use
Offices, business and professional Y Y 25 30 N
Wholesale and retail—-building materials,
hardware and farm equipment Y Y Y Y
Retail trade--general : Y Y 25 30 N
Utilities Y Y Y ¥ Y
Communication Y Y 25 30 N
Manufacturing and Production
Manufacturing general Y Y Y Y Y
Photographic and optical Y Y 25 30 N
Agriculture (except livestock)
and forestry Y Y Y Y Y
Livestock farming and breeding Y ¥ Y N N
Mining and fishing, resource
production and extraction Y Y Y Y Y
Recreational
Outdoor sports arenas and
spectator sports Y Y Y N N
Outdoor music shells, amphitheaters Y N N N N
Nature exhibits and zoos Y Y N N N
Amusements, parks, resorts and camps ¥ Y Y Y Y
Golf courses, riding stables and
water recreation Y Y 25 30 N
Key to Table 14.2
Y(Yes) = Land use and related structures compatible without restrictions
N(No) = Land use and related structures are not compatible and should be prohibited
25, 30, or 35 = Land use and related structures generally compatible; measures to achieve
outdoor-to-indoor Noise Level Reduction of 25, 30, or 35 dB must be
incorporated into design and construction of structure.
(There are special provisions pertaining to many of the compatibility designations that are not included
here. Please refer to FAR Part 150, Appendix A, Table 1 for details).
Note: FAR Part 150 guidelines are presented in Appendix A.
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Table 14.2
Existing (1991) Land Areas
Exposed To Aircraft Noise

Acres Exposed To Noise levels
Land Use Ldn Noise Level (in dB)
Category 55-60 60-65 65-70 Total
Residential 0.9 0.0 6.0 0.9
Commercial 34.1 8.6 0.4 43.1
Industrial 7.3 0.2 0.0 1.5
Recreation 20.4 13.9 0.0 34.3
Open Space 93.5 2.7 0.0 96.2
Total 156.2 25.4 0.4 182.0

Note: Information on noise levels less than
65 Ldn are used for planning purposes only
and are not defined as impacted areas based
on FAA criteria.
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