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This appendix presents the basic tools for describing and understanding sound: how it originates, moves through a
medium — most frequently the atmosphere —and how it is experienced by a receiver. Understanding these
fundamentals at a basic level is critical to subsequently understanding how characteristics of sound influence
human perception of noise, which is commonly referred to as “unwanted sound.” Information presented in the
NEM document relies upon a reader’s understanding of the characteristics of sound, the effects noise has on
persons and communities, and the metrics or descriptors most commonly used to quantify noise. This appendix
presents these fundamentals to facilitate an understanding of the noise exposure setting against which land-
compatibility is assessed and recommendations are made.
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A.1. Fundamentals of Acoustics

Sound is a physical phenomenon consisting of minute vibrations (waveforms) that travel through a medium such as

air or water. Audible sounds are those vibrations that can be sensed by the human ear. At the ear, sound waves
vibrate the ear drum, which transmits the vibration via a network of bones to the cochlea. The cochlea then
converts the vibration into neurological impulses that are interpreted by the brain as sound. One’s experience and
perception of sound depends on both the pattern of vibrations from the sound source and the way our hearing
mechanism interprets these vibrations.

A sound source induces vibrations in the air which spread outward from the sound source as alternating bands of
dense (compression) and sparse (expansion) air particles. This results in a variation of pressure above and below
the baseline atmospheric pressure (as shown in Figure A-1). The distance between successive compressions or
successive expansions is the wavelength of the sound, and the number of compressions or expansions passing a

fixed location per unit of time is the frequency of the sound. Frequency is normally expressed in cycles per second
or Hertz (Hz); a sound having a1000 Hz frequency indicates that the alternating compression and expansion occurs
1000 times per second. A high frequency sound is shorter in wavelength and lower frequency sound is
correspondingly longer in wavelength. In contrast to frequency which describes the cycling of impulses, the overall
magnitude of such impulses that is the average amplitude of the variations of the pressure above and below
atmospheric pressure is called the sound pressure. Referring again to Figure A-1, the frequency and related
wavelength are viewed from left to right whereas the pressure amplitude or overall magnitude are the distances
above and below the baseline or reference atmospheric pressure.
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Figure A-1 - Characteristics of Sound

Sound travels through air at about 1,100 feet per second; however, its speed differs in other media (e.g., water).
Therefore, to more fully characterize sound, its three defining characteristics are typically identified: (1)
magnitude, (2) frequency spectrum, and (3) the variations of these two over a time interval.

A.1.1. Magnitude

Telephone engineers were among the first to extensively study the ear’s response to sound pressure, finding that
the ear responds to a broad range of sound pressures. A healthy human ear can detect a sound tone having a
frequency a 1,000 Hz at sound pressures (amplitudes) as low as 20 micropascals. (This is expressed as 20pPa and
equals to 20 x 10-6 Pascals (Pa). For reference, standard atmospheric pressure at sea level is 101,325 Pascals.). At
the other end of an amplitude scale, the threshold of pain was found to occur around a sound pressure of 200
Pascals—10,000,000 times as large as the barely audible 20uPa magnitude. Whether barely audible (20 pPa) or
pain-inducing (200 Pa), these pressures are comparatively small variations around atmospheric pressure (101,235
Pa).

Since a human ear is able to respond to such a large range of sound pressures, early telephone engineers had a
measurement problem. At the threshold of hearing where the ear could detect a sound pressure of 20uPa, an
increase of 40uPa was a noticeable change; yet at 10 Pa, that same increase of 40 uPa (or 0.00004 pascals) was
undetectable. Thus, a shorthand method for expressing the magnitude of a sound was necessary. Their solution
was to develop a logarithmic scale based on the ratio of the sound pressure to a reference sound pressure.
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A logarithm (base 10 “common” logarithm) is simply a power of 10. For example, 100 equals 10
times 10, which equates to 10°. The logarithm of 100 is then 2 (log 100 = 2). Similarly, 10° equals
10 times 10 times 10, which equates to 1,000. Consequently, the log of 1,000 is 3.

When units were standardized, the Bel, in honor of Alexander Graham Bell, was defined as the log of the square of
the ratio of two sound pressures, with the decibel one tenth of that. The Bel itself proved to be too coarse of a
unit, so the term decibels (dB) remained in common use. Values on the decibel scale are referred to as levels. The
following equation shows the relationship of sound pressure level, L, in decibels to sound pressure where p is the

»?
L=101log10 (=)
Po

Equation A-1 - Sound Pressure Level in dB

pressure of the sound that is being compared and p0 is the reference pressure against which p is compared.

The level (in decibels) equals 10 times the log of the square of the quantity of measured sound pressure divided by
20 pPa (this squared quantity is proportional to the sound power). Recall that the sound pressure that is barely
detectable by the human ear is 20puPa. By using this as a reference, the telephone engineers “zeroed” the
logarithmic scale for sound at the threshold of hearing.

Sensitivity fo Changes in Loudness

Under laboratory conditions, people can detect single-decibel changes in sound level. But, when comparing sounds
in our everyday experience, we are less sensitive to differences in sound intensities. From a practical standpoint, a
5-dB difference is the smallest change generally noticeable to the average listener. A change in sound level of
about 10 dB is usually perceived by the average person as a doubling (or halving) of the sound’s loudness. This
relation holds true for loud sounds and for quieter sounds across the speech frequencies. See §2.1.2, below, for
additional information on frequency and human hearing.

Adding Decibels

Because of the logarithmic nature of the decibel and the fact that sound pressure is a measure of the variation in
air pressure, neither sound pressure level in decibels nor sound pressures in pPa can be added directly. However,
the quantity inside the parentheses in Equation A.1, which is proportional to the sound energy, can be added. Note
that if the sound pressure levels being added are quite different in magnitude, adding the lesser value to the
greater value yields relatively little change to the higher value when expressed as dB and that adding sounds with
equal sound pressure levels results in a three-decibel increase.

A.1.2. Frequency

As noted, frequency is the rate of vibrations for a sound and is measured in Hz where one Hz indicates one
vibration (or cycle) per second. As with the ability to hear events of widely ranging pressure amplitudes described
above, the human ear also hears sounds having widely ranging frequencies (e.g., from about 20 Hz to about 20,000
Hz). However, not all sounds in this wide range of frequencies are heard equally well by the human ear. The ear is
most sensitive to sounds having frequencies in the range of 1,000 Hz to 4,000 Hz.

Some simple sound sources, such as a tuning fork, produce sounds with a single frequency (i.e., a pure tone). Most
sounds however are more complicated and their signals consist of multiple many frequencies. A sound spectrum is
a representation of a sound showing the magnitude of the various frequencies present in the sound. Knowledge of
the frequency spectrum of a signal is important for the following reasons:

®  People and animals have different hearing sensitivity and react differently to various frequencies. For instance,
everyone is familiar with a “dog whistle” which produces a signal that dogs can hear but humans cannot. This
occurs because dog whistles produce a tone having a frequency above the range at which humans can hear
but within the range of the dog’s hearing. At the other end of the frequency scale, elephants communicate at
frequencies below the range of human hearing.

" Structures respond to much lower frequencies (e.g., 1-30 Hz) than humans. Therefore, low-frequency sounds
that people cannot hear can still create problems by inducing vibration in buildings.

= Different sound sources produce signals consisting of different frequency characteristics.

= Engineering solutions for reducing or controlling sound are therefore frequency-dependent.

Figure A-2 shows an example of a frequency spectrum for jet departure noise. Unlike the vibrations of the tuning
fork shown in Figure A-1, the turbulent mixing of the jet exhaust gases produces noise across a wide range of
frequencies as opposed to a single frequency. The spectrum is shown divided into frequency bands, each of which
spans one-third of an octave. An octave is a doubling of frequency. Spectra are often displayed in octave or one-
third octave bands.
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Figure A-2. Example Spectrum of Jet Departure Noise

High-quality measuring devices (e.g., sound level meters) are equally sensitive to sounds across the full range of
human hearing. Therefore, to approximate the human perception of common environmental sounds, the
acoustical community designed a range of frequency-based adjustments to be applied to measured sound levels.
Today, two of these weighting systems remain in common usage, the A-weighting and C-weighting, illustrated in
Figure A-3.
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These weightings are based on the response of human ears to moderate- (A-weighting) or high-level (C-weighting)
sounds. For most industrial and transportation applications, A-weighting is used. For loud sounds with significant
low frequency content, C-weighting is used. A-weighting applies progressively higher reductions to lower
frequencies, mimicking the reduced sensitivity of human ears to low frequency sounds. However, in order to more
accurately capture the low frequency energy and higher levels present, C-weighting, with its much slower roll-off
at lower frequencies, is more appropriate for noise sources such as explosions and sonic booms.
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Figure A-3. A- and C-Weighting Scales

A.1.3. Variation of Sound with Time

The third characteristic used to describe sound (after magnitude and frequency) is its relative stability over time.
The temporal pattern of sound is important in predicting annoyance. Sound can be classified into three categories
that define its basic time pattern: steady state, intermittent, and impulsive.

Steady-State Sound

Steady-state sound is a sound of consistent level and spectral content. Typical examples of steady-state sound are
the sounds produced by ventilation or mechanical systems that operate more or less continuously. Annoyance due
to steady-state sound depends on the level of the sound, its frequency content, and its duration. Generally, the

longer the sound goes on and the more tones are audible, the greater degree of annoyance people will experience.

Intermittent Sound

Intermittent sounds are those which are produced for short periods. The sound temporarily rises above the
background and then fades back into it. Intermittent sounds are typically associated with moving sound sources
such as an aircraft overflight or a single-vehicle drive-by. Intermittent sound is typically a few minutes or less in
duration; the annoyance of a transient sound is dependent on both the maximum level and the duration.

Impulsive Sound

Impulsive sound is of short duration (typically less than one second), low frequency, and high intensity. It has
abrupt onset, rapid decay, and often a rapidly-changing spectral composition. Impulsive sound is characteristically
associated with such sources as large-caliber weapons, demolition activities, sonic booms, and many industrial
processes (e.g., jackhammers, pile drivers). However, certain aspects of helicopter noise events are also impulsive.

A.2. Propagation of Sound

As sound travels from the source to the receiver, several factors influence the level and spectrum of the sound
heard by a receiver. These factors generally result in a reduction, or attenuation, of the sound level:

= Spherical spreading

"  Ground effect

= Attenuation through vegetation

®  Attenuation due to barriers (including terrain)
= Atmospheric effects

Note that, for other than spherical spreading, all factors tend to have more effect on higher frequencies with low
frequencies able to propagate over long distances with little attenuation. Hence, the “rumble” of jet departures or
highway traffic can often be heard at large distance, while the higher frequency characteristics of the signal are
lost.

A.2.1. Spherical Spreading

The sound from the point source, such as a generator, spreads in all directions like an expanding sphere. A rule of
thumb in acoustics is that a spherically spreading sound decreases by 6 dB for every doubling of distance. Thus,
increasing the distance from 200 feet to 300 feet does not provide as much reduction as moving from 100 to 200
feet. In practice, high-frequency sound is attenuated faster than 6 dB per doubling of the distance because some
energy is lost in the medium (air) due to atmospheric effects at this frequency range. This loss, called excess
attenuation, is dependent upon air temperature and humidity as well as the signal’s sound frequency and is due to
a process called vibrational relaxation in oxygen and nitrogen molecules.

Another exception to the “6-dB-per-doubling rule” involves a line source (such as a busy freeway) rather than a
point source. When standing by a line source, the listener receives noise simultaneously from the entire breadth of
the feature —in this case, it would be the line of cars traveling on the freeway. The sound from a line source can be
pictured as an expanding cylinder. For a long, straight line source, the sound level drops by 3 dB for every doubling
of distance from the source. In practice, due to excess attenuation and other factors, highway noise tends to drop
off by about 4 dB for every doubling of distance from the highway.

A.2.2. Ground Effect

When sound propagates along the surface of the earth from a source to a receiver it follows two paths. The first is
a direct path from the source to the receiver and the second is a path that starts at the source, reflects off the
ground, and then travels to the receiver. If the ground is hard, such as pavement or water, the sound reflects off of
the surface and adds to the sound from the direct path resulting in higher levels than the direct path alone. When
sound reflects off of soft ground such freshly-plowed earth, grass, or loose snow, some frequencies of the
reflected sound experience a phase reversal, where the areas of high and low pressure become reversed. Adding



THE PORT AUTHORITY OF NY & NJ

Teterboro Airport Part 150 Study 2016 and 2021 Noise Exposure Maps

May 2017
Page A-6

this phase-reversed sound with the sound from the direct pathway results in a reduction in the total sound at the
receiver. Thus, sound levels are generally higher when the sound propagates over hard ground as compared to soft
ground.

A.2.3. Attenuation from Vegetation

Wide areas of dense foliage provide some attenuation for higher frequency sound when they are located between
a source and receiver. The vegetation must be dense enough to block the line of sight over even short distances
and must extend well above the line of sight. The attenuation is negligible for low-frequency sound sources such as
explosions, but increases with frequency. At 250 Hz, approximately 400 ft of dense foliage would be required to
produce a noticeable 5 dB of attenuation for a sound source such as an aircraft run-up. At 1,500 Hz, approximately
250 ft of dense foliage would be required to produce 5 dB of attenuation for a sound source such as roadway
traffic.

A.2.4. Attenuation Due to Barriers (Including Natural Terrain)

Barriers, berms, and natural terrain can attenuate sound when they are located in the line of sight between the
source and the receiver. This attenuation, which acousticians call insertion loss, increases with height, width, and
proximity to either the source or the receiver. If there are gaps in a barrier, the potential benefits of acoustical
shielding will be substantially reduced.

Figure A-4 illustrates the concept. The sound from the helicopter has a direct path to the person on the right of the
diagram. The direct path to the person on the left of the diagram is blocked by the hill. The sound must travel over
the hill to the person. The greater the change in direction of the sound path at the top of the barrier is, the greater
the reduction in sound that occurs. The change in direction can be increased by increasing the height of the barrier
or moving the source or receiver closer to the barrier (if the source or receiver is below the top of the barrier). As
the figure illustrates, barriers are most effective for sound sources on the ground. If the helicopter in the figure
were to climb upward, there would be a direct path to both people on the ground.

Figure A-4. Barrier Insertion Loss Example

A.2.5. Atmospheric Effects

Weather (or atmospheric) conditions that influence the propagation of sound include humidity, precipitation,
temperature, wind, and turbulence (or gustiness). The effect of wind—turbulence in particular—is generally more
important than the effects from other factors. Under calm wind conditions, the importance of temperature can
increase, in particular, temperature changes occurring with altitude known as temperature gradients. This can
sometimes influence propagation quite significantly. Humidity generally has little significance compared to the
other effects.

Influence of Humidity and Precipitation

Humidity and precipitation rarely affect sound propagation in a significant manner. Humidity can reduce
propagation of high-frequency noise under calm wind conditions. In very cold conditions, listeners often observe
that noise sources such as aircraft sound “tinny,” because the dry air increases the propagation of high-frequency
sound. Rain, snow, and fog also have little, if any, noticeable effect on sound propagation. A substantial body of
empirical data supports these conclusions.

Influence of Temperature

Air temperature affects the velocity of sound in the atmosphere. As a result, if the temperature varies at different
heights above the ground, sound will travel in curved paths rather than straight lines. This bending of the sound
path is called refraction. During the day, temperature normally decreases with increasing height. Under such
“temperature lapse” conditions, when the air temperature decreases with height, the atmosphere refracts
(“bends”) sound waves upwards, and an acoustical shadow zone may exist at some distance from the noise source.

Under some weather conditions, an upper level of warmer air may trap a lower layer of cool air. Such an inversion
of normal conditions (i.e., temperature gradients typically lapse with altitude) is most common in the evening, at
night, and early in the morning when heat absorbed by the ground during the day radiates into the atmosphere.
The effect of an inversion is just the opposite of lapse conditions: it causes sound propagating through the
atmosphere to refract downward.

The downward refraction caused by temperature inversions often allows sound rays with originally upward-sloping
paths to bypass obstructions and ground effects, increasing noise levels at greater distances. This type of effect is
most noticeable at night, when temperature inversions are most common and when ambient sound levels are low
enough that they do not otherwise mask distant noise sources.

Influence of Wind

Sound traveling in the direction of the wind (downwind) has a higher speed than sound traveling through calm air.
Likewise sound traveling against the direction of the wind (upwind) has a lower speed than sound traveling
through calm air. Wind speed typically increases with the height above the ground. This gradient in wind speeds,
and sound speeds, causes the sound to refract. Sound refracts downward in the downwind direction and upward
in the upwind direction. In general, receivers that are downwind of a source will experience higher sound levels,
and those that are upwind will experience lower sound levels. As with a temperature inversion, the downward
curving paths reduce or eliminate the insertion loss of barriers in the downwind direction. Wind perpendicular to
the sound path has no significant effect.
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Wind turbulence (or gustiness) can also affect sound propagation. Sound levels heard at remote receiver locations
will fluctuate with gustiness. In addition, gustiness can cause considerable attenuation of sound due to the effects
of eddies traveling with the wind. Attenuation due to eddies is essentially the same in all directions, with or against
the flow of the wind, and can mask the refractive effects discussed above.

A.2.4. Effects on Propagation

The foregoing effects on propagation described above interact with each other and in some cases are additive.
Specific combinations of conditions influence propagation and in order to predict how sound would propagate it is
important to understand these varied effects. While the basics are described in this document, for complex
permutations entailing interaction of several variables, consultation with an acoustical professional for modeling
support and analysis may be required.

A.3. Noise Metrics

Noise metrics may be thought of as measures of noise ‘dose’. There are two main types, describing (1) single noise
events (Single Event Noise Metrics) and (2) total noise experienced over longer time periods (Cumulative Noise
Metrics). Note that all decibel values, whether they relate to basic scales, event metrics or cumulative metrics, are
generally referred to as levels - indeed in acoustic measurement, a level is always a decibel value.

Single event metrics are indicators of the intrusiveness, loudness, or noisiness of individual aircraft noises.
Cumulative metrics used to measure long-term noise are indicators of community annoyance. But for aircraft noise
it is logical that they represent aggregations of single events in some way. A practical noise index must be simple,
practical, unambiguous, and capable of accurate measurement (using conventional, standard instrumentation). It
must also be suitable for estimation by calculation from underlying source variables and robust - not over-sensitive
to small changes in input variables.

Community annoyance research (much of which has been concerned with the noise of aircraft and road traffic),
and the search for reliable long-term noise rating procedures, started in the mid- 1950s. As instrumentation for
measuring long term noise was very limited then and for some time afterwards, early noise indices tended to
incorporate measures that could be obtained manually or by simple mechanical means. Aircraft noise near airports
could (and still can) be characterized by statistics describing individual noise events, such as their average levels
and numbers. The noise of heavy road traffic, on the other hand, is made up of a very large number of overlapping
events and it was then more appropriate to determine level distribution statistics such as L10, the level exceeded
for 10% of the time. On the whole, aircraft noise affects far fewer people than road traffic noise but can reach high
exposure levels close to busy airports. Here a separate identification of event levels and numbers of events focuses
attention on the relative contributions of these two variables to annoyance.

Noise levels are usually presented at discrete, fixed observer locations or alternatively are presented as contours
(i.e. lines/curves connecting points of equal values) depicting the area where the specified levels are exceeded.
Noise levels are used - especially cumulative metrics - in assessment of effects from all domains of transportation
noise: road, railway and air-traffic, as well as for the description of the noise produced from industrial sources,
recreational activities etc. In practice, contours are almost always estimated via calculation (i.e., modeled) whereas
values at specific locations can also be measured directly (except in the case of forecasted future activity).

Community judgments about the suitability of a sound environment are rarely based on a single sound. Rather,
multiple sources of sound accumulate to produce the overall experience of a “quiet” or “noisy” neighborhood.
Noise, as noted at the outset of this appendix, is defined as unwanted sound. The receiver imparts a value
judgement onto an otherwise neutral physical phenomenon (i.e., sound). In 1974, the Environmental Protection
Agency (EPA) established a procedure to assess the cumulative, 24-hour exposure to noise for citizens of the
United States. This procedure was published in what has become known as “the Levels Document.” To explain this
procedure, the sections below will define noise metrics, beginning with simple metrics and progressing to the
more complex. Because these metrics typically were developed to systematically characterize sound in the
context of evaluating its undesirable effects, they are ordinarily labeled as noise metrics.

A.3.1. Maximum Level (Lmax)

Figure A-5 depicts the time history for an intermittent noise event, such as an aircraft flyover or car pass-by. The
sound level increases as a car or aircraft approaches, then the sound level falls and blends into the background as
the aircraft or car recedes into the distance. It is often convenient to describe a particular noise event by its
Maximum A-weighted Sound Pressure Level (Lmax). The sound level rises as the noise source nears the receiver and
decreases as the noise source moves away.
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Figure A-5. Variation in Sound Level over Time and Maximum Sound Level

Subjective tests indicate that human response to sound is a function not only of its maximum level, but also of the
duration of the signal and its temporal variation. Time-related changes might range from a sound level constant
over time, as produced by a continuously operating machine, to the constantly varying sound levels perceived near
highways and, even more so, around airports.

Over the past 30 years, a wide variety of acoustic measures or rating scales have been developed for the purpose
of quantifying the sound generated by particular sources. These measures of sound have been described by the
Acoustical Society of America (ASA) and are defined in the American National Standards Institute (ANSI)
publication, Acoustical Terminology (ref ANSI S1.1, 1994).

This great number of measures results from the wide variations in the description of specific spectral and temporal
characteristics among sound sources. For an engineering analysis of the noise exposure of a particular source, one
measure may have many advantages over another. For management of noise at airports (or military airfields)
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three cumulative measures are important: Equivalent Sound Level (Leq), Day-Night Average Sound Level (DNL or
Lan), and Community Noise Equivalent Level (CNEL). However, to understand a cumulative measure, it is helpful to
first describe another single-event measure, Sound Exposure Level (SEL) in addition to the Lmax described above
because SEL is a metric accounts for duration in addition to the maximum pressure level that Lmax quantifies.

A.3.2. Sound Exposure Level (SEL)

Research has established that annoyance of an intrusive noise event increases with both the level (magnitude) and
the duration of the intrusion. Thus, a long-duration, lower-level event can be as annoying as a higher-level, shorter
event. The SEL captures both variables in a single numerical quantity. The SEL (as illustrated in Figure A-6) is
defined as the total acoustic energy in an event from background to background (typically computed or defined as
a level that is 10 to 20 dB lower than the event peak) that is then normalized or compressed into a one-second
interval. This single number, SEL, represents all the acoustic energy of an event as if that event had occurred within
a one-second time period. In the example presented below, the several second duration event having a Lmaxof 103
dB would have a SEL of 108 dB. By definition, if the event duration is greater than one second, the SEL would be
greater than the Lmax of the same event.
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Figure A-6. Sound Exposure Level of a Noise Event

A.3.3. Equivalent Sound Level (Leq)

Annoyance also increases with the number of separate times an intrusive sound is experienced during a given
period of time. The equivalent sound level (Leq) captures the number of intrusions by measuring the average
acoustic energy over a period of time in order to assess the cumulative effect of several events occurring over a
period of time. The period can be of any length but it usually is a meaningful block of time such as an eight-hour Leq
for the office setting or a one-hour Leq for a classroom environment. The Leq is defined as the level of continuous
sound over a given period that would deliver the same amount of energy as the actual time-varying sound
exposure. Figure A-7 illustrates how the variation in sound exposure can be summarized in terms of a single,
cumulative, value of a one-hour Leg.
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Figure A-7. Equivalent Sound Level (Leq)

A.3.4. Day Night Average Sound Level (DNL)

Annoyance is greater when an intrusive sound occurs at night. To capture the heightened annoyance of nighttime
noise, when ambient or background noise tends to diminish and the atmospheric conditions noted in §A.2.5 can
tend to attenuate sound to a lesser degree (e.g., wind diminishes or temperature inversions might form), the EPA
recommends a special kind of 24-hour Leq known as the DNL (or sometimes referred to as Lan). As isimplied in its
name, the DNL represents the noise energy present during a daily period. However, it normally is calculated
through use of operations data from a longer period, such as a year, in order to smooth out fluctuations occurring
in day-to-day operations.

The DNL is calculated in two parts: a fifteen-hour daytime Leq (0700 to 2359) and a nine-hour nighttime Leq (2200 to
0659). When calculating the 24-hour DNL the nighttime Leq is treated as if it were 10 decibels higher to account for
the additional intrusiveness of noise at night (see Figure A-8). An alternative way of describing this adjustment is
that each event occurring during the nighttime period calculated is as if it were equivalent to ten daytime events.

When recommending the 10 dB nighttime increase, the EPA did not intend its measure to be used to predict sleep
disturbance but instead to capture the added annoyance of nighttime events. Different metrics would be used to
estimate sleep disturbance are not discussed in this appendix as the Part 150 program relies on the linkage of
community annoyance and land-use compatibility recommendations. In recommending the DNL for general use,
the EPA also recommends that community planners use the 365-day annual average DNL.
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Figure A-8. Example of a Day-Night Average Sound Level Calculation

A.4. Noise Effects

As noted previously, sound refers to the physical description of an event, whereas noise reflects human reaction to
it and is customarily defined as unwanted sound. Strictly speaking, this guidance deals principally with aircraft
sound and sound levels. However here, as elsewhere, the word noise is generally used as a synonym for sound,
especially when - as is the case for aircraft - the sound is unwanted by the receiver.

A.4.1 Noise Effects

There are many different effects of noise on people and individuals experience them to different degrees. The
effects can be separated into two broad categories as illustrated in Figure A-9: (a) behavioral - the interference of
noise with normal living - and (b) physiological - including potential health effects. At a first level of behavioral
reaction, noise disturbs human activity by causing distraction or by physically interfering with it. Grouped together
under the general heading of disturbance, these effects include detection/distraction, speech interference,
disruption of work/mental activity, and sleep disturbance. A second level of behavioral reaction, sometimes
viewed as an indirect response to disturbance of different kinds, is annoyance. A third level response is overt
reaction including complaints.

Possible health effects that might be caused by noise over a period of time include (1) noise induced hearing loss

and (2) other, indirect, risks to physiological and psychological well-being. The first, which is a consequence of very
high levels of sound exposure, is well-documented and is not considered likely to be caused by the levels of aircraft
noise experienced beyond airport boundaries. The nature of the second is much less certain; it is known that noise

can cause a variety of biological reflexes and responses referred to as stress reactions but whether, over a period
of time, these could lead to clinically recognizable illness is unclear. Research into these continues in many
countries.

NOISE PHYSIOLOGICAL, ~ Noise induced

hearing loss

Disturbance: BEHAVIORAL
Distractio
Speech Biological
Tasks responses
Sleep

Other health

effocts

Complaints /
Actian

Figure A-9. General Cause and Effect Relationships between Noise and Noise Effects

The effects of noise have been extensively researched, particularly with the aim of establishing quantitative
relationships between the amount of noise and the severity and extent of the effects. But behavioral reactions are
essentially subjective and very sensitive to non-acoustic socio-psychological factors such as location, activity, state
of well-being, familiarity with the noise, environmental expectations and attitudes to the noise makers. The effects
of such modifying factors dramatically weaken correlations between noise and response by masking or
confounding their dependency on noise. Such relationships are further obscured by variations in noise exposure
over time and space, because individuals move around and engage in different activities.

Obvious physical factors include time and situation which govern intrusions into activities - sleep disturbance
occurs primarily at night, speech interference during the day and so on. But equally important are those that
control attitudes and susceptibilities; whether or not a particular noise annoys may depend very much upon the
message it carries; concerns about the sources of noise can influence annoyance reactions more strongly than
physical sound exposure itself.

Because of the combined influences of acoustical and non-acoustical factors, it is difficult to isolate the underlying
noise-response relationships. In general, noise assessment methodology needs to be consistent with the
understanding of the factors involved. Because effects on the community as a whole can only be described in
broad statistical terms, noise exposures are commonly defined only as long-term averages at representative
locations. This is why cumulative noise exposure metrics such as DNL are favored when assessing community
annoyance.

An essential conclusion from aircraft noise effects research is that community annoyance is the most useful
general criterion of overall, long-term aircraft noise impact and that it can be correlated with long-term average
sound exposure. However, before considering community annoyance and noise-annoyance relationships, it is
worthwhile reviewing the various effects of noise, and their interrelationships - with each other and with sound
exposure.
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Some noise-effect relationships —shown in Figure A-9 above - can be quantified; others cannot. Noise disturbance
and short-term annoyance - immediate responses to individual noise events of relatively short duration - have
been studied extensively in research laboratories. Laboratory experiments can be performed with great accuracy
and they have provided a wealth of knowledge about the fundamental characteristics of human hearing and
perception of sound.

But a detailed understanding of specific disturbance criteria is not particularly helpful when it comes to assessing
the day-by-day impact of environmental noise on communities. The noise experienced by individuals obviously
depends on where they live and work and upon their lifestyles; no two people experience exactly the same sound
exposure patterns over a period of time or the same interference with their activities. And different people react
differently to the same sound; some are a great deal more sensitive than others. When coupled with the multiple
and differing potential disturbance effects, these variations make studies in the community intrinsically much more
complex than laboratory work. Yet it is only in that real world that the relationships between cause and long-term
annoyance - as a consequence of total long-term sound exposure from all sources - can be investigated.

This long-term aspect of cause and effect has been the primary influence on the direction that field research on
noise effects on communities has taken. Community annoyance has been adopted as a general indicator for all of
the possible impacts of environmental noise. In social survey studies, individuals’ annoyance has been measured in
a variety of ways - quantifying it on simple numerical or category scales or via elaborate multi-question
procedures. These measurements have then been correlated with various measures of typical sound exposure,
first to decide what the appropriate metric is, and then to ‘calibrate’ the metric, that is to determine the exposure-
response relationship. In such correlations, the overall impact of noise is sometimes expressed as an average
across individuals or, alternatively, as the incidence of high annoyance (such as the percentage of respondents
‘highly annoyed’).

(This page intentionally left blank)
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= Noise Complaints
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B.1. Noise Complaints

The Port Authority provides two primary means of filing an aircraft noise complaint: (1) by completing and
submitting the form on the Port Authority’s website or (2) by leaving a voicemail on the airport noise complaint
hotline. Noise complaints are recorded and processed with the help of the Port Authority’s PlaneNoise® complaint
management system. Each noise complaint received is compiled in a database, verified for accuracy, analyzed, and
mapped for reporting. Noise complaint reports are provided to the FAA on a monthly basis to notify them of areas
of noise concerns.

Figures B-1 through B-4 depict the geographic distribution of noise complaints that the Port Authority received in
2014 and 2015 regarding aircraft operations in four categories: (1) jets, (2) propeller aircraft, (3) helicopters, and
(4) unspecified aircraft types. (Note: unspecified indicates that complainant did not identify the aircraft type.) The
figures use circles to graphically depict the number of complaints — in ranges — received from specific addresses at
the center of the circle.

As the figures show, a majority of the complaints received in each category are from addresses within the Study
Area, some are from outside the Study Area, and a very small percentage are from addresses that are outside of
the figure’s geographic extent

B.2. Noise Complaint Figures

Figures B-1 through B-8 below illustrate complaints for jet, propeller, helicopter and unspecified aircraft types
during both daytime hours (07:00 AM — 10:00 PM) and nighttime hours (10:00 PM — 07:00 AM).
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Figure: B-1
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Source: The Port Authority of NY & NJ, Cornell University Geospatial Information Repository (CUGIR), NJ DEP Bureau of GIS, NYC Open Data, Environmental Systems Research Institute (ESRI)
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Figure: B-2
Nighttime (10 pm - 7 am)
Noise Complaints: Jet Aircraft
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Source: The Port Authority of NY & NJ, Cornell University Geospatial Information Repository (CUGIR), NJ DEP Bureau of GIS, NYC Open Data, Environmental Systems Research Institute (ESRI)
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Figure: B-3
Daytime (7 am — 10 pm)
Noise Complaints: Propeller Aircraft
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Source: The Port Authority of NY & NJ, Cornell University Geospatial Information Repository (CUGIR), NJ DEP Bureau of GIS, NYC Open Data, Environmental Systems Research Institute (ESRI)



THE PORT AUTHORITY OF NY & NJ

Teterboro Airport Part 150 Study 2016 and 2021 Noise Exposure Maps

May 2017
Page B-7

:‘-\‘L'
Ave

|
e

X
e
Q

THE PORT AUTHORITY OF NY & NJ

Teterboro Airport

Airport Noise Compatibility

Part 150 Study

2016 and 2021 Noise Exposure Maps

Figure: B-4
Nighttime (10 pm - 7 am)
Noise Complaints: Propeller Aircraft
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Circles represent the number of complaints received from
the address at the center of the circle, in ranges, as follow

501-1,000 Complaints
101-500 Complaints
51-100 Complaints
26-50 Complaints
11-25 Complaints
6-10 Complaints
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Propeller complaints received in 2014 & 2015: 14
Propeller complaints on this figure: 13 (92.9%)
Propeller complaints in the Study Area: 13 (92.9%)
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Source: The Port Authority of NY & NJ, Cornell University Geospatial Information Repository (CUGIR), NJ DEP Bureau of GIS, NYC Open Data, Environmental Systems Research Institute (ESRI)
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Figure: B-5
Daytime (7 am — 10 pm)
Noise Complaints: Helicopters

XY TEB Airport Boundary (Approximate)
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Circles represent the number of complaints received from
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Helicopter complaints received in 2014 & 2015: 63
Helicopter complaints on this figure: 61 (96.8%)
Helicopter complaints in the Study Area: 61 (96.8%)
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Source: The Port Authority of NY & NJ, Cornell University Geospatial Information Repository (CUGIR), NJ DEP Bureau of GIS, NYC Open Data, Environmental Systems Research Institute (ESRI)
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Figure: B-6
Nighttime (10 pm - 7 am)
Noise Complaints: Helicopters
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11-25 Complaints
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Helicopter complaints received in 2014 & 2015: 15
Helicopter complaints on this figure: 15 (100.0%)
Helicopter complaints in the Study Area: 15 (100.0%)
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Source: The Port Authority of NY & NJ, Cornell University Geospatial Information Repository (CUGIR), NJ DEP Bureau of GIS, NYC Open Data, Environmental Systems Research Institute (ESRI)
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Unspecified complaints received in 2014 & 2015: 960
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Unspecified complaints in the Study Area: 945 (98.4%)
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Appendix C

= Land Use

This appendix includes two subsections: (1) C.1, titled “Land Use, Zoning, and Noise Sensitive Sites,” and (2) C.2,
titled “Final Land Use Review,” whereas the public review draft of this document only addressed the first of these
two topics and, therefore, did not have subsections. This revision was required to address the following action:
During March 2017, as part of the development of the final NEM, the HMMH Team undertook final quality
assurance / quality control (QA/QC) steps, including field surveys of land uses within the NEM contours. Appendix
C.2 was added to present the memorandum that summarizes the steps undertaken in that field work and the
resulting refinements in land use within the contours, including updated NEM graphics and tables of
noncompatible land uses. The original “Land Use, Zoning, and Noise Sensitive Sites” discussion was relabeled C.1,
and revised to reflect the land use refinements resulting from the QA/QC steps, and also to incorporate revisions
made in response to public comments received (as presented and addressed in Appendix H).
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APPENDIX C.1

LAND USE, ZONING, AND NOISE SENSITIVE SITES

This appendix contains information on the collection of land use data for the 14 CFR Part 150 Study for
TEB and a detailed description of land uses, zoning, and noise sensitive sites in the Land Use Data
Collection Area.

SUMMARY OF LAND USE PLANS AND ZONING

1 Introduction

Teterboro Airport (TEB) is located in Teterboro, New Jersey and classified as a reliever airport for the
New York-New Jersey area. TEB is owned and operated by the Port Authority of New York and New
Jersey (Port Authority). In 2014, TEB served approximately 3,500 passengers and had a total of 165,670
aircraft operations.1 TEB is located within the Borough of Teterboro, the Borough of Moonachie, and the
Borough of Hasbrouck Heights in Bergen County, New Jersey; and is bordered by the boroughs of
Moonachie and Little Ferry to the east, the boroughs of Carlstadt and East Rutherford to the south, the
boroughs of Hasbrouck Heights and Wood-Ridge to the west, and the City of Hackensack and Township
of South Hackensack to the north. TEB is also located in New Jersey Meadowlands District, maintained
by the New Jersey Sports & Exposition Authority (NJSEA), which provides additional land use planning
and zoning for portions of the Borough of Carlstadt, Borough of East Rutherford, Borough of Little Ferry,
Borough of Moonachie, Township of South Hackensack, and Borough of Teterboro in the TEB vicinity.

2 Study Areas

Two study areas were identified during the development of the 14 CFR Part 150 Study (Part 150 Study);
the Study Area and the Land Use Data Collection Area (Figure C-1).

2.1 Study Area

The Study Area was developed by the Port Authority in consultation with the Federal Aviation
Administration (FAA) to meet Part 150 regulations, including a 30,000-foot perimeter around TEB (about
6 miles) from each runway end.2 This Study Area represents the outermost limit of the data collection,
analyses, and public outreach required for the Part 150 Study.

The Study Area encompasses parts of four counties in New Jersey; Bergen, Essex, Hudson, and Passaic,
as well as part of New York County in New York. Additionally, the Study Area encompasses the fourteen
municipalities that make up the Teterboro Aircraft Noise Abatement Advisory Committee (TANAAC),

1 Federal Aviation Administration, APO Terminal Area Forecast Detail Report for TEB, Forecast Issued January 2016.
Accessed: http://taf.faa.gov/Home/RunReport.
2 Sec. A150.103(b)(1) states:
(b) Except as provided in paragraph (c) of this section, the following information must be obtained for
input to the calculation of noise exposure contours:
(1) A map of the airport and its environs at an adequately detailed scale (not less than 1 inch to 2,000
feet) indicating runway length, alignments, landing thresholds, takeoff start-of-roll points, airport
boundary, and flight tracks out to at least 30,000 feet from the end of each runway.

which is made up of the airport, FAA, airport users, and the 14 municipalities to ensure meaningful
dialogue between parties is maintained and to oversee noise abatement at TEB.

2.2 Land Use Data Collection Area

A Land Use Data Collection Area was developed to allow for a detailed review and collection of land use
data. The Land Use Data Collection Area included municipalities with the potential to be located within
TEB’s 2016 Existing DNL 65 or higher dB noise contours and/or TEB’s 2021 Future 65 DNL or higher noise
contours as dictated by Part 150 regulations.

The Land Use Data Collection Area is within the TEB Study Area and is located entirely within Bergen
County. There are nine municipalities located within the Land Use Data Collection Area:

e Borough of Carlstadt;

e Borough of East Rutherford;

e Borough of Hasbrouck Heights;
e Borough of Little Ferry;

e Borough of Moonachie;

e Borough of Wood-Ridge;

e Borough of Teterboro;

e City of Hackensack; and

e Township of South Hackensack.

Additionally, the Land Use Data Collection Area encompasses the NJSEA that provides land use planning
and zoning for approximately 30-square-miles along the Hackensack River in both Bergen and Hudson
Counties. The NJSEA serves as the planning and zoning agency for six of the listed municipalities, the
exceptions being the Borough of Hasbrouck Heights, the Borough of Wood-Ridge, and the City of
Hackensack.
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Figure C-1: Study Area
Sources: ESRI, 2016; and RS&H, 2016
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3 Existing Land Uses

Land use designations within the Land Use Data Collection Area were based from Table 1 found in 14
CFR Part 150, Appendix A. Land uses for each municipality were consolidated into one of the following
categories to enhance the legibility of the land use map (Table C-1 summarizes each consolidated land
use):

e Single family residential;

e  Multi-family residential;

e Mobile home residential;

e Transient lodgings;

e Publicuse1;

e Publicuse 2;

e Recreational / open space;

e Commercial use;

e Manufacturing and production; and

e Vacant/ undefined.

No mixed commercial and residential uses were identified within the 65 DNL contour. For the small area
of mixed commercial and residential uses depicted on the NEM graphics outside of the 65 DNL contour
(primarily in Hasbrouck Heights), the more noise-sensitive land use was depicted on the graphic. 3

Table C-1:  Consolidated Part 150 Land Use Categories
Sources: Title 14 CFR Part 150; and RS&H, 2016.

Consolidated Land Use Categories Typical Uses

3.1 New Jersey Sports and Exposition Authority

TEB is located within the New Jersey Meadowlands District, maintained by the New Jersey Sports &
Exposition Authority (NJSEA), which provides additional land use planning and zoning for portions of six
municipalities in the Land Use Data Collection Area (Borough of Carlstadt, Borough of East Rutherford,
Borough of Little Ferry, Borough of Moonachie, Township of South Hackensack, and Borough of
Teterboro). Land use development for the NJSEA is guided by the New Jersey Meadowlands Commission
(NJMC) through the Meadowlands Environmental Research Institute (MERI).4 The NJSEA was consulted
as part of this study. Table C-2 summarizes the land use designations identified by the MERI.

Table C-2: Meadowlands Environmental Research Institute Land Use Classifications
Sources: MERI, 2016, and RS&H, 20176.

Land Uses ‘Description

Commercial Office (Central Business District, isolated commercial office buildings, educational

institutions

ICommercial Strip Development, Isolated commercial establishments for

lgoods and/or services, shopping centers

Port facilities, power facilities, wetland rights-of-way, upland rights-of-way,
ater treatment facilities, sewage treatment facilities, stormwater basin

Hotels and Motels Resorts, Hotels, Motels and related facilities

Industrial Light industrial, heavy industrial, power generation

Industrial Commercial Complex Educational institutions, health institutions, correctional institutions,

lgovernment centers, military installations, other institutional

Open Lands ICemetery, cemetery on wetland, undeveloped land within urban areas,

inactive land with street patterns, open areas, phragmites dominate urban

larea, managed wetland in maintained lawn greenspace

Commercial Retail

Communication & Utility

Single Family Residential

Single family homes

Multi-Family Residential

IApartment buildings (private, cooperative, and public), mixed commercial and
residential buildings with residence either attached or above, one-story multi-
use building with multiple occupants, and condominiums

Mobile Home - Residential

Mobile homes

[Transient Lodgings

Hotels and motels

Public Use 1 Schools, day cares, hospitals, nursing homes, churches, auditoriums, concert
halls, and libraries
Public Use 2 Government services, transportation, and parking areas

Recreational / Open Space

Outdoor and spectator sports arenas, outdoor music shells, amphitheaters,
nature exhibits and zoos, amusements, parks, resorts and camps, golf courses,
riding stables, and water recreation areas

Commercial Use

Offices (business and professional), wholesale/retail, hardware and farm
lequipment, retail trade-general, utilities and communication

Manufacturing and Production

Manufacturing (general, photographic, and optical), agriculture (except
livestock) and forestry, livestock farming and breeding, mining and fishing,
land resource production and extraction

acant / Undefined

Undeveloped land not of recreational or open space category

3 For example; i the building is commercial on the first floor with a single family residential unit on the second floor, the single family land use category is used since it refers to

amore sensitive land use as shown in Table C-1.

4

Public / Quasi Public Services

Public services under private ownership

Recreational Land

Golf courses, picnic and camping parks, marina and boat launches, athletic
fields, parks, swimming pools, swimming beaches, formal lawns,
larboretums and landscaped areas, open areas in parks, stadium, theaters,
cultural centers, zoos, and managed wetland in built-up maintained
recreation area

Residential

Single-family residences, multiple-unit dwellings and mobile homes

ITransportation

Major roadway, bridge over water, railroad facilities, bus and truck
terminals, airport facilities

[Transitional Lands

|Areas for redevelopment

ater

Oceans, seas, lakes, ponds, rivers, streams

etlands

[Tidal marshes, non-tidal marshes, wet meadows, prairie potholes, vernal
pools, playa lakes

For purposes of the Part 150, classifications of hotels and motels and residential have the greatest
significance because these classifications generally encompass lands considered incompatible with
aircraft noise level 65 DNL and higher contours.s

4 New Jersey Sports and Exposition Authority, MERI. Accessed: http://www.njsea.com/njmc/about/meri.html.

5 There are exceptions; not all hotels, motels, and residences are considered incompatible under Part 150. For example, previously sound-attenuated residences are compatible

under Part 150.
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MERI land use classifications were consolidated to the Part 150 land use categories shown in Table C-1.
Table C-3 shows the consolidation of land use classifications for those municipalities within the
jurisdiction of NJSEA.

Table C-3: Consolidation of Land Uses for Meadowlands Environmental Research Institute
Source: RS&H, 2016.

Meadowlands Environmental Research Institute Land Part 150 Study Land Use Categories

Use Classifications

ICommercial Office ICommercial Use
ICommercial Retail ICommercial Use
ICommunication & Utility ICommercial Use
Hotels and Motels [Transient Lodgings
Industrial Manufacturing and Production
Industrial Commercial Complex Manufacturing and Production
Open Lands Recreational / Open Space
Public / Quasi Public Services Public Use 1 and Public Use 2
Recreational Land Recreational / Open Space
Residential Residential
[Transportation Public Use 2
[Transitional Lands acant / Undefined

ater IVacant / Undefined

etlands Vacant / Undefined

3.2 Borough of Carlstadt

Land use development within the Borough of Carlstadt is guided by the Borough of Carlstadt and the
NJMC through the MERI.c Table C-2 summarizes the land use designations identified by the MERI.

The Borough of Carlstadt land use classifications were consolidated to the Part 150 land use categories
shown in Table C-1. Table C-3 shows the consolidation of land use classifications for the Borough of
Carlstadt.

3.3 Borough of East Rutherford

Land use development within the Borough of East Rutherford is guided by the Borough of East
Rutherford and the NJMC through the MERI.7 Table C-2 summarizes the land use designations identified
by the MERI.

The Borough of East Rutherford land use classifications were consolidated to the Part 150 land use
categories shown in Table C-1. Table C-3 shows the consolidation of land use classifications for the
Borough of East Rutherford.

& New Jersey [ Environmental Research Institute (MERI), Borough of Carlstadt Land Use Map. Accessed:
http://meri is/maps/Carlstadt_Landuse_WebMap_District_11x17_Portrait.pdf.

, New Jersey C Environmental Research Institute (MERI), Borough of East Rutherford Land Use Map. Accessed:
http://meri.nj i ps/East_Rutherford_Landuse_WebMap_District_11x17_Portrait.pdf.
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3.4 Borough of Hasbrouck Heights

Land use development within the Borough of Hasbrouck Heights is guided by the Vacant Land Analysis
included in the Hasbrouck Heights Borough Land Use Map.s Table C-4 summarizes the land use
classifications identified by Remington & Vernick Engineers and the Borough of Hasbrouck Heights.

Table C-4: Borough of Hasbrouck Heights Land Use Classifications
Sources: Remington & Vernick Engineers, 2015; the Borough of Hasbrouck Heights, 2015; and RS&H, 2076.

Land Uses Description

Single Family Single-family detached home or separate house is a free-standing
residential building
Multi Family [Two-flat, three-flat, four-flat, duplex or semi-detached, townhouse,
apartment building, mixed use building, and apartment community
Commercial Central business district, commercial strip development, isolated
commercial establishments for goods and/or services, shopping
centers
Industrial Industrial park suitable for corporate offices, office parks, light
industrial, manufacturing, and heavy industrial
Parkland Picnic and camping parks, marina and boat launches, athletic fields,
swimming beaches, stadium, theaters, cultural centers, zoos
Semi Public Golf courses, swimming pools, formal lawns, arboretums and
landscaped areas
Other Public Uses Public services under private ownership
acant Land Land with no houses, offices, or other permanent structures
ater Bodies Oceans, seas, lakes, ponds, rivers, and streams

The Borough of Hasbrouck Heights land use classifications were consolidated to the Part 150 land use
categories shown in Table C-1. Table C-5 shows the consolidation of land use classifications for the
Borough of Hasbrouck Heights.

Table C-5: Consolidation of Land Uses for Borough of Hasbrouck Heights
Source: RS&H, 2016.

Borough of Hasbrouck Heights Land Use Classifications Part 150 Study Land Use Categories

Single Family Single Family Residential

Multi Family Multi-Family Residential
Commercial Commercial Use

Industrial Manufacturing and Production
Parkland Recreational / Open Space
Semi Public Recreational / Open Space
Other Public Uses Public Use 2

Vacant Land Vacant / Undefined

Water Bodies Recreational / Open Space

g Hasbrouck Heights Borough, Bergen County, New Jersey, Land Use Map — Vacant Land Analysis, MODIV property classes as of 11/2015.
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3.5 Borough of Little Ferry

Land use development within the Borough of Little Ferry is guided by the Borough of Little Ferry and the
NJMC through the MERI.o Table C-2 summarizes the land use designations identified by MERI.

The Borough of Little Ferry land use classifications were consolidated to the Part 150 land use categories
shown in Table C-1. Table C-3 shows the consolidation of land use classifications for the Borough of
Little Ferry.

3.6 Borough of Moonachie

Land use development within the Borough of Moonachie is guided by the Borough of Moonachie and
the NJMC through the MERI.10 Table C-2 summarizes the land use designations identified by MERI.

The Borough of Moonachie land use classifications were consolidated to the Part 150 land use
categories shown in Table C-1. Table C-3 shows the consolidation of land use classifications for the
Borough of Moonachie.

3.7 Borough of Wood-Ridge

Land use development within the Borough of Wood-Ridge is guided by the Borough of Wood-Ridge.11
Table C-6 summarizes the land use designations identified by the Borough of Wood-Ridge.

Table C-6: Borough of Wood-Ridge Land Use Classifications
Sources: Borough of Wood-Ridge, 2009; and RS&H, 2016.

Land Uses ‘ Description

Industrial Manufacturing, warehouse, laboratory, research

Wholesale, retail, service establishments, commercial recreation,
restaurants, office buildings, hotel, funeral home

Schools, hospitals, nursing homes, auditoriums, arenas
Single-family detached home or separate house is a free-standing
residential building

Two-flat, three-flat, four-flat, duplex or semi-detached, townhouse,
apartment building, mixed use building, and apartment community

Commercial

Institutional, Public

Single Family Residential

Multi-Family Residential

The Borough of Wood-Ridge land use classifications were consolidated to the Part 150 land use
categories shown in Table C-1. Table C-7 shows the consolidation of land use classifications for the
Borough of Wood-Ridge.

o New Jersey [ Environmental Research Institute (MERI), Borough of Little Ferry Land Use Map. Accessed:
http://meri is/maps/Little_Ferry_Landuse_WebMap_District_11x17_Portrait.pdf.

10 New Jersey C Research Institute (MERI), Borough of Moonachie Land Use Map. Accessed:
http://meri.nj is/maps/Moonachie_Landuse_WebMap_District_11x17_Portrait.pdf.

1 Borough of Wood-Ridge, Code of the Borough of Wood-Ridge, New Jersey, Part Il General Legislation, Subdivision of Land; Site Plans, 2009. Accessed:

http://www.njwoodridge.org/borough_code/Subdivision-of-Land-Site-Plans-Pg22001.pdf.
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Table C-7: Consolidation of Land Uses for Borough of Wood-Ridge
Source: RS&H, 2016.

Borough of Wood-Ridge Land Use Classifications Part 150 Study Land Use Categories
Industrial Manufacturing and Production
Commercial Commercial Use

Institutional, Public Public Use 1

Single Family Residential
Multi-Family Residential

Single Family Residential
Multi-Family Residential

3.8 Borough of Teterboro

Land use development within the Borough of Teterboro is guided by the Borough of Teterboro and the
NJMC through the MERI.12 Table C-2 summarizes the land use designations identified by MERI.

The Borough of Teterboro land use classifications were consolidated to the Part 150 land use categories
shown in Table C-1. Table C-3 shows the consolidation of land use classifications for the Borough of
Teterboro.

3.9 City of Hackensack

Land use development within the City of Hackensack is guided by the Downtown Rehabilitation program
through the City of Hackensack.13 Table C-8 summarizes the land use classifications identified in various

redevelopment projects listed within the Downtown Rehabilitation program on the City of Hackensack’s
website.

Table C-8: City of Hackensack Land Use Classifications
Source: City of Hackensack, 2016, and RS&H, 2016.

Land Uses Description

Residential Multi-family, apartments, condominiums, townhomes, residence halls, lofts, and
live work studios
Retail Retail stores and shops, restaurants, eating and drinking establishments, bakeries,

delicatessens, movie theaters, grocery stores, hardware, book and stationeries,
florists, art galleries and studios

Commercial General office, medical, child care, physical therapy, health and wellness,
professional uses, banks, pharmacies, health and fitness clubs
Parking Structured parking as permitted use serving other uses

Streetscape, Plazas & Open Space |Parks, plazas, open space including hardscape, softscape and streetscape
Structured Public Parking In addition to the parking required for residential and/or commercial uses, a
minimum of 150 and up to a maximum of 300 public parking spaces are
permitted on the property

NJ Transit Bus Station loading is permitted. Overnight parking of NJ Transit buses
is strictly prohibited in redevelopment areas

Hotel / Conference Center Minimum 100 rooms

Public / Civic Parks, plazas, open space, riverfront amenities, civic, museum, public facilities

NJ Transit Bus Station

12 New Jersey C

Environmental Research Institute (MERI), Borough of Teterboro Land Use Map. Accessed:

http://meri.nj i ps/Teterboro_Landuse_WebMap_District_11x17_Portrait.pdf.

13 City of Hackensack, Downtown Rehabilitation, Updated Winter 2016. Accessed: http://www.hackensack.org/Redevelopment.

9
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The City of Hackensack land use classifications were consolidated to the Part 150 land use categories
shown in Table C-1. Table C-9 shows the consolidation of land use classifications for the City of
Hackensack.

Table C-9: Consolidation of Land Uses for City of Hackensack
Source: RS&H, 2016.

City of Hackensack Land Use Classifications Part 150 Study Land Use Categories (This page intentionally left blank)
Residential Multi-Family Residential

Retail Commercial Use

Commercial Commercial Use

Parking Public Use 2

Streetscape, Plazas & Open Space Recreational / Open Space

Structured Public Parking Public Use 2

NJ Transit Bus Station Public Use 2

Hotel / Conference Center [Transient Lodgings

Public / Civic Recreational / Open Space

3.10 Township of South Hackensack

Land use development within the Township of South Hackensack is guided by the Township of South
Hackensack and the NJMC through the MERL™ Table C-2 summarizes the land use designations
identified by MERI.

The Township of South Hackensack land use classifications were consolidated to the Part 150 land use
categories shown in Table C-1. Table C-3 shows the consolidation of land use classifications for the
Township of South Hackensack.

3.11 Consolidation of Land Use Classifications

Consolidation of land use classifications was necessary for this Study. As shown in pervious sections,
municipalities do not categorize land uses in the same manner, likely causing confusion when trying to
map all land uses on one map. To create a uniformed land use map, consolidation of municipality land
uses was required. Figure C-2 shows the uniformed land use map for the Land Use Data Collection Area.

14 New Jersey Commissi lands Environmental Research Institute (MERI), Township of South Hackensack Land Use Map. Accessed:
http://meri.nj i ps/South_H _Landuse_WebMap_District_11x17_Portrait.pdf.
10
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4 Zoning

Zoning designations within the Land Use Data Collection Area were loosely based from Table 1 found in
14 CFR Part 150, Appendix A. Zoning designations for each municipality were consolidated into one of
the following categories to enhance the legibility of the zoning map (Table C-10 summarizes each
consolidated zoning designation):

e Residential;

e Industrial;

e Commercial;

e Open Space / Recreation;
e Public Use;

e Vacant;

e Redevelopment; and

e Airport Facilities.

Table C-10: Consolidated Zoning Designations for Part 150 Study
Source: 14 CFR Part 150; and RS&H, 2016.

Consolidated Zoning Designation Description

Residential Single family, multi-family, mobile home, garden apartments,
letc.

Industrial Manufacturing, warehouses, recycling facilities,

Commercial Retail, offices, restaurants, banks, pet shops, etc.

Open Space / Recreation Parks, auditoriums, bicycle trails, outdoor arenas, etc.

Public Use Health care facilities, transportation, utilities, etc.

acant Undeveloped land not of the Open Space / Recreation

designation

Redevelopment
Airport Facilities

Redevelopment areas with no specified zoning.
[Teterboro Airport

4.1 New Jersey Sports and Exposition Authority

Six municipalities in the Land Use Data Collection Area are within the New Jersey Meadowlands District,
maintained by the New Jersey Sports & Exposition Authority (NJSEA). Zoning for the NJSEA is guided by
the New Jersey Meadowlands Commission (NJMC) through the Meadowlands Environmental Research
Institute (MERI). Table C-11 summarizes the land use designations identified in the Zoning section of the
NJSEA Master Plan.
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Table C-11: NJSEA Zoning Designations

Zoning Designation

IAviation Facilities (AF)

Sources: NJSEA, 2015; and RS&H, 2017.

Description

IA place where aircraft, including helicopters, land and take off, usually equipped

ith hangars, facilities for refueling and repair, and various accommodations for
passengers. Any use directly related to the support of airport operations,
including aircraft storage, maintenance, and repair, flight instruction, and
catering services.

ICommercial Park (CP)

Designed to accommodate commercial mixed use developments in compact
centers designed to be interrelated to provide a mitigating effect upon peak
hour traffic that would normally be generated from single commercial uses.

Development should provide for safe and unimpeded pedestrian movement.

Environmental Conservation (EC)

Designed to preserve and enhance the ecological values of wetlands, open water|

land adjacent uplands within the District. The zone seeks to provide public access

to these areas and encourage scientific and educational study in regard to
etland ecology.

Heavy Industrial (HI)

IAny manufacturing, production, processing, assembly or fabrication of goods,
materials or products, including any incidental cleaning, servicing, testing, repair
or storage of those same goods, materials or products, which may include the
limited storage of flammable or explosive materials.

Highway Commercial (HC)

Designed to accommodate commercial uses oriented toward, and located in
proximity to, highways. Permitted uses include; automobile repair facilities,
minor; banks; car washes; essential public services; fuel service stations; hotels
land motels; parks or recreation facilities; personal services; public utility uses,
light; restaurants; and retail.

Intermodal A (I1A)

Designed to accommodate transportation facilities that are located proximate to
rail lines in the District and whose operations are related to port, rail, and
trucking activities, and complementary light industrial uses.

Intermodal B (IB)

Designed to accommodate high-intensity transportation facilities that are
located proximate to rail lines in the District and whose operations are related to
port and rail activities, including rail and trucking facilities and supporting uses.
Due to the intensity of the permitted uses, the zone is also designed to
laccommodate uses related to the construction industry.

Light Industrial A (LI-A)

Designed to accommodate on large lots a wide range of industrial, distribution,
icommercial and business uses that generate a minimum of detrimental
lenvironmental effects.

Light Industrial B (LI-B)

Designed to accommodate a wide range of industrial, distribution, and
lcommercial uses that generate a minimum of detrimental environmental effects.

Low Density Residential (LDR)

Provides for the development and preservation of low-density residential uses
land neighborhoods, and to provide for the development of community and
institutional uses that are compatible with the character of a residential district.

Neighborhood Commercial (NC)

Provides uses compatible with the scale and character of the neighboring
residential areas, serving both residents and area employees.

Planned Residential (PR)

Designed to accommodate high-density residential development that includes a
mix of housing types; small-scale commercial uses that provide for the needs of
land increase the convenience to residents; community and institutional uses that|
lare compatible with the character of a residential district; and preserved open
space and wetlands.

Parks and Recreation (PA)

Provides for the creation, management and appropriate use of public open
space and recreation facilities within the District in a manner that allows for the

public use and enjoyment of these areas.

13
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Zoning Designation

Public Utilities (PU)

Description

Designed to accommodate heavy public utility and intermodal uses.

Regional Commercial (RC)

Large-scale commercial development proximate to major roadways and is
designed to accommodate a range of commercial uses serving a regional market
larea. Development in the zone should incorporate regional retail facilities and
large-scale commercial employment centers.

Zoning Designation

Mixed Commercial Zone - Carlstadt

Description

Permitted uses include commercial use and multi-family dwellings, not to exceed
four living units.

Residential Zone - Carlstadt

Permitted uses include dwellings, schools, public libraries, public museums,
churches and church buildings, parks and playgrounds, an office for a
professional person, and garages.

Sports and Exposition (SE)

Designed to accommodate major spectator sport and exposition uses and
related uses built under the jurisdiction of the NJSEA and to provide for the
designation of land not acquired for such uses.

Manufacturing Zone - Moonachie

Designates a subarea devoted to manufacturing, warehousing, research, and
loffice uses.

[Transportation Center (TC)

Designated to accommodate a major commuter transfer center and associated
office, hotel, and other commercial uses; banks; bus garages; business support
services; commercial off-street parking; commercial recreation, indoor; cultural
facilities; day care facilities; essential public services; helistops; hotels;
institutional uses; offices; parks or recreation facilities; passenger rail terminals;
personal services; public utility uses, light; restaurants; retail; and taxi and
limousine services.

1-Family Residential Zone -

Permits one family dwelling, not to exceed one such dwelling on each lot.

Moonachie
2-Family Residential Zone - Permits a two family dwelling not exceeding one such dwelling on each lot. A
Moonachie two family dwelling shall contain no more than five bedrooms with no more

than three bedrooms per unit.

aterfront Recreation (WR)

Designated to accommodate marinas in combination with other water-oriented
icommercial and recreation facilities that provide and encourage public access to
land visibility of the Hackensack River or its tributaries. The Waterfront Recreation
zone is to be developed in such a way that views of the river are protected.

General Business Zone - Moonachie

Permitted uses include retail stores and banks, personal service store, including
but not limited to barber shops, beauty parlors and tailors, business,
professional, or governmental offices, funeral parlors, service establishments,
theatres and restaurants, outlets and pickup stations, and newspaper printing.

Limited Business Zone - Moonachie

Permitted principal use is for business and professional offices, and banks.

Roads, Rails, ROWSs

IAll streets, roads, highways, public ways, and railroad ROWs, if not otherwise
specifically designated, shall be deemed to be in the same zone as the property
immediately abutting upon the same. Where the center line of a street, road,
highway, public way, waterway or railroad ROW serves as a zone boundary, the
zoning of such areas, unless otherwise specifically designated, shall be deemed
to be the same as that of the abutting property up to such center line.

Low Density Residential - East
Rutherford

Permitted uses include one-family dwellings, private garages, animal shelters for
domestic pets, residential structures (swimming pools, fireplaces), and customary
home occupations.

Medium Density Residential - East
Rutherford

Permitted uses include single- and two-family residential dwellings, private
lgarages, animal shelters for domestic pets, and residential structures (swimming
pools, fireplaces).

Redevelopment Area

IApplicable use and bulk requirements for an area within the District designated
las a redevelopment area in accordance with N.J.A.C. 19:3-5, shall be established
lon a case-by-case basis and, once adopted by the Commission, shall supersede
the applicable regulations in this subchapter.

Multi-Family Residential - East
Rutherford

Permitted uses include high-rise apartments, garden apartments, townhouse
development, single- and two-family dwellings, equipment storage buildings,
parking garages, and playgrounds and common open spaces areas.

ater (WAT)

IAll waterways comprising the Hackensack River and its tributaries shall be
deemed to be in the Environmental Conservation zone, except in cases where a
grant, lease or other conveyance of riparian rights is made to an adjoining
property owner by the State of New Jersey.

Neighborhood Commercial - East
Rutherford

Permitted uses include retail and personal service uses, group day-care centers
land nursery schools, eat-in and takeout restaurants (no drive-throughs),
townhouses, multifamily residences, garden apartments, storage sheds, refuse
lareas, and parking lots.

Light Industrial & Distribution Zone
- Teterboro

Allows for production, processing, manufacture, fabrication, cleaning, servicing,
testing, repair and storage of goods, materials or products, and business offices
laccessory thereto.

Redevelopment Area 1 Zone -
[Teterboro

Redevelopment area.

Redevelopment Area 2 Zone -
[Teterboro

Redevelopment area.

Regional Commercial - East
Rutherford

Permitted uses include mixed use retail/office/hotel/entertainment: movie
theaters, indoor recreation, video arcades, health and fitness clubs, book and

ideo stores, theme restaurants, professional, corporate or government offices,
hotels, eat-in restaurants, public recreation facilities, new car/automobile
showrooms, including outdoor display facilities, movie theater complexes,
icommercial educational institutions, indoor recreational facilities, financial
institutions without drive-through facilities, accessory retail uses. In addition,
permitted uses include mechanical equipment and accessory uses customary
land incidental to the operation of business.

Commercial Zone - Carlstadt

Permitted uses include hotels, retail service, offices, retail service store, food
supermarket, professional office, discount store, tavern, restaurant,
confectionary, shop of a plumber, electrician or similar trades person,
lautomobile sales, cleaning, and pressing and tailoring operations. Any use
permitted within the residential zone shall be permitted within the commercial
zone.

Light Industrial - Carlstadt

Permitted uses include any production, processing, manufacture, fabrication,
cleaning, servicing, testing, repair or storage of goods, materials or products,
land business offices involving the storage of flammable or explosive materials. In
laddition, permitted uses also include establishments for scientific research and

development, business, and commercial establishments.

Planned Commercial Development -
East Rutherford

Permitted uses include administrative, executive and business offices, including
professional offices, hotels, restaurants, research laboratories and related
facilities, health and wellness centers (diagnostic facilities, such as X-ray and MRI
las well as physical therapy and rehabilitation), corporate training facilities, health
land fitness centers, indoor recreation centers, financial institutions, non-
lautomotive-related retail outlets and personal service establishments,
supermarkets, multifamily residences, cafeterias, parking lots, and parking
garages.

Redevelopment-1 - East Rutherford

Redevelopment area.

Light Industrial - East Rutherford

14

Permitted uses include manufacturing, processing, compounding, assembling
land packaging of materials or product, research laboratories, wholesale

lestablishments, professional offices, self-storage facilities, auto-maintenance
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Zoning Designation

Description

facilities, recycling facilities, freight-forwarding facilities, indoor recreation, health
land fitness clubs, accessory office uses, accessory uses customary and incidental
to the operation of the business, and mechanical equipment.

One & Two Family Residential -
Little Ferry

Allows single-family dwellings, duplexes, and two-family dwellings at a
maximum size of 7,500 square feet.

Multifamily Residential - Little Ferry

Permitted uses include multi-family dwellings consisting of garden apartments
land garden apartment dwelling groups, at a maximum size of 40,000 square
feet.

Highway & Regional Business - Little|
Ferry

Permitted uses include all uses listed in the B-N Zone, as well as bowling alleys,
funeral parlors and mortuaries, newspaper printing and job printing shops,
lassembly halls, bus stations and waiting rooms, telephone exchange,
gymnasium, automobile sales/services/stations, hotels and motels, animals
hospitals, agricultural nurseries and greenhouses, manufacturing assembling,
letc.; maximum size of 10,000 square feet.

Neighborhood Business - Little Ferry|

Permitted uses include retail stores and shops, personal service establishments
including: barber shops, beauty parlors, shoe repair stores, tailor shops,
laundries, dry cleaning establishments, eating and drinking establishments
(except drive-in establishments), professional, business, and governmental
offices, banks, savings, and loan institutions, music and dancing schools and
studios, art galleries, art studios, and museums; maximum size of 5,000 square
feet.

Restricted Industrial - Little Ferry

Permitted uses include research laboratories, business offices either as principal
lor accessory uses, manufacture by processing, fabrication or assembly of
projects, and a cafeterias as an accessory use; maximum size of 20,000 square
feet.

General Industrial - Little Ferry

Permitted uses include construction company offices and yards, chemical and
metal processing companies, truck terminals and warehouses, open storage,
repair and machine shops, and automobile repair shops; maximum size of
20,000 square feet.

Public Facilities - Little Ferry

Permitted uses include areas for buildings and facilities that are owned and
loperated by Federal, State, or local governments, public utilities, special districts,
lor nonprofit organizations which are used to provide governmental or public
services. Several examples include City Hall, fire stations, public parks,
pedestrian/bicycle trails, public reservoirs, well sites, pump stations, etc.

Residential - South Hackensack

Permitted uses include single- and two-family dwelling units, public utilities
ithin public rights-of-way, and digital data communication radio units.

ICommercial - South Hackensack

Permitted uses include local business activities: antique shops, bakeries and
butcher shops, cabinet and furniture stores, drug stores, florists, grocery stores,
meat markets, package liquor stores, eating and drinking establishments, local
fast-food or service activities: barbershops and beauty salons, tailors,
dressmakers, coin-operated laundries, dry cleaners, printing establishments,
ttelevision and radio repairs, theaters, music and dancing schools, art galleries, art
studios, travel agencies, repairs of small appliances/household articles, office
buildings, banks, savings and loan institutions, professional, business and
government offices, offices for physicians, dentists, lawyers, architects, engineers,
laccountants, real estate and insurance brokers, post office, mortgage offices,
brokerage houses or other investment-related offices, offices for commercial,
financial or executive purposes, public utilities with public rights-of-way, and
digital data communication radio units.

Industrial - South Hackensack

Permitted uses include manufacturing by assembly (of component parts only),

machine shops, warehouses and miniwarehouses, private security vaults, car
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Zoning Designation

Description

ash establishments, open storage of goods and materials, motor vehicle body
repair and paint shops, public utilities within public rights-of-way, digital data
icommunication radio units, life sciences industry, professional, business and
governmental offices, banks, saving and loans, mortgage offices, brokerage
house or other investment-related offices, retail and wholesale sale of goods and
services, offices for commercial, financial or executive purposes, baking and
preparation of food (not to be consumed on premises), laboratories and related
offices engaged in research or product testing, and printing and publishing.

Mixed - South Hackensack

Permitted uses include hotels, professional business and governmental offices,
banks, savings and loans, mortgage offices, brokerage houses or other
investment-related offices and post offices, eating and drinking places (including
fast-food restaurants), public utilities within public rights-of-way, digital data
lcommunication radio units, retail sale of goods and services, offices for
icommercial, financial or executive purposes, barber shops, beauty parlors and
similar service establishments, stores, shops, department stores and similar uses
for retail merchandising, and printing and publishing.

South Hackensack

Senior Citizen Multifamily Res -

Permitted uses include multifamily-dwelling structures designed for occupancy
by low- and moderate-income senior citizens. Minimum lot size is 27,500 square
feet.

The NJSEA zoning designations were consolidated to Part 150 zoning designations shown in Table C-10.
Table C-12 shows the consolidation of zoning designations for the NJSEA.

Table C-12: NJSEA Zoning Designations

Source: RS&H, 2017.

NJSEA Zoning Designation Part 150 Zoning Designation

Aviation Facilities Aviation Facilities
Commercial Park Commercial
Environmental Conservation Open Space
Heavy Industrial Industrial
Highway Commercial Commercial
Intermodal A Public Use
Intermodal B Public Use
Light Industrial A Industrial
Light Industrial B Industrial
Low Density Residential Residential
Neighborhood Commercial ICommercial
Planned Residential Residential
Parks and Recreation Open Space
Public Utilities Public Use
Regional Commercial Commercial
Sports and Exposition Open Space
[Transportation Center Public Use
aterfront Recreation Open Space
Roads, Rails, ROWs Public Use
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NJSEA Zoning Designation Part 150 Zoning Designation

Redevelopment Area

Redevelopment

ater

Open Space

Light Industrial & Distribution Zone - Teterboro

Industrial

Redevelopment Area 1 Zone - Teterboro

Redevelopment

Redevelopment Area 2 Zone - Teterboro

Redevelopment

ICommercial Zone - Carlstadt Commercial
Light Industrial — Carlstadt Industrial
Mixed Commercial Zone — Carlstadt Commercial
Residential Zone — Carlstadt Residential
Manufacturing Zone — Moonachie Industrial
1-Family Residential Zone - Moonachie Residential
2-Family Residential Zone - Moonachie Residential
General Business Zone — Moonachie Commercial
Limited Business Zone — Moonachie Commercial
Low Density Residential - East Rutherford Residential
Medium Density Residential - East Rutherford Residential
Multi-Family Residential - East Rutherford Residential
Neighborhood Commercial - East Rutherford ICommercial
Regional Commercial - East Rutherford Commercial
Planned Commercial Development - East Rutherford ICommercial

Redevelopment-1 - East Rutherford

Redevelopment

Light Industrial - East Rutherford Industrial
One & Two Family Residential - Little Ferry Residential
Multifamily Residential - Little Ferry Residential
Highway & Regional Business - Little Ferry Commercial
Neighborhood Business - Little Ferry Commercial
Restricted Industrial - Little Ferry Industrial
General Industrial - Little Ferry Industrial
Public Facilities - Little Ferry Public Use
Residential - South Hackensack Residential
ICommercial - South Hackensack Commercial
Industrial - South Hackensack Industrial
Mixed - South Hackensack Commercial
Senior Citizen Multifamily Res - South Hackensack Residential
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4.2 Borough of Carlstadt

Zoning within the Borough of Carlstadt is guided by the Borough of Carlstadt, 2015 Carlstadt Zoning
Ordinance. Table C-13 summarizes the land use designations identified in the Zoning section of the

Carlstadt Zoning Ordinance.1s

Table C-13:

Borough of Carlstadt Zoning Designations

Sources: Borough of Carlstadt, 2015; and RS&H, 2016.

Zoning Designation

Residential Zone

Description

Permitted uses include dwellings, schools, public libraries, public museums,
churches and church buildings, parks and playgrounds, an office for a
professional person, and garages.

Island Residential Zone

Permitted uses include residential development, commercial development,
chapels, churches, synagogues and temples, private schools, offices for
professional services, charitable and social services, public cultural facilities,
government uses, light public utility uses, medical facilities, and nursing
homes.

Commercial Zone

Permitted uses include hotels, retail service, offices, retail service store, food
supermarket, professional office, discount store, tavern, restaurant,
confectionary, shop of a plumber, electrician or similar trades person,
lautomobile sales, cleaning, and pressing and tailoring operations. Any use
permitted within the residential zone shall be permitted within the
commercial zone.

Mixed Commercial Zone

Permitted uses include commercial use and multi-family dwellings, not to
lexceed four living units.

aterfront Recreational Zone

Permitted uses include marinas for docking, repair, sale, servicing, storage of
boats and other water recreational oriented uses, small retail shops, and
restaurants.

Research Distribution Park Zone

Permitted uses include establishments for scientific research and
development, any production, processing, manufacture or fabrication of
goods, office facilities, and warehouses.

Light Industrial Zone

Permitted uses include any production, processing, manufacture, fabrication,
cleaning, servicing, testing, repair or storage of goods, materials or products,
land business offices involving the storage of flammable or explosive
materials. In addition, permitted uses also include establishments for
scientific research and development, business, and commercial
establishments.

Light Industrial | and Distribution B
[Zone

Permitted uses include automobile service stations, mobile home and trailer
sales, rental, and repair, automobile and truck leasing and sales (exclusive of
semitrailers), boat sales, rental and repair, warehouses, wholesale
establishments and other storage facilities, light public utility uses,
governmental uses, heavy public utility uses, helistops, hotel and motels,
restaurants, retail uses, radio, television and microwave transmission towers,

land hospitals and clinics.

15 Borough of Carlstadt, Zoning Ordinance of the Borough of Carlstadt: Chapter XXI — Zoning. Adopted September 17, 2015. Accessed:

http://www.ecodes.generalcode.com/codes/2026_A/2026021. I=http://www.ecode: com/searchresults.asp?cmd=pdfhits&index=2026_A&filen

ame=2026021.pdf&fn=E:\siteinfo\ecodes\codebooks\2026_A\2026-021.pdf.
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Zoning Designation

Light Industrial Il and Distribution A
IZone

Description

Permitted uses include any production, processing, manufacture, fabrication,
cleaning, servicing, testing, repair or storage of goods, materials or products,
land business offices accessory thereto, but not including the storage of
flammable or explosive materials as a principal use; establishments for
scientific research, business or commercial establishments, warehouses,

holesale establishments and other storage facilities, business offices, light
public utility, automobile service stations, governmental uses, heavy public
utility uses, helistops, hotels and motels, restaurants, retail uses, radio,
ttelevision and microwave transmission towers, hospitals, clinics, and medical
facilities.

Heavy Industrial Zone

Permitted uses include uses permitted in a light industrial zone, however, no
building or premises shall be used and no building shall be erected which is
larranged, intended or designed to be used for any of the following trades,
industries or uses: explosives (manufacture or storage), fireworks
(manufacture or storage), incineration, reduction, storage or dumping of
slaughterhouse refuse, rancid fats, garbage, dead animals or offal, except by
fthe borough or its agents, pyroxlin plastic manufacture, automobile junkyard,
secondhand building material, sale of used cars, and storage of motor
ehicles (except for permitted garages).

Marshland Preservation Zone

Permitted uses include scientific and educational study, experimentation in
regard to marshland ecology, and walkways for nature observations.

The Borough of Carlstadt zoning designations were consolidated to Part 150 zoning designations shown
in Table C-10. Table C-14 shows the consolidation of zoning designations for the Borough of Carlstadt.

Table C-14: Consolidation of Zoning Designations for Borough of Carlstadt

Borough of Carlstadt Zoning Designation

Source: RS&H, 2106.

Designation

Residential Zone Residential
Island Residential Zone Public Use
Commercial Zone ICommercial
Mixed Commercial Zone ICommercial

aterfront Recreational Zone

(Open Space / Recreation

Research Distribution Park Zone Industrial
Light Industrial Zone Industrial
Light Industrial Zone | and Distribution B Zone Industrial
Light Industrial Il and Distribution A Zone Industrial
Heavy Industrial Zone Industrial
Marshland Preservation Zone Public Use
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4.3  Borough of East Rutherford
Zoning within the Borough of East Rutherford is guided by the 2010 East Rutherford Comprehensive

Zoning Ordinance. Tabl

e C-15 summarizes the land use designations identified in the East Rutherford

Use Regulations section of the Zoning Ordinance.16

Table C-15: Borough of East Rutherford Zoning Designations

Zoning Designation

Low-Density Residential,
One-Family Dwelling: (R-
1)

Sources: Borough of East Rutherford, 2010; and RS&H, 2016.

Description

Permitted uses include one-family dwellings, private garages, animal shelters for domestic
pets, residential structures (swimming pools, fireplaces), and customary home occupations.

Medium-Density
Residential, One- and
ITwo-Family Dwellings: (R-
2)

Permitted uses include single- and two-family residential dwellings, private garages, animal
shelters for domestic pets, and residential structures (swimming pools, fireplaces).

High-Density Residential,
Multifamily Dwellings: (R-
3)

Permitted uses include high-rise apartments, garden apartments, townhouse development,
single- and two-family dwellings, equipment storage buildings, parking garages, and
playgrounds and common open spaces areas.

Neighborhood
Commercial: (NC)

Permitted uses include retail and personal service uses, group day-care centers and nursery
schools, eat-in and takeout restaurants (no drive-throughs), townhouses, multifamily
residences, garden apartments, storage sheds, refuse areas, and parking lots.

Regional Commercial:
(RC)

Permitted uses include mixed use retail/office/hotel/entertainment: movie theaters, indoor
recreation, video arcades, health and fitness clubs, book and video stores, theme
restaurants, professional, corporate or government offices, hotels, eat-in restaurants, public
recreation facilities, new car/automobile showrooms, including outdoor display facilities,
movie theater complexes, commercial educational institutions, indoor recreational facilities,
financial institutions without drive-through facilities, accessory retail uses. In addition,
permitted uses include mechanical equipment and accessory uses customary and incidental
to the operation of business.

Planned Commercial
Development: (PCD)

Permitted uses include administrative, executive and business offices, including professional
offices, hotels, restaurants, research laboratories and related facilities, health and wellness
centers (diagnostic facilities, such as X-ray and MRI as well as physical therapy and
rehabilitation), corporate training facilities, health and fitness centers, indoor recreation
centers, financial institutions, non-automotive-related retail outlets and personal service
establishments, supermarkets, multifamily residences, cafeterias, parking lots, and parking
garages.

Light Industrial: (1)

Permitted uses include manufacturing, processing, compounding, assembling and
packaging of materials or product, research laboratories, wholesale establishments,
professional offices, self-storage facilities, auto-maintenance facilities, recycling facilities,
freight-forwarding facilities, indoor recreation, health and fitness clubs, accessory office
uses, accessory uses customary and incidental to the operation of the business, and

mechanical equipment.

The Borough of Carlstadt zoning designations were consolidated to Part 150 zoning designations shown
in Table C-10. Table C-16 shows the consolidation of zoning designations for the Borough of Carlstadt.

16 Borough of East Rutherford, Com|

prehensive Zoning Ordinance of the Borough of East Rutherford. Adopted September 21, 2010. Accessed:

http://www.ecode360.com/9414945.
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Table C-16: Consolidation of Zoning Designations for Borough of East Rutherford

Borough of East Rutherford Zoning Designation

Source: RS&H, 2016.
Part 150 Zoning Designation

Low-Density Residential, One-Family Dwelling: (R-1) Residential
2/)Ied|um—DenS|ty Residential, One- and Two-Family Dwellings: (R- Residential
High-Density Residential, Multifamily Dwellings: (R-3) Residential
Neighborhood Commercial: (NC) Public Use
Regional Commercial: (RC) Commercial
Planned Commercial Development: (PCD) Commercial
Light Industrial: (1) Industrial

4.4 Borough of Hasbrouck Heights

Zoning within the Borough of Hasbrouck Heights is guided by the 2011 Zoning Ordinance. Table C-17
summarizes the land use designations identified in the Establishment of Zoning section of the Zoning

Ordinance.17

Table C-17: Borough of Hasbrouck Heights Zoning Designations
Sources: Borough of Hasbrouck Heights, 2011; and RS&H, 2016.

Zoning Designation Description

One-Family Residential: (R-1)

Allows single family dwellings with 5,000-square-foot minimum lot sizes and a
maximum height of 28 feet.

One-Family Residential: (R-2)

|Allows single family dwellings with 5,000-square-foot minimum lot sizes and a
maximum building height of 28 feet.

One- and Two-Family Residential:
(R-3)

IAllows single family dwellings with 5,000-square-foot minimum lot sizes, two family
dwellings with 7,500-square-foot lot sizes, and a maximum height of 28 feet.

ITownhouse Residential: (R-4)

IAllows single family dwellings with 5,000-square-foot minimum lot sizes and a
maximum building height of 28 feet as well as townhouses with 35,000-square-foot
minimum lot sizes, and a maximum building height of 25 feet.

Garden Apartment: (R-5)

Allows apartment dwellings with a minimum of lot size of 40,000 square feet and a
maximum building height of 25 feet.

Senior Citizen Residential: (R-6)

Senior Citizen Residential allows dwellings with a minimum of lot size of 40,000
square feet and a maximum building height of 55 feet.

Central Business District: (B-1)

IAllows businesses development with a minimum lot size of 2,500 square feet and a
maximum building height of 28 feet.

Highway Commercial Business
land Professional Office: (B-2)

Highway Commercial allows commercial development with a minimum lot size of
20,000 square feet and a maximum building height of 28 feet. Business and
Professional Office zoning allows business and office development with a minimum
lot size of 130,000 square feet and a maximum building height of 60 feet.

Industry: (1)

Industry allows for industrial land use development with a minimum lot size of
20,000 square feet and a maximum building height of 40 feet.

17 Borough of Hasbrouck Heights, Code of the Borough of Hasbrouck Heights: Chapter 275 — Article IlI: Establishment of Zoning Districts and Zoning Map. Adopted August 9,

2011. Accessed: http://ecode360.com/attachment/HA1233/HA1233-275b%20Schedule%202. pdf.
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The Borough of Hasbrouck Heights zoning designations were consolidated to Part 150 zoning
designations shown in Table C-10. Table C-18 shows the consolidation of zoning designations for the
Borough of Hasbrouck Heights.

Table C-18: Consolidation of Zoning Designations for Borough of Hasbrouck Heights
Source: RS&H, 2016.

Borough of Hasbrouck Heights Zoning Designation

Part 150 Zoning Designation

One-Family Residential: (R-1) Residential
One-Family Residential: (R-2) Residential
One- and Two-Family Residential: (R-3) Residential
Townhouse Residential: (R-4) Residential
Garden Apartment: (R-5) Residential
Senior Citizen Residential: (R-6) Residential
Central Business District: (B-1) Commercial
Highway Commercial Business and Professional Office: (B-2) Commercial
Industry: (1) Industrial

4.5 Borough of Little Ferry

Zoning within the Borough of Little Ferry is guided by the 2015 Little Ferry Zoning Ordinance. Table C-19
summarizes the land use designations identified in the Zone, Bulk, and Parking Regulations section of
the Little Ferry Zoning Ordinance.1s

Table C-19: Borough of Little Ferry Zoning Designations
Sources: Borough of Little Ferry, 2015; and RS&H, 2016.

Zoning Designation Description

One and Two-Family Residential |Allows single-family dwellings, duplexes, and two-family dwellings at a maximum
Zones: (R) size of 7,500 square feet.

Multi-Family Residential Zone: (R-[Permitted uses include multi-family dwellings consisting of garden apartments and
M) garden apartment dwelling groups, at a maximum size of 40,000 square feet.
Neighborhood Business Zone: (B- [Permitted uses include retail stores and shops, personal service establishments

N) including: barber shops, beauty parlors, shoe repair stores, tailor shops, laundries,
dry cleaning establishments, eating and drinking establishments (except drive-in
lestablishments), professional, business, and governmental offices, banks, savings,
land loan institutions, music and dancing schools and studios, art galleries, art
studios, and museums; maximum size of 5,000 square feet.

Permitted uses include all uses listed in the B-N Zone, as well as bowling alleys,
funeral parlors and mortuaries, newspaper printing and job printing shops,
lassembly halls, bus stations and waiting rooms, telephone exchange, gymnasium,
lautomobile sales/services/stations, hotels and motels, animals hospitals,
lagricultural nurseries and greenhouses, manufacturing assembling, etc.; maximum
size of 10,000 square feet.

Permitted uses include retail stores and shops, personal service establishments,
bowling alleys, funeral parlors and mortuaries, eating and drinking establishments,
professional, business, and governmental offices, banks, savings, and loan
institutions, newspaper printing and job printing shops, music and dancing schools

Highway Business Zone: (B-H)

General Business Zone: (B-G)

18 Borough of Little Ferry, Zoning Ordinance, Borough of Little Ferry, New Jersey. Adopted June 9, 2015. Accessed:
http://65.244.122.199//planning/data/ordinances/Little%20Ferry/ORDINANCE-DRAFT.pdf.
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Zoning Designation Description Table C-21: Borough of Moonachie Zoning Designations
Sources: Borough of Moonachie, 2011; and RS&H, 2076.

land studios, assembly halls, bus stations and waiting rooms, art galleries, art " " . ——

studios and museums, telephone exchange, gymnasiums, repair shops, and off- Zoning Designation Description

street parking facilities; maximum size of 5,000 square feet. " " " " n n .

" - . . . " - - . — One-Family Residential: (R-1) Permits one family dwelling, not to exceed one such dwelling on each lot.
Restricted Industrial Zone: (I-R)  [Permitted uses include research laboratories, business offices either as principal or . " " - - > . >
[Two-Family Residential: (R-2) Permits a two family dwelling not exceeding one such dwelling on each lot. A

laccessory uses, manufacture by processing, fabrication or assembly of projects, and
la cafeterias as an accessory use; maximum size of 20,000 square feet.

General Industrial Zone: (I-G) Permitted uses include construction company offices and yards, chemical and
metal processing companies, truck terminals and warehouses, open storage, repair
land machine shops, and automobile repair shops; maximum size of 20,000 square

feet.
Recreation and Public Facility Permitted uses include areas for buildings and facilities that are owned and
Zone: (P) loperated by Federal, State, or local governments, public utilities, special districts, or

nonprofit organizations which are used to provide governmental or public services.
Several examples include City Hall, fire stations, public parks, pedestrian/bicycle
trails, public reservoirs, well sites, pump stations, etc.

The Borough of Little Ferry zoning designations were consolidated to Part 150 zoning designations
shown in Table C-10. Table C-20 shows the consolidation of zoning designations for the Borough of Little
Ferry.

Table C-20: Consolidation of Zoning Designations for Borough of Little Ferry
Source: RS&H, 2016.

Borough of Little Ferry Zoning Designation

Part 150 Zoning Designation

One and Two-Family Residential Zones: (R) Residential
Multi-Family Residential Zone: (R-M) Residential
Neighborhood Business Zone: (B-N) ICommercial
Highway Business Zone: (B-H) ICommercial
General Business Zone: (B-G) ICommercial
Restricted Industrial Zone: (I-R) Industrial
General Industrial Zone: (I-G) Industrial
Recreation and Public Facility Zone: (P) Public Use

4.6 Borough of Moonachie

Zoning within the Borough of Moonachie is guided by the 2011 Moonachie Land Subdivision Zoning
document. Table C-21 summarizes the land use designations identified in the General Regulations
Schedule of the Borough of the Moonachie Land Use Subdivision and Zoning document.1s

19 Borough of Moonachie, Borough of Moonachie in the County of Bergen, State of New Jersey — Land Subdivision and Zoning. Adopted April 28, 2011. Accessed:
http://65.244.122.199//planning/data/ordinances/Moonachie/ORDD197312.pdf.
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ttwo family dwelling shall contain no more than five bedrooms with no more than
three bedrooms per unit.

Mobile home park shall mean any place where a mobile home may be parked,
other than an enclosed building, for more than three hours. Mobile home refers
to any self-propelled, nonself-propelled vehicle, portable, or semiportable
structure used or intended for use as a temporary, permanent dwelling, or
sleeping place for one or more persons, including but not limited to mobile
homes, dependent and independent travel trailers, piggyback campers, camp
lcars, mobile home buses, and tents.

Permitted primary uses include office banks and restaurants.

Permitted uses include retail stores and banks, personal service store, including
but not limited to barber shops, beauty parlors and tailors, business, professional,
lor governmental offices, funeral parlors, service establishments, theatres and
restaurants, outlets and pickup stations, and newspaper printing.

Designates a subarea devoted to manufacturing, warehousing, research, and
office uses.

Mobile Home Park: (MHP)

Commercial Office: (C)
General Business: (B-1)

Manufacturing: (M)

The Borough of Moonachie zoning designations were consolidated to Part 150 zoning designations
shown in Table C-10. Table C-22 shows the consolidation of zoning designations for the Borough of
Moonachie.

Table C-22: Consolidation of Zoning Designations for Borough of Moonachie
Source: RS&H, 2016.

Borough of Moonachie Zoning Designation Part 150 Zoning Designation

One-Family Residential: (R-1) Residential
[Two-Family Residential: (R-2) Residential
Mobile Home Park: (MHP) Residential
Commercial Office: (C) ICommercial
General Business: (B-1) ICommercial
Manufacturing: (M) Industrial

4.7 Borough of Wood-Ridge

Zoning within the Borough of Wood-Ridge is guided by the 2009 Wood-Ridge Zoning Ordinance. Table C-
23 summarizes the land use designations identified in the Zoning section of the Wood-Ridge Zoning
Ordinance.2o0

0 Borough of Wood-Ridge, Zoning Ordinance of the Borough of Wood-Ridge: Chapter XVI - Zoning. Adopted June 9, 2009. http://www.co.bergen.nj.us/index.aspx?nid=728.
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Table C-23: Borough of Wood-Ridge Zoning Designations
Sources: Borough of Wood-Ridge, 2009, RS&H, 2076.

Zoning Designation

One-Family Residential: (R-1)

Description

|Allows single family dwellings with 5,000-square-foot minimum lot sizes and a
maximum height of 28 feet.

One-Family Residential: (R-2)

IAllows single family dwellings with 5,000-square-foot minimum lot sizes and a
maximum building height of 28 feet.

Multifamily-Family Residential:
(R-3)

IAllows single family dwellings with 5,000-square-foot minimum lot sizes, two family
dwellings with 7,500-square-foot lot sizes, and a maximum height of 28 feet.

ITownhouse Residential: (R-4)

IAllows single family dwellings with 5,000-square-foot minimum lot sizes and a
maximum building height of 28 feet as well as townhouses with 35,000-square-foot
minimum lot sizes, and a maximum building height of 25 feet.

Garden Apartment: (R-5)

IAllows apartment dwellings with a minimum of lot size of 40,000 square feet and a
maximum building height of 25 feet.

Senior Citizen Residential: (R-6)

Senior Citizen Residential allows dwellings with a minimum of lot size of 40,000
square feet and a maximum building height of 55 feet.

Central Business District: (B-1)

|Allows businesses development with a minimum lot size of 2,500 square feet and a
maximum building height of 28 feet.

Highway Commercial Business
land Professional Office: (B-2)

Highway Commercial allows commercial development with a minimum lot size of
20,000 square feet and a maximum building height of 28 feet. Business and
Professional Office zoning allows business and office development with a minimum
lot size of 130,000 square feet and a maximum building height of 60 feet.

Industry: (1)

Industry allows for industrial land use development with a minimum lot size of 20,000
square feet and a maximum building height of 40 feet.

The Borough of Wood-Ridge zoning designations were consolidated to Part 150 zoning designations
shown in Table C-10. Table C-24 shows the consolidation of zoning designations for the Borough of

Wood-Ridge.

Table C-24: Consol

Borough of Wood-Ridge Zoning Designation

lidation of Zoning Designations for Borough of Wood-Ridge
Source: RS&H, 2016.

Part 150 Zoning Designation

One-Family Residential: (R-1) Residential
One-Family Residential: (R-2) Residential
Multifamily-Family Residential: (R-3) Residential
ITownhouse Residential: (R-4) Residential
Garden Apartment: (R-5) Residential
Senior Citizen Residential: (R-6) Residential
Central Business District: (B-1) ICommercial
Highway Commercial Business and Professional Office: (B-2) ICommercial
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4.8 Borough of Teterboro

Zoning within the Borough of Teterboro is guided by the 2011 Teterboro Zoning Ordinance. Table C-25
summarizes the land use designations identified in the Zone Regulations section of the Teterboro Zoning

Ordinance.21

Table C-25: Borough of Teterboro Zoning Designations
Sources: Borough of Teterboro, 2011; and RS&H, 2016.

Zoning Designation

Low Density Residential: (R)

Description

|Allows single-family dwellings, duplexes, and two-family dwellings at a maximum
size of 7,500 square feet.

Light Industrial and Distribution
IZone: (1)

IAllows for production, processing, manufacture, fabrication, cleaning, servicing,
testing, repair and storage of goods, materials or products, and business offices
laccessory thereto.

IAirport Facilities Zone: (A)

Designated to accommodate airport and aviation uses and those uses which are
customarily associated with such facilities, built under the jurisdiction of the Port.

The Borough of Teterboro zoning designations were consolidated to Part 150 zoning designations shown
in Table C-10. Table C-26 shows the consolidation of zoning designations for the Borough of Teterboro.

Table C-26: Consolidation of Zoning Designations for Borough of Teterboro

Source: RS&H, 2016.

Borough of Teterboro Zoning Designation |Part 150 Zoning Designation

Low Density Residential: (R)

Residential

Light Industrial and Distribution Zone: (I)

Industrial

Airport Facilities Zone: (A)

IAirport Facilities Zone

4.9 City of Hackensack

Zoning within the City of Hackensack is guided by the 2015 Hackensack Zoning Ordinance. Table C-27
summarizes the land use designations identified in the Zoning section of the Hackensack Zoning

Ordinance.22

Table C-27: City of Hackensack Zoning Designations
Sources: City of Hackensack, 2015, and RS&H, 2076.

Zoning Designation Description

Single-Family
Residential: (R-100)

Permitted uses include all uses permitted in the R-50 district. Minimum one-family lot size is
20,000 square feet.

Single-Family
Residential: (R-75)

Permitted uses include all uses permitted in the R-50 district. Minimum one-family lot size is
10,000 square feet.

21 Borough of Teterboro, Zoning Ordinance of the Borough of Teterboro: Article V — Zone Regulations. Adopted July 12, 2011. Accessed:

http://www.co.bergen.nj.us/index.aspx?nid=728.

2 City of Hackensack, Zoning Ordinance and Map Chapter 175, City of Hackensack, NJ. Adopted February 24, 2015. Accessed:

http://www.hackensack.org/filestorage/6876/8776/8778/ZoningCodeWeb.pdf.

27



THE PORT AUTHORITY OF NY & NJ

Teterboro Airport Part 150 Study 2016 and 2021 Noise Exposure Maps

May 2017
Page C-20

Zoning Designation

Description

Residential: (R-50)

Single-Family Permitted uses include all uses permitted in the R-50 district. Minimum one-family lot size is
Residential: (R-60) 7,500 square feet.
Single-Family Permitted uses include single-family dwellings, municipal facilities and buildings, municipal

parks and playgrounds, public or parochial schools (limited to prekindergarten through grade
12), residential-professional practice, community residence for developmentally disabled,
fences, garages, signs, and swimming pools. Minimum one-family lot size is 5,000 square feet.

Single and Two-family
Residential: (R-2)

Permitted uses include all uses permitted in the R-50 district as well as two-family dwellings.
Minimum one-family lot size is 5,000 square feet.

Single, Two-Family and
ITownhouse: (R-2B)

Permitted uses include all uses permitted in the R-2 district as well as townhouses. Minimum
lot size for one & two-family dwellings is 5,000 square feet and 15,000 square feet for
townhouses.

Median Density Multi-
Family Residential: (R-
3A)

Permitted uses include all uses permitted in the R-2A and R-2B district as well as multi-family
dwellings, professional offices in multifamily dwellings, underground parking, parking garages
land decks, and off-street parking areas.

Medium Density Multi-
Family Residential: (R-
3B)

Permitted uses include all uses permitted in the R-3A district as well as professional and
business office buildings.

High Density Multi-
Family Residential: (R-
3)

Permitted uses include all uses permitted in the R-50 district as well as multifamily dwellings
land professional offices in multifamily dwellings. Minimum lot size for one-family dwellings is
7,500 square feet and 30,000 square feet for multifamily dwellings.

Health Care Services:
(HCS)

Permitted uses include hospitals and medical centers, offices of physicians, dentists, surgeons,
chiropractors, ophthalmologists, and other licensed practitioners, medical and dental
laboratories, research facilities, facilities for the education and training of hospital personnel,
convalescent or nursing homes and life care facilities, any principal use permitted in the R-3B
medium density multifamily residential and office zone, municipal, county, state, or federal
government buildings, public and private day schools, gift or flower shops, cafeterias,
restaurants, pharmacies, off-street parking lots, garages, signs, and fences.

Neighborhood
Business: (B-1)

Permitted uses include retail stores and shops, art galleries, bakeries, bank or trust companies,
savings and loan institutions, clubs, lodges, meeting halls, day nursery, nursery school, child
care center, delicatessen store, drug stores, florist shop, funeral parlors, hardware stores,
mixed commercial/residential buildings, multi-family dwellings, municipal, county, state or
federal government buildings, package liquor stores, personal service establishments, pet
shops, professional offices, business offices, governmental offices, office buildings,
townhouses, travel agencies or offices, off-street parking facilities, fences, signs, and steam or
et-wash laundries.

Central Business
District: (B-2)

Permitted uses include all uses permitted in the B-1 district (except studios for instruction of
self-defense, day nurseries, nursery schools, and townhouses), appliance stores, book and
stationary stores, business or vocational schools, department stores, dry goods and variety
stores, theaters, concert halls, auditoriums, furniture stores, hardware and for building supply
stores, hobby and craft stores, hotels, movie theaters, bowling alleys, and other indoor
lamusement facilities, multi-family dwellings, office equipment establishments, painting,
plumbing and wallpaper stores, photographic equipment and supply stores, supermarkets,
telegraphic office, and telephone exchange.

Mixed Use District: (B-
2A)

Permitted uses include all uses permitted in the B-2 district. Minimum lot size for hotel &
multifamily buildings is 1.5 acres.

General Business: (B-3)

Permitted uses include all uses permitted in the B-2 district (except multi-family dwellings),
newspaper offices, and publishing and job printing, including blueprints, photostats, offsets,

land other similar reproductions.
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Regional Shopping: (B-
4)

Description

Permitted uses include all permitted principal uses in the B-2 district (except multifamily
dwellings), shopping centers with a minimum gross floor area of 600,000 square feet, off-
street parking and loading facilities, as well as outdoor lighting.

Community Shopping:
(B-5)

Permitted uses include all permitted principal uses in the B-2 district (except multifamily
dwellings), shopping centers with a minimum gross floor area of 100,000 square feet, all
laccessory uses permitted in the B-1 zone district, and outdoor lighting.

University Office: (UN)

Permitted uses include colleges or universities including auditoriums, athletic fields,
gymnasiums, and dormitories, offices or office use, municipal buildings, public parks and
playgrounds, public schools and vocational schools, restaurants, accessory storage, fences,
off-street parking and loading facilities, outdoor lighting, and signs.

High Rise Office: (HRO)

Permitted uses include business offices, professional offices, governmental offices, bank or
trust company or savings and loan institution (except drive-in facilities), restaurants,
municipal, county, state, or federal building, park or recreation facilities, and any accessory
use permitted in the UN district; minimum lot size is 100,000 square feet.

Office: (O)

Permitted uses include business offices, professional offices, governmental offices, bank, trust,
savings, and loan institutions (except drive-in facilities), restaurants, municipal, county, state
or federal building, park or recreation facilities, and any accessory use permitted in the UN
district. Minimum lot size is 20,000 square feet.

Manufacturing: (M1)

Permitted uses include bank, trust, savings, and loan institutions (except drive-in facilities),
business or vocational schools, club, lodge, meeting hall or social recreation buildings,
contracting business, general manufacturing plant or establishment, municipal, county, state
or federal building, park or recreation facilities, office building or office use, printing and
publishing, engraving, public utility building or structure (other than gas manufacturing
plant), repair and service of appliances, furniture and other home and offices articles (except
public garages), research lab, retail sales, shop of a plumber, electrician, carpenter or similar
tradesman, warehouse, wholesale business, any accessory use permitted in the B-3 district,
land the parking, storing or garaging of commercial motor vehicles.

Manufacturing: (M2)

Permitted uses include all principal uses permitted in the Manufacturing (M-1) district, as well

jas truck and bus terminals and yards.

The City of Hackensack zoning designations were consolidated to Part 150 zoning designations shown in
Table C-10. Table C-28 shows the consolidation of zoning designations for the City of Hackensack.

Table C-28: Consolidation of Zoning Designations for City of Hackensack

City of Hackensack Zoning Designation

Source: RS&H, 20176.

Part 150 Zoning Designation

Single-Family Residential: (R-100) Residential
Single-Family Residential: (R-75) Residential
Single-Family Residential: (R-60) Residential
Single-Family Residential: (R-50) Residential
Single and Two-family Residential: (R-2) Residential
Single, Two-Family and Garden Apartment: (R-2A) Residential
Single, Two-Family and Townhouse: (R-2B) Residential
Median Density Multi-Family Residential: (R-3A) Residential
Medium Density Multi-Family Residential: (R-3B) Residential
High Density Multi-Family Residential: (R-3) Residential
Health Care Services: (HCS) Public Use
Neighborhood Business: (B-1) ICommercial
Central Business District: (B-2) ICommercial
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City of Hackensack Zoning Designation ‘Part 150 Zoning Designation

Mixed Use District: (B-2A) ICommercial
General Business: (B-3) ICommercial
Regional Shopping: (B-4) ICommercial
ICommunity Shopping: (B-5) ICommercial
University Office: (UN) Public Use
High Rise Office: (HRO) ICommercial
Office: (O) ICommercial
Manufacturing: (M1) Industrial
Manufacturing: (M2) Industrial

4.10 Township of South Hackensack

Zoning within the Township of South Hackensack is guided by the 2014 South Hackensack Zoning
Ordinance. Table C-29 summarizes the land use designations identified in the Zoning Districts section of
the South Hackensack Zoning Ordinance.23

Table C-29: Township of South Hackensack Zoning Designations
Sources: Township of South Hackensack, 2014; and RS&H, 2076.

Zoning Designation Description

One- and Two-Family Residential [Permitted uses include single- and two-family dwelling units, public utilities within
Zone: (A District) public rights-of-way, and digital data communication radio units.

ICommercial Zone: (B District) Permitted uses include local business activities: antique shops, bakeries and
butcher shops, cabinet and furniture stores, drug stores, florists, grocery stores,
meat markets, package liquor stores, eating and drinking establishments, local fast-
food or service activities: barbershops and beauty salons, tailors, dressmakers, coin-
operated laundries, dry cleaners, printing establishments, television and radio
repairs, theaters, music and dancing schools, art galleries, art studios, travel
lagencies, repairs of small appliances/household articles, office buildings, banks,
savings and loan institutions, professional, business and government offices, offices
for physicians, dentists, lawyers, architects, engineers, accountants, real estate and
insurance brokers, post office, mortgage offices, brokerage houses or other
investment-related offices, offices for commercial, financial or executive purposes,
public utilities with public rights-of-way, and digital data communication radio
units.

Industrial Zone: (C District) Permitted uses include manufacturing by assembly (of component parts only),
machine shops, warehouses and miniwarehouses, private security vaults, car wash
lestablishments, open storage of goods and materials, motor vehicle body repair
land paint shops, public utilities within public rights-of-way, digital data
lcommunication radio units, life sciences industry, professional, business and
governmental offices, banks, saving and loans, mortgage offices, brokerage house
or other investment-related offices, retail and wholesale sale of goods and services,
loffices for commercial, financial or executive purposes, baking and preparation of
food (not to be consumed on premises), laboratories and related offices engaged
in research or product testing, and printing and publishing.

Mixed Use Zone: (M District) Permitted uses include hotels, professional business and governmental offices,
banks, savings and loans, mortgage offices, brokerage houses or other investment-

23 Township of South Hackensack, Code of the Township of South Hackensack: Chapter 147 — Zoning. Adopted December 11, 2014. Accessed:

http://www.ecode360.com/6495228.
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Zoning Designation Description

related offices and post offices, eating and drinking places (including fast-food
restaurants), public utilities within public rights-of-way, digital data communication
radio units, retail sale of goods and services, offices for commercial, financial or
lexecutive purposes, barber shops, beauty parlors and similar service
lestablishments, stores, shops, department stores and similar uses for retail
merchandising, and printing and publishing.

Senior Citizen Multifamily Permitted uses include multifamily-dwelling structures designed for occupancy by
Residential Zone: (SCR District)  low- and moderate-income senior citizens. Minimum lot size is 27,500 square feet.
IAffordable Housing Overlay [The purpose of this overlay zone is to create a realistic opportunity for the

District: (AHOD) construction of low- and moderate-income housing as land becomes available for

development.

The Township of South Hackensack zoning designations were consolidated to Part 150 zoning
designations shown in Table C-10. Table C-30 shows the consolidation of zoning designations for the
Township of South Hackensack.

Table C-30: Consolidation of Zoning Designations for Township of South Hackensack
Source: RS&H, 2016.

Township of South Hackensack Zoning Designation

Part 150 Zoning Designation

One- and Two-Family Residential Zone: (A District) Residential
ICommercial Zone: (B District) ICommercial
Industrial Zone: (C District) Industrial
Mixed Use Zone: (M District) ICommercial
Senior Citizen Multifamily Residential Zone: (SCR District) Residential
IAffordable Housing Overlay District: (AHOD) Residential

Consolidation of zoning designations was necessary for this Study. As shown in pervious sections,
municipalities do not zone land uses in the same manner, likely causing confusion when trying to map all
zoning designations on one map. To create a uniformed zoning map, consolidation of municipality
zoning designations was required. Figure C-3 shows the uniformed zoning map for the Land Use Data
Collection Area.
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5 Noise Sensitive Sites

Identification of noise sensitive sites within the TEB Land Use Data Collection Area were collected from a
variety of sources including Bergen County Planning and Engineering Department, municipality master
plans, consultation meetings with municipalities, and available online mapping sources. Title 14 CFR
Part 150 requires properties eligible for inclusion in the National Register of Historic Places (NRHP) to be
identified and mapped along with land uses. Noise sensitive sites often include churches or places of
worship, hospitals, schools, colleges, universities, libraries, open space / recreational areas, among
others. The following noise sensitive sites have been identified for the TEB Land Use Data Collection
Area:

e Churches and places of worship;

e Schools, K-12 and colleges/universities, and day cares;

e Hospitals and health clinics;

e Open space / recreational areas; and

e Historic properties.
The locations of noise sensitive sites within the Land Use Data Collection Area are shown in Figure C-4
through Figure C-8. There are seven churches, 11 schools and day cares, four hospitals and health
clinics, and four historic properties within the Land Use Data Collection Area.

6 Municipality Coordination

Municipalities within the Land Use Data Collection Area were consulted to obtain existing, planned, and
future land use data including, but not limited to, jurisdictional boundaries, open space and
environmental feature plans, historic properties, current master plan or general plan, zoning maps,
redevelopment plans, and previously soundproofed facilities.

Coordination took place during in-person meetings with each municipality. Table C-31 lists the meeting
date for each municipality within the Land Use Data Collection Area.

Table C-31:  Municipality Meeting Dates
Source: RS&H, 2016.

Municipality Meeting Date

Borough of Carlstadt anuary 28, 2016
Borough of East Rutherford anuary 28, 2016
Borough of Hasbrouck Heights anuary 28, 2016
Borough of Wood-Ridge anuary 26, 2016
Borough of Teterboro anuary 26, 2016
City of Hackensack anuary 26, 2016
Township of South Hackensack anuary 27, 2016
New Jersey Meadowlands District March 3, 2016
Borough of Little Ferry anuary 24, 2017
Borough of Moonachie February 16, 2017
33
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Teterboro Airport 14 CFR Part 150 Study Noise Exposure Map QA/QC
April 6, 2017
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781.229.0707
www.hmmh.com

TECHNICAL MEMORANDUM

To: Timothy Middleton, PANYNJ

From: Ted Baldwin and Robert C. Mentzer

Date: April 6, 2017

Subject: Teterboro Airport 14 CFR Part 150 Study Noise Exposure Map QA/QC
Reference: HMMH Project Number 307260.002.004

1. Introduction

The HMMH team of consulting firms is assisting the Port Authority of New York and New Jersey (PANYNJ) to
prepare a 14 CFR Part 150 Airport Noise and Land Use Compatibility Study for Teterboro Airport (TEB). The
Noise Exposure Map (NEM) documentation addresses 2016 and 2021. The HMMH Team will provide the
PANYNJ with final NEM documentation to submit to the FAA in April 2017. That documentation will address
comments received from all stakeholders during the public review period for the December 2016 draft NEM.

During March 2017, as part of the development of the final NEM, the HMMH Team undertook final quality
assurance / quality control (QA/QC) steps, including field surveys of land uses within the NEM contours.

This memorandum summarizes refinements in land use within those contours that resulted from that field
work, including updated NEM graphics and tables of noncompatible land uses.

2. Revised Land Uses Depicted on the Noise Exposure Map Figures

The March 2017 QA/QC led to the revision of the land use designation of 21 parcels within the 2016 and 2021
65 DNL contours. For the 2016 contours, 20 of these parcels are within the 65-70 DNL band and one is within
the 70-75 DNL band. For the 2021 contours, 19 of the parcels are within the 65-70 DNL band and two are
within the 70-75 DNL band. The changes for each year are listed below:

= For 2016, within the 65-70 DNL band
One parcel changed from commercial to school/university use (this is the Jersey College School of
Nursing that we presented at TAC 11 on March 31, 2017)
One parcel changed from commercial to single family use
One parcel changed from multifamily residential to single family residential
Twelve parcels changed from single family residential to multi-family residential
One parcel changed from single family residential to vacant/undefined
One parcel changed from single family residential to manufacturing and production
Three parcels changed from commercial to vacant/undefined use

= For 2016, within the 70-75 DNL band
One parcel changed from vacant/undefined to manufacturing and production

= For 2021 within the 65-70 DNL band
One parcel changed from commercial to school/university use (this is the Jersey College School of
Nursing that we presented at TAC 11 on March 31, 2017)
One parcel changed from commercial to single family use
One parcel changed from multifamily residential to single family residential
Eleven parcels changed from single family residential to multi-family residential
One parcel changed from single family residential to vacant/undefined
One parcel changed from single family residential to manufacturing and production
Three parcels changed from commercial to vacant/undefined use
= For 2021, within the 70-75 DNL band
One parcel changed from single family residential to multi-family residential
One parcel changed from vacant/undefined to manufacturing and production

Several revised figures attached to this memorandum depict these changes graphically. The first three graphics
present updated versions of NEM Figures 5-1, 5-2, and 5-3. The final NEM submittal to the FAA will include
these three updated figures.

Figure 5-1 Existing Conditions (2016) Noise Exposure Map
Figure 5-2 Forecast Conditions (2021) Noise Exposure Map
Figure 5-3 Comparison of Existing (2016) and Forecast (2021) Noise Exposure Maps

Since the land use changes are so subtle, the fourth and fifth figures present versions of Figure 5-3 that are for
the purposes of this memorandum only and will not be included in the final NEM submittal. These figures
depict only the parcels on which the land uses changed:1

Figure 5-3a The revised land uses on parcels where land use was revised
Figure 5-3b The original land uses on parcels where land use was revised

Upon PANYNJ acceptance of the updated Figures 5-1, 5-2, and 5-3, HMMH will modify all appropriate NEM
figures to depict the updated land use base map.

3. Revised Dwelling Unit, Population Count, and Sensitive Receptor Tabulations
The revised land uses affect dwelling unit, population count, and sensitive receptor tabulations.

Tables 1, 2, and 3 compare the original and updated values for sensitive sites, dwelling units, and residential
population within the 65 and higher DNL contours. Table 4 presents the estimated population counts within
the 55 and higher DNL contours. Table 1 notes the addition of the Jersey College School of Nursing that was
added to the NEM figures. That school is in a converted commercial structure. The table also notes that the
church within the 2016 and 2021 contours changed in name, but not use; it is one tenant in a commercial
structure.

Section 4 presents updated versions of Tables 5-1, 5-2, 5-3, and E-1 that will replace the original versions in the
final NEM submittal to the FAA.

Table 1: Noise Sensitive Sites within 2016 and 2021 65 DNL Contour
Source: RS&H and HMMH, 2016 and 2017

Original Within 2016 and Learning Tree Academy Daycare 150 Park Place East Wood-Ridge
Recspics gezt Bergen County Technical School ™t School 504 US-46 Teterboro
Within 2021 Only North Jersey Vineyard Church Church 370 North St Teterboro

Revised Within 2016 and Learning Tree Academy Daycare 150 Park Place East Wood-Ridge
Receptors 2021 Bergen County Technical School™°te School 504 US-46 Teterboro
Jersey College School of Nursing (Added) = School 546 US-46 Teterboro
Within 2021 Only Catalyst Agape Church®™¢2 Church 370 North St Teterboro

Note 1: The Bergen County Technical School was soundproofed as a part of the School Soundproofing Program
discussed in Section 2.5.
Note 2: The North Jersey Vineyard Church changed to a different congregation — the Catalyst Agape Church — in the
same location.

1 The fourth and fifth figures also show parcels where the March 2017 field work led to changes in land use outside the 65 DNL contours; those
parcels are not relevant to the NEM, but may be in areas where the extent of the contours change as the result of noise abatement alternatives
considered in the Noise Compatibility Program (NCP) phase of the study.
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Table 2 Dwelling Units within 2016 and 2021 65 DNL Contours
Source: 2070 US Census Block Data, RS&H and HMMH, 2016 and 2017

ts within DNL Contour Interval

Year Metric Dwellin
=i o o N
Original  [Revised Original evised | |Revised al  |Revised
95 88 0 95 88

2016 Single Family 0 0 0
Multi-Family 19 51 0 0 0 0 19 51
Mobile Home 44 44 8 8 0 0 52 52
Total 158 183 8 8 0 0 166 191
2021 Single Family 95 83 5 5 0 0 100 88
Multi-Family 19 49 2 2 0 0 21 51
Mobile Home2 48 48 10 9 0 0 58 57
Total 162 180 17 16 0 0 179 196

Table 3: Population within 2016 and 2021 65 DNL Contours3
Source: 2070 US Census Block Data, RS&H and HMMH, 2016 and 2017

Year Metric Population within DNL Contour Interval
nal Revised Oi evised nal Revised al Revised
2016 Single Family 230 213 0 0 0 0 230 213
Multi-Family 46 123 0 0 0 0 46 123
Mobile Home 106 106 19 19 0 0 125 125
Total 382 442 19 19 0 0 401 461
2021 Single Family 230 201 12 12 0 0 242 213
Multi-Family 46 119 5 5 0 0 51 124
Mobile Home 116 116 24 22 0 0 140 138
Total 392 436 41 39 0 0 433 475

Note: Population = 2.42 people times number of residential units

Table 4: Population within 2016 and 2027 55 DNL Contours
Source: 2070 US Census Block Data, RS&H and HMMH, 2016 and 2017

ated Population Counts

Noise Level, DNL
2016 Original 016 Revised 2021 Original 021 Revised

55-60 42,166 42,166 45,763 45,763
60-65 4,950 4,950 5567 5,567
65-70 382 442 392 436
70-75 19 19 41 39
>75 0 0 0 0

2 The count of mobile homes within the 2021 contours listed in Table 2 changed by one unit (and the associated population listed in Table 3
accordingly) because these updated counts took advantage of more up-to-date aerial photography that has become available which depicts slight
changes in park layout that were made after Hurricane Sandy.

32010 US Census Block Data. In order to estimate the number of people residing within the noise contours, existing parcel boundary land use
maps were overlaid on 2010 US Census TIGER file maps that depict Census blocks — the smallest Census enumeration unit. “Populated Area” data
polygons were then created by combining Census blocks with the residential land use concentrating population and housing unit values into the
residential portion of the census block where people actually live. For example, in some areas the population is concentrated along the road rather
than over several square miles of open or undeveloped land.

Using Geographic Information Systems (GIS) tools, the noise contours were intersected with these “Residential/Census” data for each DNL noise
contour interval. The resultant wholly or partially encompassed Residential/Census areas were then identified and the proportion of total area
within the contour level was calculated to determine the estimated residential population and housing unit counts.
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4. Replacement Tables 5-1, 5-2, 5-3, and E-1 for the Final NEM

Table 5-1 Dwelling Units within 2016 and 2021 65 DNL Contours
Source: 2010 US Census Block Data, RS&H and HMMH, 2016 and 2017

Units within DNL Contour Interval

2016 Single Family 88 0 0 88
Multi-Family 51 0 0 51

Mobile Home 44 8 0 52

Total 183 8 0 191

2021 Single Family 83 5 0 88
Multi-Family 49 2 0 51

Mobile Home+4 48 9 0 57

Total 180 16 0 196

Table 5-2: Population within 2076 and 2021 65 DNL Contourss
Source: 2070 US Census Block Data, RS&H and HMMH, 2016 and 2017

2016 Single Family 213 0 0 213
Multi-Family 123 0 0 123

Mobile Home 106 19 0 125

Total 442 19 0 461

2021 Single Family 201 12 0 213
Multi-Family 119 5 0 124

Mobile Home 116 22 0 138

Total 436 39 0 475

Note: Population = 2.42 people times number of residential units

4 The count of mobile homes within the 2021 contours listed in Table 2 changed by one unit (and the associated population listed in Table 3
accordingly) because these updated counts took advantage of more up-to-date aerial photography that has become available which depicts slight
changes in park layout that were made after Hurricane Sandy.

52010 US Census Block Data. In order to estimate the number of people residing within the noise contours, existing parcel boundary land use
maps were overlaid on 2010 US Census TIGER file maps that depict Census blocks — the smallest Census enumeration unit. “Populated Area” data
polygons were then created by combining Census blocks with the residential land use concentrating population and housing unit values into the
residential portion of the census block where people actually live. For example, in some areas the population is concentrated along the road rather
than over several square miles of open or undeveloped land.

Using Geographic Information Systems (GIS) tools, the noise contours were intersected with these “Residential/Census” data for each DNL noise
contour interval. The resultant wholly or partially encompassed Residential/Census areas were then identified and the proportion of total area
within the contour level was calculated to determine the estimated residential population and housing unit counts.
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Table 5-3: Noise Sensitive Sites within 2016 and 2021 65 DNL Contour
Source: RS&H and HMMH, 2016 and 2017

Within 2016 and Learning Tree Academy Daycare 150 Park Place East Wood-Ridge
2021 Bergen County Technical School®™°e ) School 504 US-46 Teterboro This page intentionally left blank
Jersey College School of Nursing®™°te 2 School 546 US-46 Teterboro
Within 2021 Only Catalyst Agape Churchote? Church 370 North St Teterboro

Note 1: The Bergen County Technical School was soundproofed as a part of the School Soundproofing Program discussed in
Section 2.5.
Note 2: The Jersey College School of Nursing is in a former commercial structure, and Catalyst Agape Church is occupies a
portion of a commercial structure with other commercial tenants.

Table E-1: Population within 2016 and 2021 55 DNL Contours
Source: 2070 US Census Block Data, RS&H and HMMH, 2016 and 2017

N P ——— T
2016 2021

55-60 42,166 45,763
60-65 4,950 5,567
65-70 442 436
70-75 19 39
75+ 0 0
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Appendix D.]1

= Memorandum for Continued Use of
INM

= Noise Modeling Inputs
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') 1 Eastern Region, Airports Division 1 Aviation Plaza, Room 516

s=insicayNYEi1684-4805 Thank you for taking our clarification of the language provided in the memo into consideration.

US. Department T: (718) 553-3330 If you would like to discuss this further, please call me at 718-553-2511.
of Transportation F: (718) 995-5615

Federal Aviation

Administration

July 21, 2015

Ms. Kelly Mitchell Environmental Program Manager
Aviation Noise Office Airports Division, AEA-610

The Port Authority of New York and New Jersey

4 World Trade Center

150 Greenwich Street, 18" Floor {v:0H T. Middleton, PANYNJ
New York, NY 10006 A. Yousuf, PANYNIJ

E. Knoesel, PANYNIJ
Re: Memorandum on Continued Use of INM from ESA Airports

Dear Ms. Mitchell,

Thank you for your e-mail of April 14, 2015 transmitting a memorandum from your consultant,
ESA Airports, to the Port Authority of New York and New Jersey regarding the use of the
Integrated Noise Model (INM) Version 7.0d for the Part 150 Noise Studies at LaGuardia and
John F. Kennedy International Airports. Additionally, we have been provided a memorandum
from your other consultant, HMMH, via e-mail from Timothy Middleton, documenting work
done with INM 7.0d to date for the Part 150 Noise Studies for Newark Liberty International and
Teterboro Airports. The Federal Aviation Administration (FAA) concurs with the overarching
recommendations of both memos and agrees that sufficient work using INM 7.0d has been
completed to date to warrant the continued use of the INM for the Part 150 Studies at all four
airports. The FAA will not seek to require any conversion to the use of the newly released
Airport Environmental Design Tool (AEDT) Model Version 2b, released on May 29, 2015 for
the remainder of these studies. Please be aware that any future updates to Noise Exposure Maps
or Noise Compatibility Plans resulting from the current Part 150 Studies will require the use of
the FAA-approved model that is current at the time those updates begin.

We would like to raise a concern with the language used in the third paragraph of the
memorandum from ESA Airports. The memorandum cites the project kickoff meeting notes by
quoting that “The FAA stated further that they are aware of potential issues of INM vs. AEDT
and have started internal discussions regarding how to address this topic.” We would like to
clarify that the FAA at no time raised any issues regarding the performance, capabilities, or
accuracy of the new AEDT Model and that we fully support its use for all studies initiated
following its release. The kickoff meeting cited occurred in October 2014, approximately seven
months prior to the release of AEDT, and the “issues” cited in the meeting notes were actually
discussions between FAA staff present at the meeting regarding uncertainty at the time of the
meeting as to when AEDT would be released for use. Additionally, FAA staff discussed areas of
policy development regarding the release of AEDT that had not yet been finalized as of the date
of the kickoff meeting for the Part 150 Studies.
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HMMH

77 South Bedford Street
Burlington, Massachusetts 01803
781.229.0707

www.hmmh.com

TECHNICAL MEMORANDUM

To: Timothy Middleton, PANYNJ

From: Ted Baldwin and Robert C. Mentzer

Date: March 24, 2016

Subject: Teterboro Airport 14 CFR Part 150 Study Noise Modeling Inputs
Reference: HMMH Project Number 307260.002.004

1. INTRODUCTION

HMMH, in association with several other consulting firms (the “HMMH Team”) is assisting the Port Authority of
New York and New Jersey (PANYNJ) to prepare a 14 CFR Part 150 Airport Noise and Land Use Compatibility
Study for Teterboro Airport (TEB). The study will include Noise Exposure Map (NEM) documentation for 2016
and 2021, the anticipated year of submission to the FAA and the fifth year from the anticipated year of
submission, respectively.! The NEM documentation will include Day-Night Average Sound Level (DNL)
contours, prepared using the FAA’s Integrated Noise Model (INM) Version 7.0d, which was the most current
FAA noise model available at the time the TEB Part 150 study commenced.

This memorandum presents proposed noise modeling inputs for forecast 2016 and 2021 operations in the
following areas, which are required for application of the INM:

= Physical description of the airport layout (Section 2)

= Aircraft noise and performance characteristics (Section 3)
Aircraft flight and runup operations (Section 4)

= Runway utilization rates (Section 5)

= Flight track geometry and utilization rates (Section 6)

= Meteorological conditions (Section 7)

= Terrain data (Section 7)

The purpose of this memorandum is to obtain PANYNJ staff approval of the noise modeling inputs prior to
commencing the modeling tasks. It should be noted that formal FAA approval is required for forecasts of
aircraft operations (as discussed in Section 4), and three categories of non-standard noise modeling inputs (as
discussed in Section 3):

= INM aircraft types to use for modeling types that are not available in the INM as standard aircraft types or
as types for which the FAA has identified pre-approved substitutes.

= User-defined aircraft for which no standard INM aircraft is appropriate to serve as a substitute.

= Approval of user-defined flight profiles, to address non-standard air traffic control procedures affecting
departure or approach profiles, and non-standard aircraft departure weights.

The PANYNJ will distribute this memorandum to the TEB Part 150 Technical Advisory Committee (TAC), discuss
it with the group at the March 30, 2016 TAC meeting, and provide the committee with time to submit
comments on its content prior to authorizing HMMH to initiate the modeling. The final version of this
memorandum that is incorporated into the Part 150 documentation for submission to the FAA will be revised
to summarize and address input received from the PANYNJ, FAA, TAC, or other parties.

1 For consistency with §150.21(a) and §150.21(a)(1).

Teterboro Airport 14 CFR Part 150 Study Noise Modeling Inputs
March 24, 2016
Page 2

2. PHYSICAL DESCRIPTION OF THE AIRPORT LAYOUT
Figure 1 presents the TEB Part 150 Study Area and depicts the location of the airport in a regional context.?

Figure 1. TEB Part 150 Study Area
Source: HMMH, 2015
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2 The Study Area identifies the absolute outer limit of the overall scope of any data collection, analyses,
outreach, or other investigations. Factors that were used in defining the Study Area were reviewed with the
TEB TAC and are described in the “Study Protocol for EWR and TEB 14 CFR Part 150 Studies - November 2015,”
available at: http://panynjpart150.com/TEB_SP.asp.
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Table 1 presents runway layout information that the INM requires as inputs.

Table 1. TEB Runway Data

Sources: (1) Runway lengths from TEB Airport Diagram (See Figure 2), other data from (2) PANYNJ airport
layout plan and (3) FAA 5010 “Airport Master Records and Reports” accessed June 9, 2015 at:
https://www.faa.gov/airports/airport_safety/airportdata_5010/

End Latitude and

Runway : X Elevation, feet above | Length, Threshold Crossing Displaced Landing
End Longitude (Decimal 1,02 sea level (MSL) feet Height, feet Threshold, feet
Degrees)
40.838681
1 74.060367 8.4 58 771
40.857864 7,000
» 74.058958 6.4 57 770
40.846725
6 74.070297 4.9 50 None
24 74.054106 6.8 46 None

Figure 2 presents an annotated copy of the FAA’s “Airport Diagram” for TEB, with annotations added to show:

= The approximate airport property line

= Displaced landing threshold distances

= Locations of designated runup locations on Taxiways “A,” “G,” and “L”
= Informal helipad locations at four locations

Section 4.4 presents the forecast 2016 and 2021 runup activity at the three runup locations.
Section 5.1 presents the forecast 2016 and 2021 fixed-wing utilization of each of the four runways.

Section 5.2 presents the forecast 2016 and 2021 utilization of the four helipads. The informal helipad locations
do not have any official designation. For the purposes of this study, they will be referred to as follow:

North helipad — on the ramp on the west side of the airport, northwest of the runway intersection
(labelled “H_N” on Figure 2)

East helipad — on the ramp on the east side of the airport, east of the runway intersection (labelled “H_E”
on Figure 2)

= South helipad — on the ramp on the south side of the airport, in the vicinity of Taxiway “J”, west of the
southerly end of Runway 1/19 (labelled “H_S” on Figure 2)

= West helipad — on the ramp on the southwest side of the airport, along Taxiway “Q”, south of the westerly
end of Runway 6/24 (labelled “H_W"” on Figure 2)

Teterboro Airport 14 CFR Part 150 Study Noise Modeling Inputs
March 24, 2016
Page 4

Figure 2 Annotated TEB Airport Diagram

Sources: (1) FAA Airport Diagrams (http://aeronav.faa.gov/d-tpp/1602/00890ad.pdf) effective February 4, 2016
to March 3, 2016, (2) PANYNJ helipad and runup location information, and (3) HMMH annotations, 2016.
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3. AIRCRAFT NOISE AND PERFORMANCE CHARACTERISTICS

The INM database contains noise and performance data for over one hundred different aircraft types. The

program automatically accesses the applicable noise and performance data for operations by those aircraft.
Noise data are provided for distances from 200 feet to 25,000 feet, for a particular aircraft with engines at a
specific thrust level. Performance data include thrust, speed, and altitude profiles for takeoffs and landings.

The PANYNJ has made submissions to the FAA related to requesting guidance and approval related to the use
of use non-standard aircraft noise and performance standards in four areas:

INM aircraft types to use for modeling types that are not available in the INM as standard aircraft types
and for which the FAA has not identified pre-approved substitutes (see Section 3.1).

User-defined aircraft for which no standard INM aircraft would be an appropriate substitute (Section 3.2).

Approval of user-defined flight profiles, to address non-standard air traffic control procedures affecting
departure or approach profiles (see Section 3.3).

Approval of a user-defined flight profile to address a non-standard aircraft departure weight for the
Gulfstream V (GV) INM aircraft type (see Section 3.4).

HMMH will not commence noise modeling until the PANYNJ has received FAA approval of these requests,
which may require providing the FAA with additional information or analysis.

3.1 Non-Standard Aircraft Type Substitutes

The aircraft models listed in the tables in Section 4 identify operations according to INM aircraft types. Many of
these INM types represent multiple aircraft models with comparable noise and performance characteristics.
For some aircraft models for which the database does not include type-specific data, the FAA has identified
“standard” substitutes; i.e., pre-approved surrogates to use from among the types in the database. For any
model not included in the database and for which there is no standard substitute, the FAA works with the INM
user to identify an appropriate “non-standard substitute.” On February 10, 2016, the PANYNJ submitted a
request to the FAA for review and approval of the 12 recommended non-standard substitutes listed in Table 2.
On March 10, 2016, the FAA approved the use of these substitutions for the TEB Part 150 study only.

Table 2. Aircraft Types Requiring FAA-Approved Substitutions
Source: HMMH

Aircraft pproved INM
# Category A Represented Aircraft Models tion
1 Jet ESOP Embraer EMB-500 Phenom 100 CNA510
2 Jet E55P Embraer EMB-505 Phenom 300 CNA560E
3 Jet GLF6 Gulfstream 650/Gulfstream 6 GV
4 Jet G280 Gulfstream 280 CL601
5 Jet H25B Raytheon Hawker 700/800, 800XP LEAR35
6 Jet H25C Raytheon Hawker 1000 LEAR35
7 Jet GL5T Bombardier Global 5000 GV
8 Jet F20Q Falcon 20 (Re-engined) LEAR35
9 Jet FA7X Falcon 7X F10062
10 Jet 40 Learjet 40 LEAR35
11 Jet CL64 Canadair Challenger 604 CL601
12 Jet CL65 Canadair Challenger 605 CL601

3.2 User-Defined Gulfstream III/IIB with Stage 3 “Hushkit”

HMMH and the PANYNJ believe a “user-defined aircraft” represents the most appropriate approach to model
Gulfstream 11I/11B (GlII/IIB) aircraft that have been modified (with a “hushkit”) to meet 14 CFR Part 36 Stage 3

Teterboro Airport 14 CFR Part 150 Study Noise Modeling Inputs
March 24, 2016
Page 6

noise standards.> On February 10, 2016, the PANYNJ submitted a request to the FAA for use of a user-defined
aircraft for this purpose. The request included detailed technical documentation that the FAA requires in such
submissions. The FAA approved this user-defined aircraft on March 10, 2016.

3.3 User-Defined Flight Profiles

Based on a review of flight track data from the PANYNJ's Airport Noise and Operations Monitoring System
(ANOMS), HMMH determined that some aircraft arriving to and departing from TEB commonly fly procedures
that are not represented by the standard profiles provided in the INM, and that “user-defined profiles” would
be the most appropriate means of modeling actual flight operations.

A February 24, 2016 PANYNJ submission to the FAA requested that the FAA review and approve user-defined
profiles that were developed for this purpose. The request is a format that the FAA and the PANYNJ agreed
would be most appropriate and efficient for the TEB Part 150 study.

Section 4 of this memorandum presents forecast activity at TEB for calendar years 2016 and 2021 in 63 aircraft
types. Those aircraft types will be modeled using 32 unique INM aircraft types (consistent with the use of
modeling substitutes, as discussed in Section 3.1. Due to the diverse nature of operations at TEB, user-defined
profiles were created for the 17 INM aircraft types representing the top 90% of operations in 2014 (which
include at least one representative type from each modeling group), as shown in Table 3.

3 The FAA has established limits on allowable levels of aircraft noise emissions, under 14 CFR Part 36, " Noise
Standards: Aircraft Type and Airworthiness Certification,” that vary according to aircraft “design” criteria. In
general, permissible noise levels increase with maximum gross takeoff weight. Jet aircraft are assigned to one
of three “stage” categories:

“Stage 1” aircraft have never been shown to meet any noise standards.

“Stage 2” aircraft meet original noise limits, set in 1969.

“Stage 3” aircraft meet more stringent limits, established in 1977.

“Stage 4” aircraft meet the most recent Part 36 standards, established in 2005.

At the direction of the U.S. Congress, the FAA adopted regulations that ban U.S. operations of all Stage 1 and 2
civil jet operations as of January 1, 2016, with limited exemptions for emergency operations, departures of
aircraft permanently leaving the U.S., flights within or into the U.S. for the purpose of receiving modifications
to meet Stage 3 standards, etc. One response to this restriction was development of aircraft modifications that
reduce the noise of a given airframe/powerplant combination sufficiently to meet Stage 3. These types of
modifications are commonly termed “hushkits.”
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Table 3. Aircraft Considered for User-Defined Profiles
Source: HMMH

Aircraft Modeling Group INM Aircraft Type 2014 Annual Operations Percentage of Operations \
Medium/Small Jets LEAR35 21,536 13.0%
Large/Medium Jets CL601 16,172 9.8%
Large/Medium Jets CL600 14,543 8.8%

Large Jets GV 13,818 8.3%
Large Jets GIV 12,296 7.4%
Large Jets F10062 9,110 5.5%
Medium Jets CNA560XL 9,024 5.4%
Medium Jets CNA750 8,740 5.3%
Medium Jets MU3001 6,250 3.8%
Helicopters S76 5,786 3.5%
Turboprops CNA208 5,402 3.3%
Piston Propellers GASEPV 5,018 3.0%
Medium Jets CNA680 4,834 2.9%
Turboprops D0228 4,680 2.8%
Medium/Small Jets CNA525C 4,574 2.8%
Medium Jets CNA560U 4,100 2.5%
Medium/Small Jets CNA55B 3,858 2.3%
TOTAL 90.4%

Note: Total 2014 operations equal 165,666

3.4 User-Defined Gulfstream V (GV) Departure Flight Profiles

The INM identifies the Gulfstream V (“GV”) database type as a pre-approved “standard” substitute (as
discussed in Section 3.1) for several larger corporate jets; i.e., the Gulfstream 6, Gulfstream G650, Bombardier
Global Express, and Bombardier Global 5000. The INM database includes a single departure weight of 76,000
pounds for the GV. Many TEB departures conducted in the GV itself and the other large jets for which it is a
standard substitute fly longer distances, with larger fuel loads and — thus — heavier takeoff weights. To reflect
the longer takeoff roll and other departure profile differences associated with such higher-weight departures,
PANYNJ submitted a request to the FAA on March 2, 2016 to approve a user-defined variant of this aircraft with
a departure weight of 90,000 pounds, the approximate maximum gross takeoff weight for the GV.

4. AIRCRAFT OPERATIONS

Consistent with FAA guidance,* the PANYNJ submitted a memorandum to the FAA on February 18, 2016
requesting approval of forecasts of TEB operations for 2016 and 2012.

4.1 Forecast Process

The PANYNJ, HMMH Team, and FAA collaborated in the development of a “Study Protocol for Newark/Liberty
International (EWR) and Teterboro (TEB) Airports 14 CFR Part 150 Studies” (November 2015). Section 5 of that
document sets forth the “Aviation Activity Forecast Protocol.” The PANYNJ and the HMMH Team followed that
protocol in preparing the TEB Part 150 forecasts.

4 FAA “Guidance on Review and Approval of Aviation Forecasts,” June 2008, accessed on February 2, 2016 at
https://www.faa.gov/airports/planning_capacity/media/approval_local_forecasts_2008.pdf.
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The PANYNJ prepared the primary forecasts, including detail on annual arrival and departure operations by
aircraft type for day (7 am - 10 pm) and night (10 pm - 7 am) time periods used in calculating DNL. The
consulting firm of RS&H took the lead for the HMMH Team in performing “derivative” forecasts addressing
supplemental detail required for the noise model input, including identifying stage lengths for departure
operations,® and distributing the small number of “unallocated” operations® in the PANYNJ forecast.

4.2 Consistency with FAA’s Terminal Area Forecast (TAF)

FAA requires that airport sponsors’ locally generated forecasts be consistent with the FAA’s Terminal Area
Forecast (TAF) for the airport. Specific FAA guidance for approval of forecasts states: “For all classes of
airports, forecasts for total enplanements, based aircraft, and total operations are considered consistent with
the TAF if they meet the following criterion: Forecasts differ by less than 10 percent in the 5-year forecast
period, and 15 percent in the 10-year forecast period.””

Section 5.1 of the “Study Protocol for Newark/Liberty International (EWR) and Teterboro (TEB) Airports 14 CFR
Part 150 Studies” [HMMH, November 2015] states that “the FAA’s 2014 TAF (issued January 2015) will be used
as the baseline operational forecast.”®

For consistency with the Study Protocol, Table 4 compares the forecasts of total operations for 2016 and 2021
to the forecasts for those years as presented in the 2014 TAF.® Table 4 shows that the Part 150 forecast for
2016 differs from the 2014 TAF forecast for 2016 by less than two percent and the Part 150 forecast for 2021
differs from the 2014 TAF forecast for 2021 by less than 10 percent.

Table 4. Comparison of 2016 and 2021 PANYNJ Forecasts to 2014 FAA Terminal Area Forecasts
Source: HMMH

FAA TAF Forecast PANYN!J Part 150 Difference PANYN!J Percentage ‘
Year (January 2015) Forecast (PANYNJ-TAF) Difference from TAF
2016 167,952 171,112 3,160 1.88%
2021 171,016 187,036 16,020 9.37%

Table 5 compares the forecasts of total operations for 2016 and 2021 to the forecasts for those years as
presented in the 2015 TAF, which the FAA published in January 2016. While not required by the Study
Protocol, this comparison is provided for informational purposes to take advantage of the most recent TAF.
The PANYNJ forecasts are even more closely aligned with this more up-to-date FAA forecast; the Part 150
forecast for 2016 differs from the 2015 TAF forecast for 2016 by less than one percent and the Part 150
forecast for 2021 differs from the 2015 TAF forecast for 2021 by less than six percent.

° It should be noted that the INM database does not include standard modeling inputs for varied departure
stage lengths for most general aviation aircraft models.

5 The numbers of unallocated operations were very small. In 2016: 41 jet, 10 turboprop, 17 piston, and 20
helicopter operations per day. In 2021: 43 jet, 10 turboprop, 16 piston, and 23 helicopter operations per day,

7 FAA, op. cit.

8 This requirement in the Study Protocol follows guidance provided in the September 2, 2015 letter from Mr.
Andrew Brooks, FAA Environmental Program Manager, Airports Division, AEA-610, to Mr. Edward C. Knoesel,
Manager Aviation Environmental Programs, The Port Authority of New York and New Jersey, “Re: Request to
Utilize FAA Terminal Area Forecasts as Basis for Activity Levels for 14 CFR Part 150 Noise Studies at John F.
Kennedy International, LaGuardia, Newark Liberty International, and Teterboro Airports.”

° The comparison only addresses operations, because the Part 150 regulation only requires forecasts of aircraft
operations; there is no requirement for consideration of either enplanements or based aircraft.
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Table 5. Comparison of 2016 and 2021 PANYNJ Forecasts to 2014 FAA Terminal Area Forecasts
Source: HMMH

FAA TAF Forecast PANYNJ Part 1 Difference PANYNJ Percentage ‘
Year (January 2016) Forecast (PANYNJ-TAF) Difference from TAF
2016 172,537 171,112 -1,425 -0.83%
2021 177,646 187,036 9,390 5.29%

In all cases, the Part 150 forecasts differ from the TAF by less than the 10% tolerance for a five-year or less
forecast period. The closer agreement of the Part 150 forecasts with the most current (2015) TAF is significant,
in that it shows improved agreement with the most recent FAA projections.

4.3 Flight Operations

Table 7 and Table 8 on the following pages present the forecasts of annual operations for 2016 and 2021,
respectively. The tables present forecast detail in categories that the INM requires for calculation of DNL:

= Actual aircraft type and associated INM types (first and second columns, respectively)
= Type of operation —arrival and departure
= DNL “day” and “night” time periods

The INM uses departure “stage length” (the distance between the departure and arrival airport) as a surrogate
for aircraft departure weight, since fuel load is the largest factor affecting variation in aircraft weight. Most air
carrier aircraft types in the INM include a range of stage lengths. However, with only a few exceptions, general
aviation aircraft types in the INM include only a single departure stage length; there is only one aircraft type in
the forecast 2016 and 2021 fleet mixes for which the INM provides multiple stage lengths — the Embraer
EMB-135 / ECJ-135. For that aircraft, the forecast distribution of departure stage lengths in both 2016 and
2021 are as follow:

Table 6. Embraer EMB-135 / ECJ-135 Departure Stage Length Distribution

Source: RS&H Derivative Forecast

Percentage of Departures Assigned to Differing Stage Lengths, in Nautical Miles

0-500 501-1,000 1,001-1,500 1,501-2,500 2,501-3,500 3,501-4,500,
13% 64% 12% 5% 5% 1%

As discussed in Section 3.4, the PANYNJ has submitted a request to the FAA for review and approval of user-
defined inputs for modeling the GV INM aircraft type with a 90,000 pound takeoff weight. The purpose of this
request is to reflect the fact that many TEB departures in the six aircraft types modeled using the GV INM
typel® depart at or near the GV’s 90,500 pound maximum gross takeoff weight, rather than at the 76,000
weight assumed for the standard GV in the INM database. Based on the RS&H derivative forecast, 11% of the
six aircraft types modeled using the GV INM type will be assigned to this departure profile; the remaining 89%
will be assigned to the standard 76,000 pound departure profile. These percentages apply to both 2016 and
2021 operations.

1°The GV itself, and four types for which the INM identifies the GV as a pre-approved “standard” substitute (as
discussed in Section 3.1); i.e., the Gulfstream 6, Gulfstream G650, Bombardier Global Express, and Bombardier
Global 5000.

Aircraft Type
Large Jets (> 41,000 lbs.)

Teterboro Airport 14 CFR Part 150 Study Noise Modeling Inputs
March 24, 2016
Page 10

Table 7. 2016 Aircraft Activity Forecast
Source: PANYNJ and RS&H, 2016

Forecast 2016 TEB Operations
Departures Total Operations % Total

Oper’'ns

Arrivals ‘
Day Night ‘ Day ‘ Night Day Night Total

Gulfstream 4 GIV 5,628 1,021 5,955 695 11,583 1,716 13,299 7.8%
Gulfstream 5 GV 3,688 558 3,759 488 7,447 1,046 8,493 5.0%
Falcon 2000 CL600 3,317 351 3,417 251 6,734 602 7,336 4.3%
Canadair Challenger 604 CL601 2,646 329 2,728 246 5,374 575 5,949 3.5%
Falcon 900 F10062 2,319 274 2,416 176 4,735 450 5,185 3.0%
Bombardier Global Express GV 1,967 265 1,924 307 3,891 572 4,463 2.6%
Bombardier Global 5000 GV 863 106 868 101 1,731 207 1,938 1.1%
Embraer EMB135 ECJ135 EMB135 649 146 728 68 1,377 214 1,591 0.9%
Falcon 7X F10062 673 82 675 80 1,348 162 1,510 0.9%
Canadair CRJ100/200 CL601 529 57 533 53 1,062 110 1,172 0.7%
Canadair Regional Jet 1/2 CL601 498 11 504 5 1,002 16 1,018 0.6%
Canadair Challenger 600 CL600 281 28 289 21 570 49 619 0.4%
Canadair Challenger 601 CL601 200 26 220 6 420 32 452 0.3%
Gulfstream 6 GV 188 36 208 18 396 54 450 0.3%
Gulfstream G650 GV 181 34 196 20 377 54 431 0.3%
Gulfstream 3 GlIB-HKD 164 28 184 8 348 36 384 0.2%

Total Large Jets

23,791 3,352 24,604 2,543 48,395 5,895 54,290 31.7%

Medium Jets (12,500 - 41,000
Ibs.)

Hawker HS-125-700/800 Lear35 5,104 508 5,161 451 10,265 959 11,224 6.6%
Cessna 560XL Citation Excel CNAS60XL | 4,565 316 4,542 339 9,107 655 9,762 5.7%
Cessna 750 Citation 10 CNA750 4,011 536 4,264 283 8,275 819 9,094 5.3%
Canadair Challenger 300 CL601 3,937 447 4,145 238 8,082 685 8,767 5.1%
Beech Beechjet 400 MU3001 2,759 273 2,839 193 5,598 466 6,064 3.5%
Cessna 680 Citation Sovereign CNA680 2,382 233 2,467 147 4,849 380 5,229 3.1%
Cessna 560 Citation 5 MU3001 1,871 118 1,872 