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SUMMARY

This repor_ contains an update and revislon of the estimated

noise Impac_ of airport Jet ai_ carrier operations in the years

1975 and 2000. These estimates are based on the current taksoff

flight procedures, _he 1979 FAA fleet forecast, and current

definitions of new technology aircraft. They do not assume

additional regulatory actions, either in aircraft noise certifi-

cation or in airport operations, nor do they assume additional

noise control _ _e:;o_ts on the pa_t of individual airports.

These _-_ i_.=_u_.s are based largely on the methodology and data

contained in a prior study [1], except for updating certain basic

_n.o...,a__on zha_ s_udy from 1975 to Io79 and revising a

part of the methodology for estimatin_ population impacted.

The results are summarized in Table I, together with a

comparison with those of Ref. !. They indicate _hat the _otal

area, including _ _a-,pc., and other compatible areas within Ldn

contours cf 6_, 70, and.75 dB may be expected in the year 2000

to be aporoximetely. 44, _;6 and _;,'_" respectively, of that es_.m_-

ted for the year 1975. They also indicate that the population

in the year 2000 may be expected _o be about _c of the 1975 values

within the Ldn 6_ dB contour, 3_% of the 1975 values within the
10_ of 197576 d_ contour, and __,_ the values within _he Ldn 75 d_

contour. Alzhough these year 2000 percentages imply significant

reductions in a__c.-._/a_.po., noise impact, the absolute number

ef people eszimazed to remain impacted by noise is nc_ insig-

n!ficanz; _"._._, 1,7a2,000 ,'_*_n_...... Ldn 65 dz, ,4 ,00u within Ldn

7C dB, and 6c_,000 within Ldn 75 dB.



TABLE 1 COMPARISON OF ORIGINAL _ AND REVISED ESTI_IATES OF AREA AND
POPULATIO_I FOR THE YEARS 1975 AND 2000 FOR EXPECTED FLEET GROWTH,
STAGE 3 CERTIFICATION AND THE FAA AC91-39 TAKEOFF PROCEDURE

(CASE l, l, l) AS A FUNCTION OF Ldn.

I QUArITITY > 65 > 70 • 75
Ld n Ldn LdnSOURCE

197B  ooo 7g s I 2ooo,.  197B 2000
AREA _ Ref. 1 2169 1304 60 807 605 75 I 310 179 58

(In aq.mi.) Revisedw 2169 957 44 807 368 46 310 134 &3

0 347 0 238 0 45 I
I

POPULATION Ref. 1 16174 3587. 581 1620 1033 64 393 125 32
(In _hou- Revised _ 4889 1742 36_," 1313 447 _4 384 68 18
sands) "

/', _ 1285 1839 307 586 ,, 9 57
• . ,, . ,

Notes i Original estCmaces from Ref. i.

Z is value in year 2000 relative co value in 1975.

3 Area is _otal contour area includlng airport and other cempa_!ble
areas as well as residential area•

CombCnatlon of all chanEes as shown in Tables 13 and 14.
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I. INTRODUCTION

A prior study [i] forecast the noise exposure of civil air

carrier airplanes through the year 2000. The study investigated

the effects of a range of alternatives for aircraft certification

for noise, for aircraft operation during takeoff, and for two

rates of fleet growth. Results of calculations of population

and land area impact were presented for each 09 these alternatives

for six study years between 1975 and 2000.

The primary bases for this comprehensive study were the

fleet forecasts and operations activity data available in the

1975 base period. Since that time, several significant develop-

ments have occurred that affect the future forecasts of air

carrier operations. Among these are:

Definition of the "future technology" aircraft of the

1980_;

Permission for development of a new class of commuter

! airline turboprop aircraft seating up to 60 passengers; and

i Deregulation of airlines, which permits easy access

to most important markets and abandonment by large air carriers

of many small markets to cot_muter airlines and air taxis.

These developments have significantly altered the future air,

carrier Jet aircraft fleet forecast and have enabled more exact

definition of its noise characteristics. This s_udy has been

undertaken to apply _his new information to the estimation of

the future impact of airport/aircraft noise, assuming that nc

new certification cr flight operation prece!ures are introduced

in the intervening period.



The basic methodology used in Eef. ! is outlined in Fig. i.

This s._dy necessarily retains all of the methodology and

• _ou.e_ceptions:operations data bases, with the following _

Revision of the estimation of population in Airport Category B,

,oreea._ from 1975 to 1979 FAA forecast,Update of the fleet _ _-

Constraint on growth of air carrier operationsat Category

C-I airports, LaGuardia and Washington National, and

Update of noise levels to include defined new technology

aircraft: A-300, B7_7, B7_7, and DC9-80.

The sensitivity of the results with respect to changes in these

four factors has been investigated with a simplified noise charae-

teristic vs. ares impact model. The model directly re!a_es zhe

noise characzeristie, Ldn , calculated a_ s !0OO-ft slan_ distance,
• a_.por_ _le__ to thefor each of the four ousy runway average _- _ _ _

area contained within each Ldn contour, as calculated in Ref. !.

The model was calibrated for _,_ _,u...n_ etandard takeoff procedures

using three cases from the Ref. ! s_udy which covered zhe range

of results from maximum to minimum impact. The model enables

evaluation of the -_ _ ofv=._ao,on both noise and operations L.a__m=_...,-_ -_

but not takeoff fligh_ procedures, over a much wider range of

alternatives than _...o._-considered in this report.

eon_=_n_ a dlseussiol_ of _ha four uzd=t =_ _r

or revieions to the Eef. ! study assumptione_ the deve!opmen_ of

the noise characteristic vs. area impact modal, and an analysis

of the sensitivity of the 1975 baseline and the year 2000 impac_

area and population results to these updates and/or revisions.

D
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I) Define 4 Airport Categories: (For airports with more than 20 jet
operations per year in Ig75).

A: 13 Major Internacional Airports that could have SST aircraft

B: i13 Airports with 4-engine aircraft

C-l: 2 Airports (LaGuardia and National) with no 4-englne aircraft but
high impact

C-2: 179 Airports with only 2- and 3-englne aircraft.

2) For each airport category and operating procedure:

2.i Define a single busy runway, flight tracks, %1_ilizations, and

stage lengths for both takeoffs and landings (at each runway end)
based on a sample of airports.

2.2 Define average daily effective operations based on 1975 operations
at all airports in category and on 1975 day-nlght racios of sample

airports.

2.3 Define average daily effective operations on each busy runway by

applying busy runway utilize=ions determined from sample airports
to 2.2 above.

2.4 Using FAA's Integrated Noise Model (modified version) and EPNL

data by aircraft type, calculate area vs Ldn ac 5 dB intervals for
busy runway operations.

2,5 Scale areas in 2.4 to total area for nation by accounclng for

annual operations a_ each alrpor= in category.

2.6 Determine population impacted from prior rela_ionshlps be0ween

population and aree within contours for each average airport

(average = total + number of alrporns in category) nhen mulclply

average airport populations by number of airports in category.

3) Projections for Future Years:

3.1 Define number of aircraft in fleet by alrcrafc type for future

years (e.g., moderace growth was based on Ref. 2) and determine

allocation amongst the 3 FAR Part 36 Stages.

3.2 Define number of operations by airoraf_ type and by stage using

1975 dace on number of operations by aircraft type cimes number of

aircraft of that type forecast for the fucure year fleet.

3.3 Compuce operations for each airport category by alrcrafc type and

by stage by multiplying the operations in 3.2 by =he proportion

of aircraft operaclons by aircraft type in each airport category
in 1975.

9.4 Compu0e area and population for each year using basic procedures
of 2.2 through 2.6 ahove.

FIG. I SIMPLIFIED SUMMARY OF AVPORT MODEL FOR ESTIMATIIIG AREA AND POPULATIO_I

IMPACTS. (See Ref. l for additional detail.)



2. DESCRIPTION OF UPDATES AND REVISIONS

This section describes the basis for the updates and re-

visions to the Original study [I] in each of the following areas:

Population of Airport Category B

Fleet forecast

Constraint on future operations in Airport Category C-1

Noise data for new technology aircraft.

(a) Population of Airport Category B

The original study contains relationships between the

total contour area for an average airport in each category and

its associated population. These relationships are illustrated

in Fig. 2. The data for AVport A (13 airports) and C-1 (2

r-- airports) were obtained from a complete set of airport contours

and their associated populations. Thus, for these two airport

categories, the total population equals the number of airports

per category times the population in the average airport, with

the latter uniquely related to the total contour area for the

, average airport with the functions shown in Fig. 2. These

relationships may be expected to be vaild for modeling purposes

as long as there is no change at one or more airports in the

area-population relationship (such as might occur with a change

of flight tracks away from populated areas to over ocean), and

all other changes in fleet mix and growth affect all airports

in the category equally, such that the ratio of contour areas

between any one airport in the category and the average airport

remains cene_anz_

The curve for Category C-1 is revised for this report, as

shown in Fig. 2 The revision is based on the original data in

i
I
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Eef. 5, which showed that the population approaches zero for average

areas less than 1.5 square miles, and is consistent with the lowest

_rlan_ular data point on the figure.

The relationship for Category B is based on the data for

!l airports that were obtained in the 23-airport _.udj [3] These

!! airports were originally selected as part of a sample of the top

20 probably most highly impacted airports in the country. Thus,

they tend to be adjacent to centers of large populations with the

attendant high volume of operations, and are also located so that

a significant part of the population is overflown and exposed to

noise.

These data for the ii airports were utilized in Eel. ! for

_he calculation of population for all of the 113 airports in

Category B. However, the population density around the majority

of the Category B airports was much less than that around the ll

airports. The magnitude of this difference may be seen in Table

• . a..nu_a,rings around2, by comoaring the poculation density in " _

airport centers for three subdivisions of Category _, i.e., B-l,

B-2, and B-3. Category B-1 consists of the set of ll airports

for which a set of population vs contour areas was available and

is represented by the curve for AVport B in Fig. 2. Category B-2

consists of the nexo largest 30 airports in Category B, i.e., those

with over 10C Jet aircraft operations. .oar day in _._o75. _a_e__ _o_.y

=-___ consists of the remaining 72 airoorts, in Category. B .h_t had

less than 10C Je_ aircraft operations per day in -_o_=,.. _'h_.._ popu-

lation density for Category B-2 within !0 miles of the airport is

on the average approximately a6_ of that cf Cat__o_,,._ B-!. _-._.=

Doou!ation density _ _ _ _ _. . _o. Category _-_ w__.hin five miles of the air-

port is on the average a;proximate!y 22_ of that of Category B-!.

s_gn,__can_ to note that categories with a hither volume of



TABLE 2 COMPARISON OF 1970 CENSUS POPULATION DENSITY BY AIRPORT
CATEGORYIN RADIAL RINGS AROUND CENTERS OF AIRPORTS _

AIRPORT NUI41]EROF RING DUTER RADIUS IN STATUTE MILES

CATEGORY AIRPORTS ] _ 2 1 3 _ 5' 6 7 8 9 i I0
I

A_ ]3 987 1942 2925 3311 3570 3888 3558 3648 31.34 3188

B-I 2 11 693 265[ t_360 4471 3888 34z,6 288] 2522 j 2579 2409

,t_ I|-22 30 201 1!,32 1790 1847 1699 1766 1629 1188 ]165 907

B-3 _ 72 ]34 867 765 7SI 629 639 539 492 399 361

C-1 ;t 2 ,,77_1.1877 16783 22750 21631 ]8142 16601 13,',4/* 88,",7 7547

C-2" 179 395 I 841 864 759 692 599 481 428 3-",:_ 292 '
i.............

i'|otes 1 I)ot:zl from FAA l','ovlronmerl_al Dnt:a I|ase, 1970 Cen,qus,

2 B,'Ise(l 011 COlrlpleEo SaTllJ11_,

Ila._ed oll Snl.ple of 65 out or 72 atrpot't:s.

" Bo,qed on aampte ol" 131. our oE 179 airports.



daily operations often have a higher population density. Thus,

within category B, there is a tendency for airports with more

noise due to number of operations also to have more people to

be affected per operation, compounding the impact.

Table 3 summarizes the equations for the populatlon-area

curves in Fig. 2. These equations are taken directly from Eel. l,

except for the modifications required to model the new subcate-

gories B-2 and B-3. These equations are well defined for the

region of the curves in Fig. 2 that contain da_s, but are not

well defined outside of these regions. The subdivision of _he

areas in category B amongst the subcategories was based on the

number of operations at the airports in each subeategory and the

scaling procedure of Ref. 1.

(b) Update of Fleet Forecast

The prior study contained a moderate and an expansive growth

rate for the civil.air carrier Jet aircraft fleet. The moderate

growth rate was based on FAA estimates in 1975 [G]. The FAA 1979

expected forecast [7,8] has a significantly lower growth rate

than the 1975 forecast.

A comparison cf these two forecasws is given in Table _.

The major difference appears to be in the narrow-body two-engine

category, which in 1975 was forecast to be much larger than

currently forecast. Part of this difference may be attributed

to _he opening up of the oo_uter airline service through

deregulation and the concurrent advent of new quiet turboprop

aircraft in the 30-seat range, some of which may be expected to

grow to 60 sea_s. It is anticipated that these new commuter

aircraft may displace Jet aircraf$ at many of the smaller airports

in future years.

Other differences may resui_ from factors such as the rislnT

.. cost of fuel as a major operating constraint, =he corres_ondin_

: !0



TABLE 3. SUMMARYOF POPULATION EQUATIONS USED IN MODEL. l

Area Constants
asa_

A_rport of Total No. of
Category Category Airports ao a_ a: as

A (_) I00 13 -2.560 6.975 -4.140 0.9726

B(_): B-I 26 II -0.3313 2.494 -0.9767 0.2099

B-2 46 30 -0.6685 2.494 -0.9767 0.2099

B-3 28 72 -0.9696 2.494 -0.9767 0.2099

C-I (2)(_) i00 2 -0.9224 3.279 -O.7978 0.2127

C-2 (2) I00 179 -0,5997 2.063 -0.9654 0.2822
P

Note:

,"_ (a_ + a_x + a:_ 2 + a_x 3)
Ipopulatlon for average airport (lOOOs) = iO

where x - iogl_average airport area in sq.mls.) and average airport area
as _otal area in category divided by number of a£rporte
in category.

ZUnehanged from Ref. I.

3Consran_ for a0 for B-I category is unchanged from Ref. I, but is changed
in B-2 and B-3 re reflect lower population densities.

_For average airpor= areas less than 3 square miles the revised C-I curve ks
used Zn this report rather than the equation.



TABLE 4 COt,IPARISONOF 1975 AND 1979AIR CARRIER FLEET FORECASTS

• FOR EXPECTED GROWTI( (Based on References 6, 7 and B)

AIRCRAFT TYPE Forecast YEAR

-
Wide [lady, 4 enyIne ]975 96 I3( 200 270 445 620
(8747) 1979 14( 254 334 425 575

Wide Body, 3 engine "1975 (]) 204 26_' 421 588 888 ]188
(DC-IO, L1011, 8777) 1979 23( 460 645 793 908

Wide Body, 2 a.glne 1975 (2) 0 C 367 518 782 958
(A-300, B767) 1979 32 139 339 547 772

I-, Narrow Body, 4 engl.e 1975 622 454 98 0 0 0
r,_ (DCB, N707) 1979(3) 349 112 81 50 33

Narrow Body, 3 engine 1975 790 881 799 715 342 334
B 727 1979 948 876 831 658 435

Narrow Body, 2 engine 1975 528 766 ]049 1315 1645 1975
(DC9/10-50, 8737 1979 611 805 730 694 652
DC9-80, 8757) " ,

TOTAL ]975 2240 2495 2934 3406 4102 5075
1979 2310 2622 2960 3167 3375

Note 1) Shows as 2/3 engine In Ref. ], but numbers came from FAA forecast on 3-engine
l)CI0, 11011 a_[rcraft.

2) Category dld not exist I,I Ref_ i, l)ut is used llerefor the 1975 FAA forecast new
tecbna]ogy nSrcraft, shown in Ref. 1 as a 3 e.glne narrow body new technology
altersft.

3) Narrow body afrccaft after 1985 presumed to liere-englned to stage III rule.



desire to increase load factors, the higher efficiency in terms

of direct operating cost for the new larger aircraft and longer

stage lengths. There are small internal inconsistencies with

the 1979 forecast: e.g., the steady phaseout of the narrow-body

four-engine aircraf$ from 1985 to 2000, rather than a constant

n_mber between at least 1985 and 1995, representing those 50

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

For the purposes of this study, the fleet has been assigned

to FAR Part 36 noise stage compliance (Stage l, 2, or 3 replaces

the "noncoms!y," "1969," and "1975" rule terminology of Eel. !).

The results are summarized in Table 5, and the rules used for

the assignment are noted below the table. These assignment rules

are similar to those of Eel. 1 but are adjusted to fit she

uzdated forecast and expected entry dates of new aircraft.

The .average daily number of operations for the fleet was

computed by using the aircraft productivity factors (number of

operations per aircraft) of Ref. 1. These factors were based

on the actual number of operations performed in 1975 and the

number of aircraft in the fleet inventory in that year. The

only apparent distortion caused by using $he number of aircraft

in inventory rather than the number of active aircraft appears

to be in the narrow-body four-engine category where only about

515 of the _22 were apparently in actual service. However, this

discrepancy is probably consistent through 1960 and becomes

immaterial after 1985 when all buc a few of _hese aircraft will

be retired and the remainder are reengined.

Table 6 su_narizes the i97_ forecast in terms of average

daily operations, and Table 7 compares the 1979 and 1975 [2]

operations forecaszs. The 1975 forecast shows almost _0% more

_h

i?



TABLE 5. 1979 FLEET.FORECAST INCLUDING ESTIMATED ALLOCATION OF AIRCRAFT
AMONG FAR-36 STAGES l, 2, AND 3,

JARPar=36 Year I
AIRCRAFT,_PE Noise I

StaRe I975 _980 1985 1990 1995 2000 I

 ody.4 I 4s 45 8 o o oB,. 38: s7s,
r

Tote3 96 IAO 254 334 425 575'

W3de Body, 3 engine(2) 2 804 230 4_8 593 6A_ 5_2
(DC10.L1011, 8777) 3 0 0 0 52 !51 266

To:a3 204 230 _0 6_5 793 SOB

_Sde Body, 2 englna(S) 3 0 22 i_5 SSg SAT 772
(A-30O. B767)

To:_! 0 $2 135 ]3_ 547 772 :

_a_=aw Body, 4 _Gin. (_) I 622 3_9 0 0 0 0
(DC$, 8707) 3 0 0 112 81 SO _3

To_al 672 249 112 Sl SO S] I
i !
: ):arrow Sodyt 2 engine 1 572 572 0 O 0 O I

3727 = 218 _76 876 831 _8 _5
To_a3 790 9_8 $76 B33 658 _]5 ;

_-. Na_rou Body, 8 aagineC5) 3 480 =_0 0 0 0 0 !
(DC9/1O/50,8737) 2 48 131 611 530 =,30 222
(BC9-8O, 8757) 3 _ 0 0 39_ 200 29c 420

To:a3 588 _ii _05 720 8_ I 6S2

TOTAL 2240 2310 8522 :960 2167 1 _75

No_e I. Some will probably be produced to meet S_ate 3 levels, a reduction of

1 dB for _he EPNL at i000 ft and max climb power; however, a new

production rule would be required to assure this resul_.

2. Stage 3 aircraf_ phased in a_ ra_e of ½ new production in 1985-90.

2/3 new production in 1990-95 and all of new production in 1995-
2000 with the remainder =o Stage 2.

3, A-300 was certified as a Stage 2 aircraft and presumably its derlva-

civas would no_ have to meet S_age 3, unless _he rule is amended. How-
ever, its noise performance is essentially =ha= of Stage 3 and the

A-310 is =o be certified to S_age 3.

4. The 112 and 81 aircraf_ shown re-engined in 1985 and 1990 are proba-

bly excessive and the correct number is probably nearer _o 50-70;
however, this discrepancy has no measurable effect on _he noise model.

5. Existing aircraft were phased out of the flee= after 1985 in accordance
with Ref. l; aircraft added in 1975-1980 were Stage 2 and _he remainder

were Stage 3 aircraft.



IABLE 6. ANNUAL AVERAGE DAILY OPERATIONS BASED ON 1979 FLEET FORECAST
USING PRODUCTIVITY FACTORS FROM REF. l(I)

i FAR Year
: Par: 36

AIRCRAFT TYPE 'r_otse ! !
... ' Scaqe .... 1975 I lg_O! lg851 19go ..1.g,5 .,000: ,.,3.! 01o(B-747) 2 180 I 335 89 I17 1496 20_5

TaIa3 338 ! 4931 89&I Lz76i 3A961 2025

3702 4009WLde Body. 3 e_e . 127 143 274 ,

(DCI0, LIOL3, B777) 3 325 9451 1661

,,,d.,od_.:,.,o° 3 or ._1 ,_,oi3.._1.,.,J _.o
(A-300, B767) ToCaZ Ol 3581 15ZOI 37921 61191 B636

N,tcrow Body. 4 un_£nc 1 2919 1638 0 0

(DC8, B7{]7) 3 0 0 526 38 23 155

,"_" (B327) 3 2439 ) &206 9799) 7360( 4866
Toc,l 8837 I I06O_.)97991 9296) 73601 4866

._ 84&2 _441 ) 3517 O) 0

Narrow _ody, e._lue

(DC9/10/50, J%737) : a4_ *SD 10740 9320 7095 ,390Lc,_cg-ac,,_',s;'_ _ o _.._ 5z7017.3

Note i. Productivity factor, i.e., number of annual operations for a
single aircraft, were taken from Ref. 1 and applied =o the same
aircraft, except that the 2-engine wide body is assigned the factor
for the 3-enBine narrow body and the Stage 3 narrow body used in
Ref. i.

!.=



TABLE 7. COr4PARISON OF ANr_UAL AVERAGE DAILY OPERATIONS BASED ON 1979
FLEET FORECAST, TABLE 6, WITH OPERATIONS IN REF. 1 BASED
ON 1975 FORECAST.

I : I YEAR i...A.IRCRAF'TTYPE ! Forecast 11975 )gBo ]685 ]ggo, ]965 20DO.I

WLde 8ody, 4 engtno 1978 t 858 488 704 951 1567 I185 I
1_-7471 1979 538 491 894 L176 ;496 2825

Wide Body, 3 engSnl 1975(I) 1274 1649 2619 367= 5548 7419

(DCIO, LIO3L, 8777} 1979 1274 1436 2747 4027 4952 5670

Wide Bo,y, 2 _m&Ln. 1975(2}1 _ 0 4105 8794 89_8 ! 10716(A-300, _767) 1979 I _,8 3_I0 3792 6119 , 86_&

K.rrow Body. 4 cn_Ln. _975 I _919 _181 1 4bO 0 0 O'(DCB, 8707, 1979 5919 1638 826 350 325 _88 1
1

Narrow B_y, 3 e.nBtne 1975(3) I 8837 9885 893fi 7998 3826 3736]
(87271 1979 [ 8837 10604 9799 9296 7360 4866_

garrow Body, 2 e,_gtnj 1978 9286 L3471 18_49 _3_27 26930 34738 1

(DC9/30/80, 87371 _979 92B6 10743 14157 11837 ...62 L14661(DC9-80, B75?_
l I

f-" TOTAL 1978 1526_ 27564 38285 41542 4861_ 587871
1979 182684 2527_ 19663 31808 32367 328_ i

No_e 1. Shown as 2/3 engine in Ref. i, bu= numbers came from 1975 F_

forecas_ for 3-engine DC-10 and L-1011.

2, Category did no_ exis_ in Ref. l, but here is used for 1975 FAA

forecast the new technolosy aircraft show_ in Ref. 1 as a 3-engine

narrow body new technology aircraft.

3. Includes 171 Stage 3 aircraf_ (I013 opera_ions/day) which were

allocated to the Stage 3, 2-engined narrow body category (B757

and DC9-80) for noise computations in year 2000.

°



operations (2.5 dB on an energy basis) than the !979 forecast.

For the most part, these operations result from the two-englne

aircraft, which were more numerous in the 1975 fleet forecast,

and also are assumed in this methodology to have more operations

per aircraft.

(c) Capacity Limits for Airport Category C-I

One of the assumptions in the Ref. ! study is that each

airport would expand as required to meet the increased number

of operations forecast. This probably is a valid assumption for

most airports, but not for LaGuardia and Washington National,

which are now essentially near capacity and which comprise

Category C-I. The current FAA constrained estimates of air

carrier traffic through 1990 show a decrecse in air carrier

operations from an annual average of 227,000 in 1980 to 197,000

in 1990. See Appendix A for additional details.

For the constrained cases, the number of air carrier Jet

aircraf_ daily operations at the average C-! airport is 620

in a_ _.I,_0, 580 in 1985, and 53_ _u 1990, 1995, and 2000. I_ is

presumed _hat increased passenger demand with decreased operations

will lead to use of larger aircraft; e.g., the New York-Washington

shuttle is planned to change to A-300 aircraft from 727 and DC-9

aircraft. However, the nature of this sransltion is not easy

to forecast, especially to the year 2000. Therefore, _he pro-

cedure was _o allocate the full number of wide-body three-engine

aircraft (DC-ZO and L-lOll) to the C-1 category (1.3% of the

operations of this type), and _o a!lc.cate the remainder in

proportion to the remaining slots divided by the full number of

operations o_herwise to be allocated. An example of _he effect

of the constraint and this allocation method is contained in

Table 8.

!
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TABLE 8, EXAMPLE OF THE CHANGE IN FLEET MIX IN YEAR 2000 FOR AN AVERAGE
AIRPORT IN AIRPORT CATEGORY C-1 AS A RESULT OF CONSTRAINING ITS
TOTAL OPERATION.

Number of Daily Operations By
Aircraft Type

Aircraft Type Original Constrained Change

I 2/3 Engine wide body 4B.2 48.2 0
3 Engine narrowbody 138.2 55.9 -82.3

3 Engine narrow body 396.5 160.2 -236.3
"(new _e_hnology)

2 engine narrow body 677.3 273.7 -403.6

Total 1260.2 538.0 -722.2

_q



(d) Updated Noise Levels for New Technology Aircraft

The original study investigated the potential effect of

the application of several noise certification rules to the

future noise impact. The rules included the 1975 FAA proposal

(now Stage 3 as promulgated), and the 1980 and 1985 EPA proposed

further reduction. The study utilised five basis types of

aircraft and adjusted their baseline noise vs distance for

various thrust levels as required to Just meet each of the

rules on takeoff and landing, The new technology aircraft was

assumed to be a narrow-body three-englne aircraft, and its noise

performance was derived _.om_-the 727 baseline noise. This

procedure resulted in an aircraft that is noisier than the A-300,

which is a new technology aircraft of about !.75 times the weight

of a 727.

I-, For the current estimates, the new technology aircraft is

defined as a wide-body two-engine aircraft (B-767 and A-300)

with the noise characteristics derived for the B-767 in Ref. 9.

Additionally, the Stage :,narrow-body two-engine aircraft (=-7_i

and DCf-_O) is defined .,_"t-_n she noise characteristics derived for

the DC9-80 in Ref. 9.

These updated es:imates are compared in Table £ to _hose of

Eel. i for the FAA AC91-39 departure _recedure. The only chan_es

of significance are the substitution of 98 EPNdB (wlde-body

two-engine) for 103 EPI_dB (Stage 3 narrow-body, two-engine) and

96 EPNL (Stage 3 narrow-body, two-engine) eo_ 100.5 EP._dB.

Both of these changes represent a reduction of apprczima:e!y

5 EPNdB for the selected thrust condition and distance. Note

that these updates only affect the noise level at a fi.-:e_distance

v mheyfor a _i en thrust condition: .. do not account for noise

decreases that might be anticipated on beth takeoff and landing

as a result of improved aircraft aerodynamics.

!9



TABLE 9 COMPARISON OF NOISE LEVELS AT MAXIMUM CLIMB POWER
AT lO00 FT SLANT DISTANCE

AIRCRAFTTYPE PAR 36 NOISE LEVEL (EPNL)

Sta_e Reference l' Updated Estimate_

Wide Body, 4 engine 1 104 104
(B747) 2 104 104

3 103 103

Wide Body, 3 engine 2 i01 i01
DC-10, LI011, B777 3 99.5 99.5

Wide Body, 2 enslne 3 -- 98 (i)
(A-300, 8767)

NarrowBody,4-englne 1 113 i13
(DC-8,B707) 3 99(2)

Narrow Body, 3 englne 1 i08 108
(B727) 2 107 107

/- 3 103 --

Narrow Body, 2 engine 1 106 i06

(DC-9/I0/50, B737 2 106 106(13
DC-9-8O, B757) 3 100.5 96" -

Note I) Developed in "Cost/Benefi_ tradesffs available in Aircraft
Noise Technology Applications in the 1980s" for FAA,
BBN Draft Repot= #3856, September 1978, Ref.9 •

2) Es=imated in relation =o other aircraft of similar technology.

y
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3. AIRPORT NOISE-AREA IMPACT MODEL

Testing the sensitivity of the Ref. 1 estimates of impacted

area to changes in fleet mix, numbers of operations, and assumed

noise requires a model that uses these parameters and that may

be related to the areas calculated in Ref. I for the average

busy runway airport cases. It is expected that a simplified

noise-area impact model could be developed for each set of takeoff

operational procedures. However, only procedure 1 (AC9!-39

procedure) is considered in this study, because it is thought

to be most representative of current practice.

The three cases used in development of the model are

designated in Ref. l:

Year 1975 (Baseline). Aircraft, operations, and noise

levels existing in 1975 with Flight Procedures ! (departures

per AC91-39 and arrivals per 1500 ft. intercept, 3 degree

approach an_le_ and minimum flaps).

Year 2000 (l,l,!). Flight Procedures !, Technology ! (Stages

2 and 3 and retrofit - replacement rule), and Fleet ! (moder-

ate growth scenario).

Year 2000 (!,3A,!). F!i_ht Procedures l, Techno!o_y 3A (EPA's

proposed 1985 rule -- Stage 5), and Fleet I.

The choice of these three cases essentially spans the Ldn-area
data base for the busy runway airports.

Figure 3 illustrates an example of the relationship between

the value of an Ldn contour and its enc!ose5 area for the three

cases. These three cases appear simi!ar, but the year 2000 cases

are displaced from the 1975 case by apparent noise reductions

of 5 dB and 11.5 d_ for the (I,!,!) and (!,3A,1) alternatives,

_h
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respectively. Similar _nalyses for the other airport categories

led to the definition of a total of eight values of apparent

noise reduction.

These values-were then compared to the noise reduction

calculated for each of the airport categories and year, based

on the L£n* calculated at various fixed distances for two thrust

conditions. The basic noise data from Ref. 1 for takeoff ahd

maximum climb thrusts and at 1,000, 2,000, and 4,000 fitslant

distances are given in Table 10. These data, together with

the operations data, percent allocation by airport category,

number of airports, and day/night correction to operations, etc.,

from Refi. 1 were used to compute Ldn values such as those in the
"total" row in the example ahcwn in Table ll.

Table 12 su_,marizes the apparent and calculated noise

r reductions. It is apparent that the noise reductions calculated

using maximum climb thrust (MCT) EP_L at 1000 ft most clcsely

approximate the apparent noise reductions in the Ref. i data.

Therefore, the noise level at 1,000 ft (MCT) was selected as

the basis for the nolse-area impact model.

Figures 4, 5, 6, and 7 give for each of the four airport

c-.e_or__s tne relationship between cne Ldn (i,000 f_) computed

for MCT, the contour Ldn , and its associated busy runway ares.
For Categories A, S, and C-l, the data in Figs. 4, 5, and 6 are

well represented by the scraight llne and its equation for areas

larger than about ! square mile. These equazions are very

similar and the reciprocal of the slope varies between !2.5 and

14. The data for Category C-2 shown in Fi_. 7 has a s_eeper

slope with a reciprocal of 18 for the data above about 0.6 square

*All Ldn values in Ref. ! and in this report were calculated by
adding _5 dE to the computed value of _clse Exposure Forecast (!.!EF).

2_



TABLE lO EFFECTIVE PERCEIVED rlOISE LEVEL (EPNL) FROM YEAR 2000 STUDY AT
VARIOUS DISTANCES (From Ref, l).

TAKEOFF TIIIIUST(TOT)_ MAX. CLIMB TIIRUST_MCT;

AIRCRAFT RULE IOO0 Ft. 2000 Ft. 4000 Ft. fOOD Ft. 2000 Ft, 4000 Ft.

Base ]Off _()I 95 [04 98 92

4 _uiI_ino ]969 106 10i 95 104 98 92

Whle Body ]975 1.05 I00 94 tO3 97.5 91

]985 95.5 89 83.5 94.5 87.5 81.5

Base ]02:5 95 88 i01 93 86

2 & 3 engine ]969 102,5 95 88 lO1 93 86

Wide Body 1975 i lOI 93,5 86 99.5 92 84 ,_

1985 93 85 78 92 84 76.5

fk)

_:- /t el)g] i_e
Base 115 107 lOO 113 105 97

Narrow Body

Base 1]i 106 i01 I88 103 97.5

3 engine 1969 ]Ii 106 i00 107 102 96.5

Narrow Body 1975 107 102 96,5 103 98 92.5

1985 99.5 95 89 96 91 85

Base 109 103 96 106 i00 92•5

2 engine 1969 109 ]02.5 96 106 99 92.5

i_larrow Body 1975 104 98 91 100.5 94 87

1985 1.03 97 90 98.5 92 BI_.5
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TABLE 12. COMPARISONS OF NOISE LEVEL/SLANT DISTANCE/TIIRUST CANDIDATES FOR TIIEIRABILITY TO
PREDICT TIIE APPARENT NOISE REDUCTION FROM TIIE 1975 BASE CASE FOR ALL AIRPORT

CATEGORIES AND FOR TWO FUTURE CASES: 2000(1,1,1) AND 2000(1,3A,I).

!

Noise Reduction (dB) at Various Slant Distances I
I

Apparent Takeoff Thrust Maximum Climb Thrust _
Noise -9

Airport Reduction _000 O0O1000 _00C#O0Ol
Category Case (dB) Ft Ft Ft Ft Ft___]

I

A 2000(1,1,1) 5.0 3.3 3.2 5.4 3.e. 3.4 1{

20DO(1_3D,,I) II.5 8.7 9.2 11.4 10._ 10.4 I
B 2000(I, 1,1) 2.0 1).6 0.9 1.7 1.5 1.._

2000(I ,3A, 1) 7.3 4.9 5.7 6.7 6.7 7.2

r._ C-I 2000(1, 1, l) 4.5 3.9 6.3 4.1 4.6 4.. _

2000(1,3A, I) 9.5 8.9 0.O 9.6 10.3 1._

C-2 2OO0(I, 1,1) -I.0 --1.4 1.3 -1.4 -0.7 [.(]

2000(I,3A, 1) 3.0 1.2 1.3 1.7 2.5 3. 1 3.6

Average dL£ference between _ppnront
and candEdate iiol,_e reductions -1.1 -1.46 [.0 -0,2 -0,2 0.2

Standard (lev[_lt_on of nn[_e re(Inc:Llon
dl frer_mees O. 7 0,9 ].9 O. 3 O. 7 I. 1

-_;i-218-2._-o.o-,., l._grror r(lllge to to to to _o

-0.i -0.4 0.5 0.4 0.8 l.B
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miles, it appears that the use of Ldn (i,000) MOT overstates

the apparent noise reduction for this category of smell airports

with their small Ldn contours. A more approximate choice for

this category would probably be Ldn (600 ft or 1,000 ft) for

takeoff thrust with its characterlstiqa!ly lower values of noise

reduotlon. (See Table 12.)

Figure 8 illustrates the collapse of all of These data

points for all four airport categories. For areas larger than

1 square mile, almost all of the points are within 1 dE of the

average relationship.

The noise area impact model developed above enables direct

calculation of the average busy runway area within a soeci_ed

contour value for each airport category from the Ldn calculated

i f-,_ for MCT at 1,000 ft. This Ldn incorporates all Of the operations
_ data by aircraft type appropriate to an airport category and the

aircraft noise data. The total areas for e_ch category are

obtained by multiplying the busy runway area by the scale ,_cto._"-

for the appropriate category and year from Ref. I. The total

population for each category is obtained from the povulation-area

relatlonshIDs _ _. _o. the average airoort in _he category given in

Fig. 2 and Table 3, and multiplying by the number of airports in

the category.
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4, SENSITIVITY ANALYSES

The updated information 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 population in Category B

Capacity limitation in Category C-1

Updated fleet forecast

Updated noise forecast.

The detailed results for the areas are summarized in Table

13a and given by category in Tables 13b-e for Airport Categories

A through C-2. Similar results are given for population in

Tables 14a-e.

i_,,

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

This redefinition reduces the 1975 baseline population above

Ldn65 dB by -,-_ _=J,w-,nnn Ldn 70 dB by 306,000 and Ldn 75 dB by

9,000 people. The changes for the year 2000 are reductions of

879,000 and l?l,000 people for Ldn 65 and 70 dB, respectively,

and an increase of 12,000 people for Ldn 75 dB. These refined
results (see Tables 14a and 14c), are considered to be more

nearly correct than those of Ref. i.

(b) Capacity Limitation for Airport Category C-I, Case 3

The capacity limit reduces the estimated area for the year

2000 by about 40% for Airport Category C-1. The total estimated

population is reduced by a larger factor; from 587,000to 187,000

within Ldn E5 dB, from ll0,090 to 27,000 within Ldn 70 dB, and
from 13,000 to 0 u~_h_.. T 75 dS._dn

.:. _..........._ ._.... .......• •_ • iL _ iL_



TABLE 13a. SUM_RY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE
AR£A2 FOR THE YEARS •1975AND 2000.
FOR THE AIRPORTS IN ALL CATEGORIES.

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

1975 I 2000 19751 2000 19751 2000
Changes in Method 'i
And/Or Assumption Sq. Miles %2 Sq. M_les % Sq. Miles

i. Baseline _-ithout change 2!69 11304 60 807 605 75 310 179 58

2. Refined definition of

population in Category B 2169 !304 60 807 605 75 310 479 58

3. Capacity limitation in

Category C-l 2169 1290 59 807 59S 74 310 !76 57

2. Combination of 2 and 3 2!69 !290 59 '807 598 74 310 176 57

5- Updated FAA fleet forecast 2!69 !054 h9 807 505 50 3!0 lh8 48

6. Combination of _ and 5 2169 10h7 !58 807 _02 50 310 147 47

7. Updated noise data 2!69 997 46 807 377 47 310 133 43

8, Combination of h _.nd7 2169 c85 45 807 _71 46 310 131 42

9. Comb!nation Of all

changes 2!69 957 44 807 '368 46 310 !34 b3

lO. 9 but with all alrcrafr 2_ 2_meeting Stage 3 i 2!69 532 25 9OT 205 __10 76

I Area is _otal contour area in square statute miles.

2 Percent of 1975 values.



TABLE .13b, SUMI_RY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE
,4_EA_ FOR THE YEARS 1975 AND 2000,
FOR THE AIRPORTS IN CATEGORY A.

Ldn • 65 dB .Ldn > 70 dB Ldn • 75 dB

1975 2000 19751 2000 19751 2000
Changes in Method
And/Or Assumption Sq, Miles %_ Sq, Miles % S9. Miles %

1. Baselinewithout change Tb6 269 36 256 120 4T 122 4! 34

2. Refined definition of

population in CategoryB 746 269 36 256 120 hT 122 hl 34

3. Capacity limitation in
Category C-I 746 269 36 256 120 47 122 41 34

h. Co_oination of 2 and 3 746 1269 36 256 '120 47 122 4! 34

/-. 9. Updated FAA fleet forecast 746 262 34 256 i00 39 !22 40 33

6. Combinationof 4 and 5 T46 252 34 256 100 39 122 40 33

7. Updated noisedata 746 217 29 256 86 34 122 34 28

8. Combination of h and 7 746 217 _D 256 86 34 I°°-. 34 28

9. Combination of ell I

changes 746 __38 3_ 256 _.o= 371 122 38 3!

I0. 9 but with all aircraft [ '!22
I meeting Stage 5 I 746 159 2! 256 _3 !25 25 20

I Area ia _o_al contour area in square s_a_uue miles.

= Percen= of 1975 values.

i
_c_._ __.._ _,_.............._ _,__,.__. _._, _. _ ... _ _ ,



TABLE 13c. SUMMARY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE
.4._2A_ FOR THE YEARS 1975 AND 2000.
FOR THE AIRPORTS INCATEGORY B,

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

1975 2000 19751 2000 19751 2000
ChangesinMethod ,
And/Or Assumption Sq. Miles %-" Sq, Miles % Sq. Miles %

i, Basel_ne vithout change 1!05 Tl'0 67 563 133! 7! 179 131 73

2..Refined definition of

population in Categor'j B !105 T_'0 67 563 331 71 179 131 73

: 3. Capacity limitation in
Category C-i !105 750 67 563 331 71 179 l_! 73

i

_. Combination of 2 and 3 !!05 750 67 563 33! 7! 179 !31 73
I

/-_ 9. Updated FAA fleet forecast 1!05 578 52 _63 2_3 52 !79 102 !57

6. Combination of I_ and 5 1105 578 _2 563 2_3 52 !79 102 57

7. Updated noise data i105 530 h@ 563 ,023 48 179 95 " 53

8. Combination of _;and 7 !105 530 58 563 223 h8 179 9j' 53

9. Combination of _ll I

I

changes !!05 _2i 57 563 2!9 I57 !79 92 51

i0. 9 bUZ %'ith all a!rcraf_ 1 }

meeting Szage 5 [ !205 275 25 {563 1!6 ._5 iT9 59 Z7

Area is to_al conZour area in square s_atute miles.

: Percent of 1975 values.



TABLE13d. SUMMARYOF EFFECTOF CHANGESOF METHODSAND/ORASSUMPTIONSON THE
ARF.4_ FORTHE YEARS 1975AND 2000.
FOR THEAIRPORTSIN CATEGORYC-l.

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

197si2000197sf20o019,sj2000Changes in Method
And/OrAssumption Sq. Miles %z Sq. Miles % Sq. Miles %

i. Baseline without change 52 36 69 21 18 86 9 7 78

2. Eefined definition of

population in Category B 52 36 69 21 18 86 R T 78

3. Capacity limitation in

CategoryC-1 52 22 h2 21 l0 hS 9 h hh

h. Combination of 2 stud3 52 22 h2 21 i0 58 9 h h_

5. Updated FAA fleet forecas= 52 32 62 21 14 67 9 6 67

6. Combination of h and S 52 25 48 21 ll 52 9 5 56

7- Updatednoisedata 52 27 52 21 12 57 Q 5 56
!

8. Combinationof 4 and 7 52 !5 29 21 6 29 9 3 33

9- Combination of all

changes 52 23 hh 21 !0 h8 9 h ab

r10. 9 bu; _i_h all air=raft

meezlng Stage 5 i 52 9 17 21 i 5 9 2 22
I

! ArEa is _o_al contour area in square s_a_uZe miles.

2
Percen_ of 1975 values.

_r
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TABLE 13e. SUMMARY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE
A._EA_ FOR THE YEARS 1975 AND 2000.
FOR THE AIRPORTS IN CATEGORY C-2.

Ldn > 65 dB '.Ldn > 70 dB Ldn > 75 dB

1975 2000 1975 I 2000 1975 I 2000Changes in Method

And/Or Assumption Sq. Miles %2 Sq. Miles % Sq. Miles %

!. Baseline without change 266 259 97 67 L37 2Oh 0 0 0

2. Refined definition of

population in Category B 266 259 97 67 137 205 0 0 0

3. Capacity limitation in
CategoryC-1 266 259 97 67 137 2Oh 0 0 0

h. Combinationof 2 and 3 266 259 97 67 !37 20h 0 0 0

_. 5. Updated FAA fleet forecast 266 192 72 67 b8_ 72 0 0_ 0

6. Combinationof h and 5 266 192 72 67 I hB 72 0 O 0

7. Updatednoisedata 266 223 8b 67 ! 561 3h 0 0_ 08. Combination of h and 7 266 223 8h 67 ' 56 72 0 0 0

9. Combination of all 266 175 66 67 hh_ 66 0 0_ 0
changes

ilO' 9 bu: wi:h allaireraft_"_ "" I 0_ im.e_.ng Stage 5 200 89 67 22_ 33 O 0 I0

iArea is tonal contour area in square statute miles.

ZPsrcen= of 1975 values.

3Area is smaller than lowest valid model area and is calcula=ed by applying
% of 1975 found for Ldn65 =o the appropriate 1975 areas.



TABLE 14a. SUMMARYOF EFFECT OF CHANGESOF METHODSAND/OR ASSUMPTIONS ON THE
POPULATION _ FOR THE YEARS 1975 AND 2000 FOR THE AIRPORTS IN ALL
C,.TLGORIES.

Ldn • 65 dB Ldn • 70 dB Ldn > 75 dB

,.,BI 2o0019,51 00019,sJ2000Changes in Method
And/Or Assumption Population %2 Population % Population %

!. Baseline without change 617h 3581 58 1620 1033 6h 393 125 32

2. Refined definition of 4889 2699 55 1313 862 66 38h 137 36
population in Category B

3. Capacity llmita_ion in 6174 3187 52 1620 9h3 58 393 ll2 25
Category C-!

h. Combination of 2 End 3 4889 2308 I 47 1313 765 58 38h 12)' 32

5. Updated FAA fleet forecssz 617h 2726 hh 1620 610 38 393 71 18

6. Combination of h and 5 _889 !75h 36 1313 516 38h S4 22

T. Updated noise data 6174 2318 38 16Z0 hgh 31 393 52 13

5. Combinazion of h and 7 4889 167h 3h 1313 hll S! 38)' 65 ,!T

! 9. Combination of all changes 488_ 1742 35 1813 5_7 3)' 38h 68 18

10. 9 but with e/hiaircraft

meetingStage5 14889 772 16 1313 150 l! 389 15 4
i

!l. Zero population density
growthin CategoriesA l

_-ndC-1 for 9 4804 1538 32 1290 I 405 S! 376 6)' 17

IPopulation in zhousands.

"Pereen: of 1975 values.
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TABLE 14b. SUM_RY OF EFFECT OF CHANGES OF METHODSAND/OR ASSUMPTIONS ON THE
POPULATION l FOR THE YEARS 1975 AND 2000 FOR THE AIRPORTS IN
CATEGORY A.

J

Ldn > 65 dB Ldn > 70 dB Ldn > 75 dB II

19'S 1 2000 19'_ I 20DO 197_ 2DO0
Changes in Method

And/Or Assumption Population I%2 Population % Population %

1. Baseline without change 2105 7_3 36 593 255 53 215 17 8

2. Refined definition of 2105 763 36 593 255 h3 215 1T 8
population in Category B

3. Capacity limitation in 2105 763 36 593 255 b3 215 17 8
Category C-1

h. Combinationof 2 and 3 2105 763 36 593 255 h3 215 !7 8

5. Updated FAA fleet forecast 2!05 713 3h 593 18h 31 215 15 7

P" 6. Comblnatlon of h and 5 2105 T13 3h 593 185 31 215 15 T

7. Updatednoise data 2105 673 32 593 lh3 25 215 28 5

8. Combinationof _and 7 2105 673 32 593 lh3 25 215 28 5

9. Combination of all changes 2105 667 32 593 166 28 215 13 6

lO. 9 but wizh all aircraf_

meeting Stage 5 2105 395 !9 593 65 ll 215 2 1

i
!l. Zero population densi=y

_row_h in Categories A
an_ C-1 for R 2025 525 26 570 130 23 207 1C 5

_Population in thousands.

_eroenZ of 19T5 values.
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TABLE 14c. SUMMARY OF EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE
?OPUL_TZON _ 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 I 2000Changesin Method ,,

And/Or Assumption Population %= Population % Population %

i. Baseline wlthsut change 2852 2!15 Th 887 629 71 159 95 60

2. Refined definition of 1567 1236 79 5B1 458 79 150 107 T1
population in Category B

3. Capacity limitation in 2852 2115 7h 887 629 71 159 95 60
Category C-l

i h. Combination of 2 and 3 1567 1236 79 581 458 79 150 107 71
!

: 5. Updated FAA fleet forecast 2852 1505 53 887 359 hO 159 52 133

6. Combinationof 4 _nd 5 1567 733 47 581 235 51 150 67 55

7. Updated noise data 2852 1327 hT 887 303:34 153 he 26

B. Combination of 4 and 7 1567 837 53 581 253 h5 150 57 38

9. Combination of all changes 1567 820 52 581 252 43 150 54 36

lO. 9 buz _ith all aircraft

meeting Snz_e 5 1567 353 23 581 85 15 150 !3 9

ll. Zero populaziondensity 52

grs_th in Categories A

and C-I for 9 1567 820 581 252 h3 150 5h 36

_Population in thousands.

=Percent of 1975 values.



TABLE 14d. SUMMARYOF EFFECT OF CHANGES OF METHODS AND/OR ASSU_IPTIONS ON THE
POPULATION _ FOR THE YEARS 1975 AND 2000 FOR THE AIRPORTS IN
CATEGORY C-I.

Ldn • 65 dB Ldn • 70 dB Ldn • 75 dB

1975 2000 1975 I 2000 1975 I 2000Changes in Method

And/Or Assumption Population I%2 Population % Population %

i. Baseline without change 1118 587 1531 136 ll0 81 19 iB 68

2. Refined definition of 1118 587 53 136 ii0 81 19 13 68
population in Category B

3. Capacity limitationin !1118 !87 17 136 27 20 19 0 0
Category C-I

h. Combinationof 2 and 3 1118 187 17 136 27 20 ig 0 0

5. Updated FAA fleet forecast !!18 442 40 136 65 48 !9 b 21

F-, 6. Combination of _ and 5 !118 _42 136 35 19 2 Ii!

7. Updatednoisedata lll8 230 21 136 45 33 19 2 ll

8. Combinationof 4 and T 1118 76 7 !36 8 E 19 0 0

9. Combinationof all changes 1118 200 18 136 25 16 !9 i S

10. 9 but wi_h all aircraft lll8 25 2 136 0 0 !9 0 0

meeting Stage 5

i_ Zero copulation " _ "__. . ae..._zy
gro_,_h in CaZegories A
and C-ifor9 ll!8 150 13 136 22 16 19 0 0

_Populamion in thousands.

2Percent of 1975 values.
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TABLE 14e. SUMMARY OF'EFFECT OF CHANGES OF METHODS AND/OR ASSUMPTIONS ON THE
POPUL4TZO_ _ FOR THE YEARS 1975 AND 2000 FOR THE AIRPORTS IN
CATEGORY C-2.

Ldn > 65 dB Ldn > lO dB Ldn > 75 dB

1975 2000 4 197512000 1975 I 2000Changesin Method , , ,

And/Or Assumption Population %" Population % Population %

change 99 I i16 1!7 4 32 800 0 0
i. Baseline without i O

J

2. Refineddefinitionof 99 116 i!7 4 32 800 O 0 0
population in Category B

3. C_pacity limitation in 99 i16 117 4 32 BOO o 0 I0
Category C-i

h. Combinationof 2 and B 99 i16 ll7 4 32 800 0 0 O

5. Updated FAA fleet forecast 99 66 67 4 2 50 0 0 0

/_' 6. Combination of 4 and 5 99 66 67 4 2 50 0 0 0

7. Updated noise data 99 88 89 4 3 75 0 0 0

I'v._Combination of h and 7 99 88 89 4 i 25 0 0 0

9. Combinationof allchanges 99 55 56 4 1 25 0 0 0

10. 9 but with _.___ aircraf%
meeting Stage 5 99 15 15 4 0 0 0 0 O

ll. Ze._ooo_lazion d=z,_z,,o . ...-

gro%_h in Cazegories A
_--ndC-I for 9 95 h3 h5 4 1 25 0 0 0

%Popula_ion in _housands.

2D _ of.e,,en_ 1975 values.



(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 is little change in Category A because the noise is

dominated by the larger aircraft types which tended to have

similar fleet forecasts for both years• The total estimated

populations are reduced from 3,578,000 to 2,726,000 people for

Ldn 65 dB, from 1,033,000 to 610,000 for Ldn 70, and from 125,000

to 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 38% relative to the 2000 base-

line of Ref. 1. The total populations were reduced by higher

_. percentages, ranging from 35% to 58% to values of 2,318,000

within Ldn 65 dB, 494,000 within Ldn 70 dB, and 52,000 within

Ldn 75 dB.

(e) Combination of Changes, Case 9

Tables 13 and l_ show the combination of the refined Category

B population and the capacity constraint in Category C-l, together

with each of the updated fleet forecasts. These combinations

generally result in lower population for Ldn 65 and 70 dB but

higher populations in Ldn 75 dB, because of zhe effect in
Category B-I previously discussed.

The table also gives the results for a combination of all

changes. This combination is considered to be the most likely

correct result in this study. The areas are reduced by 25% to

39_ from the 2000 baseline of Ref. 1. The populations are

D
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reduced by hi_her percentages, ranging between 46S and 57_,

depending on Ldn. The resulting populations are 1,742,000 for

Ldn 65 dB, which is 36% of the comparable 1975 value, 447,000 for

Ldn 70 dB, which is 34% of the comparable 1975 value, and 68,000,

which is 18_ of the comparable 1975 value.

, (f) Combination of Changes with all
Aircraft Meeting Stag_ 5

If in 2000 all aircraft were to meet Stage 5 (Case lO), the

values of land area are reduced by over 40% 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

65 dR. This caae shows the maxlmum potential reduction in airport

noise impact resulting from application Of S_age 5 technology.

However, it is a purely hypothetical case since by the time Stage

t_, 2 aircraft are phased out off the fleet, the fleet is expected to

_row larger than the fleet estimates for 2000.

(g) Combination of Changes in Intermediate Years

Tables !Sa - 15e present she estimated change in impact for

the combination of changes (Case 9) at 5-year intervals between

1975 and 2000. The significant reduction in 1985 is the result

of the retrofit program which eliminates the old _-engine low

by-pass narrow body alrcraft from the fleet, and requi_es almost

all remain!n_ aircraft to meet Stage 2 requlremen_s. There is

then a pause in reduction of impact in 1990 followed by reduc-

tions in 1995 and 2000. This reduc_icn trend would be expected

to end once _he Stage 2 aircraft are phased ou_, such that _he

fleet meets Stage 3 requirements. Subsequently, unless new air-

craft meeting a more szrinEent "Stage _" requirement account

for fuZure growth and replacemen$, noise impact will increase

with the increase in operations.

_5



(h) Combination of Changes by Airport Categories

The distribution of the population estimates for the combi-

nation of changes (Case 9) among the airport categories is sum-

marized in Table 16. The most striking reduction is shown in

Category C-l, as a result of the limit on capacity for growtW,

together with the introduction of quieter airplanes. Category

A shows the next best improvement because of the elimination of

the noisy narrow-body four-englne aircraft, the introduction of

new quieter aircraft, and a less-than-average growth rate of

operations that is the result of the Ref. 1 assumption in alloca-

ting aircraft types to airport categories. Categories _ and

C-2 show the least improvement because of their higher-than-average

growth rate of operatione and the continued dominance of the

noise of narrow-bo_y two- and three engine JTSD Sta_e 2 aircraft.

The results for Category B would probably improve if the category

were subdivided into three busy runway airports, each with its

appropriate fleet mix corresponding to the subdivision made

for calculation of population.

An additional calculation for Ldn 80 dB in 1975 indicates

tha$ the total is 66,000, almost identical zo the total of 67,000

in 2000 living in areas above Ldn 75 dB. However, the allocation
between Categories A and'5 are somewhat different, 22,000 to

Category A and 44,000 to Category _, instead of the 13,000 and

5_,000, respectively, shown for 2000.
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TABLE 15a SUMMARY OF THE ESTIMATED AREAS3AND POPULATIONS EXPOSED TO LEVELS .

IN EXCESS OF VARIOUS DAY-NIGHT SOUND LEVELS AT 5 YEAR INTERVALS
BETWEEN 1975 AND 2000 FOR ALL AIRPORT CATEGORIES. _

t. i

li • 65
:_ Ldn Ldn> 70 Ldn> 75h

_' I I_

YEAR Area PoPulation I!Area !Population 11Area Population

I  ooo,
!!r,liles %3 lO00's % iiMiles7,3 lO00's 'i

]975 2269 lO0 4889 100 II807 i00 1323 100 [!310 i00 384 lO0
, I_

p,1980 1895 87 4225 86 743 92 1240 94 ;275 89 303 79
,i

]985 1344 62 2523 52 521 65 683 52 i,i185 60 131 34
L,

1990 1333 61 2562 52 518 64 711 54 1!186 60 136 35i!

,r_ 1995 1166 54 I2183 45 449 56 589 45 11163 53 106 28i ,i

Ir

2000 957 1742 36 368 46 447 34. Ii134 43 68 18

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

2Estlmates include all changes (Case 9).

3Percent columns are percent of 1975 base.



TABLE 15b' SUMb_RY OF THE ESTIMATED AREASIAND POPULATIONS EXPOSED TO LEVELS
IN EXCESS OF VARIOUS DAY-NIGHT SOUND LEVELS AT 5 YEAR INTERVALS
BETWEEN 1975 and 2000 FOR AIRPORT CATEGORY A.a

Ldn• 65 ![ Ldn • 70 IiLdn> 75

Sq. j!Sq. %3 o,_ ISq. l %_" F,liles%3 lO00's %3 IMiles !lO00's _ ,!Miles %3 IOOO's

1975 746 i00 2105 i00 256 IOC 593 i00 122 i00 215 100
II
I,

1980 576 77 1547 73 229 89 540 91 , 91 7S 130 60
'!

" 37
1985 2B5 38 733 35 114 45 209 35 ii45 21 10

i' I, ]1990 297 40 799 38 118 46 233 39 ',i47 39 25 12
b

!439
1995 It!266 36 731 35 106 41 198 33 , 42 18 8

" 31
il 2s '

2000 [!238 32 667 32 95 37 166 _:!i38 13 6

Notes: _ Area is _o_al contour area in square s_a_ute miles.

2Estimates include all changes (case 9)

_Percen_ columns are percent of 1975 base.



TABLE IBc SUMMARY OF THE ESTIMATED AREAS_AND POPULATIONS EXPOSED TO LEVELS
IN EXCESS OF VARIOUS DAY-NIGHTSOUND LEVELSAT 5 YEAR INTERVALS
BETWEEN 1975 AND 2000 FOR AIRPORT CATEGORY B.2

rl

Ldn > 65 Ldn > 70 Ldn > 79

Area Population Area Population 'Area Population

YEAR Sq. ! ISq. "1 ,%_ Sq... Miles %3 lOOO's %3 Miles %3 lOOO's ,tiles %3 lOOO's %3

jr '1975 1105 i00 1567 I00 463 I00 581 i00 179 i00 150 i00

! "
1980 98l 89 1433 91 ii413 91 522 90 i!174 97 149 99

1BBB 753 68 1132 72 317 72 387 67 I;i13374 99 _6
IJ

1990 747 68 1170 75 315 75 401 69 Ii132 74 102 68
I'

. ' li

I,_" 'I 51
2000 ;',S._l_7 s2o s2 219 s___.52 43 Ii92 54 36

No=es: _Area is =oral contour area in square s_a_u_e miles.

=Es=imaCes include all changes (case 9)

3?ercen_ columns are percent of 1975 base.
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TABLE 15d SUMMARYOF THE ESTIMATED AREASIAND POPULATIONS EXPOSED TO LEVELS
IN EXCESS OF VARIOUS DAY-NIGHT SOUND LEVELS AT 5 YEAR INTERVALS
BETWEEN 1975 AND 2000 FOR AIRPORT CATEGORYC-1.:

_, > 65 IrLdn > 75_, Ldn Ldn > 70 I',_k

i: i,

f oo. Sq. IISq .
,,Miles % lO00's %3 i!Miles %_ lODO's ,%,3, les ,,3 lO00's _3

1975 52 i00 Ii18 i00 21 i00 136 I00 9 i00 19 100

1980 52100I1251101,! 23110172!126i!_o 1112_ 126
i I ,,

I

i 1985 37 71 546 49 I 15 76 82 60 ? 7B 11 58

I,

1990 34 65 485 44 15 71 73 54 7 78 9 47
&

F, !I1995 29 56 335 30 13 62 49 36 6 67 6 32

!d' I '
r!

2000 II 20 38 200 18 9 43 28 21 4 44 i 5, [

Notes: IArea is to_al contour area in square s_atute miles,

2Estimates include all chan_es (case 9)

3Percent columns are percent of 1975 base.

_0

I



r_

TABLE 15e 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-2.s

ii Ldn> 65 ii Ldn' > 70 Ldn> 75

iArea ! I

YEAR liSq: . P°pulaii°n Area3 Population Area/" iPopulation
- " ISq. Sq.

[Hlle. %3: IO00'S %_IF1iles _3 lO00's %3 _,iles_3 IO00'S %3

-- 0
1975 266 i00i 99 100 67 100 4 100 0 0 0

il ....

ID_O 2g6logn7 lla 78 117 6 15oJr o o o o
I

1985 269 101 ill if2 tr 74 lll S 125 r 0 0 0 0

1990 255 96 105 106 70 105 4 100 0 0 0 0

83..' _9B5 I!220 8_ B3 s4 s6 2 50 0 0 0 0

I' 66
2000 ;, 175 66 55 56 44 1 25 i 0 0 0 "0;r

Notes: I Area is total contour area in square statute miles.

2Estimates include all changes (case 9)

3Percen_ columns are percent of 1975 base.

_See 3 on page 36.
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TABLE 16. COMPARISON OF ESTIMATED POPULATION 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 lO00s

AIRPORT Ldn 65dB Ldn 70dB Ldn 75dB

1975 2000 1975I 2000 1975I 2000
i

CATEGORY i

Population %2 Population %2 Population %2

A (13 airports) 2-105 667 32 593 166 28 215 13 6

B (i!3 airports) 1567 820 52 581 252 43 150 5h 36

C-i (2 airporzs) 1!18 200 18 136 28 21 19 i 5

C-2 (179 airporZs) 99 95 !56 4 i 35 0 0 0

Total (307 sir__orts) 4889 [742 36 13!3 447 3h 38h 68 iB

No=es: ICombinatlonof four changes in Case 9,

2Percent columns are % of 1975 values.
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APPENDIX A: FORECASTS OF AIR CARRIER OPERATIONS AT LAGUARDIA
AND WASHINGTON NATIONAL AIRPORTS

The FAA's Terminal Area Forecast for 1950 to 1990 represents

the latest official published forecast of airport operations for

major U.S. airports. The figures are compiled initially by the

Office of Aviation Policy, Aviation Forecast Branch using an

unconstrained linear growth model, then are distributed to each

FAA region for review and possible revision prior to publication.*

in the case of both LaGuardia and Washington National Airport,

constraints on growth exist and have been applied by FAA's Eastern

Region in its review of the normally unconstrained estimates.

Growth at LaGuardia is constrained by the assumption that Mewark

and Stewart Airports will draw increasing numbers of operations

from the New York area. At !:atlonal, annual operations are con-

strained by regulation at 360,000 to ccntrcl noise, and _he air

carrier share of _he total is assumed to decrease to accommodate

new air taxi service. *

Given these a_sumptions, the published !9_0 and 1990 forecasts

of air carrier operations at the two airports are given below. The

1985 forecast is an interpolation based on the linear growth model.

1980 1985 1990

LGA 2h6,000 220,000 !93,000

DCA 208,000 20h,000 200,000

in the absence of further eszlmates, forecast operations

beyond the year 1990 ts the year 2000 are assumed (by BBN) to

remain cons=ant.

•Eel. personal telephone conversation with AVP, 25 October !979.
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