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INSTRUCTIONS FOR USE AND INTERPRETATION
OF SECTION I

VATRCRAFT NOISE MEASUREMENT TECHNTQUES AND. IMPACT EVALUATTON CRITERTA'

The individual reviewing the aireraft noise component of an
E.I.8, should have a working knowledge of the various approaches
used in estimating aircraft noise emissions from single events
(individual aircraft) and cumulative exposures (several or many
aircraft.) Although the Environmental Protection Agency has.
officially taken the position that all new aircraft noise impact
analyses should employ the Ldn/Leq methodology, it is likely that
a considerable interval of time will elapse beforc the currently
exiscing and rather extensive data bases in CNR, NEF and CNEL may
be converted, Undoubtedly, many actfons requiring an E.I.§5. will
generate such small incremental changes in the noise environment
that the expense of reprogramming to accommodate the Ldn/Leq
nethodology will not be warranted,

An adequate understanding of the most frequently used aireraft
noigse impact evaluation criteria and methodologies may be obtained
by relating Table I and Figure A to indicated sections in the text
addressing objectives, significant advantages and disadvantages
and definitions and examples,

Table I briefly depicts the applicable objectives and rationale
for twelve measurement units, In the box created by the intersection
of a row corresponding. to. a measurement unit and & column indicating
objective or rationale, appears the appropriate eriteria and/or
formula for obtaining the measurement unitas, followed by a letter
denoting an explanitory illustration and page numbers keyed to
discussions, definitions, and examples in the text.

Figure A graphically depicts the relationship between composite
measures of annoyance and their respective single cvent sound
levels as a function of the number of operations experienced
and the time of day during which they occur,
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CNR NEF Ldn & CNEL

140 65 100
. 130 55 | 90

?zo 45 80

i

ﬁo 35 70

TAOLE A

Evening Night
{NE) {NNY

SEL

100 25 | 60 Mg x 1.0 | Ny x 10

SENEL | Np x 3.0 | Ny x 10

PNL & EPNL | N x 1.0 | Ny x 16.67

50 15 50

SEL & SENEL 1loo 110 120 130

FIGURE A EPNL & PNL 103 113 123 133

1, To obtain N {total operatlons), add to daz opemtlons (7 A1 =10 PM) ad_']ust:ed even:ng

(7 PM ~ 10 PM) and night (10 PM ~ 7 AM) opevations from Table A, above. .
: . : 2. COmposite measures and single event values may not be equal - see exPla“1t°rV note.
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* NOTE:

The values indicated for CNR, NEF, Ldn, and CNEL may be
obtained only for the respective values of PNL, EPNL,

SEL and SENEL, This does peot mean that the cbaerved
values 8t a fixed reference point will be equivalent

for a given airport, flight track or aircraft, e,p.

a point 4000 feet from a flight tract may measure 103
EPNdB for a given operation, but will not necessarily
(and almost certainly will not) measure 100 SEL for a
given overflight, The analyst should be aware that D-
weighted (EPNdB) and A-weighted (SEL) sound level metets
will depict different rates of atmospheric absorption as
a fupction of distance, depanding on the neise spactrum
emitted by individual aircraft. Hence, it is not possible
to state, for example, that a 45 NEF contour is “the same
as" the 80 Ldn contour. However, because of similarities
in weighting mechanisms the following comparisons are
suitable for impact evaluation and planning purposes:

CNR = NEF + 75
Ldn = CNEL




' 'DEFINITIONS "AND EXAMPLES

Frequency = cycles per second (CPS), or HERTZ (HZ), i.e., the numher
of soupd waves striking a2 surface in one second. Auditory experience
is pitch or tone, denoting high or low notes in music. Common range
is 62.5 to 16,000 CPS,

~

Sound Pressure Level = the energy in each sound wave as it strikes
a surface, i.e., the amplitude of the wave, which ig measured in
decibels (dB). Auditory experience is loudness, Sound pressure
varies logarithmically as follows:

SP = 10 9/20
where

8P is sound pressure in dynes per square centimeter
and n is the change in decibels

Thus, when comparing two sound pressure levels, the
smaller numerical value may be subtracted from the
larger and the difference substituted for 'n',

Example: How much more sound pressure has 80 than
60 dB?

10 /20

10 80-60/20

10 20/20

10l

10 times the pressure

sp

128

[}

Example: How much more sound ﬁressure has 100 than
60 dB? :

The answer should be 100 times the pressure.

‘Loudness = human auditory response to combinations of frequency and

sound pressure level. In order to measure loudness, instruments must
be calibrated to respond to sound in & Manner approximating the human
auditory experience, In the United States, two weighting systems
predeminate, the "A" scale (dBA) and the "D" scale (dBD and PNL
expressed as PndB), ag depicted in Figure B.

Spectrum or Signature = depietion of sound with simultaneous consideration

of frequeney (HZ) and sound pressure levels, such that seund pressure
levels are indicated for various frequencies., In Figure C, note the
acute variation in sound pressure between 1500 and 4000 CPS.  Such

variations are referred to as "pure tanes" ar "spikes" in the signature.
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Sound exposure Level = SEL, As a single overflipht by an aircraft

is experienced, loudness varies during the duration of the exposure,
A typical exposuremight be recorded as follows:

FIGURE D

4y
dBA /// 13 dBA

TIME (SEC)

The first "hump' is caused by fan noise as the aireraft
approaches the observer, while the "trough' cccurs as
it passes and the observer is shielded by the engine
coulings. The second "hump" occcurs as the aircraft
passeg, and the exaust roar predominates. Although
different frequencies dominate during each peak, the
VA" wedghting adjusts to approximate loudness as a
homan would perceive it. The sipgnificant portion of
the exposure period, where SEL is utilized, is indicated
by the time period beginning 10 dBA before the highest
peak and ending 10 dBA after it. (Such points are
often called the 10 dBA '"down points.") A time
integrated average sound level is then determinad

for thia period,

£ 3

‘SENEL = sound equivalent noise expesure level, is used in the State
of California, and differs from SEL in thar 30 dBA down points are

prescribed,
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EPNL = effective perceived nojse level, ig expressad as EPNdB,

‘Atmospheric "absorption, often characterized by an. "absorption

10 dB down points are utilized, but the measurement units are
PNdB, i.e., are "D'" weighted and more responsive to high
frequencies, An additional penalty is prescribed for pure
tones or "spikes" in signatures, Aircraft aore certified for
noise by the F.A.A. utilizing EPNdB.

coefficient™ for a given frequency for such atmospheric variables
as temperature and Rumidity, is a eritical factor in forecasting
aireraft noise exposure levels, and the reason for many of the :
basic incompatibilities between EPNL (EPNJB) and SEL (dBA). 4 ;
tone with a frequency of 8000 CPS will be absorbed or will i
Mattenuate" 55 dB for every 1000' from the source at a temperature ;
of 10° F and 10% humidity., This indicates that at a distance of

3000" the 8000 CPS shriek of jet turbines measuring 150 dB at

100" would be inaudible. In general, high frequency tones have

higher absorption coefficients than low tones, Thus, low tenes :
“carry" a greater proportion of their original sound pressures |
than lower tones. Because A and D weighted sound level meters |
respond quite differently to identical signatures (the former :
greatly supressing tones below 500 CPS and the latter greatly

accentuating tones in the 1000 - 4000 CPS range), and signatures

may cliange considerably as a function of distance, temperature

and humidity, it is not practieal to convert sound levels measured

in dBA to PNdD or vice versa, The tule of thumb that PNdB = dBA +

13 could be accuratée for a signature for a given aircraft engine

at a specified distance, temperature and humidity, but the

absorption coefficients for identical engines will vary significantly

depending on whether dBA or PNdB is employed as a measurement criteria.

Similarly, it is not practical to convert SEL to EPNL with .any fixed
conatant because the respective A and D weighting mechanisms are
utilized. In general, all jet aircraflt on approach, and older
4-enpgine aircraft on takeoff will lave signatures causing this
complication (See Figure E). However, preliminary modelinpg exerciges
indicate thal for DC~9, 737, and 727 aircraft in the takeolf mode,
S5EL may be closely approximated hy EPNL -3, provided the relerence
point is more than 1000' from the aireraft.
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Note that the point of intersection does not imply )
equivalent sound levels, but egual rates of. ahsorption.

‘Standard DPay = used to describe average atmospheric conditions
for a 24 hour period, e.g., 70% humidity and 50° F for aircraft
certification purposes,

‘By-Pass Ratio = the ratio of the volume of exaust gases ejected
from the main conbustion chamber to those ejected by the larger
"fan" turbine blades in turbo jet engines,

FIGURE F
“Fan GCasges"

%222::.:@‘[-
INLET L—-% w "Chamber Gn;ses"
:/zzzﬁ%—z?/)' :

The higher the.ratio, the lower the sound pressure level for a
given thrust.application, because the ineremental veloeity between
air flowing past the engine and the driving thrust is smaller.
High bypass ratio engines have been developed to generate greater
thrust at takeoff spceds and to meet F.A.A, Part 36 Noise Regulatiens,
and include extensive accoustical insulation of nacelles (engine
coulings), and may be observed on the new "wide body" seriss of
jets, e.g., DC~10, 747 (CF6a:JT9D), and Lockheed 1011 (Rolls Royce
powered) aircraft. Dominant Frequencies are much lower than with
low by pass ratio engines, and net reductions of up to 18

EPNAB arc obtained over previous jet aircraft.

"Mreraft Classification = the jet {leet may be conveniently grouped

inta broad classes by nunber and type of aengines and '"stage length',
a criterion employed in approximating adjustments in gross take-off
wveight as follows:
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TYPES

Dc-9, 737 .
727100, 727-200
707, 720, DC-8
pe-10, L1011

747

C- 14 -

TABLE 11

ENGINES; HIGH & LOW TRIP LENGTH IN MILES
BY~-PASS 0-500 0-1000 2-2000 3000

2 eng. LEPR. i

3 eng. LBPR _ . ;

4 eng. LBER

3 eng. HBPR

4 eng. HBPR ‘ ' :

The hipher the gross takeoff weight, i.e., the longer the
stage length, the lower and.louder the aivcraft will be
during takeoff for a given power setting. Thus, low
by-pass ratio powered aircraft with short stage lengths
will tend to be the quietest.

Load Factor = simply the ¥ of scats which are occupied by passengers
during an operation. Load factors and capacities determine the
number of operations which are necessary to accommodate a piven
number of enplanements, as well as gross takeoff weights,

" 'CNR = composite noise rating, a methodology designed to predict

‘community annoyance as a function of frequency of exposure, sound

level (PNAB),.and time of day as follows:

CNR = PNdB + 10 Log (Np + 16,67 Ny) ~ 13

wheres

PNAB is the "average" peak flyover noise
Np is the number of operations oceurring between 7 AM and 10 PM -

and,

Ny is the number of operations occurring between 10 PM and 7 AM,

Examples

103
500
65

PNdB
Np
Ny

e

CNR = 103 + 10 Log (500 + 16.67 = G5) - 13
103 + 10 Log (1583) - 13

103 + (10 % 3.2) - 13

= 135 ~ 13

= 122
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NEF = Noise Exposure Forccast, and differs from.CNR only in that it

utilizes EPNdB, rather then PNdB to make additional corrections for

the duration of the overflight and "pure tones" (apikes in the noise
signature), while employing a larger constant (-88 vs., -=13):

NEF = EPNdB + 10 Log (Np + 16.67 Ny) - 88

.where:

EPNdB is the time integrated wvalue for the “average'

overflight noise exposure '

Np is the number of operations cccurring from 7 AM to 10 PM, and
Ny is the number of operations occurring from 10 FM to 7 AM,

Examples
EPNdB = 103 NEF = 103 + 10 Log {500 + 16.67 x 65) - 88
Np = 500 = 103 + 10 Lop (1583) - 88
NN = 65 = 103 + (10 x'3,2) - 88
= 135 - 88 .
= 47

Leq = Equivalent Sound Level; the "average' sound level for a given

time period, or the constant sound level which would give the same
sound energy as one which varies with time for some time period, '
It may be derived from Sound Exposure Level (SEL) by subtracting

10 times the common logarithm of the duration of the time perioed

in seconds accounting for the constant of -49,4 employed in the

Leqg formula for a 24 hour period:

Leqzz SEL + 10 Log N - 49,4
where:

Leg is the average sound level for a 24 hour perioed
SEE%is the time integrated averape sound level during each

operation, and .
N is the number of operations in the 24 hour time period.

Note that 24 hours = 80,400 scconds and that 10 Lep 86,

400 = 10 x 4,936 or 49.4, Thus, for a given time period,
i.e., Ld (day), Ln (night) Lh (hour), it is convenient when
addressing aireraft noise to employ the following formula:
Leq = SEL + 10 Log N ~ 10 Log T

Where T is the time of the period in question in seconds.
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Thus, when estimating the Leq for one hour (Ln} for a given
flight track with 30 operations and an SEL of BS5dR per operation,
the analyst could computet

Lfr = SEL + 10 Log N -~ 10 Log T

or

0 x Log 30 — 10 Log 3600
4.8 — 35.6

This iIndicateas that a constant sound level of 64.2 dBA would yeild
the same sound energy over a one hour period as 30 overflights at

83 SEL.

‘'Ldn ="Averapge day/night sound level, and utilizes dBA, time integrated

Trom 10 dB "downpoints™" to obtain SEL as the basic single event input,
while weighting "night" operations by a factor of 10, rather than
16.67, Here, the constant selected is =~ 49.4. \

Ldn = SEL + 10 Log {Np + 10 Nyg) - 49.4

where:

8EL is the time integrated value for the "average" overflight
in dBA,

Np is the number of operatlons oecurr;ng between 7 AM and 10 PM
Ni is the number of operations occurring bhetween 10 PM and 7 AM,

Example:

SEL = 100 Ldn = 100 + 10 Log (500 + 10 x 65) - 49.4
Np = 500 _ =100 10 Log (1150} ~ 49.4

Ny = 65 = 100 4 (10 x 3.06) - 49.4

= 100 + 30.6 ~ 49.4
130.6 ~ 49,4
= 81.2

"' CHEL is almost Identical to Ldn, excch the single event lnput, SENEL

1s measured from 30 dB "downpoints" rather than 10 dB, and an additional
weighting of 3 is used as a multiplier for flights occurrinpg during
the "evening".
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CNEL = SENEL + 10 Log (Np + 3 Np + 10 Ny) - 49.4
vhere:

SENEL is the time integrated value of the sound level emitted
from the average overflight in dBA, measured from the points
30 dB preceding and 30 dB Eollowing the peak sound level
obtained,

Nb is the number of operations cccurring between 7 AM and 7 PM
Ng is the number of operations occurring between 7 PM and 10 PH
Ny is the number of operations cccurring between 10 PM and 7 AM

Example:
SENEL = 100 CNEL = 100 + 10 Log (450 + 3x50 + 10x65) —-49.4
Np = 450 = 100 + 10 Log (450 + 150 + 650) - 49.4
Ng = 50 = 100 + 10 Log (1250) =~ 49,4
Ny = 65 = 100 + (10 x 3.1) - 49,4
= 100 + 21 - 49,4
= 131 = 49,4
= 81,4

"ASNS ="Airbort'Sound'Dcscription'System" and utilizes the sound levels

emitted by ench airvcraft operation to obtain a compesite measure of
annoyance in a manncr differing significantly from CNR, NEF, Ldn, and
CNEL in that the number of minutes of exposure above a criterion
level are estimated, rather than cumulative sound energy, For
example, an ASDS analysis might reveal that a eriterion level of

85 dBA was excceded for one minute in an average 24 hours period,
while the time integrated average sound leval obtained utilizing the
Ldn methodology might be 53 dBA. Because the ASDS methadology
arithmetically adds the number of minutes of cxpesure to a given
sound level, the minutes of exposure are a direct function of the
number of operations, i,e., if they are doubled in the example,

2 minutes of exposure are obtained-—but a doubling of operations
would add only 3 time integrated A-weighted decibels, e.g., 56 dBA.
At this point in time, the ASDS methodology must he considered
soriously deficient for the purposes of evaluating environmental
impact, and may, in some instances, lead airport proprietoers to
pursue abatement strategics which will degrade rather than improve
the environment.

‘Heise Contours = method for depicting points of equal sound lcvel,

e.g., 100 CNR, 30 NEF, 65 Ldn, 65 CNEL, etec., ae a continuous line,
in much the same manner as topograplhic contours depict points of
equal clevation.
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INSTRUCTIONS FOR USE OF TABLE OF
COMMON LOGARITHMS
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1.

2l

3.

4,

Count the number of digits in the number
for which the common logarithm is to be
determined and subtract 1,

94,869 has 5 digits, minus 1 is
4 (four) digits

Example:
Write the number obtained in #1 and insert
a decimal point immediately after it,
Example: 4.

Enter the Log Table, column N, and find
the first two digits or the original number.

Example: ' *94,869 find 94 in column N
Read acress the top of the Log chart and
find the third digit, rounded to the
nearest 10,

Bxample: ' 94,869 = 94,500

Place the number indicated on the chart
after the deecimal peoint,

Example: 4.9773 is the approximate logarithm
of 94,869

1’
i
|
|
!

I



e

O

(3

- 19 -

FOR _DECTIBEL ADDITION

INSTRUCTIONS FOR USE OF ANTILOG TABLE

Decibels may be conveniently added by using an Antilop

Table, as depicted in the example below,
sound levels of equal value will always result in an

accumulation of 3 dB.

EXAMPLE FOR DECIHL’L ADDITION

Note that two

ANTILOG TADLE
: RIGHT
S0UND ANTILOG COLUMNS=—LEFT DIGIT OF SOUND LEVEL DIGrr oF
LEVEL SOUND
SOURCE  (dm) 9 8 7 ] 5 4 3 2 LLVEL ANTILOG
1 65 3 1 [ 2 0 1000
2 73 1 9 9 5, W 1259
3 69 7 9 4 4 2 1585
4 B2 H 5 8 5 3 1995
5 56 3 9 8 1 4 2512
§ 3162
6 3581
7 5013
8 6311
Total B3 1 8 9 9 5 4 1 9 7944

Contnents on example; For 65 dif, enter antilay table with "5" 1o obiain the andlog “3162," e1z, Enter
3142 o work sheel, with 3" in column 6, because the Ieft digit of 65 ¢N1 yound level i “6."" This is done
for all the ather lsted sound levels, The columns In the example add to 1899Sd1, Round ol 1o four diplis—
1900. From antilog table, 1900 is closest 1o 1995, the amtilog of “3." The riglt dlgit of the 1olal sound level {3

therefore "3,"

In the example, the [efi-most diglt of the toral sound level anilag Is “1" and it sppeass In the column

headed 8" The lcft di

sound level as “H3,"

The toial sound level of 65,73, 69, 82, and 56 2P Is thus 8 AR,

gil of the telul sound Jevel i thercfore *'B," which with Siep 5 determines the lolal

i
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SIGNIFICANT DIFFERENCES, ADVANTAGES, AND
DISADVANTAGES OF MEASUREMENT UNITS

Thte major differences between, as well as the advantages and
disadvantages of, the composite measure of annoyance (CNR, NEF,
Ldn, and.CNEL), stem from the single event measurement units
(PNdB, EpNdB, SEL, and SENEL) employed. Examination of columns
5. 6, & 7 in Table I and Figure A will reveal that cach composite
measure is based on the furmula of the value of the single event
measurement unit plus "10 Log N" where N is the total number of
cperations, adjusted for thettime of day during which they occur.
The expression "10 Log N" simply means 10 times the common
logarithm of the adjusted operations—-if operations (N) are
1o, 100, and .1000, the common legarithm is 1, 2, & 3 and the
expression becomes 10, 20, and 30, reapectively. Note that the
"Log" actually denotes the pumher of digits following the first
digit {in this case the numher of zero's)., Thus, the Log of
1l is zero because zero digits follow the first. Log values for
any whole number may be estimated from Tahle For example,

5, 50, and 5000 become 1.69, 2.69, and 3.69, respectively, and
hence the expression "10 Log N" yeilds 16,9, 26,9, and 36.9.

Attention may now be focuscd on the major differences between

CNR, NEF, Ldn, and CNEL and the advantages and disadvantages of
each discussed in more detail.

""CNR and "NEF

CNR.is the oldest compasite measure of annoyance, and the firat

to be adopted by the F,AA. in 1964, It is still used exclusively
by the Navy, but much of the national data hase has been updated
by NEF. Therc are two subtle differences between CNR and NEF:

(1) CHR used PNL expressed as PNdB as the single event input,
while NEF uses EPNL expressed as EPNdB, which containg corrections
for pure tonés and the duration of the overflight, and (2) CNR

.- employs a constant of =13, From this, the analyst might cerroncously
assume that values of NEF might be detcermined by subtracting 75

from valuea of CNR, a.g,, 4 point predicted te be 105 CNR will he
30 NEF for the same airport. Becavuse of the use of EPNAB rather
than PNdB, however, the valucs are likely to be different—the
pure tonc penalty for a given type of aivcraft may, for example,
occur at the high end of the frequency seale, and consequently
measurcuents made in EPNdB will reflect a more rapid rate of
absorption as a function of distancc—the penalty may be high
1000' from the airerafe and low 5000' away.
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It is for this reason that NEF is thought to be a more accurate
measure of community annoyance and a superior methodelogy for depicting
the degree and location of impact. Both NEF and CNR are included as
evaluation criteria 'in H.U.D., Circular 1390.2 as determinants of
three zones of acceptability for residential housing mortgage insurance
as follows:

CNR NEF i

(1) Unacceptable 115 40
{(2) Discretionary - ' !
Normally Unacceptable  100-115 30-40 i
(3) Acceptable 100 30 |

" ‘Ldn 'and 'CNEL

The Ldn methodology has heen offiecially adopted by the U.S,
Environmental Protection Agency, and differs very slightly from the
CNEL methodology which has been adopted by the State of California.
Two important, but not critical differences are: (1) Ldn uses SEL
as the single event input, while CNEL uses SENEL, and (2} Ldn weights
only night operations (10 PM = 7 AM) by a factor of 10, while CNEL
applys an additional weighting of 3 for evening operations { 7 PM -

©10 PM)., Both SEL (Ldn) and SENEL (CNEL) are derived from time

integrated average sound levels measures as dBA, but the SENEL
approach defines the period of time for measurement as starting
30 dBA from the peak "flyby" sound level and ending 30 dBA
afterward, while the SFL approach defines it as being 10 dBA
before and after the peak, This subtle difference may lead to
problems for the actual measurcment and monitoring of single
events for SENEL, hecause a moderately loud peek, of, for example,
85 dBA would require measurement from the point where the aircraft
first registered 55 dBA to the point where it diminished below

55 dBA. The threshoeld of 55 dBA is so low that it is easily and
frequently exceeded by background sound levels in the community,
In addition, most commercially available A-weighted sound level
meters are designed to read in bands of 10 dBA, and actually
measuring A range of 30 dBA involves switching scales ab least
twice during each measurement.

As a matter of predictive validity, there is usually very
little difference between SBL and SENEL, because the slightly
lower "average" sound level obtained in using the latter is
largely offset by the longer duration of the measurement {to
"time integrate', both SENEL and SEL add a factor of 10 times
the Log of the number of sceonds to the "average" sound level
obtained).
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Consequently, most of any obhserved lack of congruence between
Ldn and CNEL values is likely to be due to the increased importance
placed on evening operations by the CNEL methodology. Where the
impact on homogenously.developed residential areas is considered,
this factor appears. appropriate, because home occupancy is usually
higher during this period,

Both Ldn and CNEL have definite advantages over CNR and NEF
methodologies, because they are derived from A~weighted decibels
and may therefore be readily compared with estimated, projected.
and actual sound levels emitted from other sources. The develop-
ment of such methodologies has led te important experimentation in
the {ield of aireraft noise impact evaluation, as exemplified by
two concepts currently favored, although not officially adopted,
by the Office of Noige Abatement and Contyol of the U.S. Environ-
mental Protection Agency—'"Fractional Impact" (FI) and "Noise
Units" (NU).

" "FRACTIONAL "IMPACT (FIL)

The fractional impact of a given aireraflt sound level
(expressed in Ldn) is simply the difference between some reference
level (again, expressed in Ldn) and the level emitted to the same
point on the ground by afrcrafr, divided by 20, This reference
level may be (1} a ceriterion level, or (2) a background lcvel,
Criterion levels are usuvally assigned to various types of land
uses based on compatibility with noise. E.P.A.'s recommended level
for residential development of 55 Ldn is a good example. Background
levels are the measured or estimated sound levels present in a
particular environment or study area, TFor example, homes near
an urban freeway may have background sound levels of 75 Ldn or
more.

Fractional impact may be determined from a criterion level
as follows:

Examﬁle:

{1) Advcraft emission level = 80 Ldn
{2) Criterion level for residences = "éé;géﬂ
(3) Ldn exceedad by aircraft = 25 Ldn

(4) #3 < 20 = 1.25 = Froctional Impact

A similar approach may be utilized for ground sources:
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Exﬂmﬁle:

(1) TFreeway emission level = 75 Ldn
(2) Criterion level for residences = 55 Ldn
(3) Ldn cxceeded by freeway = 20 Ldn

{4) #3 +£.20 = 1.0 = Fractional Imbacc

When fractional impact is determined from a background level,
the background level is merely substituted for the criterion level:

Examﬁlei

(1} Aircraft emission level = 80 Ldn
(2) Freeway background "jél&éé
{3) Net Ldn attributable to aireraft = 5 Ldn

(4) #3 £ 20 = .25 = Fractional Impact

The use of a constant.divider of 20 reflects consideration of
recent evidence. strongly supporting the contention that both human
annoyance and speech. interfevence are arithmetically direct funetions
of the amount by which background levels are exceeded--while back-
ground levels and emission levela from a.particular factor and
speech interference level arc negligable, but when the background
is exceeded by 20 Ldn the intruding source is consistently identified
as being intolerable. This factor has alse been applied in determining
fractional impact from eriterion levele to make criterion and background
level fractional impact analyses more compatible. '

The most serious shortcoming of fractional impact analyses are
that they tend to confuse psychological reaction with the. laws of
phyaies, especially when the background methodology is applied.

In the previous example, aircraft emissions {80 Ldn) exceeded

freeway emissions (75 Ldn) by 5 Ldn. Yet, in order to be acoustically
corrcet, the analyst would be foreced to admit that if the freeway were
to be removed, a benefit would be obtained. This is because the
combined sound level of both sgources (adding 75 Ldn te 80 Ldn)

would yeild a total of 81 Ldn for a nect contribution of 1 dB for

the frecway--an increment that is.psychologically inaudible and

which would yeild a fractional impact of only .05. However, if

each of three sourecs mat the EPA eriterion level of 70 Ldn for
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long term protection from hearing loss, their cumulative effect
at a single reference point would be about 75 Ldn, well above the
eriterion level, Examination of the "neise units" concept will
serve to delineate the advantages and constraints ef fractional
impact analyses,

NOISE UWITS (NU)

Noise units are simply the effected population multiplied
by the applicable fractional impact. In the previous set of examples
three fractional impacts were detemmined:

(1) Adirecraft (80 Ldn) above criterion (55} = 1,25
(2) Treeway (75 Ldn} above eriterion (55) = 1,00

(3} Adrcraft (80 Ldn) above [rceway
background =" 25

If the effected population in. each case were 1000, noise units would
be 1,250; 1,000; and 250, respectively, Psychologically, the air-
eraft contribute 250 noise units to an environment degraded by
1,000 noise units. To be acoustically accurate, however, the
addition of B0 Ldn to 75 Ldn would yeild a total impact of Bl

Ldn, for a new contribution of 6 dB, a fractional impact of .30,
and 300 (rather than 250) noise units,

However, assuming a 10 Ldn reduction in aircraft noise (from
80 to 70 Ldn), airecraft would still contribute 1 dB te the environ~
ment {75 4+ 70 = 76 Ldn) for a fractional impact of .05 and 50 neise
units. DPsychologically, the aircraft would have a negligable effect,
but acoustically the 50 noise units would exist. This becomes o
very scneitive subject in the vast areas subjected to aireraft sound
laevels of 55 Ldn ~ 65 Ldn. In many such areas, indigenous residentinl
noise is likely to exceed aireralt noise by from 1 to 6 Ldn, and
hence, aireraft "contributions" would range frem 3 to 1 dB for
fractional impacts of from .15 to .05. The analyst should be aware
that many such areas contain over 100,000 people, and that this
acoustical phenomenon could account for 5,000 to 15,000 noise units,
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FORECASTING AIRPORT QPERATIONS

The preceding impact evaluation methodologies and cvaluation
criteria are highly sensitive to the accuracy and validity.of the
data employed in the various models described. An‘existing situatien
may be validaced by field measurements, and frequently when appropriate
adjustments are made for atmospheriec conditions, predicted sound levels
correlate very well with measured values, When futurc sound levels
are estimated, the potential for error is greatly increased because
the accuracy and validity of input data must be questioned.

As the formulas for composite measures: of community annoyance
indicate, the analyst preparing an EIS must estimate the.average
daily operations for a mix of: (1) aircraft (2) flight tracts
(3) flight profiles (4) lead factors {5) stage lengths and (6)
the time of day during which cperations oceur. The reviewers task
is somewhat simplified if he. limits his investigation to (1) the

“‘adequacy. of the information presented, and (2) the reasonableness

of assumptiocns employed in the forecasting process. The test for

" adequacy is actually completeriess, i.e., to what extent has the

analyst presented the basic compenents of the air travel forecast?
The test for reasonableness is closely related to criticality, i.e.
are the assumptions and predicted variables which have the greatest
potential effect on the aireraft/airport neise forecast values
biased or arbitrary?

Completeness

A complete analysis of traffic and operations forecasting must
include projections for air travel demand in the airport impact area,
including cargo activities and consideration of the phyaical capacity
of the airport.. Assessment of noise impact will vequire conversiom
of these two aspects. into aireraft types, numbes of operations and
the timing of such operations,

A, Travel demand forecastings:

Travel demand forecasting is normally carried out through
a comparison of population change, por capita income levels
and employment data. Projecetion will requive analysis of
trends established in prior years and inclusion of information
ahout current economic conditions, Many repional clearing-
houses will already have.models through which data particular
to the region have been passed in ovder to develop regional
forecasts for growth and demands for publie services.

Yn some instanees such data may be considered in the light
of the Compertz curve, a [orccasting technique hest known
for its application in amalysis of theeonomic lifecycele
of a new product, Under such analysis the air travel !
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buginess is treated as a new product and future travel demand
is projected according to the historical position of alr
travel in the lifecycle, (Some analysts have suggested that
air travel should be considered a maturing industry, subject
to a flattening. of growth rates as new markets become more
difficult te capture, and costs increasge.)®

In In the ahsense of regional data systems which are capable
of projecting travel demand the F.A.A. and the Air Transport
Association provide data describing histerical trends and
projections of travel demand broken down into national,
regional and airport-by-airport classifications. An additional
component of demand analysis, that of origin and destination
is also often included in such data, thereby providing insight
into the mix.of stage lengths which will characterize travel
from any airport, Stage length information is a critical
factor in the conversion of travel demand to aireraft types and
the noise impact which they imply. Stage lengths are generally
listed in terms of Long.Haul-Domestic, Interurban (50-500 miles),
and International, fovr passenger flights, though greater detail
may be used when it is known. Afr Carpo and General Aviation
are separated, though stage length. is an important component
for carpo flight calculations when noise impact is being analyzed.

Te distribute travel demand between the airports in a
particular region, analysts will often use variations of the
gravity model, whose basic equation is

Tij = K'Pi Pj

dij
Where:
T = the number of transactions between places i and j
Pi = the pepulation of i
Pj = the population of j .
d (ij)= the distance between places 1 and j
K = a constant

In such analysis d may represent a time, factor instead of a
linear distance, Where two or more airports within a region
may offer similar faeilities, gravity models will provide

a basis For allocation of passenpgers originating flights in
the region.

Projectiona of air cargo activity will employ a slightly
different set of components. Employment, annual personal
income and average cargo revenue yield may be used and the
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results given in terms of enplaned ond deploned carge. The
following equations have becen used to establish trends for
cargo activity:

T
Log EL = 1.61754 Log ¥ - 1.3953 Log R + 1.9559

for enﬁlnned cargo, and

T ‘
Log B2 = 1.6994 Log Y - 1,6746 Log R + 2,1484
for deﬁlaned cargo, where

T = total annual volume of cargo enplancment or deplanement
in millions of pounds

i = total cmployment in millions

Y = total annual personal income of all residents in
billions of current dollars, and

R = average cargo revenue yield for all U.S., route
certified carriers in current cents per revenue
ton mile,#*% |

Efforts to project general aviation usage have shown that
a high correlation exists between population and aircraft owner-
ship.®**% Thus,. projections for G.A. activity.can be ohtained
by multiplying per capita ownership data by population projections.
While these results may require further adjustment related to
the components mentioned above, it is ecertainly appropriate
that adjustments relating to general economic conditions in
the target area be considered,

The travel demand forecasting nust leave the E.I.S.
reviewer with a elear picture of the mix anticipated, The
percentage of registered air carvier operations, wiether
passenger of cargo, and the percentage of general aviation
operations are critical. to an understanding of the type of
noise impact to be expected, Other ecssential output to he
derived from travel demand data includes that which permits
caleulation of aireraft load and the time of day of operations,
Both are critical in noise impact analysis.

#%% Thid, p. 21.

* "Revised Aviation Forccasts for the Bay Region." .Working Paper,

Port of Oalkland, . Oakland, CGalifornia, Deecember 31, 1974; p. 8 {f.

*#% 'Ihid, Appendix (Regional Airport System Plan Torecasting Equations.)
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B, Adrport Capacity

It ig likely that an E.I.85. dealing with an airport will
result from a decision to alter the airport capacity in some
fashion or another., The basis for classification by capacity
is established by the type and length of runway, and the
degree of sophistication of navigational equipment available,

The more complex are the afrports operations, the wider the

variety of actions which may be undertaken to expand capacity.
Thus, parking space for automohiles, terminal facilities and
repair or maintenance facilities may he the focus of expansion
cfforts. at major airports,

When financing of airport capacity expansion required
Tederal Government asdistance, a much more common condition
today than in the past, and the sine gua'non of a project
requiring an E.I.S.,.the F.A,A. applies certain eriteria
to inelusion of the project within the National Airport System
Plan. Congestion levels determine the suitability for
inclusion in the plans for facilities expansion. For air-
ports with registered air earrier service capacity is reached
when delays due to large aireraft departures average four
minutes during normal conditions for twe adjacent peak hours
of the week, Capacity is reached for small aircraft airports
or runways when delays reach two minutes for the peak hour
of the weak,

To anticipate capacity situations the National Airport
System Plan has established "capacity development criteria
which rely on the ratio of operations to the airport's
Practical Annual Capacity, or PANCAP., These criteria are
outlined in Figure H.

When conditions ecall for development of.a new airport
faeility or substantial expansion of the type of service to he
offered by an existing facility, sueh as a change from general
aviation to registered air carrier capability, the project
will fall udner the category of Tundamental Airport Development.
A listing of "development items" may be seen in Figure G. An
indication of the impact on operations which may result from
inclusion of some of the development items is given in the
following quote from the 1972 NASP:

"...Depending upon the distribution of aireraft
types (aireraft mix) and frequeney using a runway,

a fundanental single runway-—stub taxiway con-
figuration way be capable of huandling about 75,000
annuel operations, The provision of a full parallel
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FIGURE &

- FUNDAMENTAL AIRPORT DEVELODPMENT

Aivparts Serving Generel  Advporte Nerving Aiv

Develapment Fewm

LAND~nirfield development, building. nven, clenr xones,
approach/departure nrens, npprnncl'r nids

SINGLE RUNWAY_MIRL
CROSSWIND RUNWAY—MIRL
TURNAROUNDS—MITL, one ench rmuwny end

PARTIAL PARALLEL TAXTWAY--MITL, in lieu of
one tnenaronnd (optionnl)

FULL PARALLEL TAXTWAY—MITL

STUB/CONNECTING TAXIWAY—MITL, as appro-
priato

EXTENDED RUUNWAY SAFETY AREAS

VASI, ench mmway end

REILS

RUNWAY MARKTING, ns npproprinte

APRON, inelnding lighring if rennired

RUNWAY GROOVING, if approprinte in accordance
with current eriterin

ILS WITH APPROPRIATE APPROACH LIGHT
SYSTEM, incInding Innd and site preparation

ROTATING BEACON: LIGHTED WIXD CONE:
SEGMENTED CIRCLE?*; OBSTRUCTION
LIGHTING AND MATKING where necessury

ACCESS AND SERVICE ROADS, in seoordnnes with
FAA Quder 510017, preagrapl 122

FENCING AXND MISCELLANTEOUS, sueh as ernsh and
five fighting farilities, ntilities, ete., in aceatdimee with
current eriterin

seCarriet st be seloduled et cortiflented by AT

Aviation (aly Carvier ** and G, 4,
Yes Yeas
Yes! Yest
Yes? Yes?
Yes No
Yes No
No? Yes
Yes Yes
Nn Yes
You! Yestn
Yost Yos*
Yox Yos
Yox Yes
Yes Yes
No YosT
Yoes Yos
Yes Yes
Yes Yes

1 Include TITRT, for exlating and foreeanted PRECTRION [nstrnment panwiys nml for pinways avieg nn approved non-preelson

appronch procedure,

2Inclnde 1f vequired swlid cavorage i tess (han 60 peresnt. The e apply 80 pereent Jomgth Jmitution, 1€ erasswln] ruawny ox-
Iats and 14 hetng ntllizm], consider 1t ottgihle for plansing peeposes regnelloss of wilnl eovarage,

TEIRIMe for tnstallntlon whep pinway vopehes 20,000 anonnl operations {Igsed on satety eather than gpaelty eonslderations),
I# new alrport I8 foreenst B reaed this fovel 1y two years, inelude this tixtway a8 part of the fundimental configsiration,

1 Inchile VASI-2 for wtility runwiyx mud VART=4 for transport type runwnys,
runways which sepve substantinl snmbiers of genernl avintlon nlrepft not cquripped for preelslon appronches,
neladn VART-12 o VARE-10 (3 bart ONLY on major inter-
natlopnl alrport runways where o sufoty vordrement sohstantbates the peed,
o Tnelude only where there (8 n vianal defleleney and the ruway I8 NOT g preelston Instrament runway,

S Inchede VASI-0 (3 Bared for eynways serving langhordiel Fora,

2 Provided thoe runwnay serves alv careler ** trhojet niverntt.
8 Unnecessary for towered qlrports,

Horatmnentd YAST~ on precinion Inktrement

SOURCE: 1872 NASP, DoD.T..
Federal Aviation Administration
G.P,0., Washington, D.Ca; ps 26
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Capacity Development [fem
Runway (Additional)

Short Runway

Extonsion of n Parallel Runway
Additional Taxiways

Additional Exit Taxiwuys
Holding Apron/By-Pass Thxiway

Terminnl Aprons, Airernft Londing
Aprons, Prrking Aprons

Supplemental/Replacement
Airports

SOURCE: 1972 NASP, D.0.T.,
Federal Aviation Adminigstration,
G.P.0O., Washington, D,C.; p, 27
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FIGURE H

CAPACITY DEVELOPMENT CRITERTA

Recammend for Inelusion at Forecast

605 X PANCAP

+

500N total operations including
40,000 or mare by transport type
nirernft,

0% X PANCAP

0% X PANCADP

10% X PANCAP

5,000 tatn] aperrtions 80,000 itin-
erant operutions or 30 peal hour
operations

G056 X PANCAT

Not Luler Thun 60% X PANCAP

Remarks
. Parnlle]l preferred
2. Same length and strength as pri-
mary if serving snme sireraft
1. Small aireraft only
2. Nat necessarily parallel

L. Need dependent upon airernft mix

2. Consider effect an NAVAIDS

& Limit holding apron to 4 nireraft
ositions

Consider nirernft movements on edge
taxiwnys

Timing depends upon farecnst, type
of airpert, location (Motropolitan
Area), ete,
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taxiway system can increase annual capacity to
over 150,000 operations. The addition of a
parallel runway and taxiway system to this
configuration can double the annual capacity to
well over 300,000 operations depending upon the
appropriate runway spacing provided to accommodate
uninhibited VFR and IRF simultaneous operations."#

C. Types of Aireraft

The translation of travel demand data into aircraft types
Section
1 has described the properties of aircraft noise and the
variations by type. In addition the stage length of any
given aircraft on any given cperation has great importance in
noisc impact determination. Table ITA, Table III and the
relzted noise contours described in Fipgures I - Q provide

o summary of . aircraft types, diatance capability and basie
noise "foot-print." Table IIIA also reflects the seating
capacity of the major passenger.aircraft types., Analysis

of this data mokes clear the importance of aircraft mix in
any calculation of airport noise impact.

D, Other Essential Components

Among those components considered essential for any noise
impact analysis is a group related to scheduling and directiom,
The direction of prevailing winds, and such scheduling factors as
the destination of flights, the time of day and the airport's
geographie location have great importanée. The prevailing winds
generally dictate take-off and landing dirvectien, or in the
case of planning for a new facility, the alignment of runways.
In situations of substantial oxisting noise impact, for cexample,
the ability to redirect flight paths so as to avoid concentra~
tions of population may be a tremendous asset in the struggle
to reduce impact. Because night time activities have. the
disadvantage of a wore sensitive population in the impact arvea,
scheduling offers the possibilities of shifting noise impact to
more tolerable times of day. In some cases this may be
difficult, however, if the airport’s location and the pre~
dominant destination of flights tic the facility to time
zones which influence the schedule {e.g., it is preferable to
fly to Europe from New York at night; there is no loss of a
working day as the flights arrive early the next morning.)
These facltors may severely circumseribe the use of scheduling
changes within a noise abatement pregram.

#°1972 National Airport 'Syatem Plan. Vol. AAS, Narrative and

National Summaries, U.S. Dept. of Transportation, Tederal Aviation
Administration. G.P.0,, Washington, D.C.{ p. 24,



g

Aircraft Groups**®

A

B-747
DC-B8
B-707
VC-10
C-5A
Future
85T

B

B-727
B=737
DC=10
L-1011
BAC-1-11
DC-9

c

L-188
F=27
F=227
¥§~11
Cv~580
M=404
V=724

* These aircraft do not generally have a haul length over 1,500 miles.

*%  Adircraft are grouped in accordance with general runway requirements
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CERTIFIED, SCHEDULED
ATR CARRIER AIRCRAFT GROUPS

Code
Code
Cade

Code
Code
Code

Code
Code
Code

Length of Haul

l~=GOver 1,500 Miles
2-~500-1,500 Miles
3==0~500 Miles

1-~0Qver 1,500 Miles
2~=500~1,500 Miles
3~~0-~500 Miles

1--H/A%
2--500~1,500 Miles
3--0-500 Miles

TABLE IIT-A

Code

c2
c3

and not by physical size or passenger carrying capacities,

SOURCE:

1972 National Airport System Plan, Vol. AAS, Narrative

and National Summaries; U.5. Department of Transportation,
Federal Aviation Administration.

Office, Washington, D.C.; p. 20.

U.S. Government Printing
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TABLE III-B

USE OF AIRCRAFT EPNL CONTOURS

AIRCRAFT TYPE EXAMPLES EPNL CONTOUR FIGURE
* 2-engine transport Boeing 737
Douglas DC-9 T
BAC 111
Business Jet Lockheed Jetstar
Sabrellner, Lear Jet, J
Jet Commander,
Gulfstream 11
3-engine turbofan Boeing 727-100 R
transport 727-200
3-engine hlgh hypass Douglas OC~10 L
ratio turbufan Lockheed L-10i1
k-engine turbofan Boeing 707 M
transport Douglas DC-8
L-englne high bypass Boeing 747 N
ratio turbofan
4-engine plston and bouglas DC-6, -7 Series
turboprop transport Lockheed Constellation 0
Lockheed Electra
2-engine piston and Convair 340,440 Series
turboprop, over Douglas DC-3 p

12,500 1bs max.

Fairchlld F-27 Series

gross wt. Grumman Gulfstream |

2-englne propeller, Plper Twin Comanche,
under 12,500 1bs. Aztec; Cesspa 310, 0
max. gross wt. Beech Baron, etc.

SQOURCE: Aircraft Moise Impact: Planning Guidelines
for Local Agencies, U.S. Dept. of Housing &
Urban Development. Government Printing O0ffice,
Waghington, D.C., November 1972; p, 192,
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AIRCRAFT EPNL CONTOURS
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AIRCRAFT EPNL CONTOURS
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To be complete the E.I.S. analysis must reflect the
appropriate mixture of the above components, To be
reasonzhle the mixture ecannot antieipate technolagical
change at rates in advance of those accepted by the
Federal Government or the other components of the
aviation industry. Nor can it anticipate demand for
‘travel in nxcess of that allocated by study of
regional trends. Finally, the analysis must paint a
reasonable picture of the expocted noise impact, not
over dramatic, in an effort te bring about protective
actions which mipght require exeessive publie investment,
nor underplayed in an effort to submerge the plaguing
noise problem.

Reggonableneas

Te assure reasonableness, therefore, the E.T,5. analysis
will have to comprehend the importance of the components described
above. Certian of these components have a much greater bearing
on noise impnct determination than might be expected, Thus the
criticality of assumptions made about these components, and an
example of thedir mix are the foei of the following paragraphs.

.Sevaral factors may combine which. will provide the analyst
with a proelivity for either overestimating or underestimating
the. extent of the noise prohlem for a given airport, In general,
ajirports in undeveloped areas with little or no-exicting
incompatible land use will Benefit from an exaggeration of a
future noise environment, while those experiencing extensive
incompatible lapd useage (especfally where litigation is of
concern) will benefit from conservative estimates.

The rationale of exaggeratien in the former cage amounts
to an attempt to preempt a sufficient amount of acoustical space
to give the airport proprietor the maximum amount of flexihility
in future planning and programming for rapid growth, Federal
and state policics tend to discourage incempatible development
in zones of intensive aireraft noise, and hence, in preventive
situations it is advantageous to depiect a substantial future
impact. The rationale for conservatism in impact forecasting in
the latter case amounts to a pragmatic approach to aveiding or
ameliorating litigation and obtaining requisite Federal and State
assistance, :

In most cases, however, it is advantageous for the proprietor
to demonstrate a high volume of airline passengers and terminal
users with a low volume of eperations~-especially where this may
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be accomplished by assuming high. load factors on wide hodied. or

new FAR. 16 aircraft. Where existing or programmed runway capacities
do not permit the heavier and eubstantially quieter airveraft, the
existing Boeing 737 and developing 727-300.would he favored in
forecasting fleet mix, The following example will demenstrate how
certain variables and assumptions may be advantageously manipulated
to suit the purposes of' the analyst.

Exampla:

"'Step 1 Macro and. micro economic variables (usuanlly population,
income, and employment) are analyzed for the region the
airport serves to determine air travel demand, The output
is the number of gross regional passcnger enplanements,
and tong of air cargo.

“'Step 2 Passenger enplanements are assigned to the airport in
question based on the aceessibiliry and service level of
other airports serving the same market. The output is
usually the net passenger demand and tons of air carge
for the airport in question. This projection is frequently
used in expanding terminal and parking facilities as well
as improvements in pground access to accommodate increasing
congestion,

“Step 3 All of the passengers and cargo forxecasted in Step 2
must be assipned to aireraft in order to determine the
number of airerale operatious for the ferecast year,
Generally an average capacity and load. factor anre assumed
or eatipated, Tor example, if the airport in question
were assigned 8,869,500 passcengers, and the average
aireraft were sassumed to have a- 150 seat capacity, with
an average load factor of 66,7%, one would cxpect 88,695
departurcas. (Deparvting airveraft = 8,869,500 < 150 x .667).
Since there must be an arrival for every departure, the
total operations would Be twice this amount, or 177,390
amual operations. The average annual ‘daily operations
{per 24 hour periad) would be 177,390 = 365 or 486,

Step 4 An estimate must also be made of the mix of aireraft
comprising the fleet serving the.air facility, the time
of day during which they would operate, and the stage
length of their operation upon departure. A typical
method of depicting the output of such an analysis is
ag follows:
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"‘Step 5 Meterological data and historical approach and
departure patterns may then be examined te determined
flight track utilization percentages for the afirport,
for takeoffs and landings. A typical method for
depicting such Flight tracks and percentages appears

below:
\ ’ o

34 = r—

¥Arf
Y-yhf

¥epey
T.34]




FLIGHT TRACK

16R~A
16L-A
16-8
16-C
16-D
16-E
16-F
16-6
16-H
16-1
16-3
34R~4
34L-A
340
34=-C
‘34=D

TABLE VI

S0URCE: Adreraft Noise Analvases for the Existing Air Carrier Syatem,

TAKEQFF LANDING

6. 56 3.67
59.04 33.03
19,20 0.0
46,40 36.70

9.00 0.0

7.70 0,0

1.30 g.0
37.40 36.70

0.0 10.80
37.40 21.60

6.0 4,30

5.16 12.66
29.24 50,64

0.0 7.20
28.90 56.10

5.50 0.0

Bolt Reranek and Newman, Inc.; (Submicted to Aviation
Advisory Commission, Wash., D.C.), September 1972,

L



TAKE-OFFS
STAGE LENGTHS IN. NAUTICAL MILES

AIRCRAFT TYPE LANDINGS 0~500 500~ 1000~ 1500-  2500- 3500~ 4500
1000 1500 2500 3500 4500 And Over

4 ENG TFAN DAY 39.840 11,950 9.960 7.970 5.980 0.0 1.990 1.990
NIGHT 9.960 3,980 2,990 1.990 0.0 0.0 1.000 0.0

3 ENG TFAN DAY 31,750 15.880 6.350 3.170 6. 350 0.0 0.0 0.0
NIGHT 5.600 3.360 1,120 1.120 0.0 0.0 0.0 0.0

3 ENG STRFAN DAY 56,030 28.010 14,010 11.210 2.800 0.0 0.0 0.0
NIGHT 6,220 2,490 1,870 1.240 0.620 0.0 0.0 0.0

2 ENG TFAN DAY 9.960 7.970 1.990 0.0 ¢.0 0.0 0.0 0.0
NIGHT 2,490 2,240 0.250 0.0 0.0 0.0 0.0 0.0

4 NG HBPR DAY 31.750 6.0 3,180 3.180 12.700 9,520 c.o0 3.170
NIGHT 5.600 a.0 1.120 0,560 2,800 1.120 0.0 0.0

3 ENG HBPR DAY 42,330 4,230 8.470 10,580 12,700 6.320 6.0 0.0
NIGHT 7.470 1.490 1.490 2.250 1.490 0.750 0.0 0.0

TABLE vIL

SOURCE: * Ailrcraft Noise Analyses for the Existing Air Carrier System,
Bolt Beranek and Newman, Inc,; (Submitted to Aviation
Advisory Commission, Wash., D.C.), September 1972,
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Note that at this point the.effects of different aireraft

have heen "averaged." Thus, where 50% of all landings
traverse flight track 34L-A, this amounts to about 122

daily landing operations and it is assumed that during

the year the mix of aireraft serving the ajrport will he
approximately the same as that utilizinp tracl 34L-A.

Note also that the main tracks desigpated as “A" (l16R-A,
l6L-A, 34R-A and 34L-A) total 100% for takeoffs and landings--
the lower alphabetical designations may exceed 100% because
they serve both runways,

"'Step 6 The distribution of aircraft operations deteormined
in Step 4 may then be assigned to flight tracks and
. time integrated average sound levels estimated for. any
point on the ground. Points of equal loudness comprise
the contours which are employed as a graphic summary of
aireraft noise impact.

To demonstrate the criticality of specific variables and
assumptions, we shall establish. a reference point dirvectly under
the flight track 16L-A, 20,000 feet from brake release for
specifiec types of aircraft and examine such variables as (1)
takeoff weight, (2) EFlight track, (3) load faector, (4) airewnft
mix, {5) time of day, and (6) flight profile.

1. Takeoff Weight

! ‘The following depictsaltitudes as a function of distance from
hrake rolease for three gross takeoff weighta for the Boeing 737,
Simple interpolatien and the assumption of a full power climb
without thrust cut-back yeild the indicated alcitides at the
20,000 foot reference point as a function of takeoff weight:

Weight (lbs.) Altitide 2 x 104 from
""""""""" Brake Release™ ™
70,000 4,000
90,000 2,462
110,000 1,667

The indicated altitudes would yeild SEL and EPNL values at
the refercnce point as follows:
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“Hedpght (1bs.) " 8EL " EPNL
70,000 94.5 97.5
90,000 98,7 102.0

110,000 102.3 105.7

If - all of the aircraft using l6L-A were 737 airerafr, 59%
of all takeoffs, or 143 aperations’ (,59 x 243} would occur,

2. Time of Day

For the purposes of this sensitivity analysis, the vatio of
night to day operations may be assumed to ke (1) zere {2) 10%
or (3) 20%, yeilding effective operations for Ldn and NEF as
follows!

“-% ‘Night ‘Operations ‘Ldn "0Ops. " 'NEF Ops.
0 143 143
10 272 367
20 404 597

From this the following Ldn and NEF values may be computed
for the refcrence point. .

Z Night ldn as a Function of Takeoff
ors Weight & % Night Operations
Weight 0 10 20
70 X 66.7 "69.4 71.1
90 K 70,9’ 73.6 75.3
110 K 74.5 77.2 76.9
% Night NET as a Function of Takeoff
ors Weight & % Night Operations
Weight 0 10 20
70 K il 35.1 37.3
90 K 35.6 39.6 41.8
110 K 39.3 43.3 45,5
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" The revicwer shoiuld note that while both Ldn and NEF values
are very sensitive to changes in the % of night operations, hoth
are extremely sensitive to takeoff weight and the combined effect
of both variables can introduece a deviatjon of 12-14 dB. 1In the
most extreme case an area predicted to be "discretionary" for
residential development (31,1 NEF) could actually become
uninhabitable (45,5 NEF) with changes in takeolf weight and
night operations, This relationship fs peintedly clarified
where the reviewer notes that one 110,000 pound 737 operated
at night will equal 63 day coperations of. the 70,000 pound 737
utilizing the Ldn methodology, and 138 operations using the
NEF methedology.

3. Flight Track

Deviations in flight tracks may be obtained by prescribing
turns on takeoff or approach. Reductions in sound levels
received on the ground.are a function of the increased distance
between the reference point and the aircraft., This distance is
often referred to as the "slant distance' because any operation
other than a direet overflight will generate a geometric frame
of reference such that the actual distance to the aircraft is
deseribed by the hypotenuse of a right triangle where the height
is the altitude of the aircraft to the nearest point on the
ground, and the base is the distance from that point to the
refercnce point.

The lower the aircraflt, the more rapidly the slant distance
increases as a function of flight track deviation. For example,
the direct overflight of the 70,000 pound 737 would expose the
20,000 foot reference point to 94,5 SEL from an altitude of
4,000 feet. A deviation in the flight track or 3,000' would
inerease the distance hetween the aiveralt and the reference
point from 4,000' to about 5,000 for a 25% incyeasc in slant
distance. The 110,000 pound ajreraft, on the other hand, would
have an initial distance of 1,600" from the reference point
but a deviation in flight track of 3,000' would increcase the
slant distonce to about 3,400', increasing it hy 1,800" or
about 212%, The 3,000' deviation would therefore decreasc the
sound lavel in the former ecase from 94.5 teo 91.2 SEL (=3.3 dB)
and in the latter case from 102,3 to 95.8 SIEL (6.5 dB).

0f course, tlere arve limitatdions to such procedures, because
if the requisite turn on appreach is too sharp, additional power
will be necessary to maintain the desired glide slope, Similarly,
turns on takeoff may result in lewer altidudes as a function of
distance f{rom hrake release. Although it is not within the
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scope of this document ta provide the reviewer with the technical
capability to determine the actual effect of flight track deviations,
one should be congizant. of the sensitivity of this variable and
require the analyst to provide sufficient information for the
reviewer to ascertain whethor the approach taken is ¥casonable

and unbiased,

4, TFlight Profile

The.trajectory of an aircraft may be voluntarily changed
by its pilet, within the constraints defined by its wedight,
power, aerodynamic characteristics and meterological conditions.
Two voluntary alterations in flight profile have received
congiderable attention in recent years; (1) two segment
approaches, and (2} thrust cut-back on takeoff.

A two segment approach is basically an attempt to keep the
aircraft as high as posasible as long as possible, Many standard
approach glide slopes are between 2,5° and 3°, Where an initial
Ysteep" glide slope of 6° ig utilized, it may intercept the
final 3° glope at a variety of distances from the runway
threshold and altitudes, The closer to the runway threshold
is the point of interception, the lower the altitude of
transition, and the greater the henefit in aveas with the
highest noise imapét, In addition to maintaining a greater
distance hetween the aireraft and the ground, less power is
required. during the 6° segment, Further.reducing emissions.

For example, one type of two sepment approach prescribes a

6° initial glide slope, intercepting a 3° glide slope at an
altitude of 1,000', three miles from runway threshold,

Sueh a procedure would result in reductions of from 0-10
EPNdB, with the preatest reductions occuyrring at distances

of 5-10 miles {rom the airport. Another.type of two segment
approach preseribes an initial glide slope of 6%, intercepting
a 3° glide slope at an altitude of 250-400', Jess than one mile
from the runway threshold, Such a procedure could result in
reductions from 5~15 EPNAB, with substantial benefits accruing
in high noise zones.

Although safety and pilot workload considevations have deloyed
the adoption and promulgation of uniform tuwo segment approaches,
the glide slope is a fairly sensitive variable, and the reviewer
should chock the analyst's assumptions for reasonablepess. In
our example, the analyst could assume a (° glide slope for
the forecast year, or utilize an existing 3% glide slope, for
flight track léL-A, The 737 aircraft would pass over the
reference point about 10,000' from runway threshold, (assuming
a 10,000' runway length) at an altitude of 1,051' for the 6°
glide slope condition, and 524" fer the 3° condition, exposing
the observer to 94 SEL and 99 SEL, vespectively, (Values for
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EPNL arc about 98 and 105.8, respectively.) Neting that 16L-A

is used for approach 33% of the time, it may be estimated that

about 80 operations oceur per 24 hour period. Again, assuming

1, 10 and 20% night operations the following values may be

caleculated for Ldn: ;

% Night
. oPs
Approach
Profile 0 10 20
6° 63,6 66.4 68.1
3° 68,6 71.4 73.1
and NEF:
% Night
. ors
Approach
Profile 0 ‘ 10 20
6° 29.0 33,1 35,2
3 36.8 40,9 43,0

The reviewer should note that the difference between the 3% mode
and 6° mode is +5 Ldn regardless of the pereentage of night
operations. The combined effect of the two could result in a
difference of +9.5 Ldn.

NEF is even more sensitive to the 6° approach mode, with a
difference of +7.8 NEF for all night operation percentages, and
413 NEF of rhe combined cffect.

The sound levels obitained from both takeoff and approach
analyses may be "added" (scc cxample, page 19), to obtain the .
total noisce impact for all operations at the veference.point under ‘
16L~A, such that the sensitiviry of the variables of approach glide .
slope, paercentage of night oparations and takeoff weight may be ‘
examined in our example., The range of possible deviation Is best
demonstrated by the sob of assumptions which weuld minimize
forecasted impact with those whieh would exagaerate it, i.e.,
lowest groas takeefl weight, ne night eperations, and 6° glide
slope with highest gross takeoff weight, 20% night operations
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and 3° plide slope, The results may be depicted as variations in
predicted Ldn and NEF values for boeing 737 aircraft for a
reforence point directly under a flight traek 20,000 feet from
brake release and 10,000 feet from tunway threshold,

..Berst Condition Best Condition
: (3° approach, 110K takeoff wt. {6° approach, 70 K takeoff
Criteria and 20% night operations) wt. and no night ops,)
NEF 47,5 33,1
Ldn 80,0 68.5

1

The effect of the thrust cut-back option is extremely difficult
to evaluete without detailed considervation of land use pakteens in
areas impaected by the flight track in guestion. A typical thrust
cut~back procedure involves a full power climb on rotation (usually
with a steep initial deck angle) followed by a rapid retractien of
slots, flaps and landing gear which will place the aircraft in a
"olean" flying configuration with a minimum amount of drag at a
specified altitude (1500' is usuvally veasenable), The attitute

of the aireraft and power settinge.are thben adjusted suel that a
minimum vate of elimb (about 500' per minute} is obtained, The
actual power setting necessary to achieve this will vary by airerafr

type and weight,

.The procedure is most effective for two and three engine aireraft
equipped with low bypass ratdio engines (737, 727,.and DC-9) where
roductions of froem 5 to 10 dB (EPNL and SEL) are possible at the
point of thrust cut back, depending on the weight. of the ajreraft.
Hovever, the use of a minimum rate of climb will place the aircraft
at significantly lower altitudes at greater distanees from the cut—
back point, resulting in an actual increage in.nedise lovels in outlying
arcas above that which would vesult if a full power elimb out proccdure
were utilized. The effectivencss of the procedure thercfore becomes
a function of where noise sensitive land uses are located,

5, Airevaft Mix

Of course, the assumption that all nirevaft utilizing 16L-A
are boeing 737's is not tenable and has been ubilized as a matter
of convenient simplification, It is a fortunate paradox that the
larpest nircraft in the commercial fleet teday (DC-10, L 1011,
and B 747) ave substantinlly quieter than smaller aiveraft with
lower capacities., Reductions of from 5 to 15 EPNL and 7-12 SEL
may be observed for the modern aircraft equipped with hiph by-
pass ratie engines meeting FAR Part 36 noise standards, depending
on the distance from, mode of operation and types of low bypass
ratio powered aircrafl used for compavison,
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If the reviewer considers the data presented for the approach
configuration under "landings" in Table , he will note that
ahout 87 IBPR operations out of 243 total operations are projected
for the airport as-a whole. Sinece 3)% of these will approach on
flight ctrack 1G6L-~A, about 29 out of Bl overflights will be FAR part
36 certified aireraft, of which about 16 will have 3 engines (DC-10
and L1011) and 13 will have 4 engines (B-747)., DBy assuming a 3°
approach glide slope, the relative contribution from each aircraft
type may be quickly caleulated of the ground reference point
10,000 feet from runway threshold dircetly under the flight track.
Utilizing the Ldn methodology, we may obtain the following day/night
average sound lavels by aireraft type:

DISTANCE = 524!

ops . ND+10NN 10 Log N SEL Ldn
4edg T D 13.15 45,85 16,6  106.9 74,1
N 3.27 o
Jeng T D 10,48 28.98 4.6 101,0 66.2
N 1.85
Jeng ST D 18,48 38,98 15,9 1010 67.5
- N 2,05 .
2ong T D 3.27 11.47 10.6 99.0 60.2
N .82
4 up D 10. 48 28.98 14.6  180.4 65.6
N 1.85
3 1n D 13.96 38. 66 15.8 95,9 62.3
N 2,47
76.3

Note the dominance of the 4 engine vurbofan. powered aireraft
(707, 720-B, nC-8), even though only about 16 opegrations occur—-
64 overflights by other types contribute only 2.2 Ldn to the total.
A gipilar analysie may be conducted for the takeoff condition, if
the simplifying assumption may be made that all aivcraft will
reach an altitude of 2,500 feer By the time they pass over the
reference point. Although the reviewer should Le copnizant of the
fact that differences in takeoff weight and airveraft performance
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will introduce variations similar to those discussed in the
pertinent sections above, the dominance of the 4 engine turbofan
aircralt is valid because it is precisely this group of aircraft

which would be least likely to achieve an altitude of 2,500' at

tha reference point.

DISTANCE. = 524'

oPS§ ND+10NN ) 10 Log N

4 eng T D 23,51
N 5,86 52,11 19,1

Seng T D 18.73 51.73 17.1
N 3.30

Jeng ST D 33,06 69,76 18.4
N 3,67

2eng T D "5.89 20,59 13.1
N 1.47

4 HB D 18.73 51,73 17.1
N 3,30

A ) 24,98 69,1 18.4
N 4,41

SEL

102.6

100.7

100.7

98.7

99,6

93.7

Ldn

72.3

68,4

69.7

62,4

67.3

62.7

75,9

When considering the takeoff mode in the exanple, it is ovident

that although the 4 enpine turbofan aircrafc comprise only. 29 of
143 operations tyep account for 72.3 Tdn at the reference point--

the ether types coptribute an additional 3.6 Ldn for a total of

75.9 Ldn.
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' FORECASTING 'LAND DEVELOPMENT

The traditional iscolation of airport facilities development
from neighboring land development programs and policies has been
abruptly onded in recent years by the Increased objection of the
airports’ neighbors to the neoise impact of aircraft. Thus, any
future airport development must be considered in the context
of local development in addition to the more familiar require-
mente of regional and national travel or freight demands and
scheduling. The most comprehensive indication that sueh a
coordination has taken place would appear in the General or
Master Plans for the localities surrounding the airpert. In
the absence of such documents E.I,8. reviewers should require
evidence of coordination drawn from a variety of. other public
documents or actions, such as official zoning maps, public
facilities plans and regional plans.. Greater detail on these
instruments of land development and programming policy is
given below., An E.I.8. shou be considered unacceptable,
however, if no concrete reflection of such plmning and
programming coordination fs included. (See Figure R.)

A. Population——A Critiecal Variable

At times, the level of sophistication ohtained in
forecasting the nnise environment may lead the analyst
and reoviewer to an erroneous interpretation of future
impact because of inadequate ov incomplete consideration
of the future usec of land in aircraft noise impact zones.
Determining the "absorption rate" for various land uses
in a specific study area within a larger and more complex
econpomic trade arca is, at beat, complicated conjecture.
Yet, the locatien of nofse sensitive land uses and
populations, as well as lourly variations in the
occupancy of structures are critieal vaviables which
must be examined with care,

Tor example, when determining the number of noise
units in a particular study arca developed for residential
use, the "population" is multipliecd by the fractional
impact alktributable to aireraft, even though the actual
population of the area is likely to fluctuate considerably
between daytime and nightime periods. If a given study

. area.contained 1,000 dwelling units, and an average of
3.6 persons per unit, a gross population of 3,600 would
result, lewever, with children attending schonl, workers
migrating to jobs and other houselold wmombers engaging in
recreational and shopping trips during the day (7 AM to
10 PM), daytime average hourly oecupancy could drop to
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FIGURE R
THE AIRPORT/AIRCRAFT/LAND USE SYST

Airport 1 Aircratt
Systom Constraints

Flnes safety
_—l Alrerafe capability
Regulation System capacity

System Access
plannlng fegulations
COSts
Lond LUse
Domand

Harkets
P 1anning Transportation
Tastes

soclal faators

Location

Constraints

Resources

Planning Costs

"-Zmﬂng -bﬁ Transporcation
Topography

Legal system

Pallticat factors

Uncertalnty
hllnsulnlc:n-’ Noise sepsltivity

Reaction to noise conflices

Alrport 7 Aircratt

Locatien

Daslgn

Number of
operations

SchedulIng

Nolso Path
Temperature
Humldlty
parriars
Ground cover

Noise Recolver
Pattomn of Activitios
and Land Usos
Population
Arsa
valua
Amaunt of

economic

actlivity

SOURCE: Aircraft Neoise Impact: Planning Guidelines

for Local Agencies. U.S. Dept. of Housing &
Urban Development. Government Printing Office,

Washingten, D.C., November 1972; p. 8.



{0

- 54 -

1.6 persons per dwelling unit, or 1,600 gross population.

If the study avea were exposed to 90 SEL from esch of
300 aireraft operations, 270 of which oceurred during the
day, and 30 at night, and Ldn exposure rating of 68.2
would be obtained:

Ldn = SEL + 10 Log (Np + 10Ny) - 49.4
= 90 + 10 Log (270 + 300§ - 49.4
=90 + 27,0 - 49.4
' = 68,1

However, the daytime equivalent, Ld, would be 67.0:

Ld = SEL + 10 Log N - 10 Log T
= 90 + 10 Log 270 - 10 Log 54000 seconds
= 90 4+ 24,3 - 47.3
= 67.0

and the nightcime equivalent, Ln, would he 59.7:

In = SEL + 10 Log N - 10 Log 7T
= 90 4 10 Log 30 — 10 Log 32,400 seconds
= 80 + 14.8 - 45.1
= 59.7

If the study avea has a background noisre level of 60 Ldn,
a fractional Impact of .41 is obrained (68.2 ~ 60 = 20 = ,41),
If the gross population of 3,600 is applied, 1,476 noise units
are obtained, lowever, a "population equivalent" may also be
determined by multiplying the actual eccupancy of the study
area by the Fraction of a day observed, and totaling the
products. TFor example, the daytime period (7 AM to 1.0 M)
is 15 hours long or 15/34 of one day. Similarly, the night
period is 9/24 of one day. Thus, in the example, the
population cquivalent is determined by:

P o= (L5/94 % 1600} -+ (9/94 x 3600)
= 1000 + 1350
= 2350,
and total noise units are determined by 2350 % .41, or 964.

This deviation Is particularly. fnteresting when a curfew
option is examined. Assuming no operations after 10 PM and
a shift of all curfewed operations to the daytime period, Ldn
is reduced from 68.2 to 65.4, and fractional impacl changed
from .41 to .27. With a daytime equivalent populatien of
1,000, 270 noise units result (.27 2 1000 = 270). Tf the
gross population of 3,600 is used, 972 noise units remain
(.27 x 3600 = 972) after the curlow,
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To be technically correct, the population equivalent
during the day should be examined fro the daytime average
sound level, Ld, and daring the night for cthe nighttime
average sound level, Ln, while assuming a 10 Leq reduction
in background noise level for the night pericd. Under these
conditions, the daytime fraction impact is determined by
67.0 - 60 & 20 = ,35, and the nighttime fractional impact
is determined by 59.7 ~ 50.+ 20 = ,485. Applying the day
(1000) and night (1350) population equivalents, 350 and 655
noise units are.obtained, respectively, for a total of 1005
noise units. Applying the curfew option results in a slight
increase in daytime operations and 375 noise units,

Thus, the actual occupancy of the study area for day
and nighttime periods is an extremely important variable,
especially when a curfew option is considered, and the
reviewer should be cognizant of the possible range of
deviations wiich may result from such variables, as
exemplified by the summary table of the provious example:

TOTAT, KOISE UNILTS

No Curfew Curfow
Lda and gross pop. 1476 972
Ld -+ Ln and equivalent
population 1005 375
Ldn and equivalent ﬁoﬁ. 964 270

B. Planning Processes and Land Use Controls: A Direct
Approach to the TForecasting Problem,

Forccasting the actual development which. will generate

variations in population and occupaney is an extremely difficult
task which may be greatly simplified where the veviewer appliecs

the tests of completeness and reasonablenesg noted in tha
scction concerning air travel demand forecasting.

The completeness of land development forecasts should he
judged on the bagis of the "land use guidance evaluation
procedure" whieh follows, i,e., the review should determine
whether the analysts' discussion and presentation of the
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pertinent details concerning the developmental disposition

of affected -land. in the.airport noise impact zone is .
adequate, "Reasonablencss may he determined by the importance
or weighting given by.the analyst to various degrees of
commitment made by appropriate decision~makers to.control

the use of land idin a specified manner. For example, the
follewing outline.suggests a convenient method for evaluating
and presenting important land use planning and control
indicators:

LAND USE GUIDANCE EVALUATTON PROCLDURE
1, Determination of extent and locus of authority

a, Identification of jurisdictions by name and
geographic limits

b, Identification of specifie planming and land
development control authorities including:

1. those available as a watter of administrative
digeretion

2, those requiring promulgacion of new regulations
(ordinances)

3. those requirving new legislation (from state,
or national level)

2, Specificotion of Planning Powers

a, Conprehensive or "master" planning authority,
ineluding such clements as

. land use
« circulation
« community facilities

b. Areawide or regional planning asuthority and the
relationship to state and locnl povernmental powers,

e. Speeizl purpose.planning authority, including the
power to adopt plans for transportation, water,
sewer, institucional and economic development on
an inter- or intra—jurisdictional basis.

d. Envirvonmental Plapning authority including:

. preservation of natural vesources

» provention or remedy of air and water contamination
« protection from hazardous environuents

« preservacion of historie resources
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Inventory of Land Development Status

a.

C.

¢,

Undeveloﬁahle land, including

+ flood plains
+ earthquake zones
« parks or wildlife refuges

"« areas of extreme slope

Undeveloped land — land considered developahle but
lacking sufficient market interest to bring about
conversion, Indicators include

« 8table or decreasing'tax assessment
. no applications for development permits (building,
ete. ) or changes of zoning

Developing land — land which may or may not show
evidence of construction but which will reflect
the presence of market factors such as those
sugpested in (b.) nbove,

» iIncreasing tox assessments
« applications for zoning clanpes

« applications for development or construction permits

« planning for or construetion of infrastructure such
ay roads, water and sower lines, electric power
facilities, etc,

One of the mest important signs of developing land
occurs when the tax assessment on a parccl of land
is greater than that of other parcels showing the
same land use (i.c.,.nn amsessment at levels
applicable to develeped land in the region when
the parcel in question continues in apgricultural
use.,) :

Developed land - developed land is gencrally well
fragmented inte discrete parcels which are occupied hy
manmade structuras.

Where further subdivision of land is possible without
redevelopment (razing of structures), it should be
congsidercd developing land to the extent that the
characteristies mentioned in (e.)} above are present.

Radeveloping land - redeveloping lond has penerally
reached the status of developed land but reuse of the
property is likely to regquire the actual demolition
or modification of astructures. Rehabilitation of
structures, whether privately or publically financed,
should not be constyued as redevelopment unless a
change in use or higher occupancy ratios are likely
to result,
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4. Land Use Contrels

For each povernmental entity described in Section 1, the
analyst should determine wvhether or not its authorities include
the following land use and development controls. In additien,
a determination should be made of the nature of the existing
land uwse controls being exercised, for each category, and
whether sueh controls are likely to be effective,

a, Regulation - exercises of the police power
1. zoning

a, cumulative

b. mnoncumulative

c. dincentive ordinances (planned districts)
d. conditional use provisions

e. performance standards

2, subdivision regulations

a, site plan review

b, in lieu payments

c, front foot benefit charge
d. fecs

3. housing codes

a, acoustieal performance standarvds
b. code enforcement

fi. building codes

a. acoustical performance scandards
b. occupaney permits

5. official maﬁping

a, highways

b, terminals

e, utilities

¢, parks

e. Sstatuatory time limitacions

6. title rccording

a, flood plains

b, eascments

c. noise labeling

d. other hazardous envirconments
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statuatory nuisance
a, noise emissions
develapment districts

development rights

b. Acquisition and Disposition of Public Lands

1.

3.

7.
8.

condemnation

a. public purpcse definition—eminent domain

b, public purpese definition-expenditure of
puhlic funds

leasebacks

sellbacks

a., with covenants
b, with easements

cascnents

a, use easements.

h. right to trespass

¢. right to mzke noisc
d. right to nuisance
land trades

excess condemnation

a, remnant authority

b. restrictive authority
¢, recoupment authority

advanced acquisition

"quick taking" and triple bonding

e, Monetary and Fiscal Ineentives and Controls

1.

special tox disericts

a. develoepmont districes
b, dnterjurisdictional tax sharing
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land banking

a., property tax deferral
b. payment of back taxes for reuse

transfer payments

a. exemptions

1. deductions

e. differential assessed values
d. differential tax rates

e. special assessments
annexation and consolidation
bonds and honding limitations
a, revenue

b. peneral ohlipation

c., tax exempt interest

loans

a, -community infrastructure

b. industrial development
¢, residential development

grants

a, community infrastrueture
b. dindustrial development
c, residential development

guarantees

a, mortpage insurance
b, interest rates

1. guarantesd interest
2, subgidized dinterest

fees

Capital Improvements

1,

water and sewer

a. permits

h. licenses

¢, performance standards
d. capital financing

e. operational financing
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2, transportation facilities

2, collector streets

b. arterianls

e, limited access

d. mass transportation facilities
e, vchicle storage

3. utilities

a., permits

b. licenses

¢, performance standards
d, eapital financing

e. operational finapcing

.Contractual Aprecment

1. hetween public entities
2. Dbetween public and private entities

3. hetween private entities
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Note that in Section 1, the reviever may determine from the
E.I.8. the basic geographic and legal limits of jurisdictions with
actual or potential authority te control land use. In Section 2,
the specific power to plan is depicted for each jurisdietional
entity described in Section 1, Then in Section 3 land presently
or potentially impacted by aireraft noise is conveniently sorted
into four categories which may he subsequently cvaluated utilizing
the existing land use controls exercised by governmental entities
desceribed in Section 1.

Up to this point, the reviewer way decide that the E.I.S. is
complete, but the analyst's assumptions concerning the potential
effecctiveness of various land use econtrols in different situations
should certainly be scrutinized for reasonableness, For example,
in a etudy arca which is largely comprised of undeveloped and
developing land which is both planned and zened for agricultural
use, but for which speculative pressures (e.g., hipgh tax valuation
for a limited use) and inconsistent planning practices (e.g.,
granting of changes in zoning, and/or building of supporting
water and sewer facilities), the reviewer should he cegnizant
of the fact that the existing zening will do little or nothing
to prevent development, regardless of the good intentions voiced
by the local governing body; the assumption by the analyst that
the area would remain agricultural would be unreasonable, end
that portion of the statement inadcquate.

Another area which must be scrutinized is concerned with. whether
specific jurisdictional entitics have the authority to exercise a
propesed land use control, and, most importantly, what depree of
authority is available under existing legpislation. "The assumption
that a geverning body or ageney has. the authority to acquire land
or rights in property for specific purposes; to repulate the use
of land in.a prescribed manner; or te prospectively employ monetary,
capital improvement, or contractural centrols for Lhe purpose of
achieving compatible land usage is one which must clearly and
unequivocally be a matter of administrative diseretion. Where
sueh controls are to be applied pursuant {o the promulpation of
regulations or new.enabling legislation, the assumption that they
will actually be applied is unreasmable, In cascs where the
analyst has failed to provide the roviewer with information of
sufficient detail for the reviewer to determine whether such
assumptions are reasonable, the $,I,5. should he considered
inadequate and incomplete.

Formal adoption of a cowprehmsive land use plan by a local
fioverning body establishes a very important lepal precedent because
of the general rule that zoning must he in conformance with the
directions of the comprehensive plan. The comprehensive plan is
both a policy statcment and a researeh document, intended to commit :
local land use decision-makers to a logleal sequence of response !
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to development pressures. The responses must be grounded in fact
and a rigoreus analysis of policy alternatives,

E.I.5. reviewers should be especially sensitive to situations
vhere the authority to zone is not linked to a comprehensive land
use planning document, The absence of the guiding document makes
much easier an arhitrary zoning change in rcsponse to narrowly
based pressures, The existence of the planping document permits
the proprietor to challenge openly any change in zoning which is
not in conformance with the plan. Tn situations where any of
the jurisdictions in the aivport Fmpaet arca have neither zoning
nor plamning powers the analyst should he required to contact an
appropriate Btate agency to deteymine whether land use plans and
controls have heen developed ar applied exogenously., The increase
in State interest in Jand use planning and development controls and
the resultant declaration of airports as arcas of special regiomal
and State econcern should provide both analysts and reviewers with
more accurate tools for the determination of future land useage
than have been available.

C. Gross Planning Indicators

JApplication of the guidance system explained above is
aimplified if the analyst provides the reviewer with certain
clues to the land development process and the related
pressures, Private and public investments often carry implied
copsequences vhich greatly expand the land use impnets of the
oripinal actien. Teo often these consequences are not under-
stood when the impact of the action is first considered and
the publiec and private costs of the consequences far exceed
the benefits in the long term.

Public investments in infrastructure, sueh as hiphways,
and water and sewer treatment networks must be enalyzed in

this light. MNighway access to an airport, a factory, a shopping

center and other such centers of activity will creace, auto—
matically, pressures for development all aleng the access road
such that land conversion is a forepone conclusion,

TIE REVIEWER MUST REMEMBER THAT RESIDENTIAL DEVELOPMENT IS
HY FAR THE LARGEST CONSUMER OF URDBAN AREA TAND, AND THE ONLY
LAND TSE THAT CAN BASILY FILL IN THE SPACES DRETWEEN COMMERCTAL,
TINDUSTRIAL OR RECREATLONAL ACTIVITY CENTERS.

Thus when linear networks are created by investment in

public facilivies, they will attrack residential uses primarvily,

with proportienately insignificant quantif{ies of uses more
eompatible with ajrport activities.
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Similarly, private investment in activity centers such
as factories, industrial parks, recveational facilities or
commercial centers will attract hoth residential concentration
and public investment. Major private investment, In faet,
will not be made until the supporting public facilities are
guaranteed, Subsequently, the very cxistence of the combination
of private and public investment will attract vesidential develop-
ment to take advantage of proximity to the facility., Since
World War II, airports themsclves have provided one of the best
examples of this pehnomenon,

The analyst preparing an E.I.S, must present a clear
picture of the plans for puhlic investment in the impact area,
Obtaining private investments plans is a more difficult task.
It is for this reason that an.adequate Dase of local land use
planning and control is so important. There are other clues
which can be detected, however, which will provide individuals
reviewing an E.L.S. with a better idea of the development plans
for a given area. Pcorhaps the hest ig land ownership.

1. land ownership

Land owncrship records are a matter of puhlie record,
thoupgh they requive detailed examination of plat hooks
and tax records on file with loeal povernment authorities.
Analysis of land ownership records by E.I.S. analysts
will turn up efforts to amasz large tracks of land.

2. land brices

These racords require equally dilipent research by the
analyst as does snalysis of land ownership, though often
they ean be combined. Substantial inecreases in the price
of land often pravide evidence of acceptance of the area
under study as suitable for a more intense use and,
therefore, werth a higher investment,

3, petitions for zoning change

Mentioned earlier as an essential component of the land
use monitoring system, the zoning change, also a matter of
public record, will telegraph the anticipated future use,
at least to the extent of implying more Intense use, with
the accompanying neced for supporting public facilities,

In summary, envirommental Impact statements at a minimum,
should contain evidence that land ownership, land value, and
zoning procedures have been carefully analyzed with the con-
sequences for public and private land development impact in

mind,



)

- 67 -

D. Indigencus Noise Impact (""Background Noise")

One asprct of land development and its relationship to
airport operations an impact which has, until recently,
not reeeived proper attention is the noise pencrating character
of certain types of land use. The highly specific identification
of aireraft noise has permitted poople to believe that airerafr,
(or an occasional truck or motoreycle) are the cause of changes
in environment frem "peaceful" to 'noisy." Certain types of
Jand development bring with them long term noise impact which
may well remain at levels above those genevated by all but a
very few overflying aireraft. Early analysis of neighborhood
noise levels sugpgests that background levels rvanging from 60
to 65 Ldn are quike common in residential neiphborhoods not
impacted by a major freeway, airport or specific ground sourceo.

Among the Dbest recognized goenerators of bhackground noise
is the automolbile. Concentrations of automobile activity,
such as shopping centers, will also result in increases in
background noisc levels. MHeavy industry, mining opervations
and truck traffic moy also he major contributoers, parvticularly
if they run duvring the evening and night hours, Amusement
facilities ineluding outdoor thenters, swimming pools, rides,
and race tracks, will alse have te be considered, though in
some cases thefr neoise making properties are strictly limited
to certain days of the week or lours, The standard subdivision
will generate substantial hackground neise, with levels gencrally
varying with population density and vehicle ownership.

It seems more and more likely that measurement of the noise
impact of aivport cperations will be placed in the context of
the background noise of affected comnunitics, and that plaas
and proprams to reduca neise exposure will require a broadly
based analysis of ell noise sources. An overview of the noise
sensitivity of certain land wses is shown in the Figures § and
T which follow. AL present these sensitvivities arve reflected
in one Federal Government Regularion only: HUD Circular 1390.2
which regulates thie use of Federal mortpgage programs with respect
to noise levels,
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TABLE IV
NOTES FOR FIGURE . S

Clearly Normally Normally Clearly
Acceptable Acceptable Unacceptable Unacceptable

Clearly acceptable: The noise exposure Is such that
the activities associated with the land use may be carried
out with essentially no interference from alrcraft nolse.
(Residentjal areas: both Indoor.and outdoor noise environ=
ments are pleasant,)

Normally acceptable: The noise exposure |5 great enough
to be of some concern, but common bullding constructions will
make the indoor environment acceptable, even for sleeping
quarters. (Residential areas: the outdoor environment will
be reasonably pleasant for recreation and play.)

Normally unacceptable: The noise exposure is signifi=
cantly more severe so that unusual and costly bullding con-
structions are necessary to ensure adequate performance of
activities, (Resfdential areas: barriers must be erected
between the site and prominent noise sources to make the
cutdoor environment tolerable,)

Clearly unacceptable: The noise exposure at the site
Ts so severe that construction costs to make the i[ndoor
environment acceptable for performance of activities would

be prohibitive, (Resldential areas: the outdoor environment
would be Intolerable for normal resident{al use,)

1St:andar'd Land Use Coding Manual,
ZNolse Sensitlvity Code (see page 53).

3x represents SLUCM category broader or narrower than, but
generally inclusive of, the category described,

AExcluding hospitals.

Source: Aireraft Noise Impact: Planning Guidelines for
Llocal Apencies. U.S. Dept. of Housing and Urban Development,

Government Printing Office, Washington, D.C., Nov. 1872; pp. 54/55,
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FOR

SLUCM] ' 2 LAND USE INTERPRETATION
LAND USE CATEGO NSC FOR NEF VALUE
N ATEGORY CODE 10 20 30 40 50
Residentlal ~ Single Family, 3
Duplex, Mobile Homes F1x 1 \
Residential - Multiple Famity, Tix, 12,
pormitories, etc. 13, 19 1 &
Translent Lodgfng I 2 ‘
N
School classrooms, Libraries 68 N
Cnurches ' ' I rARR 1 :\\
Hospitals, Nursing Homes 651 1
N
Aud!toriums, Concert Halls, 721 1 SN
Mustc Shellls &&
Sports Arenas, Qutdoor 722 1
Spectatar Sports :‘\
Playgrounds, Neighborhood Parks f 761, 762 |
NN
Golf Courses, Riding Stables, 741x, 743x 2 N
Water Rec., Cemeteries 744 ' ' &&
Offlee Bulldings, Personal 61, 62, 3
Business and P;ofessionai 63: &9, 654 S§S§\
| |
commerclal -~ Retall, Movie 53, 54, 3
Theaters, Restaurants 56, 57. 59 \\\\
commercial - Whalesale, Some 51, 52, 64,1 & NN
Retall, Ind., Mfg., Util. 2,3, 4 AN
Manufacturing, Communications 35, L7 2 N 2
(Noise Sens;tive) ’ &\\\W;
Livestock Farming, Animal 815, 816, 3 ~ .
greeding , 817 .&\k\\\
Agriculture (except Livestock), § 81, 82, 83 5 N
Mining, Fishing 8 .85,91,93 AR
Public RIght-of-Way L5 5 \
WY
Extensive Natural Recreation a1, 92, 93, 3

Areas

99,7491,75
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FICYRE T - "
MOISE INPACT ON HLMAN ACTIVITIE$

E:\\

widtrite fericus Criticatl
|muc: Impdct Impact frpacy

Low {mpact: Actlvity can be performed wicth ittt er no
interruption from alrcrafz nalse, though notse may be
maticeabie atove background levels,

moderata Impa-s:: Activity can be performed but with some
Intarferance from alrcraft nafse due to level or fre=
quency of Interruptions.

strious Impactt Activity can ba performed bui only with
dVFFleulty in tha afreraft noise environment due o lovel
ar frequency of Intesruptions,

critlcal tmpact; Actlvity cannor ba parformed acceptably
In the alrcraft nolse envlronmant.

Impact eatTmates based on activity eriverla of Figure 2-16
and mathndology developed In Flgyres 2-18, 2-15 and 2=20,
for nalse envirenment with 64 day and B night oneratlons,

IMPACT ESTTHATE FOR NEF VALLE
HUMAN ACTIVITY
10

Intansive conversation

Casui) Convarsation

Talephone Uye

Slamping

£atling

ReadIng

maditatlon

Writing

Studying

Semirar, Group Dlscwss|on

Classroom, Lecture

Indlvidusl creat|ve Activity

Liva Insater

wWatehing Fllm

Watching Talavislon

Listaning to Husic

Leranmny, tradition

Public Evants, Assembllas

spactatar Sparts |

publlc Hass Racrestion’

Physicel Recreation !
I N
Outdoor Activities NN

Urban utdoor Actlvitles !

Extandad Child Care

peiving !

Shopping

Tachntcal Hanue! Work

Skillad Manusl Work

Hanual Work

[qulomant Operation 2

Aepetitive Wark

Holsa-Sensitive [quioment 1

H
Depends qn charactarlsticy af partlgular equlmment,

Adrrgaty Naine Itpacet
lm.luluwu Tor Luch
Ago )2 At [T v W
fasw 't luutuu- i liee, h'mlh.,
Byte, Buveniar 19N pps 61782,

Tho &) towance for structural insulation,



FIGURE T
NOISE IMPACT ON HUMAN ACTIVITIES

Moderate Serlous Critical
| mpact Impact Impact {mpact

Low Impact: Actlvity can be performed with little or no
interruption from aircraft noise, though noise may be
noticeable above background levels.
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Moderate impact: Activity can be performed but with some
Interference from aircraft noise due to level or fre-
quency of Interruptions,

Serious Impact: Activity can be performed but only with
difficulty in the alrcraft nolse environment due to leve)
or frequency of interruptlons.

Critlcal Impagct: Activity cannot be performed acceptably
in the alrcraft noise environment.

Impact estimates based on activity criteria of Figure 2-16
and methodology developed in Figures 2-18, 2-19 and 2-20,
for noise environment with 6% day and 8 night operations,

IMPACT ESTIMATE FOR NEF VAL
HUMAN ACTIVITY " ALUE

10 20 0 L0 50 60
Intensive Conversatlon 3s§:§
Casual Conversation \\$\
Telephone Use SSQ:Q§\
Sleepling §§\\“\\\&\
Eating
Reading
Meditation
Writing
Studyling
Semirar, Group Discussion




Seminar, Group DIscussion
Classroom, Lecture ™
Individual Creative Accivity N N
Live Theater Vlw\
Watching Films %N\
Watching Televis]on §\\:\‘
Listening to Music \§§:\\
Ceremony, Traditlon ‘\\"&
l public Events, Assemblies §& ;
Spectator Sports ! . \\\T‘\\\“\\\\\\JM@
Publfc Mass Recreation! k\‘\\\\\w AT

Physical Recreatlon! &“\\\:.\\\Q B '@ﬁt

Outdoor Actlvities' §§\\t‘§\ i RE ey R A

Urban Outdoor Activities :\\\:\\‘\\\\t J i b o)
Extended Child Care \\\‘k\ /

briving ! \\\\1 N
Shopping R\Q\\S\

Technical Manual Work &\\\\‘.&
5killed Manual Work ' l\\\\\&‘g‘ 3

Manual Work &&W'ﬁ
! O\
™~
N

Equlpment Operatian N i

Repetitive Work

\
/A

Nolse-Sensitlive Equipment z ‘\:-SQSE

SOURCE: Adircraft Noise Impact:
4o allowance for structural Insulation, Planning Guidelines for Local

Agencies, U.S. Dept. ol H.l.D.

Cov't Printing Office, Wash.,
D.C., November 1972; pp. 61/62.

zDepends on characteristics of particular equlpment.

F P Y N R

SECTIONED DOCUMENT |
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ALTERNATIVES TQ PROPOSED FEDERAL ACTIONS
AND THE
RELATIONSHIF TO NOISE ABATEMENT STRATEGIES

Environmental Tmpact Statements relating te airpeorts and
airport operations are most likely to result from cfforts to
develop new facilities or cxpand existing ones, These 1E,Y,8,
generating actions are listed in Figures G and ¥ combined,
Federal assistance for these actions dis controlled by the Airport
and Airway Development Program {(ADAP). The interrelationship of
these actions will, in most cases, be close, Expansion of operating
capacity by runway adjustments to permit larger aircraft, for example,
will require.subsequent, if not concurrent adjustments to terminal
facilities, parking capacity, access to the metropolitan area and
other iwmprovemenis teo supporting infrastructure. Tn almest all
cases the development program will use a combination of local and
Pedeval financing, with the local component being drawn from
airport revenwes or, in the case of large projects, bhond sales,
Thus the reviewer must consider the feasibility of the finaneial
program Lo be applied, purticularly as it rclates to the staging
ef work, .

The most ciritical alternative to be considerved for a major
Tederal action whicl inereases capacity is that of assigning projected
"oxcess" operations to another existinp facility serving the. same
economie trade area, In some instances, joint use of military
airfields may be an especially important consideratiocn becasue
additional air earrier operatious will ravely contribute a substantial
increase to noise levels generatced by fighters, bombers and heavy
trangsport military aireraft if the basec is moderately active,

Conversely, the most critiecal alternative to be considercd
where a new airport is proposed, is the expanmion of an existing
airpart or airports serving the same economic trade aréa. Additional
instrumentation and a reduction in the number of gencral aviation
operations (particularly by those aireraft which eannot approach
and depart at speeds identical to air carrier jets) may double
or triple the capacity of a congested aivport. Where separation
standards may be wet, the addition of a main ILS runway can also
subatantially incerease capacity.

Clearly, such development pregram alternatives must be tied
to a noise prevention or ahatement plan to be considered an adequate
analysis of environmental impact. Table V provides a comprehensive
review of noise abatement strategies and their salient characteristics.
The aivport related actions mentioned in the paragraph sbove, however,
will be made wuch morve envirenmentally sound if they are proprammed
with such strategies in mind, and in concert with the appropriate
governmental agencies,
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Figure U provides a matrix of interrelationships between
noise abatement strategies and the varicty of govermmental agencies
holding significant authority. Tigure V expands on the inter-
relationships between abatoment stratepies, showing whether one
approach has a positive or negative impact on another. These
matrices, while complex, are very helpful in setting airport
development alternatives into perspective with the complementary
actions which arc.essential if the effects of airport noise
impact are to be properly recognized and minimized, A Final
graphic presentation, Figure W suggests some of the timing
constraints of certain noise abatement strategies, a vital
consideration in reviewing. alternative development plans and
assessing environmental impact,
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h, Effects of Alrcraft Operation on
o Seattle, The Boolng Company, June 1971, W[l vary cons|dersbly depending on wxlsting practice,

typo of aircraft used, and ground location relative to flfght path,

TABLE v
y NO|SE ABATEMENT STRATEG|ES:
‘ COSTS, EFFECTIVENESS, OTHER CONSIDERATIONS .
e
’ Nolse Abstement 1
i""i‘l’ Holse raduetlnn Casts leltntlmul Comments, other conslderations
1
|
! Higher holding and About 9 EPNdB with ATC wark load In use at somo airports,
| P mansuver alt|tudes, increase from 500! FAA pollcy “"kaep 'em high'!,
.; rajse glide slope to JoO0', Primary Doesn't halp in highest nolse areas,
: intarcept altltude benef [t 24 m|les No equipment change,
E from chrashald,
g Steoper glide slope 0-10 EPHdD, greater Pliat workload Some galns avallable From enfarcing
| with greater dis= Safaty exist[ng minimun glide slope.
tanca from threshold, Reduce foar of low=flylng alrcrafe,
H {higher altitude,
i P | reduced power) .
g Two-segment approach, 0=10 EPNdB, groater Safety Could have latar switch to flatter slope
) 69 to 39 at 3 miles, with greatar dis= Pllot workload with automsted systoms,
000" attltuds, tance from threshold,
thigher altituds,
b reducad power)
H
'; Two=segnent approach, =15 EPNdE, greater Equlpment More benaflit In highest nolse Impact areas
s €% to 37 at |ess than with groater dis- mod| flcatlons than mest other changes,
i Y mile, 250' to 400' tance from thrashold,
H altlituda. (higher altltude,
7 {automatic controis) reduced power}
i
4 palayed flap and gear 0=6 EPKOB untll Safoty considerable benefit from changes with
¢ axtension axtenslon [reduced Pl lot work|oad exlsting equipment - pilot eption now,
; power) More patential with automated systems.
.-’ " Potential banefit in high-nolsa areas,
L
3 Comb ned approdch Poasibly 20 EPNdB Pllot and ATC
¥ technliques, ex|st= at 6=10 miles, less wark|oad
5 ing equipmant {Hlgh  as threshold ap- safety
. intarcept, reduced proachad, (higher
# flaps, 2+segmant altltude, reduced
E approach} power}
Vo
i 4 Thrust cutbacks Upta 5 EPHdH' aftar safaty Now In use at some alrports and by some
¢ after takeoff, cutback, less with alrllnes. Lass useful with 4eongina Jets
& raducad Flaps, greater dlstance, bocausa of less resesvo powar, HMoras potan~
‘,',I Varies with ajrerafe tlal with highar raserve power. Some addi=
i type. tiona) potential with automated systems,
H May rasult In more area In NEF contours
? because of slower climb aftar cutback,
t
=) praferential Ralees In somam, Small to modarate Opportunity limited by land use pattern,
I runways lowars In others reduction 1n ca= wsafulnass |imlited by wind conditions ot
k pacity, Pllot & alrports with strong provalling winds,
ATE workload,
E Longar flights
Runway threshold £llght Kay [npvolve rurway Much shift raquired far signlflcant reduce
g shIFts extension tlon, Hore important 2s other tachnlques
T implemented, May Incroase alrport nolse
i ~ with [ncreased use of thrust reversal.
1{ goncentration In yaries, incraase In Reduced capacity Monltoring halpful, Once establlshed,
1 corridors, delays some areal Filat and ATC shoyld remain stable to be usaful In adjust-
| before turning, . worklosd Ing land uses to noise Impact,
| Longer Fllghts
]
f—
i 1I)lu for opsrational changes from M, C. Gregoire and J. M. Str b
i
I
I
1
{
|
1
1
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TABLE Vv (CONT)

Nolis Abatsmant
P

uni 13 =5d| ctlon

Loty

_lelt.ltlonh Emn“l oiuor son"gami a“

Houstag code

Inslde; up to 25

Administrative

Housing code commonly #pplies to existing

™ EPHAD ovar normal Codo writing dwalllngs, Public concarn legatly questions
construction Increased davalop~ able for requirements In singlo=family

H mant costs dwallings, Many jurisdictions [nvolvad, |

‘ Local opposition to [ncrassed costs, Moda)

! codes helpful. . ’

1

{ Sound ipsulation 1025 EPNDD over Varfes with Doesn'¢ change ocutdoor anvironmant, Alr

; af structuras normal construction, reduction: conditionlng required = changos *feel' of

Y Vartes with tyas of 10=15 dB, about being inside house - abillty to hear chlldran

! ex[sting conatruc=- §3/8q. ft.; and othar nelghborhood nolsess Also insu=

! tlon and extant of 25 do, about $8/ lates against ¢raffic and other amblent nolss.

i mod| Fleatlon, sq, ft. Legal timits on imposition of requirements

. {resldancas) through zoning and buflding codes = stato

i enabling legislation, model codes helpful,

v Reslstanco from local communlty ~ Incredses

! development costs, Can tle provision of

| ~ public funds to granting easoment,

[

j Sound maskling Hone = |{ncreases Acquisition, Untosted [n residential use, May bs

I nofss Jove) instaliation sultable for some commercial facllftles,

g {vartas)

!

; Planning by Aeduce sansitive Admlnistration Must be based on accurate [nformatfon far

“r.,} governmant, alrport area exposed pata callection long time horjzon to ba effeccive In land

i w suthority use planning, Heeds Implementation tools,

} Hany local Jurladictions often-fnvolved,

! Public Hearings varies Varies Low lovel of public information makes pracess

H one~sldad, Could ba required for targar num=

i ber of nolse Impact factars, Including opera=

i tlonal changes ad wall as locstlon and deslgn.

iittle Incentive to adopt pubtic~reconmendad

D . changes,

; Publlc Involvemant varias Higher than Meaningful citizen involvement [n declafone

; hearings making axpensive and time=consuming, Needed

v aarller in deslgn process, Hay only reach

¥ cartaln soclo~aconomic groups, Heed some

T means to require Joint solutlon to make

¥ effective (airport may [anorae),

I

! ) Nolse sassmants on Nona Varies with ax- Does nothing to control nolse, Effect may

{ deve lopad proparty tant of eassment - depend on method of financing, Hay provids

¥ samo order of enaugh maney to insulate structure, Hay he

H magnltude as purchased or laased, Protects aleport

i insulation = operator agalnst 1itigatlon, though In-

; 10+204, of value, creased nolse may bring new 11tigation,

E Tax raductions Nona Adminlstrative simllar 1o easement, but doesn't glve legal

| declsian dater- protection, |f applied to new development,

' mlnes amount of may encourage Incompatible development,

: tax losy

r Existlng lagal varles Litlgation cost DIFficulty of demanstrating extent of damage,

! channels Hust be continulng threat Fn ordar to affact

i ajrcraft nolse levals, Same paople often on

[ both aides of case when clty vs, alrport

I' autharlty, Time for sectlement lopg,

;“J Regulatlion by FAA Varias Costs to alrport FAA has little [néentive to consfder local

| gparator, afp= community lmpact. Regulations to be most

r linas affective should be bazsd on perfarmance

| standards, but such standards make snforce=

| ment diffleult. DIiFflcult to develop regula-

[ tions that don't creata unusual market forces

f rathor than desired noise reduction, HNot

; automatic compllance, depends on enforcemant,

)

wAnAPS, JFK Internatiops) Alrport, p, 17
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TABLE V  (CONT)

PRTARY TSP LT P TET TR S—"

Relocation of
Incompatible uses =
Acqulsitlen

Relocation =
markat service

Zoning te com=
patible use

Subdivision .
regulation

Pubilc Servicas
Planning = Officla)
Hap (Withhald
sarvices In Impact
area)

Advance acquisition
of land in impact

area for resale with

controls

Bul ldfng codas

requiring insulation

Reduca sens(tive
ares exposad

Reduce sensitive
areas exposed

Reduce sans|tive
area exposed

Reduce sens|tlve
area exposed

'
Reduce sonsitive
arca exposed

Reduce sensitlve
area exposed

Inside; wup to 25
EPNAB over normal
construct/an

very high = pur-
chasa cf developed
Iand, demclition,
assembly and pre=
paration, reloca=
tion, (Federal
aids for many
parts of program)

varles with nature
and extent of pro-
gram, Relocation
informatlon and/or

finanzial asslstance,

bDavelapmunt of

alternate locatlons,

Administrative,
Slows development
if demand for for-
bidden use {tax

loss). Opportunfty

cost of land In
other uses,
Retroacefve =
compinsation.
|f a vrakingt -
acqulsition,
Federal a)ds
[Hup 701},

Adminlstrative

Adminfstrative,
Tax income loss
from undeve loped
land, |f a
ntakling! =
acqulsiticn,

May be very high
Inltlal cost and
carrylng cost,
cons lderable
rocovary with
development,

Administrativa.
Increased costs of
dave l[opment (tax
loss) 10=20% in-

crease in construc-

tlen cast,

Alrport sutharfty often not authori{zad and
would not want to undertake, GCenerally very
large areas Involved, Local oppesition prob-
ably strong, Existing develocpment may not
have sufficlent othar vhlight'' te justlfy.
Nalse as blighting [nflusnce In Ftself suffi=-
clent to Justify redavelopment only in most
extreme cases, Some relocation may be done
In private sector [f market [s alded =
alternatives provided, relocation loans, ete,

poasn't reduce nolse level,
Theoretically means of adjusting market
effleciently,

Usually many Jurlsdictlans have authority in
Impact area, Loeal government doesn't have
reseureds te set and enforce complex stan-
dards, Easler with mode| cedes, May require
enabling legislation to use nalse as critarion,
gan't rastrict alrorafc operations {Federal
preemption), Tax competition discourages
restrictions, HNot retroactive = |imited to
undeveloped areas, Local government will
resist metropolltan zoning, Hinnesota Alr=
port zoning act provides far combinad author-
ity for standard setting, Joning-oriented
land wse classifications and nolde sepsitf=-
vity not always carrelated -~ new stancards
may be required.

Require large parcels for commarclal/
industrial development [n Impact srea,
Litele affect In liself In reducipg cop-
fllcts = dependent on zoning regulations,

Hay be legal restrictlons on abjlity to
withhald services, State enabllng legis«
latlon required. Hay be followed as infar-
mal policy, but with much reduced &f fectIve=
ness.

Due to hligh cost, limited to undeve loped
areas, Lugal authority limited - state
enabling legislation required, Airport
suthority not Ilkaly to undertaks unless
requlred ta. Politlcal opposition from
lacal government, Tax competitian, Limited
by financlal resources, Income highly de=
pendent on timing., Acquisition may be diffe
cult becausa of spaculative Ipcreases n
value after sfce selection, New alrports
only, Method 1o clrtumvent |imltations an
use of nelse crltorla In zoning and bullding
coades through deed restrictlons,

Hay require state enabling Teglslatipn to
use nolse zonas for bullding ¢ode restric-
tlons. DIifficult to apply retroactively,
Hodel cades helpful, Local opposition to
Increased development costs, Not |lkely to
be legally applicable to single-family
residences, Many local jurlsdictions
Invalved, Heat Insulatlon aften does not
provide adequate sound Imsulation, Cost

to owner ar buyer,

)

3

[

~
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TABLE v {CONT)
tosts leitnt!nns. Comnantul ather conslderatlong

Retocation of takas
off and approach
rautes

Schadule restric=-
tions {alimlpate
night Flights)

Shifting corridors
by time of day

Alrceaft type ras-
trfctions, Eliml=
nate 4-engine jets,
Vicensa by nolse
lavals,

Regulate time and
place of ground
operations

tacallae Lining

"Quiet engina®

AkrfFrame changes
targor alreraft
V/STOL alreraft

Traffic allceation
among alrports and
alrcraft,

Hew alrparte

Abandonment of
existing airports

Alrport mastar
planning « runway
crientatlon

Ralses [n some,
lowers |n othars

Hlgh at night,
nong In daytima.

Varles, [pcrease In
some aresas and at
some times

Varles with existing
usage, particular
restrictian.

Varies

Takeoff - 3 EPMAB
Approach « 10=15 EPNGB
from present englnes!

+

About 10 EPHAB helow
“bast't today (P47,
be~10) fakeoff and
landing

Reduce number of
flights, Increase
takeoff and approach
slopes

Reduce ssnsltive
aress enposed, reduco
number Bf fllghts

Ralses stme, lowsrs
others. Reduce
sensltive area
oxpased,

Raduce sensftive
arnas axposed

Reduce fensitlive
areas uxpased

Opporeunity timited by development pattaern,

Longer fllghts
To preserve opportunity need development

Reduction in

capacley controls in undeveloped carrfdors, Monltor-
Pllot and ATE ing halpful,
workload

Doesn't halp at schools, other day uses,
Consfderable benafit in resl(dent{al areas,
akrpart, Greatest cpportunity [n metropel|tan areas
Reduced capaclty, with mara than one alsport, outlying alr-
Schedule conflicts., port for night Flights,

High ta afrlines
[f no alternate

Reduced capacity Monltoring helpful, sy be partlcularly
Pllot and ATC useful in wpusunl land use situations where
warkload day=night shift appropriate, Possibillty
Longer flighes of providing some resplte for all but close
65K in areas at cost of wilder area of Impast,

In vse At JFK; Newark and La Guardia no
H-ongino jets, Groatest opportuabty In
metropolitan areas with more than one alr-
port, outlylng alrport for roisler alreraft,

High to afrlines
If no altarnate
alrport,

Host benaflt from restricting night englne
rupups near residential areas,

Avallable socon,

Inltial =« up to
Requires Federal actlion,

$1,000,000/alr-
craft, «+ ?7.
aperating

sh millonfatrcraft  Available in 1975 or later,
retrofic, lefs on Requlres Federal actlon,
new alrerafe various types under condlderatlen,

{varias with typa)

Privata sector action, Limited by passenger
traffic demand,

Aesearch and
development

Among airports ~ limlted to areas wlth more
Schedule problems than ane maJor afrport.

Ground Lranspertas Among aireraft « reducing surplus seating
tlon requires some Intar=alrline cooperaton,.
Federal planning ass|stance,

Longer fllights

Adminkstration Some reglonal cooperation likaly to be
Planning required, Easlfar with metropolitan authority
Acqulsitlion with taxing powers, Coordination of alrport

Access location and deslign with land use plannlng
gxtarnalities at and contrels necessary to insure lopg=run
d¢1fferant beneflts, Feaderal planning assistance,
locations

Abandon existing Can possibly use for gencral avlation ar
facllicies, Jobs V/5T0L, Fossible Income from sale of
last if no new alr=  property.

part, Depends on

distance to nsarest

avallable ale facillty.

varlas; Wind, safety factors now pradominata design
Administration requlrements, Limlted incentive to conslder
Acquisltien nolse, Halpful to coordlinate with surround=

Ing land use If under same authoricy, Pri=
marily new alrports, also expansion, Expan-
sion of use of environmental impact statemont
and review requiremants may cause nolse to
ba cunsidered, Ffedaral planning assistance,

Operating costs

jatlonal Academy of Sclances, Natlanal Academy of Englneering, Jamalca Bay and_Kennedy Alrporr {¥olums 11y, 1971,

e 115
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holsa Abatemont

Strltam Nalse reductlon

Alrport mastar
planning «
malntenance arsas

Alrport mastar

planning » sito 2lza

to Includs Impact
ares

Alrport master
planning -
managemant of
alrport proparty

Alr erafflc
demand - y/STOL

Other transport
modes (Primarlly
KHigh speed ground
transportat lon)

Other technofogles
{communlcation)

Darriers

- Public acquisition

and davelopment of
vacant fand

Harket servica
incontivas for coms
patible davelopmant
of vacant land

Publle use

(CONT}
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21l

hlsialont, Lot oiter ouldaaiion,,

Varies by.lo:nlun

Raduce sensitiva
area onposed

Reduce senalelve
area exposed

Raduce hlghest nolse
Impact arsas, possie
bly Increass |owsr

Impact, (Reduce nume
bar of CTOL fllghta)

Reduce number of
flights

Raduce number of
flights

Up to 10 EPNdD
adjacent to alrport,
Useful for runups

Reduce sansftive
aroas oxposad from
what would oceur
wlthout public

act len

Reduce sansitive
areas exposed from
what would ocour
without publle
actlon

Reduce sonsitive
aroas cxposad From
what would oceur
without publle
actlon

varles

Hay bo very high
Inltia) cost,
carrylng costs,
Taxes foragona,
Acquisition
{possible Income
from teasling or
sala with res=
trictions})

Adminlstration
Posalble reduced
utllzatlon

Hew matrapo]|tan
W/STOL ports,
New equipment,
Access,

System, equipment,
accoss, land ace
quisition, rascarch
and davelopmont,
planning,

System
Research and
deve|opment

Varies with
extant

Acquisition
5fta Propsrat(on
Marketing
carrylng cokts
Adminlstration
Tan loss during
holdIng parlad

Publlcity
Adminfstration
Tax [ncontives=-
tax loss far
inltia) pertod

Acquisition
Oevelopment
Differantial In
capital and
oparating costs
batwesn alrport
site and altar~
nate sites

Tax loss

Locata malntansnce areas sway from sans|»
tlva usas, Federa] planning ass|stance,

Alrport authorlty may not be lagslly em«
powered to acquirs land for othar than alee -
port use, {5tate onabling leglslation
required,} Local pollcieal opposltion =
removal from tea ralls, developmant poten=
tial, Coming [nto use at pewnst plannad
alrports; Palmdale (Los Angeles) IB,000~
scro sfte; Irving (DallaseFt, Worth);
Hinneapolis=5t. Paul, LImited by financial
resocurcas of alrport authorlty, Can moha
agraements on controls with suproupding
communitles rathar than purchass, ¢ederal
planning asslstance,

tonditlonal lesses or sale of excess proparty.
Effectlvencss [imitad by site siza,
Fedaral planning assistance,

V/STOL demand most sensitlve to changes in
other transport = highways, HSGT, ats,
Introduce now uneaposed arods to nolse,
High takeoff, spproach nolse. May ba
serious sccess and parking problems In
downtown areas,

Intar-reglanal and Inter-stata cooparation
required, Volume sufficlant for major
soparate system In only very few locatlons
[HE corridor, LA « 5F},

Unpredictabla, 10-20 year + horlzon,
Soclal changes tikely with communicatlon
system sufficlently dovaloped to roduce
flight demand. Natlcnal scale of planning
and implementation raquired.

High, massive barriers best. Troes Iimitad
In reduction capacity, Net affective for
alrborne afreraft, Barrier must be close

te elthar source ar recelver to be offective,
Hay be wseful for w/STOL,

Alrport authority not 1lkaly to want to got
Involved, Local govarnmont may cbfect to
controls, Business objections ta gavermmant
In the developmant business, Limited by
demand for compatible use Fn impact area,
Slgniflicant percant of Impact area only at

a vory few alrpares,

Can't pravent incompatible development. Tax
incentives a minor factor In most business
lacation declsions, LImlted by demand for
compatible use [n Impact area, Significant
percent of Impact arca anly at a very Few
alrports,

Public uses likely to be limlted, Fedara)
aids avallabte for many public uses, Many
open space and recreation usos also sensi=
tive ta noise or other alrport Impact,
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TABLE ¥V (CONT)

Llmltatland, Commants, othar cons|deratioda

Laglsiative
establ [shment of
raspans|bl ity and
paymant machanism

Informatlan
systams,
monitoring

Altarnative dacle
alap structures,
Hetropolitan coe
ordirating
mechanims:

a, cooperation

b, Joint authorlty
¢. suparvening

authority

Eeonomle Incentivas

for nofse reduction:
Fines

variable landing
fans

Passanger tazos
Adjuating afrline
licensa feos

Information to local
cormunities, dovel«
apers, homoowners

varies

centro] avar other
nelse abatement
strataglas

Easior implementa~
tion of land use
related strateples

Varias

May reduce sensitive
area exposed from
what would occur with
no informatlon

SOURCE:

Cost to alrport
oparator, afr=
1ineg,

Adminlstration,

Setup of mopltore
Ing metwork.,
Adminlstration

Administrative

Coxts to alrlines,
Monltoring system,
Adminlstration.

Cost of Information
Enfarcemant

Powerful alrline, abrpart and alrframe
mansifacturar lobbles will opposa. Limited
by Fedaral preemption of alrline ragulation,
prohlbltion agalnst state [nterfarence with
Interstate commerce, Legal quastlons about
utn of palse contours as basis of stratepy.

Hust have |egal powars to control sfrcraft
In order to be useful, Provide Informstion
for setting local standards,

Simpla Information msy bo suffleient to
achlove conslderablo control, Local phfecs
tlonllltrnng to glving uplllmv slgn;flfun:
decision power to metropolltan suthorfty.
Negds to be combjned with othar measures,
such a3 tax sharing, to encourage Jocal
participation,

Hust be carefully structured to have desired
affact, Linited by Fedaral prasmption of
alreraft oporations regulation, prohfbitien
nAgalnst stage interfarsnce with Interstate
commerce, Possible conflicting Incentlvos
at differsnt alrports,

Leaves decislon on whother to use nolse as
eriterlon to Individual or community, Any
soclal costs of nolse impact not [ncluded
in declslons,

Aircraft Noise Impact: Planning Guidelines for

Local Agencies,

Davelopment.

D.C., November 1972; pp. 82~87.

U,5, Dept. of Housing and Urban
Government Printing Office, Wash.,
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POPULAT ION
GROUP

NG1{SE
ABATEMENT
STRATEGY

Impact area residents

Local community

Local planners

Local gov't

Metro govt, COG

Airport Authority

Operational Changes

Schedule Restrictions

Aircraft Type Restrictions

Technological Change

Alrport System Change

Traffic Demand Change

Encouraging Compatible Use

Publiec Use

Relocation of Incompatible Us

Prohibiting Incompat. Use

Sensitivity Changes

Airport Environs Planning

Compensation

Legal Action

Regulation, Admin, Mech.

Metropolitan Control

Economic Incentives

Infermation
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FIGURE V
RELATION BETWEEN STRATEGIES

+ positive:
aids implemen—
tation, allows
more freedom or
no Influence

- negative:
restricts im=-
plementation,
Timits effec~
tiveness (may
depand on spe-
cific instance =
indicates strong
relationship)

H: close relationship
M: some relationship

L: little relationship

SOURCE: Aircraft Noise Impact:
Planning Guidelines for Local

Agencies. U.S5. Dept. of ILU.D.
Gov't Printing Office, Wash.,
D.C., November 1972; p. 143,
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FIGURE W
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TIME HORIZONS OF NOISE ABATEMENT STRATEGIES

Operational Changes
Schedule Restrictions
Alrcraft Type Restrictions
Technological Change
Atrport System Change
Traffic Demand Change
Encouraging Compatlble Use
Public Use

Relocation of Incompatible Use

Prohlbiting Incompatible Use
Sensitivity Changes

Alrport Environs Planning
Compensation

Legal Action

Reagulation, Admin. Mech.
Regional Control

Economic Incent]ves
Information

10 years: !lmlted accuracy of demand predictions
20 years: 1imited accuracy of technological predictions
30 years: limited accuracy of soclal predictions

o1 5

e e e e b s
1 Y .
A o I et ot

sesenssvese s FERMCNNEEDNNNEN+ + s ibtsata

Preparation time,
Planning time,
Emergency program

SOURCE: Adircraft Noise Impact:?
Plapning Guidelines for Local
Apgencies, U.S. Dept. of H.U.D.
Cov't Printing Office, Wash.,
D.C., November 1972; p. 142,

Normal
Useful
Range

Secondary applicability
{high operating costs
Imply short=term
appllicatlon, ete,)

or long=term effects



