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SUMMARY

This report contailns an update and revision of the estimated
oise impact of airport jet air carrier operations in the years
1975 and 2000. These estimates ars hased on the current takeof#
light procedures, the 1979 Fi4 fleet forecast, and current
definitlions of new technology aireraft. They do not assume
additional regulastory actlons, elther In alreralft noise certifi-
cation or in alrport operations, nor doc they assume additionzl

noise control efforts on the part of indlvidual airports.

s are bhesed largely on the methodology and data
eontalined in a prior study [I], except for updating certaln basic
informaticn in that study from 1875 to 1679 and revising z
part of the methodology for estimating population impacted.

The results are summariced in Table i, together with a
comparison with those of Ref., 1. They indicate that the to
ares, including airpert znd other compatlible areas withi
contours ¢f €35, 70, and, e
t2 be approximately 44,
ted for the year 1975, T
Iin the year 2000 may be ex =
within the L, £ dB centour, 347 of the 1975 values within

5 values within the Lg, 7%

¢0 percentages imply siz a

ise impact, the =zbsolute number
¢

acted to be about 362 of th

(4}

3
70 42 contour, znd 18% of the 1&
contour Although these yezr 20
reductlons in alreraft/zirport no
of pecple @stimated to remaln impacted bty nolse is nev dnsiz-
nilficant; t.e,, 1,742,000 within L 6% dE, 447,000 within L

2
7C d¢B8, &nd 58,000 within L

[
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TABLE 1 COMPARISON OF ORIGINAL®' AND REVISED ESTIMATES QF AREA AND
POPULATION FOR THE YEARS 1975 AND 2000 FOR EXPECTED FLEET GROWTH,
STAGE 3 CERTIFICATION AND THE FAA AC91-39 TAKEOFF PROCEDURE
(CASE 1, 1, 1) AS A FUNCTION OF Lyp-.

L, > 65 L > 70 L,.>75

QUANTITY SOURCE dn - dn l? dn
1975 | 2000) 2*l1975 | 2000 | % #1975 | 2000
AREA’ Ref. 1 2169 1304 60} 807 W 605 | 754 310 179
(In sq.mi.)| Revised" 2169 | 957} 44| 807 368 | 45 310 134
A o | 347 0 238 | o is

I
POPULATION | Ref. 1 6174 | 3581 | 581620 | 1033 | e4) 393 125
: (In thou- Revised 4889 [1742 | 36! 1313 447 | 34f 384 65
; sands) v ﬁ

. 4 ]!1285 1839 i 307 586 o 57

Notes ! Original estimares from Ref, 1.
% is value in year 2000 relative to value in 1975,

I

; ‘ ¥ Area is total contour area including airport and other compatible
areas as well ag residential area.

| *  Combination of all changes as shown in Tables 13 and 14.

1)
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L. INTRODUCTION

A priler study [1] forecast the noise exposure of civil air
carrier airplanes through the year 2000. The study investigated
ths e&Ifects of a range of alternstlives for aircraft certiflcation
for neise, for aircraft opesration during tzkeolf, and for two
ratzs of fleet growth. Results eof calculations of population
and land area impact were presented for sach of these alternatives

for six study years between 1975 and 2000.

The primary bases for this comprehensive study were the
fleet forecasts and operations actlivity data avallable in the
1975 base period. Since that time, several significant develop-
ments have ocecurred that affeet the future forecasts of alr
carrier operations. Ameng these are:

« Definition of the "rfuture technology!" airceraft of the
1980=;

+ Permission for development of a new ¢lass ol commuter
airline gurboprop aliroraft sesating up to &0 passengers; and

= Deregulation of airlines, whlch permits easgy access
tc most important markets and abandonment by largs
E

of many small markets to commuter ziplines znd =z

These devalopments have significantly aliered the futurs zinr
carrier Jet alrcraf:c fleer forscast and have enabled more exact
definition of its nolse characteristics. This svudy has been
undertaken to apply zhis new information to the estimation of
the future impact of zirperi/asircraft noise, assuming that nc
new certification cr flight operation preeedures are introduced

in the incervening pericod.

by
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The baslc methodelogy used Iin Ref. 1 1is outlined in Fig. 1.
This study necessarily retains zll of the methedolegy znd
n S

@
operations data bases, with the following four exception
E]

+ Revision of the estimation of populztlon In Aircort Categor
+ Update of the fleet forecast from 1975 to 1979 FAA forecast,
« Constraint on growth of ai» carrier operatlons at Category

C-1 airports, LaGuardia and VWashington HNationzl, and

+ Update of noise levels tc include defined new technology
alrerafs:; A-300, BTS7, B767, and DCS9-80.

The sensitivity of the resulte with respect to cnanges in these
four factors has bheen Investligated with a simplifiled nolse charsc-
la)

teristic vs. area impact model. The medel directly relztes the
t di

noilse characteristic, Ldn’ caleulated 2t 2z 10C0-ft slant distance,
fer each of the four busy runway average alirport fleets to the

area contained within each Ldn contour, &5 calculated in Re
The model was calibrated for current standard takeoll procedu
using three c¢ases from the Hef., 1 study which covered the range
ef results from maximum to minimum impact. The model snables

evaluation of the varlation of both nolse snd operations paramsters

but not tzkeoff flight procedures, over a much wider rance o

alternatives than those considered LIn thls reporet.

ontains & discussion of tha four updstes and,
& e

c
or revisions to the Ref. 1 study assumpticns, the dgv
te

the noilse characteristic vs, area impact model, and an analysis
o7 the sensitivity of the 1975 baseline and the year 2000 Impact
area and population results to these updztes ané/or revisions,

I~

T b ey

=
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Define 4 Airport Categories: (For airports with more than 20 jet
operations per year in 1873).

Az
B:

c-1;

c-2:

13 Major Internmational Airports that could have SST aircraft

113 Airports with 4~engine aireraft

2 Afrports (LaGuardia and Narionzl) with ne 4-engine aircraft but

high impact

179 Airporcs with only 2- and 3-engine aircraft.

For each airport category and operating procedure:

2.1

Define a single busy runway, flight tracks, utilizations, and
stage lengths for both takeoffs and landings (at each runway end)
based on a sample of airports.

Define average daily effective operations based on 1975 operations
at all airports in category and on 1975 day-night ratics of sample
alrports.

Define average daily effective operations on each busy runway by
applying busy runway utilications determined from sample airports
to 2.2 above.

Using FAA's Integrated Noise Model (modified version) and EPNL
data by aircraft type, calculate area vs Ly, at 5 dB intervals for
busy runway operatilons.

Scale areas in 2.4 to total area for nation by accounting for
actual operations at each airport in cactegory.

Determine population impacted from prier relarionships between
population and area within contours for each average alrport
(average = total + number of airports in category) then multiply
average airport populations by number of airports in category.

3)

Projections for Future Years:

3.1

3.3

Define number of aircraft in fleet by aircrafr type for future
vears (e.g., moderate growth was based on Rei. 2) and determine
allocation amongst the 2 FAR Part 36 Scages.

Define number of operations by aircraft tvpe and by stage using
1975 data on number of operations by aircraft type times number of
aireraft of that type forecast for the future year fleet,

Compute operations for each airport category by airecraft type and
by stage by multiplying the operations in 3.2 by the proportion
of aircrait operations by ailrcraft type in each airport category
in 1975.

Compute area and population for each vear using basic procedures
of 2.2 through 2.6 above.

FIG.

1 SIMPLIFIED SUMMARY OF AVPORT MODEL FOR ESTIMATING AREA AND POPULATION
IMPACTS. {See Ref. 1 for additional detail.)

=
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2. DESCRIPTION OF UPDATES AND REVISICNS

This section describes the basis for the undates znd re-
visions to the original study [1] in each of the following areas:

+ Populatlon of Airpert Categery B
* Fleget forecast
+ Constralint on future operations in Ailrport Category C-1

+ Neise data for new technology aircraft.

{a) Popuiation of Airport Category B

The original study contalns relatlonships between the
otal contour area for an average airport in sach category and
ts associzted population. These relationships are lllustrated
in Fig. 2. The data for AVport A (13 airports}) and C-1 (2
o airports) were obtained from a complete set of alrport contours
and thelr associated populations. Thus, for these two alrport
_ - categories, the total population equals the number of airperts
5 Der category times the population in the average alrport, with
the latter unlguely relzted to the tetal contour area for the
¢ average airport with the functicns shown in Fig. 2. Thess
relationships may be expected to be valid for modeling purposes

<t

=

as leng as there l1s ne change at one or more ailrports 1in the
_ area~population relationship (such as might occur with a change
| of flight sracks away from populated areazs to over ocean), &and
21l other changes 1n fleet mlx and growth affeect a2ll alirports
-85

in the category equally, such that the ratlo ol contour arc
between any one zirport in the category and ths average alrpeort

remalns censtant.

ARt e E e

The curve for Category C~1 is revised for this reporc, as
gory
shown in Fig., 2. The revision 1s based on the original data In

"

H

e e B W R 1
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Ref, 2, which showed that the porulatio
areas less than

triangular dats peint on the figure.

1.5 sqguare miles, and iz

: The relztionship for Category B
11 airports that were obtained in the 23-
11 ailrperts were originally selectad as par

20 probably most hilghly impacted airports In the country

airport study {3].

tend
attendant high volume ol
a significant part ol
nolise.

operations, and are also located so

These data for the 11 airports were utillzed in
ation for all of the 1132

tion of popul 2
on density sround th
Lo

the populatl

the calcula
Category 3.
of the Category B alrports
The magniztude of

However,

a2irports.
s Oy compar
ivport centers

M

for three subdivisions of Category 2

]}] m

Category B-1
of populatlon vs contour areas was 2av
in 'C“‘

~2, and B-3.
or which 2 set
is represented by ths curve
consists of the next largest in Category 3=,
with over 100 Jet zircraft cperstions per day in 1975,
in Czregory B that

4

for LVport B
30 alrports

Z-2 gonsists of the remalning 72 alrporss
rzft operatlions per day In 1975,

ry B-2 within 10 miles ol the

o]
n five miles ol the
o

¥ g
rt is on the zverage arproximately 227 at of Category
h
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s based on the deatz fer

inz the population density in annular rings around
s )

consists of the set of 11 airports
zglls

iz. 2. Category

l.e.,
Category

£ Category 5-1, Th

n
2% categzories wlith & higher volume of

average
lowest

These

of a2 sample of the top
Thus,

to be adjacent to centers of large populatlons with the

thatv

the population 1s overflown and exposed to

those

had

The poru-
alrport ls
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TABLE 2 COMPARISOM OF 1970 CENSUS POPULATION DENSITY BY AIRPORT

CATEGORY IN RADIAL RINGS ARQUND CENTERS OF AIRPORTS'

Based on sample of 65 out of 72 airports.

Based on sample of 131 out of 179 aleports.

AIRPORT | NUMDER OF RING NUTER RADIUS_lﬂﬂgIﬂIQIEAELLES
JCATEGORY ( ATRPORTS 1 1 4. 2 . 3 Al e d e Lo B B 10
A? 13 987 1942 | 2925 3311 | 3570 ( 3888 | 3558 | 3448 3134 3188
B-1? 11 493 2651 | 4360 | 4471 | 3888 3446 | 2BB1 | 2522 2579 | 2409
B~2? 30 201 1432 1790 1847 1699 1766 | 1629 | 1188 1165 907
p-3? 72 134 867 745 781 629 639 534 492 399 361
o-1? 2 477 (11877 1 16783 (22750 {21631 (18142 [16601 | 13444 | BBAT [ 7547
c-2" 179 395 841 864 759 692 599 481 428 342 292
Notes | Data from FAA Environmental Data Base, 1970 Census,
2 Rased on complete sample,
3

i - Py e g v A AR et bt A
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dally operations often have a higher» populatlion density. Thus,
wilthin categdry B, there is & tendency for airgorts with more
noise due to number of operations aslsc to have more pecple to
be affected per operaticn, compounding the impact.

Ta
1y from Ref, 1,
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1
14
3
M
n

b
curves 1
execept [ t
gories B-2 and B~3., These ecuatlons are well delfined for the
region of the curves in Fig. 2 that contain data, but are not
well defined ocutside of these regions. The subdivision cf the

g
areas in cst amongst the subcecategories was based on the
D

egery B
number of operations &t the alrports In each subestegeory znd the
scaling procedure of Ref. 1.

o~ {b) Update of Fleet Forecast

The priocr study containsd a moderate and an expansivs growth
rate for the civil .zir carrier let zlreraft fleer. The mods

growth rete was bassd on FAA estimates in 1975 [#)., The ThA
sxpected forecast [7,4] has a significantly lowsr growth rate

than the 1857% forecasc.

A comparisen cf these two Forecasus 1s given in Table 4.
The major difference appears t©o be In the négrrow-body iwo-englne
category, which in 1075 was f{orecast to be much larger than
eurrently forecast. Part of this difference may be attributed

to the opening ugr of the commutar alrline service through
deregulation and the concurrent advent of new gulet turboprop
alreralt in the 30-seat range, some of which may be expscted to
grow to 60 sezts., It is anticipatasd that these new commuter
glrcraft may displiace jet zireraft at many of the smeller zirports

in future years.

TTTTTY OSrPTIRY Finiwws oL wal b
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TABLE 3. SUMMARY OF POPULATION EQUATIONS USED IN MODEL.?!
Area
as a % Constants
Afrport of Total No. of 3 a a a
Category Category Airports o 1 2 3
A® 100 13 ~2.560 6.975 | -4.140 | 0.9726
B(s): B~1 26 11 -0.3313 2,494 ~0.9767 0,2099
B~2 46 30 ~-0.6685 2,494 -0.9767 0. 2089
B-3 28 72 -0.9696 2.494 ~0,9767 0.2099
c-1¢3¢) 100 2 -0.9224 | 3.279 | -0.7978 | 0.2127
2% 100 179 -0,5997 | 2.063 | -0.9654 | 0.2822
Note:
I ' (a_ + ax+ a x® + aaxs)
lpopulation for average airport (1000Gs) = 10
where x = log faverage airport area in sq.mis.) and average airport areg
~is total area in category divided by number of airports
. in category.
: *Unchanged from Ref. 1.
1 iconstant for a, for B~] category is unchanged from Ref. 1, but is changed
; in B-2 and B-3 to reflect lower population densities.
% “For average airport areas less than 3 square miles the revised C-1 curve is
: used in this report rather than the equation.
j
|
!
i
j
;
!
i '
j .ﬂ“\}
! 1z
!

e
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TABLE 4 COMPARISON OF 1975 AND 1979 AIR CARRIER FLEET FORECASTS
. TOR EXPECTED GROWTH (Dased on References 6, 7 and B)
et YEAR
ALRCRAFT TYPE Forecast

e sronins st v e vencrenes o s LAY s ) 370 11980 (1985 11930 11995 {2000
Wide Body, 4 engine 1975 96 130 200 270 445 620
(B747) 1979 140 254 334 425 575
Wide Body, 3 cnglne .1975(1) 204 264 421 588 888 1188
(bc—-10, L1011, B777) 1979 230 440 645 793 908
Wide Body, 2 englne 1975(D 0 0 167 518 782 958
(A-300, B767) 1979 a2 135 3319 547 772
Narrow Body, 4 engine 1975 622 454 98 0 0 0
(DCB, B707) 1979(3) 349 112 8l 50 33
Narrvow Body, 3 epgine 1975 790 881 799 715 342 334
B727 1974 948 876 831 658 435
Narrow Body, 2 engine 1975 528 766 1049 1315 1645 1975
(ncy/10-50, B737 1979 611 805 730 694 652

nc9-80, B757) ’

TOTAL 1975 2240 2495 2934 3406 4102 5075
1879 - 2310 2622 2960 3167 3375

.

Note 1) Shown as 2/3 engine in Ref. 1, but numbers came from FAA forecast on J-engine
ne 10, 11011 alreraft.

2) Category did not exist [ Ref. 1, but is used here for the 1975 FAA forecast new
technology nircraft, shown In Ref. 1 as a 3 engine narrow hody new technology

aireralt.

3} Narrow body aircraft after 1985 presumed to he re-engined to stage III rule.

e ————————
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deslre to Inerease load facteors, the higher efficlency in terms
of direct operating cost for the new larger alrcraft and longer
stage lengths. There are small Internal inconsistencies with
the 1979 forecast: e.g., the steady phaseout of the narrow-body
four-engine aircraft from 1965 te 2000, rather than a constant
number between at 1east 1985 and 1§95, representing those 50

or more aireraflt that are reengined in the early 1980's.

For the purpcses of this study, the [leet has been assigned
tc FAR Part 36 noilse stage compliance (Stage 1, 2, ¢r 3 replaces
the "noneomply," "1969," and "1575" rule terminclegy of FRef. 1).
The results are surmarized in Table 5, and the rules used for
the assignment are noted below the table. These assignment rules
are similar to those of Ref. 1 but &re adjusted to fit the

updated f'orecast and expected eniry dates of new alrzraflt.

[

The average dally number of operations for the fleet was
computed by using the airecraft productivity factors (number c¢f

. operations per aircralt) of Ref. 1, These factors were based

on the actuzl number of operations performed in 1975 zand the
number of zireraft in the fleet inventery in that year. The
only apparent distortlcn caused by using the number of alrerafc
in inventory rather than the number of active zircraft appears

to be In the narrow-body four-sngine catvegery where only about
515 of the ¢22 were apparently in sctual service. However, this
screpancy 1:s probably consistent through 1680 and becomes

c
mmaterizl after 1565 when all but a few of thess aircraft will
=) nd the remainder are reengined.

o
b

& summarizes the 1979 forecast in tewrms of average
rations, and Table 7 compares ths 1979 and 1875 [1]
£ g reg

a5t shows almost 20% more

-1
1)
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TABLE 5. 1979 FLEET .FORECAST INCLUDING EéTIMATED ALLOCATION OF AIRCRAFT
AMONG FAR-36 STAGES 1, 2, AND 3,

EFAR Part 36 Year
AIRCRAFT TYPE Noise
1 stags 1976 ! ioes ) 19es ! tesp | 1995 | 2000
[} B
Uide Body, 4 engineld LY L5 45 ’ a |l 0 ] 0 , 0}
(3=74T) ; 2 51 95 254 334 428 1 578
¥ Total 96 100 | asa i 33s | sas | 575
Wide Body, 3 engina’®’ ] 2 104 230 ' 2o | 53 ' 842 I a2 |
{pc1o, L101%, 8777 P 2 0 o | s 151 365
* Tozal 20 230 | a0 | 6as | 133 | opm !
il
¥ide Body, 2 engina’s) T3 0 32 | 138 19 | sar 772
{A~300, B767) ]
’ j
i Taral o | 12 135 | 33n | say 772
Narvaw Body, - en;ina“) . 1 622 349 o ; ¢ 0 a
{ocs, 8707) i 2 0 112 1 81 50 33
. Taral a72 | a9 w2 | sy | s b o33
Narrow Sody, 1 engine : b 72 , 572 ‘ ] ' 1] l Q i
3727 ' 2 118 . 176 s76 | 831 £58 435
| Total I 790 1 948 ¢ 9rs [ 831 558 1 215
4 | i )
! Narrow 3edv, 1 emgine'® o 1 , g0 | cs0 I N I 0!
;  (Dge/10/30, 2737) 5 2 ! 48 1 1 521 530 P ouom oo 2oz
' {pc9-80, BIST) P N N T L R O S
i [ v 1 -
L 1 Tozat | 52 | eu o5 | 730 | oees | s
, OTAL | 2230 ) amo | oas22 o zsse | oazer | 5375

Note 1. Some will probably be produced to meet Stace 3 levels, a reduction of
1 dB for the EPNL at 1000 ft and max climb power; however, a new
production rule would be required to assure this result.

2, Stage 3 aircraft phased In art rate of % new production in 1985-90.
2/3 new production in 1990-95 and all of new production in 1995~
2000 with the remailnder to Stage 2.

3. A-300 was certified as a Stage 2 aircraft and presumably its deriva~-
tives would not have to meer Stage 3, unless the rule is amended. How-
ever, its noise performance is essentially that of Stage 3 and the
A=-310 is to be certified to Stage 3.

: The 112 and 8l ailrcraft shown re-engined in 1985 and 1990 are proba-
bly excessive and the cotrect number 1s probably nearer to 50-70;
however, this discrepancy has no measurable effect on the noilse model.

5. Existing aircraft were phased out of the fleet after 1985 in accordance
with Ref. 1; ailrcraft added in 1975-1980 were Stage 2 and the remainder

were Stage 3 aircraft.
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TJABLE 6. ANNUAL AVERAGE DAILY OPERATIONS BASED ON 1979 FLEET FORECAST
USING PRODUCTIVITY FACTORS FROM REF, 1(1)

4
o
AIRCRAFT TYPE } bioise
| crage 1975 { 19a30| 198%! 1990l 1805] 2000
wWide Body, % engine : 1 153 158 v] 4 0 0
(3=147) Vo2 180 335! BoLl 1176l 149K 2015
! roral 338 | a93)  meal 1176l 1498] 2025
Wide Bady, ) engine yo2 1224 [ L4368 27471 3702 4009, 4009
{oC10, LiOLl, B7I7) ;o3 8 0 0 325 9431 1eel
¢ Toral 1274, 14361 27471 40270 4es1]  seMo
- T
th;ogodyiﬁi engine ! 3 1] 358 ).510I 37921 6115 8636
- 13 M
(=300, 8767) " Toral ol asa; 1sw] 3792 6115] &eis
Sarrow Body, 4 engine E 1 2919 | 1lels [+} 0 [ 0
(bch, BIOTY ;o3 ! 0 ol 516 asal 238 153
‘ acal | 2919 163! s16f 380 23] 185
] [
Narrow Body, 3 engine : 1 6198 | 6394 o Qo 0} q
_— (B727) P2 2439 | 4208} 9799] 9706, 7360/ _ 4B6b
[ i Total 8837 | 1oa0ai 97091 s9296] 7380 48es
Narrow Body, ! engine | 1 8452 8441 0 0 e 0
(DCS/10/50, B137) Pz B44 { 2304 10745) s320| 7095 3904
(DC5-80, BI57) P 0 ol 3s12! 3517 5170l 7562
| tacal 5284] 10745] 12157] 12837] 12268] 11466
TOTAL 226549 253741 29663 3:sos| 32387 32818

Note 1. Produectivity factor, i.e., number of annual operations for a
single aircraft, werec taken from Ref. 1 and applied to the same
ajircraft, except that the Z-engine wide body is assigned the factor
for the 3-engine narrow body and the Stage 3 narrow body used in

Ref. 1.

=
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TABLE 7. COMPARISON OF ANNUAL AVERAGE DAILY OPERATIONS BASED ON 15379
FLEET FORECAST, TABLE &, WITH OPERATIONS IN REF. 1 BASED

- ON 1975 FORECAST.

. i YEAR |
AIRCRAFT TYPE ! forecase [ 1975 | toso | 198s | 1980 1 1995 | 2000
3 | ! |

Wide Body, & engine | 1975 138 458 704 951 | 1567 | me3

(5=147) ;1979 138 493 ass | ure | 1296 | 2025

Wide Body, 3 engtne 3 1975V [ a2z | 1ees | 2e29 | 3erz | ssas ‘ 719

(oc10, LIOXL, BIINY ;1979|1274 | lade | 2747 | 4027 | «gs2 i se70

Vide Pody, 2 angina | 1975'9| o o | wos | s | fion

(A-300, B767) :' 1879 ¢ 358 1510 1192 s1l9  ; ELlé
T 1
Narrow Boady, & engine : 1915 2919 i | b0 o o l ol
toce, 8707) i o1s75  fs1s 1 leda | s 380 a5 | 155

Narrow Body, 3 engine | 1975|2837 | gsss | asis ] 7998 3826 J 1736
(8727) {1979 (8837 |10604 | 9799 | 92s6 | 7360 | 4ges
Narrow Body, ! engine ' 1975 9286 13471 18449 23127 3 28930 J 4733

tbca/10/50, B737) 3 1373 | 92me | o7as § 1ays? | 12837 [ irmes | Liies

(Dc9-80, B7S1) : | ! i |
- . 1 T v

R ToTAL s 1975 ja2es6 (2754 | 35285 | 4saz | usslo | sz |
Y ol979  ja2ese |52 | 2wea3 | 31scé | a23er | da838

Note 1. Shown as 2/3 engine in Ref. 1, but numbers came from 1975 FAA
forecast for 3~engine DC-10 and L-1011,

2 Category did not exist in Ref, 1, but here 1s used for 1975 FAA
forecast the new technology aircraft shown in Ref, 1 as a 3-engine
narrow body new technology aircraft.

3. Includes 171 Stage 3 aircraft (1013 operations/day) which were
allocated to the Stage 3, 2-engined narrow body category (B757
and DCS-BO) for noise computations in vear 2000,

P
3
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operations (2.5 d2 on an energy basis) then the 1§79 forecast.
For the most part, these operations result from the twe~-engine
alrecraft, which were more numercus in the 1975 fleet forescast,
and also are assumed in this methodology to have mere operations

per aircrarfit.

{(c) Capacity Limits for Airport Category C-1

One of the assumptions in the Ref. 1 study 1s that each
airport would expand as regquired to meet the increased number
of operaticns forscast. This probably is a valid assumption for
most alrports, but net for LaGuardiz and Washington Natlonal,
which are now essentially near capacity and which comprise
Cavegery C-1. The current FAA constrained estimates of air
carrier traffic through 19380 show a decrease in alr carriler
operations from an énnual average of 227,000 in 1930 teo 197,000
in 199C0. See Appendix A for additlonzl details.

For the constralned cases, the number of air carrier Jet
alrcraft dally operations at the zverage (-1 airporr is 620
in 1980, 580 in 1985, and 538 in 1960, 1995, and 2000. It is
presumed that incrzased pzssenger demand with decrezsed operatlons

will lead to use of larger alireraft; e.g5., the Hew York-Washington

shuttle 1s planned to change to A-300 aireraft from 727 and DC-Q
glreraft. However, the nature of this transitlion is not easy
to forecast, especialiy to the yeay 2000. Therefore, the pro-
cedure was to alloezte the ull numbsr of wide-body three-engine
1211) to the C-1 category (1.3% of the

),

T
girerafsc (DC-10 and L
N and te zllceate the remalinder in

operatlons of thils type
ﬁroportion to the remalining slovs divided by the full number of
cperations otherwlse to be zllocated. An example of the effect
of the censtraint and this zllocation methed is contalined in

Table B,

e R R



TABLE 8.

EXAMPLE OF THE CHANGE IN FLEET MIX IN YEAR 2000 FOR AN AVERAGE
ATRPORT IN AIRPORT CATEGORY C-1 AS A RESULT OF CONSTRAINING ITS

TOTAL OPERATION.

Number of Dajly Operations By

Aircraft Type

Aircraft Type Original Constrained Change
2/3 Engine wide body 48.2 48,2 0
3 Engine narrow body 138.2 55.9 -82.3
3 Engine narrow body 396.5 160.2 -236,3
" (new technology)
2 engine narrow body 677.3 273.7 -403.6
Total 1260.2 538.0 -722.2

[
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(d)" Updated Noise Levels for New Technology Aircraft

The origingl study investigated the potentilal effect of
the application of several nolse certification rules to the
future nolse impact. The rules included the 1975 FA& pronosal
{(now Stage 3 &s promulgated), and the 1980 and 1585 EPA proposed
further reduction. The study utilized five basic types of
gircraft znd adjusted their baseline noise vs distance for
varlous thrust levels as reqguired to just meet each of the
rules on takeoff and landing. The new technology airecraft was
assumed to be a narrow-hody three-engine alrcraft, and its nolss
performance was derived from the 727 baseline noise. This
procedurs resulted In an aireraft that 1s noilsier than the A-300,
which 1s a new technology eircraft of about 1,75 times the weight

of a T727.

1

in

_ For the current estimates, the new technology alrcraft
| defined as a wide-body two-@ngine aircraft (5-767 and A-300)
wlth the noilse characteristics derived for the B-767 in Ref., &,
Lddltlionally, the Ztage 2 nzrrow-body two-engine aivaraft (2-75
and D0S=-20) 1=z defined wish the nolse gharacreristlos derived

e

the DCS-80 in R

These updated estimaves are compared in Table 8 to those of
A 81-3% departure progsdure. The only changes

of significance are the supstitutvion cf 93 EPNAB {(wide=body
el

lNd3 {Stage 3 narrow-body, twe-engine) and

Ref., 1 for the

w
wm

two~engine) for 103 E
96 EZNL (Stage 3 narrow-body, two-engine) for 100.5 EFNAB.

Soth of these changes represent a reductlon of approximately

5 EPNAB for the selected thrust conditlion and distance. Note

that thess updates only affsect the noise level at a flxed distance
count for noise

fer a2 given thrust condition: The c
& tak2olf and landing

decresases that might be anticipat
2s & resuls cof improved air-orzft asrodynam

[REEpr Pt S B A
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TABLE 8  CCMPARISON OF NDISE LEVELS AT

AT 1000 FT SLANT DISTANCE

MAXIMUM CLIMB POWER

NOTSE LEVEL (EPNL) I
AIRCRAFT TYPE FAR 36 —
Stage Reference 1 Updated Estimate !
Wide Bedy, 4 engine 1 104 104
{B747) 2 104 104
3 103 103
Wide Body, 3 engine 2 101 101
b¢-10, L1011, B777 3 99.5 99,5
Wide Body, 2 engine 3 - 98 (1
(A~300, B767)
Narrow Body, 4-engine 1 113 113 2)
(bC~-8, B707) 3 g9 *=
Narrow Body, 3 engine 1 108 108
{B727) 2 107 107
3 103 -
Narrow Body, 2 engine 1 106 106
(DC-9/10/50, B737 2 106 106¢1
DC-9-80, B757) 3 100.5 96

Note 1) Developed in "Cost/Benefit tradeoffs avallable in Aircrafc

Noise Technology Applications in the 1980s"
BBEN Draft Report #3856, September 1978, Ref.9 .

for FAA,

2) Estimated in relation to other aircraft of similar technelogy.

Il ALK RPN
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' 3. AIRPORT NOISE-AREA IMPACT MOBEL

Testing the sensitivity of the Ref. 1 estimates of impacted
area to changes in fleet mix, numbers of operations, and assumed
nolse reguires z model that uses these parameters and that may
be related to the areas calculated Iin Ref. 1 for the average
busy runway alrport cases. It 1s expected that a simplified
Nolse-area impact model could be developed for sach set of takeof?
operational procsdures. Howaver, only proceﬁure 1 (&C091-39
procedure) i1s consildered in this study, because 1t is thought
to be most representative of current practice.

The three cases used 1In development of the model are
designated in Refl. 1:

s+  Year 1975 (Baselline). 4iir

c t, operations, and noise
levels existing in 1975 with Flight ?
e 3

t
rocedures 1 (departures
*

' rer ACH1-39 and zrrivals ver 1500 ft. intercept, 3 degres
approach angle, and minimum flaps).
» VYear 2000 (1,1,1). Flight Procedures 1, Technolegy 1 (Stages

and 3 and retrcfit — replacemsnt rule), and Fleet 1 (moder-

o on

te growth scensario).

+  Year 2000 (1,
rroposed 1988 rule - Stzge 5), and Fleet 1.

The cholce of these three cgses ess
data base for the busy runway alrports.

; Tilgure 1llustrates an =xample

L

£ the relztionship between
the valus of an L r
: caszes., These cases appear £
; are displaced from the 1975 case by aprarent nolse reductlons
: of 5 4B and 11.5 d2 for the (1,1,1) and (1,328,1) alternatives,

-

o
enclosed arsza for the three
tut the year 2000 cases

o
[
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RUNWAY FOR AIRPORY CATEGORY A FOR THREE CASES: 1975 BASELINE, 2000 (1.1.1) AND
2000 (1,3A,1) FROM REF. 1.,
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respectively. Similzr analyses for the other alrport categories
led to the definitfion of a2 total of eight values of zapparent

nolse reduction.

These values-were then comparad tdo the noise reduction
cazleculated for each of the alrport categories and year, based
on the Q&ﬁ caleulated zt various fixed distances for two thrust
conditions. The basic noise date from Ref. 1 for takeofl ahd
maximum climb thrusts and at 1,000, 2,000, and 4,000 ft slant
distances are given in Table 10. These data, together with
the operations data, percent allocation by alrport category,
number of alrports, and day/night correction to operations, etc.,
from Ref. 1 were used to compute Lg. values guch as those in the

"total" row in the example shown in Tazble 11.

Tatle 12 summerizes the spparent znd calculated noise
reductlons. It 1s apparent that the nolse reductions celeulated
using maximum climb thrust (MCT) EPNL at 1000 £t mozt clesely
approximate the apparent noise reductions in the Ref. 1 data.
Therefeore, the noise level at 1,000 ft (MIT) was selected as
the basis for the noise-area impact meodel.

Figures 4, 5, 6, and 7 give for =sach of ths four alrport
les the relationship betwean the Ly, {1,000 ft) computed
or MCT, ths contour Ldn’ and ics associzated busy runway zarea.
For Categories A, E, and C~1, the data in Figs. &4, 5, and § are
well represented by the straight lins and 1ts squatlion for aress
larger Than azbout 1 square mile. These equzstions zre very
etwesn 1l2.5 and

o

similar and the reciprocal of the slecpe varies
14, The data for Category C-2 shown in Flg. 7 has z steeper
slope with a reciproczl of 1€ for the data above zbout 0.3 sguare

®Ril Lgp values in Refl. 1 and in this report were calculated by

adding 25 4t to the computed value of Melse Zixpesure Forscast (EEF).

EAD]
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TABLE 10 EFFECTIVE PERCEIVED NOISE LEVEL {CPNL) FROM YEAR 2000 STUDY AT
VARIOUS DISTANCES (From Ref. 1),

TAKEOFF THRUST {T0T) MAX, CLIMB THRUST (MCT}
NIRRT | ROLE Hio00 re. |, 2000 Ft. | 4009 Fr. |1000 Ft. |2000 Ft. | 4000 Fr. |
Basc 106 101 95 104 98 92
4 englne 1969 106 101 95 104 98 92
Wide Body 1975 105 100 94 103 97.5 91
1985 95.5 89 81.5 94.5 87.5 81.5
Base 102:5 95 a8 101 93 86
2 & 3 engine| 1969 102.5 95 84 101 53 86
Wide Body 1975 101 93.5 86 99,5 92 B4
1985 91 a5 78 92 84 76.5
H englne :
" Base 115 107 100 113 105 97
arrow Body
Base 111 106 101 108 103 97.5
3 engine 1969 111 106 100 107 102 96.5
Narrow liody 1975 107 102 96.5 103 98 92.5
1985 99.5 95 89 96 91 85
Base 109 103 96 106 100 92.5
2 engine 1969 109 102.5 96 106 99 92.5
Narrow Body 1975 104 98 91 100.5 94 a7
1985 103 97 90 98.5 92 84.5

[T R
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TABLE

11

EXAMPLE OF CALCULATION OF Lgpn VALUES AT SEVERAL SLANT DISTANCES AND
TWO THRUST CONDITIONS,

AVpart Operations & ftoise Workshect;

Year:

1975

Cateqory: A

TEffective fally |

TV hetualT T
HaLional Z of Annual Mably Opa. 4 Takeoff Ops,  F-- o poero TRl S T
A pug | Annual tat'l | ops/ frer T Ter Bisy _Takpod T Thriist_{Tat)..
. = Ops, tps. Catnguey Categary  AVport | Avport | Runway { GnU* (1000* | 20000
e e e EE - . I o BN TR ."'.“”ul"’ . e e
A gy loe Haan 57 HA 9,157 14, 1) o, H2 2.2 L ] /L (T | 55,1
W, By 19404 00,549 90,204 199,40 12.27 13.07 5.%49 fa.w [ w1 5.9
1975 Hik 4
21y engine] Base
W wly Laqy ahh IB5 265,500 727.41 25,45 12,73 12,13 65,6 | hr,t Sl 6
19715 5.1
A engine tinna | 1,065,015 S19,4951 1,040, 71 126,44 N4.8] 29,06 B5.6 [ B1.6 7.6
1, Ny tony 56,1
1975
3 oenptne lane | 2,335,472 Tas,mn f2,041.04 157.m 164, 70 04, 05 HO, 1 | ra, 6 .0
He Body 1969 90,092 1.9 283,919 711.92 59,04 02.77 24,41 75,9 | 72,4 ny.4
1975
T oeng Live fane
H. Beuly LV} 1.9
Hew Toeelh, 1975
Z napine Banrae 3,08y, 205 519,211 1,477,249 111,604 102,44 LN 77,1 |12.0 Gh, G
H. Beedy 1203 08,120 17.5 57,921 141,73 11,36 10,28 L] (6.6 | 2.6 56,1
1975 '
THTAL fA,260, H08 2,597,107 7,015%.%0 547,71 0, 25 234,99 82.5 |8Y, 0 16,9

LIHUIE

".1
49,9

AN h

(RO ]

(1]

0.4

0.0
A%, 6

a=~ 13y

BUSY RUNHAY - Lgy (AR}
CHax; el Thweus i

1o
4.1
58.9

9.6

11,6
nY.h

0.6
.6

2000°
2.3

52.9

TE.6

6.k
G4, h

!

fity)

000" | Gnon*
A3 L
L) W h
LR e
03,0 M,
610" 99,6
58,9 5h, 4

nih | 561 5l.h
526 | 46,1 1.0 :

Th.h

67,5 | 61,4




TABLE 12. COMPARISONS OF NOISE LEVEL/SLANT DISTANCE/THRUST CANPIDATES FOR TIEIR ABILITY TO
PREDICT TIE APPARENT NOISE REDUCTION FROM THE 18976 BASE CASE FOR ALL AIRPORT
CATCGORIES AND FOR TWO FUTURE CASES: 2000(1,1,1) AND 2000(1,3A,1}.

Noise Reduction (dB) at Various $lant Distances
Apparent Takeoff Thrust Maximum Climb Thrust
Noise
Alrport Reduction 1000 2000 4000 1000 2000 4000
Category Case (di)} i Ft Ft Ft Ft ft Ft
A 2000(1,1,1) 5.0 4.6 3.3 3.2 5.4 3.9 3.4
2000(1,34,1) I1.5 9.8 8.7 9.2 11.4 10.6 10. 4
i3 200001, 1,1) 2.0 1.0 0.6 0.9 1.7 1.5 1.2
2000(1,3A,1) 7.3 5.2 4,9 5.7 6,7 6.7 7.3
N c-1 2000(t,1,1) 4.5 hoir 3.9 4,3 4.1 4.6 4.3
(=]
2000(1,3A,0) 9.5 8.6 8.9 10.0 9.6 10.3 11.3
c-2 2000(1,1,1) -1.0 1.7 | -1.4 ~1.3 ~1.4 -0.7 -1.0
i)
200001,3A,1) 3.0 1.2 1,3 1.7 2,5 3.1 3.6
Average difference hcetween apparent
and candidate nolsc reductlions -1.1 -1.46 -1.0 -0,2 -0,2 -0.2
Standard deviatlon of nnlse readuction
differaonces 0.7 0.9 0.9 0.3 0.7 1.1
. =21 -~2.8 -2.3 -0.6 ~-1,1 ~1.6
Errar range to to to to to te
-0.1 -0.4 0.5 0.4 0.8 1.8
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AVERAGE BUSY RUNWAY AREA IN SQ STATUTE MILES

BUSY RUNWAY AREA AS A FUNCTION OF THE Ldp AT 1000 FT
SLANT DISTANCE FOR MAXIMUM CLIMB THRUST AMD Lgp COMTOUR ASSOCIATED WITH EACH AREA FOR 3 CASES.
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miles. It appears that the use of Ldn {1,000) MC? overstates
the apparent nolse reduction for thils category of small airports
with thelr small Ldn contours. A more approximate cholee for
this category would probably be L, (600 £t or 2,000 ft) for
takeol{ thrust with lts characteristically lower values of nolse
reduction. (See Table 12.)

Pigure 8 1llustrates the collapse of all of these data
polints for all four airport categeries. For areas largser than
1l squzare mile, almost all of the points are within 1 dE of the

average relationshis.

fhe nbise area lmpact nodel developed above enables direct
calculatlon of the average busy runway area wilthin a specified
contour value for each sirport category from the Ldn caleuleated
for MCT 2t 1,000 ft. This Ldn incorporates 21l of the operations
data by &ircraft typre approprizate to an alrport category and the
alrcraft nolse data. The total areas for each category are
obtalned by multliplying the busy runway area by the =sczle factor
for the approprilzte category and year from Ref., 1. The total
population for each category i1s obtained from the population-arez
relationships for the average zirport In the category given in
Fig. 2 and Table 3, and multiplylng by the number ¢7 airports in

thie category.
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4, SENSITIVITY ANALYSES

The updated informatilon and model have been used to deter-
mine the sensitivity of both area and population results of
Ref. 1 to the following variations and selected combinations:

+ Refined definition of pepulation in Categery 2
« Capaclty limitation in Category C-1
+ Updated fleet forecast

* Urdated noise forecast.

The detailed results for the arsas are summarized in Table
132 and glven by category 1in Tables 13b-e for Alrport Categories
4 through C~2, Similar results are given for population in

Tables lia=-e,

{a). Refined Definition of Population in Category B, Case 2

This redefinition reduces the 1975 baseline population above
Lyn85 @B by 1,285,000, Lap 70 45 by 306,000 and Ly 75 dB by
9,000 people. The changes for the year 2000 are reductions of
£79,000 and 171,000 people for Lan 65 and T0 4B, respectively,
and an increase of 12,000 psople for Ldn 75 dB. These refinsd
results (see Tables l4a and 1lle¢), are considsasred to be more
nearly correct than those of Rel. 1. '

{») Capacity Limitation for Airport Category C-1, Case 3

The capacity limit reduces the estinzted zrez for the year
2000 by asbout 405 for Airport Category C-1. The total estimzted
population is reduced by a larger fzetor; from 587,000te 187,000
within Ly, £5 d83, from 110,000 to 27,000 within Lsy 70 @B, and
from 13,000 to O within Ldn 75 4B,

(43
e
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TABLE 13a. SUMMARY OF EFFECT OF CHANGES Of METHODS AND/OR ASSUMPTIONS ON THE
AFZ4' FOR THE YEARS 1975 AND 2000.
FOR THE AIRPORTS IN ALL CATEGORIES.

Ldn>55 dB Ldn>70 dB Ldn’ 75 dB
1975 2000 1975} 2000 1975J 2000
Changes in Method - -
And/0Or Assumption Sq. Miles | %2 | 5q. Miles | % | Sq. Miles| %
1. Beseline without chenge 2169 |130L |62 | 807 |05 | 75| 310 |i7e | S8
2. Refined definition of
population in Category B 2163 130k |60 | 30T 605 | 75| 310 ({179 |58
3. Capacity limitation in
Category C-1 2189 1220 (5% |807 (598 [TL| 310 |LTE |57
4. Combination of 2 and 3 2165 {1290 1 5% [ 307 {598 T4 | 310 7€ 37
5. Updated FAA fleet forecast| 2169 105k jko 807 (ko5 (50| 310 |1L8 [ 4é
6. Combination of 4 and 5 2160 1047 | 48 | 80T (ko2 |30} 310 [LkT L7
7. Updated noise data 2169 1 997 {6 807 377 | k7)) 310 [133 |3
8. Combinstion of 4 and 7 2169 | ¢85 | %5 {807 (372 |L&| 310 {131 |Lp
9. Corbination of a1l 3 3
changes 2160 1957 | bl [Bo7 368 [Le| 310 [13k |43
10, 9 but with all airersft
meeting Stage 3 l 2169 |332 | 25 |207 205 (a5 c1c | te |25

* Area is total contour area in square statute miles.

® percent of 1975 values.

L)
-
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TABLE .13b. SUMMARY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE
ARTAY FOR THE YEARS 1975 AND 2000.
FOR THE AIRPORTS IN CATEGORY A.

Ldn > 65 dB .Ldn » 70 dB Ldn > 75 dB
1975 2000 1975 2000 1975 2000
Changes in Method - " -
And/0r Assumption Sq. Miles [ &%) Sq. Miles| % | 5q. Miles| %
1. Baseline without change Thé (269 | 36| 256 [reo | LT[ 122 (L1 34
2. Refined definition of
population in Category 3 TL6 (289 | 36| 256 |1120 | L7| 122 |bLi 3k
3. Capacity limitation in
Category C-1 Thé (266 | 36| 256 [12¢ | u7| 122 L1 34
L, Corbtination of 2 and 3 Thé [26¢ |36 256 |iz0 | LT[ 122 k1 3k
5. Updatad FAA Tlea=t forecast ThE (262 | 34| 236 |100 | 33| 122 ko 33
6. Combination of Lk and 5 746 (252 [ 34| 256 190 | 39| 122 Lo 33
T. Updated noise data TLUE 217 129256 { 85 |34 122 |3k 28
8. Combination of 4 and 7 TLé |217 |z | 256 | 86 |3k | 122 |34 28
9. Combiration of all ]
¢chenges Thé 238 32| 236 |esS 37l 122 |28 31
110, 9 but wiih all sireraf:
meeting Stege 5 | TkE |158 |21 [256 €3 25 1122 |2z 20

® varcent of 1973 values,

! Area 1a total eontour area in sqguare statute miles.

(5]
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TABLE 13c. SUMMARY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE
ARE4* FOR THE YEARS 1975 AND 2000.
FOR THE AIRPORTS IN CATEGORY B.

Ldn > 65 dB Ldn » 70 dB Ldn > 75 dB
1975 2000 1975{ 2000 1975] 2000
Changes in Method -
And/0Or Assumption Sq. Miles | %°) Sq. Miles| % | Sq. Miles| %
1. Baseline without change 1105 |[Tho | 67 | 463 231 (711|179 {131 |73
2. Refined definition of
population in Category 3 2305 [7ko | 67| L63 {331 |71 (179 |131 |73
3. Capacity limitetion in )
Cetegory C-1 1105 | 740 | 67 | 463 (331 |71 |175 (131 (73
L. Combination of 2 and 3 1105 [7bho [ o7 | he3 332 JT1 179 (131 {73
P 5. Updated FAA fleet foracast| 1105 {573 | 52 L%63 [2k3 |52 [278 (102 (57
6. Cozbination of L and 5 1105 {578 | 52 | L63 (243 |32 |11e [102 |57
7. Upcated noise data 1105 {530 | 48 (463 [223 |LB |17¢ ok |53
8. Combinetion of & and 7 1105 |530 | L8 [Le3 [223 |LB |119 |0k 53
9. Combination of =21l
changes 1105 [s2r [ L7 k&3 [219 LT [17o |[e2 51
10. & but with gll airoreft
meeting Stage 5 ! 1205 |27s LE? Lgz pid  [25 [i7e k9 zZ7

} Area is total conrtour area in square statute miles.

“ Percent of 1975 values.

N,
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TABLE 13d.

ARE4' FOR THE YEARS 1975 AND 2000.

FOR THE AIRPORTS IN CATEGORY C-1.

SUMMARY OF EFFECT OF CHANGES OF METHDDS AND/OR ASSUMPTIONS ON THE

Ldn > 65 dB Ldn > 70 dB Ldn > 75 dB
1975 2000 1975 2000 1975 2000
Changes in Method
And/Or Assumption Sq. Miles | %2 | Sq. Miles| % | Sq. Miles | %
1. Baseline without change 52 36 | 69 21 |18 [B6| ¢ 7 78
2. Refined definition of
population in Category B g2 36 |69 21 |18 | 86| 9 T 78
3. Cepacity limitation in
Category C-1 s2 f 2z | k2| 22 |20 |48} ¢ |u |uy
L, Combination of 2 and 3 52 22 |42 21 |10 {LE] 9 L LY
5. Updated FAA fleet forecast 52 32 | 62] 22 {ak 8T ¢ 6 &1
6. Combination of 4 and § 52 25 p k8| 21 J11 |s52) 9 5 56
T. Updated noise dsta 52 27 | 52| 21 j12 57| @ 5 56
8. Combination of 4 and 7 52 15 | 29| 21 g lza| o 3 33
9. Combination of all
changes g2 23 | L 2r |10 |u3| @ L Ll
10. 9 pus wizh 21} sgircraf+
mesting Stage 3 52 9 | 17| =2 L 5| @ 2 122

1

Area is total contour area in square statut2 miles.,

2 Percent of 1975 values.

L)
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TABLE 13e. SUMMARY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIQNS ON THE
AREA' FOR THE YEARS 1975 AND 2000.
FOR THE AIRPORTS IN CATEGORY C-2.

Ldn > b5 dB ‘Ldn > 70 dB Ldn > 75 dB
1975 2000 1975 2000 1975 | 2000
Changes in Method "
And/0r Assumption Sq. Miles | %° [Sq. Miles] % | Sq. Miles | %
1. Baseline without change 266 255 |97 | 67 137 [20% 0 0 0
2. Refined definiticn of
ropulation in Category B 266 1259 |97 | 67 |L37 |20k g 0 0
3. Capacity limitatien in
Category C-1 266 |259 |97 | 67 137 |204 o} 0 o}
b, Combination of 2 and 3 266 {259 |97 | &7 [i37 |20k 0 0 0
S. Updated FAA fleet forecast| 266 [102 72| &7 | L8| 721 o o'l o
6. Combination of 4 and 5 266 192 T2 &7 L8 |72 o 0 0
T. Updated noise data 266 223 |8k | &7 | 567 (8L 0 o] o
€. Combipation of 4 and T 266 |23 |8k | &7 | 36 (12 0 0 0
vl
[
9. Combination of ail 266 lats 166 | &7 - LL 85 0 o'l o
changes
16. & but with 2l agirzcraft
' meeting Stage 5 266 59 |é7 | z2*| 3 |0 6* o Jo

2percent of 1975 values.

larea {s toral contour area in square statute miles.

!

)

!

é 3§raa is smaller than lowest valid model area and is caleulated by applying
i % of 1975 found for Ly,65 to the appropriate 1975 areas.
i
;
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TABLE 14a, SUMMARY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE
POPULATION® FOR THE YEARS 1975 AND 2000 FOR THE AIRPORTS IN ALL

CATCGORIES.

Ldn > 65 dB Ldn > 70 d8 Ldn > 75 dB

1975 2000 1975 2000 1975 2000

Changes in Method
And/Or Assumption Population | %% | Populatien | % |Population | %

Baseline without chenge 6174 f3581 | 58 1620 | 103364 | 393 | 125 | 32

=

2. Refined definition of 4889 |2699 1551} 1313 | 86266 | 38L | 137 {36

pooulation in Categery B .
3. Capecity limitation in 617h | 3187 | 52 |1620 | 943 |58 | 383 [ 112 |28

Category C-1

L, Combination of 2 end 3 4889 | 2308 | k711313 | 76558 | 38L | 12k |32
] 5. Updated FAA fleet forecast|61Th | 2726 | Lk |1620 61Cc | 38 | 392 71 |18
: n €. Combinetion of 4 and 5 4889 |175L ) 36| 1313 | s16 38k aL |22
7. Updated noise date 617k 2318 38 |16ze | how |31 | 33 | 52|13
S €. Combination of Y4 end 7 4889 1674 | 3411313 k11| 32 j 384 65 | 17
; 9. Combinatiocn of all changes|4889 |17k2 |35 | 1313 ) &%7 |3k | 38 83 | 18

10. 9 but with all esircralt
meeting Stege 5 4B8Y 772 [ 16 | 1313 | 1350 {11 | 389 1s | L

; 11. Zerc posulaticn density
growth in Categories A
and C-1 for 9 4804 |1538 | 32 | 1200 405

L

6L |17

1-

(¥ )
-3
(o}

l?opulaticn in thousands.

2perpent of 1973 velues.

)
0
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TABLE 14b. SUMMARY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE
POPULATION' FOR THE YEARS 1975 AND 2000 FOR THE AIRPORTS IN
CATEGORY A,

lyg > 658 | L, >70dB | L, >75d8

1975 2000 1975 2000 1975 2000

Changes in Method

And/0Or Assumption Population | %* | Population [% |Population | %
1. Baseline without change 2105 | 7.3 |36 593 | 255 [L3 215 | 17| B
2. Refined definition of 2105 | 763 |36 | 593 | 255 |L3 215 | 17 { 8

populetion in Category 3

Capacity limitetion in 2105 | 763 |36 | 593 | 255 {k3 215 { 17| 8
Category C~l

Lad
.

4. Combination of 2 and 3 2105 | 763 |36 593 | 255 {L3 215 17 8

5. Updated FAA fleet forecest| 2105 | 713{ 34| 593 | 18k |32 215 | 15 | 7

o 6. Combinaticn of L 2nd 5 2105 | 713| 34] 593 | 18k |31 | =215 | 15| T
7. Updated noise data 2105 | &713| 32 593 | 1k3 |24 213 | 28| &4
; 8. Combination of ¥ and 7 2105 | 673] 32| 593 | 143 |2k 215 | 28| &

E 9. Combineticn of &1l changes| 2105 | 667} 32| 593 | 166 |28 215 | 13t 6

10. 9 but with 21l sircraft

meeting Stage 5 2202 395 |19 563 65 11 215 2 1
1L. Zero populsticn Jensity

srowth in Caiegories A

and C-1 for 9 2024 525 | 25 570 130 (23 2CT ic 5

1Population in thousands.

Percent of 1975 velues.

1=
(el
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TABLE l4c. SUMMARY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE
POPULATION' FOR THE YEARS 1975 AND 2000 FOR THE AIRPORTS IN

CATEGORY B, :
Ldn > 65 dB Ldn > 70 dB Ldn > 75 dB
1975 2000 1975 2000 1975 2000
Changes in Method ~
And/0r Assumption Popuiation | %% | Population | % | Population | %
1. Baseline without change 2852 21151 Tk} B8B7 1629 TL 159 | 95 |60
2. Refined definition of 1567 | 1236 | 79| 581 | 458 | 79 150 | 107171
population in Category 3B
3. Capacity limitation in 2852 | 2115 | T4 | 887 | 629 T2 159 { 9560
Category C=1
L, Combination 51‘ 2 and 3 1567 [1236 | 79 | 381 | u5B| 79 150 | 107 |71
5. Updated FAA fleet forecast | 2852 | 15051 53| 887 | 359 | Lo 159 | 52|33
€. Combination of L and 5 1567 | 73347 | 581 | 295 51 150 | 67 | L5
7. Updeted noise date 2852 1327 | W7 | BB7T | 303 3L 150 | L2 |26
8. Combination of 4 and 7 1567 | 837153 | 581 | 259 ] L5 1501 57|38
9. Combination of ell changes| 1567 | 82052 | 581 | 252} L3 150 | 5k |26
10. 9 but with all sircraft
meeving Stage § 1567 | 353123 | 581 85|15 1501 12| ©
11, Zerc population density
growth in Categories A .
gnd -1 for 9 1567 | 820 |52 | 581 | 252 L3 150 | sh |36

!ospulasion in thousands.

"
“Percent of 1975 wvalues,
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TABLE 14d. SUMMARY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE

POPUZATION' FOR THE YEARS 1975 AND 2000 FOR THE AIRPORTS IN

CATEGQRY C-1,

B Lyn > 6568 | Ly >70d8 [ L, >75 dB
1975 2000 1975 2000 1975 2000
Changes in Method
And/0r Assumption Population [%% | Population | % |Population |%
) 1. Baseline without change 1116 587 |s3{ 136 | 110/ 81 19 | 13 |48
2. Refined definition of 11181 587 |s53| 136 | 110 81 19 | 13 [¢€8
pepulaticn in Cetegory B
3. Capacity limitation in 1118 187 |i7| 136 27 20 19 0] 0
Category C-1
L, Combinetion of 2 and 3 1118 187 [17] 136 27] 20 19 0f 0
5. Updated FAA fleet Torecast | 1118 L2 4ol 136 | 65/ b& 19| b2
P 6. Combination of L end 5 1118 | ouz 136 | 35 19] 2 |n
T. Updated noise dete 1118 230 |21] 136 451 33 19 2 |11
! '8, Combination of 4 and 7 1118 76| 7| 136 8] €| w9 ofo
9. Combinetion of all chenges | 1128 | nep |18 136 | 28] 26| 19| 1| s
: 10. 9 but with =ll aircraft 1128 2: | 2| 136 0] © 2 6o
; meeting Stage 5
g 1il. Zerc population density
: growth in Catsgoriss A .
’ and C-1 for 9 1112 | 150 |13 136 22118 19 0 )

JPopule.‘cion in thousands.

rappent of 1975 values.

~—
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TABLE 14e.

CATEGORY C-2,

SUMMARY OF EFFECT OF CHANGES OF METHCDS AND/OR ASSUMPTIONS ON THE
POPULATION' FOR THE YEARS 1975 AND 2000 FOR THE AIRPORTS IM

>
Ldn 65 dB Ldn > 70 dB Ldn > 75 dB
1975 2000 1875 2000 1975 2000
Changes in Methaod
And/Or Assumption Population | %* |Population| % [Population | %
1. Beseline without change 99 | 116127 4 |32 ]800 © c|o
2. Refined definition of 99 | 116117 4 32 | 800 c olo
population in Category B
3. Capacity limitation in 95 | 116|117 4 |32 |800| 0 o}o
Category C-1
L. Combination of 2 ané 3 99 | 116[a7| 4 [32|s0} o oo
5. Updated FAL fleet forecast a9 86| 67 4 2] s0 0 c|O
€. Combinetion of 4 and 5 99 66| 67 4 2| 50 c. ofo
7. Updated noise data 90 88| 89 4, 31 75 v} 0|0
E. Combination of L and 7 99 88| 8g 4 111 25 0 0|0
9. Combination of all changes 99 55| 56 4 1 25 Q o]0
10. 9 but with all alrgrafs
meeting Stage 5 90 15| 15 4 8] 0 0 gjo
1l. Zero populaticon density
growth in Categories A
and ¢-1 for 9 95 L3} ks 4 1| 25 2 0 ol

L]

lpopulation in “housands.

Percent of 1975 values.

e
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(c) Updated Fleet Forecast, Case 5

The updated fleet forecast reduces the. total area in 2000
by 17 to, 33%, depending on the value of the Ldn contours.
There 1g little change in Category A& because the nolse 1s
dominated by the larger zirecraft types which tended to have
similar rleet forecasts for both years. The total estimated
populations are reduced from 3,578,000 to 2,726,000 pecple for
65 dB, from 1,033,000 to 610,000 for Lan 70, and from 125,000

Ldn
tc 71,000 for Ldn 75 dB.

{(d) Updated Noise Data, Case 7

The application of updated noise data reduced the total area
in 2000 by approximately 24 to 385 »elative to the 2000 base-
line of Ref. 1. The totval populatvions were reduced by higher
percentages, ranging from 335 to 58% to values of 2,318,000
within Ldn 65 dB, 494,000 within Ldn 70 @3, and 52,000 within
Ldn 75 dB.

(e) Combination of Changes , Case 9

Tables 13 and 14 show the combination of the refined Category
B population and the capacity constraint in Category C-1, togsther
with each of the updated [leet forecasts. These combinations
generally result in lower populatlion Ilor Ldn 65 and 70 4B but
75 d2, because of the effect in

higher populations in Ldn

Category Bl previously discussed.

The table zlse gives the results for 2 combination of all
changes. This combinatilon is considered to be the mest lilkely
correct result in this study. The areas are reduced by 25% to
394 from the 2000 baseline of Ref., 1. The populations are

-
I
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reduced by higher percentages, ranging between 46% and 5T%,
depending on Ldn' The resulting populatlions are 1,742,000 for
Lan 65 &B, whieh 1is 36% of the comparablie 1575 value, 447,000 for
Lgn 70 €2, which is 34% of the comparable 1975 value, and 68,000,
whien 1s 18% of the comparable 1975 value.

(f) Combination of Changes with all
Aircraft Meeting Stags 5

If in 2000 a2ll aircraft were tc meet Stage 5 (Case 10), the
values of land area are reduced by over HO% from the values esti-~
mated for 2000 with the combination of changes. The populations
are similarly reduced to 772,000 in areas where the Ldn exceeds
55 d8. This case shows the maximum potentiazal reduction in airport
noise impact resulting from application of Stage 5 technology.
However, 1t is 2 purely hypotheticszl casge since by the time Stage
2 alrcraft are phased out of the fleet, the fleet is expectsd to
grow larger than the fleet estimates for 2000.

(g) Combination of Changes in Intermediate Years

Tables 1%a -~ 1%e present the estimated change in impact for
on of changes (Case 9) at S-year intervals betwesen

0. The significant raduction 1in 19835 is the result
fit grogram which eliminates the old UY-engine low
by-pass narrow bedy airerafr from the {leet, and reguires almost
gll remaining aircraft to meet Stacg® 2 reguirements. There 1s
then & pause in reduction of impact in 1390 fellowed by reduc-
05 and 200C. This reduction trend would he =xpected
to end once the Stege 2 zlreralft are phased out, such that the

1 irements. Subsequently, unless new air-
gent "Stage 4" reguirement account
acement, noise impact willl increase
"

T ———— i, L
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{(h) Combination of Changes by Airport Categories

The distributien of the peopulation estimates for the combil-
nation of changes (Case 9) among the asirport cetegories is sum=-
marized in Table 16. The mest striking reduction is shown iIn
Category C-1, as a result of the 1imit on capzcity for growth,
tegether with the introduction of guleter airplanes. Czategory
A shows the next best improvement because cof the elimination of
the noisy narrow-body four-englne alreraft, the introduction of
new guleter alrcraft, and a léss-than-average growth rate of
operatlions that 1s the result of the Ref. 1 assumption in alloca-
ting aircraft types to alrport categorles. Categoriles B and
C~2 show the least improvement btecause of thelr higher-than-average
growth rate of operations and the continued dominence cf the
noise of narrow-body two-~ and three engine JTED 3tage 2 airceraft.
The results for Category B would probably improve if the category
were subdlvided into three busy runway alrports, each with its
appropriste fleet mix corresponding to the subdiviszion made
for calculation of population.

An additlonal calculstion for L,, 80 4B in 1575 indi
that the total is 66,000, almost identiczl to the total
in 2000 living in areas sbove Ldn 75 dE.
between Categories A and B are somewhat different, 22,00
Category A and 44,000 tec Category %, instsad of the 13,0
54,000, respectively, shown for 2000.

c

]
However, the allocation

0

O
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TABLE 15a

SUMMARY OF THE ESTIMATED AREAS'AND POPULATIONS EXPOSED TO LEVELS |
IN EXCESS OF VARIOUS DAY-NIGHT SOUND LEVELS AT 5 YEAR INTERVALS
BETWEEN 1975 AND 2000 FOR ALL AIRPORT CATEGORIES.®

YEAR I?ég?a I Population iég?a Population fég?a Populatign

| Miles| #| 1000's| % °jiMiles| z?]1000's | %° IMilesi °)1000's | #°
1975 i 2169 | 100 | 4889 100 807 |100| 1313 100 5310 100; 384 100

}

1980 '1895 87| 4225 86 ' 743 92| 1240 94 E275 89| 303 79
1685 !1344 62| 2523 52 521 65 683 52 %lSS 60| 131 34
1980 !1333 61| 2562 52 ﬂ 518 64 711 54 ?186 60f 136 35'
1995 {E 1166 | 54| 2183 | 45 if 449 | 56| 589 | 45 ﬁl&?; 53] 106 28
2000 if 957 “h | 1742 | 38 i 368 | 46| 447 | 34. 55134 43] 68 18
Notes: ‘Area is total contour area in square statute miles.

2ggtimates inelude all

‘Percent columns are percent of 1975 base.

-1

I

changes (Case 9).
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TABLE 15b SUMMARY OF THE ESTIMATED AREAS'AND POPULATIONS EXPOSED TO LEVELS
— N EXCESS OF VARIOUS DAY-NIGHT SOUND LEVELS AT 5§ YEAR INTERVALS
BETWEEN 1975 and 2000 FOR AIRPORT CATEGODRY A.2

b Ly, > 68 | L, > 70 L Ly, > 75
YEAR E ég?a Population {ggea Population ?ésea Population

Ii miles] 23| 1000's! %2 1Miles| #*11000's | %' IMiles| %’|1000's | %
1975 I! 746 |100| 23105 [100 | 256 |100| 593 |100 !122 100 215 {100
1980 576 | 77| 1547 | 73 i' 229 | 89| s40 91 I‘ 91 | 75| 130 60
1985 %285 38} 733 | 35 Ij' 124 | 45[ 209 35 ;; 45 | 371 21 10
1990 ;i 297 | 40| 799 | 38 : 118 | 46| 233 39 '| 47 | 39| 2as 12
1995 izse 36| 731 | 35| 106 | 41] 198 | 33 :l 42 | 38| 18 8
2000 ||| 238 | 32| 667 | 32§ 95| 37| 166 28 |. g | 31 13 6

Nota

s: ! Area is total conteur area in square statute miles.

“fstimates include all changes {(case 9)

dpercent columns are percent of 1975 base.

S

i=
n




TABLE 15¢ SUMMARY OF THE ESTIMATED AREAS' AND POPULATIONS EXPOSED TO LEVELS
IN EXCESS OF VARIOUS DAY-NIGHT SOUND LEVELS AT 5 YEAR INTERVALS
BETWEEN 1975 AND 2000 FOR AIRPORT CATEGORY B.Z

| Ly > 65 | Ly, > 70 | Ly, > 75
YEAR !;f érea Population ?g\rea Population !} Area Population
ities] 23 j000s] 22 Diities| w2 [1000's | 22 Bidiesl wl1000's | 52
1975 j 1105 {100 | 1567 100 463 |100| 581 100 L179 100 150 100
1980 ' 981 | 89| 1433 |91 II: 413 |91 522 | 90 iina 97| 149 99
1985 ]ii _753 68 | 1132 72 317 | 72| 387 67 !:;33 74 99 66
1990 EE 747 68 | 1170 75 1 315 | 75| 401 69 5132 741 102 68
a"\\ 1995 !l 651 | 59 | 1034 66 H 274 | 66| 340 59 ﬁll.’) 64 82 55
2000 ;E 521 | 47 820 32 219 | 52} 252 43 !! g2 51) 54 36
Notes: ‘Area is total contour area in square statute miles.

e T A A T e i

2 Estimates include all changes (case 9)

3 Percent columns are percent of 1975 hase.
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TABLE 15d SUMMARY OF THE ESTIMATED AREAS'AND POPULATIONS EXPOSED TO LEVELS
IN, EXCESS OF VARIOUS DAY-NIGHT SOUND LEVELS AT 5 YEAR INTERVALS

BETWEEN 1975 AND 2000 FOR AIRPORT CATEGORY c-1.72

b | b
P Ly, > 65 | Ly, > 70 | Lgn 2 75
| I ]
YEAR } Area Population I Area Population xArea IPonu]ation
- Sq. 1 5g. [ 5q.
i
L Miles| %3 1000's| %3 'Miles|z® |1000's | %% VmMilest %°|1000's { %3
1975 ,E 52 |100| 1118 |[100 21 {100| 136 100 9 100 19 100
[ i 0
1980 L{ 52 |100( 1128 |101 i'l 23 {110| 172 126 | 10 |12 24 126
i i 1t
, 1985 FI 37 | 71( 546 49 b 16 | 76) 82 60 ;5 7 73! 11 58
; T "
1990 | 34| 65| 488 | 44| 15 | 71f 73 sa 4 7 78 9 ’ 47
' [
T 1995 ,,! 29| se| 335 | 30) 13|62 40 |36 § 6 |67 6 |3
i — .
’ 2000 ij 20| 38} 200 18 ]! 9 | 43| 28 21§ 4 44 1 5

Notes: ‘area is total contour area in square statute miles.

2Estimates include all changes (case 9)

3parcent columns are percent of 1973 base.

wmn
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TABLE 152 SUMMARY OF THE ESTIMATED AREAS'AND POPULATIONS EXPOSED TO LEVELS
IN EXCESS OF VARIOUS DAY-NIGHT SOUND LEVELS AT 5 VEAR INTERVALS
BETWEEN 1975 AND 2000 FOR AIRPORT CATEGORY C-2.2
A # 4
i Ly, > 65 | Ly > 70 Ly, > 75
¥ I T
YEAR ﬁ Area . Population hﬂ\r‘ea3 Population nﬂweaZ4 Population
- 1.5q. 1 5q. | 54,
I Miles| %M 1000's] %° IH-HTES z°11000's | %°* JE-T'H'lES %?11000's | 4°
| i
1975 | 266 [100{ 99 [100 | 67 Jioo] 4 100 I] o of o 0
[ I
1980 | 286 (108|117 |118 [ 78 117 6 | 150 !l' ol o o 0
J 1
1985 JI 269 101|111 (112, 74 |11 5 | 125 r{ of of o 0
bl i i
1990 | as5( 96| 105 106 | 70 |105[ 4 | 100 i ol of o 0
PN i .“ ' il
! 1995 b 220 83| 83 84 | 56| 83 2 501 o) of o 0
2000 ] 175 | 66| 55 [ 56| 44|66 1 | 250 of of o0 0
Notes: ! Area is total contour area in sguare sgatute milaes,
g 2Estimates include all changes {case 9)
i
é YPercent columns are percent of 1975 base.
:: “See 3 on page 36.
|
|
1
1
!
1 21
!
|
|
1
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TABLE 16. COMPARISON OF ESTIMATED POPULATIGN IN 1975 AND 2000 WITH THE
COMBINATION OF ALL FOUR CHANGES! FOR EACH OF THE AIRPORT

CATEGORIES AND FOR THREE VALUES FOR Ldn

Population in 1000s

AIRPORT Ldn 65 dB Ldn 70 dB Ldn 75 dB

CATEGORY 1975 2000 1975 2000 1975 2000
Population | %2 | Population | %2| Population | %2
A (13 eirports) 2105 | 667 132 | 593 (166 | 28] 215 13 &
8 (113 mirpor:s) 1567 | 820 |52 | 381 [252 |43 150 Sk |36
¢-1 (2 airrports) 1118 | 200 [18 | 136 | 28 21| 19 ] 5
c-2 (179 airports) - 99 | 55 |56 4 1 |35 0 0 0
Total (307 airborts) 4889 (1742 |36 |1313 (447 | 34| 38 68 (18

Notes: !Combination of four changes in Case 9.

’Percent columns are % of 1575 values.
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APPENDIX A: FORECASTS OF AIR CARRIER QPERATIONS AT LAGUARDIA
AND WASHINGTOM NATIONAL AIRPORTS

Tha FAA's Terminal Area Forecast for 19280 to 1990 reprressnts
the lztest offilclal published forecast of airport oparations Jor
majer U.S. azlrports. The Tigures are compiled initlally by the
Office of Aviation Policy, Aviation Forecasr Branch using an
unconstrained linear growth model, then are distributed to each
FEA regilon for ravievw and possible revision prior to publication.®

In the cases of both Lafuzrdiz and “Washington Nat
constraints on grewth exist ané have besn applied by FAA's Zastern
Reglon 1n its review ¢f the normally unconstrzined estimates.
Srowch &t LaGuardia 1s constrained by the assumption that Hewarhk
znd Stewart Alrports wlll draw increasing numbers of coperations
from the New York aresa., At Natlonal, annual operations are ¢
strained by regulation at 350,000 to ecntrcl noise, and the air
carrler share of the toftzl 1s assumed to dserezse to acccommodels

new 2ir taxl service.¥®

Gilven these assumptions, the published 1680 and 1980 forecszsts
of alr carrier opsratlcons at the two alrports are given below. Ths
1585 forecast 1z an interpolecion based on the linear csrowth model.

1580 1585 1990
L0A 2k ,000 220,000 193,000
DcA 208,000 20k ,000 200,000

In the ahsence of furthsr esz
had

ima forecast operatlons
2000 are assumed (by BEN)

peyoné the ysar 1390 to the ye to

remain constant.

hone conversstion with AV?, I5 October 1973,
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