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SUMMARY 

The o b j e c t i v e  of Langley Research Center ' s  a i r p o r t  community n o i s e  impact 
modeling program i s  t o  develop t h e  technology f o r  n o i s e  i m p a c t  assessment and 
minimization i n  a i r p o r t  communities. Focus f o r  t h i s  program i s  an  a i r p o r t  
community computer s imula t ion  model c a l l e d  ALAMO (Airport-noise  Levels and 
Annoyance Model) which i s  capable  of overlaying d i s t r i b u t i o n s  of a i r c r a f t  n o i s e  
l e v e l  ( f o o t p r i n t s )  on t h e  popula t ion  d i s t r i b u t i o n s  of any U.S. a i r p o r t  commu- 
n i t y .  Recently developed psychophysical r e l a t i o n s h i p s  between n o i s e  exposure 
l e v e l  and s u b j e c t i v e  response are then  invoked t o  p r e d i c t  t h e  o v e r a l l  impact of 
a i r p o r t  n o i s e  on t h e  surrounding community, based on t h e  number of i nd iv idua l s  
exposed t o  va r ious  levels of no ise .  Outputs of t h e  program inc lude  a predic-  
t i o n  of t h e  number of r e s i d e n t s  expected t o  be "highly annoyed" wi th  t h e  
a i r p o r t  no i se ,  as w e l l  as s e v e r a l  demographic v a r i a b l e s  l i s t e d  as a func t ion  of 
n o i s e  l e v e l ,  inc luding  popula t ion ,  popula t ion  d e n s i t y ,  and popula t ion  growth 
ra te .  
reduct ion  which can be achieved by va r ious  candida te  no i se  abatement s t r a t e g i e s .  
For example, a number of runway s e l e c t i o n  a l t e r n a t i v e s  might b e  compared wi th  
t h e  imposi t ion of a n igh t  curfew t o  see which s t r a t e g y  r e s u l t s  i n  t h e  g r e a t e s t  
r educ t ion  of h ighly  impacted r e s i d e n t s .  In a similar manner, va r ious  f leet  
mix and land-use a l t e r n a t i v e s  can be assessed  t o  determine which has  t h e  
g r e a t e s t  p o t e n t i a l  f o r  a l l e v i a t i n g  n o i s e  impact. Since each n o i s e  abatement 
s t r a t e g y  w i l l  have a c o s t  a s soc ia t ed  w i t h  i t ,  t h e  ALAMO model can be used t o  
determine a n  appropr i a t e  d i s t r i b u t i o n  of l imi t ed  a i r p o r t  no i se  abatement 
resources .  

The ALAMO model can be  used t o  quant i fy  t h e  degree of n o i s e  impact 

I n  this  paper ,  t h e  e f f e c t s  of va r ious  a e r o n a u t i c a l ,  ope ra t iona l ,  and land- 
use  no i se  impact r educ t ion  a l t e r n a t i v e s  are assessed  f o r  a major midwestern 
a i r p o r t .  S p e c i f i c a l l y ,  t h e  r e l a t i v e  e f f e c t i v e n e s s  of adding sound absorbing 
material  t o  a i r c r a f t  engines ,  imposing curfews, and t r e a t i n g  houses wi th  
a c o u s t i c  i n s u l a t i o n  i s  examined. 

INTRODUCTION 

Concern f o r  t h e  impact of no i se  on a i r p o r t  communities r e p r e s e n t s  a major 
impediment t o  t h e  growth and development of commercial a v i a t i o n ,  both i n  t h e  
United States and abroad. 
t h a t ,  i n  t h e  United S t a t e s ,  no cons t ruc t ion  has been i n i t i a t e d  f o r  new j e t  
a i r p o r t s  t o  serve major met ropol i tan  communities i n  a decade even though t h e  
demand f o r  a i r  t r a n s p o r t a t i o n  has  grown dramat ica l ly  i n  t h e  same period.  

Noise e f f e c t s  are l a r g e l y  r e spons ib l e  f o r  t h e  f a c t  
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Figure  (1) i l l u s t r a t e s  t h e  growth i n  passenger-km/yr (mi/yr) i n  t h e  United 
S t a t e s  s i n c e  1950, w i t h  t h e  c u r r e n t  t r end  ex t r apo la t ed  t o  1990 ( r e f .  1). The 
increased  demand f o r  a i r  carrier service has  been p a r t i a l l y  absorbed through 
increased  ope ra t ions  a t  e s t a b l i s h e d  a i r p o r t s .  Residents  of t h e  more s e v e r e l y  
impacted a i r p o r t  communities have organized themselves p o l i t i c a l l y  i n  o rde r  t o  
impose va r ious  no i se  abatement ope ra t ing  c o n s t r a i n t s  on t h e  a i r p o r t s  s e rv ing  
t h e i r  communities. F igure  2 i l l u s t r a t e s  t h e  t r e n d  toward increased  ope ra t ing  
c o n s t r a i n t s  a t  a i r p o r t s  worldwide. I f  t h e  h i s t o r i c a l  t rend  of i nc reas ing  
a i r  carrier demand cont inues  as expected, t h e  t r end  toward more t i g h t l y  
cons t ra ined  ope ra t ions  can a l s o  be  expected t o  cont inue.  

I n  a d d i t i o n  t o  c o n s t r a i n t s  on a i r p o r t  ope ra t ing  procedures which might 
t ake  the  form of n i g h t  curfews, takeoff  and landing  p r o f i l e  r e s t r i c t i o n s ,  o r  
r e s t r i c t i o n s  on ground t r a c k s ,  o t h e r  abatement countermeasures are a l s o  of 
i n t e r e s t  t o  a i r p o r t  opera tor  and community p lanners .  These nonoperat ional  
countermeasures can be  c l a s s i f i e d  as e i t h e r  a e r o n a u t i c a l  countermeasures o r  
land-use countermeasures. Aeronaut ical  countermeasures involve  t h e  development 
and implementation of source n o i s e  suppression technology t o  reduce no i se  levels 
emanating from t h e  j e t  engines.  Avai lab le  technology op t ions  inc lude  new f a n  
des igns ,  a c o u s t i c  l i n e r s ,  engine i n l e t  des igns ,  and i n t e r n a l  f low mixers 
( r e f .  2 ) .  Land-use countermeasures inc lude  zoning r e s t r i c t i o n s  t o  d iscourage  
f u t u r e  r e s i d e n t i a l  cons t ruc t ion  i n  t h e  a i r p o r t  v i c i n i t y ,  r e l o c a t i o n  of 
r e s i d e n t s  ou t  of h igh ly  impacted areas, and i n s u l t a t i o n  of impacted homes t o  
provide n o i s e  r e l i e f .  

The t a s k  of developing an  e f f e c t i v e  n o i s e  abatement s t r a t e g y  is  complicatec 
by d i f f i c u l t i e s  i n  de f in ing  q u a n t i t a t i v e l y  t h e  degree of n o i s e  r e l i e f  which i s  
a f fo rded  by a p a r t i c u l a r  countermeasure. Furthermore, t h e  n o i s e  r e l i e f  which 
a p a r t i c u l a r  countermeasure provides  can be  much d i f f e r e n t  f o r  one a i r p o r t  than  
f o r  another .  For example, a takeoff  procedure which involves  a l a r g e  cutback 
i n  t h r u s t  soon a f t e r  takeoff  w i l l  provide g r e a t e r  r e l i e f  i n  communities w i th  
higher  popula t ion  d e n s i t i e s  near  t h e  a i r p o r t  than  i n  communities wi th  h igher  
popula t ion  d e n s i t i e s  f u r t h e r  from t h e  a i r p o r t .  

This  paper desc r ibes  t h e  implementation of a n  assessment methodology which 
permi ts  t h e  q u a n t i t a t i v e  assessment of a v a r i e t y  of n o i s e  abatement op t ions  on 
and a i r p o r t - s p e c i f i c  b a s i s .  
computerized community response model c a l l e d  t h e  Airport-noise  Levels  and 
Annoyance Model (ALAMO), is  demonstrated f o r  t h e  case of a major midwestern 
a i r p o r t .  Severa l  p o t e n t i a l  ae ronau t i ca l ,  o p e r a t i o n a l ,  and land-use counter-  
measures are eva lua ted  f o r  t h i s  a i r p o r t .  

The assessment method, which is  implemented i n  a 

IMPACT ASSESSMENT METHODOLOGY 

The F r a c t i o n a l  Impact Method of a s s e s s i n g  community response  t o  a i r p o r t  
n o i s e  i s  used i n  t h e  impact assessments descr ibed  i n  t h i s  paper.  This  method 
expresses  n o i s e  impact i n  terms of t h e  number of people exposed t o  n o i s e  of a 
p a r t i c u l a r  l e v e l ,  i n  t h e  fol lowing way: The number of people  exposed t o  a 
p a r t i c u l a r  n o i s e  level i s  m u l t i p l i e d  by a dimensionless  weighting func t ion  
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which depends on t h a t  no i se  level.  
Schu l t z ' s  r e l a t i o n s h i p  between human s u b j e c t i v e  response t o  n o i s e  (percent  
"highly annoyed") and n o i s e  l e v e l  as descr ibed  by t h e  L metric ( r e f .  3 ) .  

The weighting func t ion  i s  obta ined  by normalizing t h e  Schul tz  dose-response 
t r a n s f e r  func t ion  t o  u n i t y  a t  75 L and r e p r e s e n t s  t h e  " f r a c t i o n  of impact" 

a s soc ia t ed  wi th  va r ious  n o i s e  levels,  assuming an  impact of 100 percent  a t  
7 5  Ldn ( f i g .  3 ) .  The product of t h i s  level-dependent weight ing func t ion  and 

t h e  number of people  exposed t o  each n o i s e  level i s  summed f o r  a l l  n o i s e  levels 
i n  t h e  a i r p o r t  community, r e s u l t i n g  i n  a quan t i ty  c a l l e d  t h e  level weighted 
populat ion,  which expresses  n o i s e  impact i n  t e r m s  of both n o i s e  level 
( i n t e n s i t y )  and popula t ion  exposed ( e x t e n s i t y ) .  

The weighting func t ion  i s  based on 

dn 

dn 

Working Group 69 of t h e  Nat iona l  Research Counci l ' s  Committee on Hearing, 
Bioacoust ics ,  and Biomechanics (CHABA) developed t h e  level weighted popula t ion  
concept as i t  i s  used i n  t h i s  paper and has  recommended t h i s  concept f o r  
quant i fy ing  no i se  impact i n  t h e i r  "Guidelines f o r  Preparing Environmental Impact 
Statements  on Noise" ( r e f .  4 ) ,  prepared a t  t h e  r eques t  of t h e  Environmental 
P r o t e c t i o n  Agency. 
d e s c r i p t o r  c a l l e d  t h e  Noise Impact Index (NII ) ,  which i s  def ined  as t h e  r a t i o  
of t h e  level weighted popula t ion  (descr ibed above) t o  t h e  t o t a l  impacted 
populat ion.  The N I I  i s  a u s e f u l  measure f o r  comparing t h e  n o i s e  impact i n  
communities w i t h  d i f f e r e n t  numbers of impacted r e s i d e n t s .  

Also descr ibed  i n  r e fe rence  4 i s  a second n o i s e  impact 

IMPLEMENTATION OF ASSESSMENT METHODOLOGY 

The idea  t h a t  community response t o  n o i s e  should be descr ibed  i n  terms of 
n o i s e  level and popula t ion  exposed i s  not  new. Ear ly  a p p l i c a t i o n s  of t h e  
f r a c t i o n a l  impact concept are descr ibed  i n  r e fe rence  5 f o r  example. Even 
though t h e  b a s i c  concept i s  n o t  new, a p r a c t i c a l  means f o r  r o u t i n e l y  performing 
f r a c t i o n a l  i m p a c t  c a l c u l a t i o n s  has  had t o  a w a i t  t h r e e  t e c h n i c a l  developments, 
two of which have occurred only r e c e n t l y .  

The f i rs t  of t h e s e  developments has  t o  do wi th  desc r ib ing  no i se  l e v e l s  a t  
a r b i t r a r y  l o c a t i o n s  w i t h i n  a n  a i r p o r t  community. Methods f o r  performing t h i s  
t a s k  have been a v a i l a b l e  f o r  several years  and involve  t h e  combining of air-  
c r a f t  source  no i se  and performance d a t a  wi th  no i se  p r e d i c t i o n  methodology t o  
genera te  contours  of cons tan t  n o i s e  exposure around a n  a i r p o r t  ( r e f s .  6 and 7 ) .  

The second t e c h n i c a l  development t o  f a c i l i t a t e  a p p l i c a t i o n s  of t h e  
f r a c t i o n a l  impact method involves  t h e  r ecen t  i n t r o d u c t i o n  of census d a t a  base  
management computer programs which provide a cos t - e f f ec t ive  means of ob ta in ing  
t h e  demographic informat ion  requi red  i n  f r a c t i o n a l  impact c a l c u l a t i o n s .  Before 
such census d a t a  w e r e  a v a i l a b l e  i n  machine r eadab le  formats ,  the demographic 
d a t a  had t o  be  acqui red  by t ed ious  manual techniques,  which w e r e  c o s t l y  and 
t i m e  consuming. Now t h e  popula t ion  wi th in  a no i se  contour  of e s s e n t i a l l y  
a r b i t r a r y  s i z e  and shape can b e  determined q u i t e  e a s i l y  f o r  any z i r p o r t  commu- 
n i t y  i n  t h e  United S t a t e s ,  w i th  a r e s o l u t i o n  approaching ha l f  a square  m i l e  i n  
densely populated areas ( r e f .  8) .  
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The t h i r d  and f i n a l  t e c h n i c a l  development t o  f a c i l i t a t e  r o u t i n e  app l i -  
c a t i o n s  of the f r a c t i o n a l  impact method is  Schu l t z ' s  i d e n t i f i c a t i o n  of a 
s t a b l e  r e l a t i o n s h i p  between n o i s e  level and human s u b j e c t i v e  response as 
descr ibed  i n  t h e  previous s e c t i o n .  
t h e  " f r a c t i o n  of impact" a s s o c i a t e d  wi th  a g iven  n o i s e  l e v e l  is based on t h i s  
r e c e n t l y  developed n o i s e  dose-response r e l a t i o n s h i p .  

The weighting func t ion  used t o  determine 

The t h r e e  major components requi red  t o  assess a i r p o r t  community n o i s e  
impact v ia  t h e  f r a c t i o n a l  impact method, namely, a community n o i s e  p r e d i c t i o n  
program, a census d a t a  base  management program, and t h e  Schul tz  dose-response 
t r a n s f e r  func t ion ,  have r e c e n t l y  been incorpora ted  i n t o  a n  a i r p o r t  community 
no i se  impact assessment model c a l l e d  ALAMO (Airport-noise  Levels and Annoyance 
Model) ( r e f ,  9 ) .  The ALAMO is  a computerized implementation of t h e  f r a c t i o n a l  
impact method which can be used t o  assess n o i s e  impact f o r  any a i r p o r t  community 
i n  t h e  United S t a t e s .  (Assessments are l i m i t e d  t o  U.S. a i r p o r t s  on ly  because 
t h e  demographic d a t a  base  b u i l t  i n t o  ALAMO i s  based on U.S. census da t a . )  
ALAMO r e p o r t s  t h e  number of people impacted as a func t ion  of n o i s e  level,  t h e  
number p red ic t ed  t o  be "highly annoyed" (via t h e  Schul tz  dose-response t r a n s f e r  
f u n c t i o n ) ,  t h e  l e v e l  weighted populat ion and t h e  Noise Impact Index. I n  
a d d i t i o n ,  complete demographic p r o f i l e s  are generated which con ta in  several 
q u a n t i t i e s  of i n t e r e s t  t o  n o i s e  c o n t r o l  p lanners ,  such as d i s t r i b u t i o n s  of age,  
p roper ty  va lues ,  homeowners, r e n t e r s ,  s ingle-family dwel l ings ,  and apartment 
bu i ld ings .  
d i r e c t  i n t e r e s t  i n  a n o i s e  i m p a c t  a n a l y s i s ,  may provide i n s i g h t  i n t o  t h e  
p r e v a i l i n g  a t t i t u d e  of t h e  impacted popula t ion  toward t h e  a i r p o r t .  Family 
income, e t h n i c  o r i g i n ,  occupat ion,  and educa t iona l  l e v e l  are examples of such 
v a r i a b l e s .  ALAMO genera tes  r e p o r t s  which d i s p l a y  demographic v a r i a b l e s  and 
t h e  r e s u l t s  of n o i s e  impact c a l c u l a t i o n s  as a func t ion  of n o i s e  level f o r  t h e  
community as a whole and f o r  each of e i g h t  o c t a n t s  def ined  by superimposing 
an  o c t a n t  compass r o s e  over t h e  n o i s e  f o o t p r i n t ,  cen tered  a t  t h e  a i r p o r t .  
Thus, i t  is p o s s i b l e  t o  determine t h e  numbers of r e s i d e n t s  l i v i n g  t o  t h e  north-  
n o r t h e a s t  of t h e  a i r p o r t  who own t h e i r  own homes and who are exposed t o  n o i s e  
l e v e l s  between 60 and 65 Ldn, f o r  example. 

Other demographic v a r i a b l e s  are a l s o  a v a i l a b l e  which, whi le  no t  of 

The ALAMO has  r e c e n t l y  been used t o  assess both t h e  cu r ren t  ope ra t ing  
scena r io  and a number of hypo the t i ca l  n o i s e  abatement s cena r ios  a t  a n  e x i s t i n g  
l a r g e  a i r p o r t .  Resu l t s  of t h i s  assessment are presented  i n  t h e  next  s ec t ion .  

Base l ine  Operating Scenario 

Most of t h e  ope ra t ions  informat ion  upon which t h e  impact assessment i n  
t h i s  example i s  based can be found i n  d r a f t  and f i n a l  Environmental Impact 
Statements  f o r  t h e  a i r p o r t  ( r e f s .  10 and ll), requi red  because of p l ans  t o  
extend its two major p a r a l l e l  runways. Operat ions information found i n  t h e  
EIS  w a s  augmented by information obtained from cur ren t  f l i g h t  schedules  and 
from d i scuss ions  wi th  c o n t r o l  tower personnel  a t  t h e  a i r p o r t .  

The ALAMO r e q u i r e s  t h a t  t h e  ope ra t ing  scena r io  f o r  t h e  a i r p o r t  under s tudy  
b e  descr ibed  i n  t e r m s  of fou r  types  of information:  runway d e s c r i p t i o n s ;  
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takeoff  and landing p r o f i l e  d e s c r i p t i o n s ;  ground t r a c k  desc r ip t ions ;  and 
d e s c r i p t i o n s  of t h e  ope ra t ions  schedule  i n  terms of the number of ope ra t ions  
by a i r c r a f t  type,  t i m e  of day, s t a g e  l eng th  ( f o r  t a k e o f f s ) ,  ground t r a c k s ,  and 
p r o f i l e s .  
recording t h e  l eng th  and o r i e n t a t i o n  of each of t h e  runways. These d a t a  w e r e  
obtained from t h e  Ai rpor t  Layout P lan  ( r e f .  10)  ( f i g .  4 ) .  The takeoff  
p r o f i l e s  f o r  t h i s  a i r p o r t  were modeled a f t e r  recommendations i n  FAA Advisory 
C i rcu la r  91-39 ( r e f .  12)  which d e f i n e s  a s tandard  takeoff  procedure c a l l i n g  
f o r  a r educ t ion  from takeoff  t h r u s t  t o  maximum climb t h r u s t  b e f o r e  f l a p  
r e t r a c t i o n  (cleanup) .  Ground t r a c k s  presented i n  t h e  d r a f t  EIS (ref. 10) w e r e  
used i n  t h e  present  impact assessment ( f i g .  5). 

The runway d e s c r i p t i o n s  are s t r a igh t fo rward  and simply involve  

The ALAMO r e q u i r e s  t h a t  f l i g h t  opera t ions  be def ined  i n  t e r m s  of t h e  
number of ope ra t ions  of each a i r c r a f t  type  which occur on each ground t r a c k  
as a f u n c t i o n  of time of day (day o r  n igh t )  and s t a g e  l eng th .  The EIS d id  n o t  
con ta in  ope ra t ions  d a t a  wi th  q u i t e  t h i s  l e v e l  of d e t a i l ,  a l though enough 
information w a s  provided t o  develop a n  approximate model of t h e  ope ra t ing  
schedule,  wi th  augmentations from a i r l i n e  f l i g h t  schedul ing information.  
Percentage use  rates g iven  i n  t h e  E I S  f o r  each ground t r a c k  were mul t ip l i ed  
by t h e  number of d a i l y  ope ra t ions  g iven  f o r  each a i r c r a f t  type  i n  order  t o  
d e f i n e  t h e  number of each a i r c r a f t  type  t o  a s s i g n  t o  each t r ack .  These per  
t r a c k  ope ra t ions  w e r e  f u r t h e r  divided i n t o  day (7 a . m .  t o  10  p.m.) and n igh t  
(10 p.m. t o  7 a.m.) ope ra t ions  according t o  t h e  fo l lowing  d i s t r i b u t i o n ,  given 
i n  E I S :  

Night Day 

A i r  Carrier 90% 10% 
Commuter 68.9% 31.1% 
General Aviat ion 93.4% 6.6% 

Stage l eng th  d i s t r i b u t i o n s  f o r  depa r t ing  a i r c r a f t  were no t  given i n  t h e  EIS, 
bu t  estimates w e r e  made of t h e  number of depar tures  by s t a g e  l eng th  based on 
a i r l i n e  schedul ing information ( r e f .  1 3 ) .  A percentage d i s t r i b u t i o n  of 
takeoff  ope ra t ions  by s t a g e  l eng th  w a s  cons t ruc ted  from t h i s  in format ion  and 
appl ied  t o  t h e  per  t r a c k  day and n i g h t  ope ra t ions ,  w i t h  a l t e r a t i o n s  t o  i n s u r e  
t h a t  a i r c r a f t  types wi th  takeoff  rol l .  l eng ths  too  long t o  use  o t h e r  runways 
were assigned t o  t h e  longes t  runway. The r e s u l t s  of t h i s  ope ra t ions  d e f i n i t i o n  
e x e r c i s e  w a s  a t a b l e  of t h e  number of each a i r c r a f t  type  assigned t o  each 
ground t r a c k  as a func t ion  of t i m e  of day and takeoff  s t a g e  l eng th .  

Resul t  of t h e  Base l ine  Impact Assessment 

Demographic r e p o r t s  and f r a c t i o n a l  impact r e p o r t s  were produced f o r  t h e  
a i r p o r t  community as a whole and f o r  each of t h e  e i g h t  o c t a n t s  around t h e  
a i r p o r t  def ined  by over lay ing  an  o c t a n t  compass r o s e ,  centered on t h e  a i r p o r t .  
The compass r o s e  thus  d iv ided  t h e  community i n t o  t h e  nor th-nor theas t  (NNE), 
ea s t -no r theas t  (ENE), eas t - southeas t  (ESE), south-southeast  (SSE), south- 
southwest (SSW), west-southwest (WSW), west-northwest (WNM), and north-  
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northwest  (NNW) o c t a n t s .  F igure  6 p r e s e n t s  t h e  number of people  exposed t o  
a i r p o r t  n o i s e  l e v e l s  i n  excess  of 55 L and inc ludes  t h e  l e v e l  weighted 

popula t ion  and t h e  number of people  p red ic t ed  t o  be  h ighly  annoyed by t h e  
a i r c r a f t  no i se ,  a l l  as a func t ion  of community l o c a t i o n ,  by oc tan t .  Figure 7 
p re sen t s  t h e  corresponding Noise Impact Index and percent  h igh ly  annoyed da ta .  
It i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  o c t a n t s  which are most s eve re ly  impacted 
(west-southwest and north-northwest)  con ta in  t h e  fewest  people.  Th i s  sugges ts  
t h a t  e i t h e r  t h e  a i r p o r t  n o i s e  d i s t r i b u t i o n  a f f e c t s  t h e  popula t ion  d i s t r i b u t i o n  
around t h e  a i r p o r t ,  w i th  fewer people  choosing t o  l ive i n  t h e  h igher  impacted 
areas, o r  t h a t  t h e  c u r r e n t  a i r p o r t  f l i g h t  t r a c k s  avoid t h e  most populated 
areas . 

dn’ 

F igures  8 t o  10 i l l u s t r a t e  how popula t ion  d e n s i t y ,  popula t ion  growth rate, 
and average home va lues  vary as a func t ion  of n o i s e  l e v e l  i n  t h e  a i r p o r t  
community. 
and t h e  growth rate d a t a  r ep resen t  average annual  percentage growth rates from 
1970 t o  1977. The average home va lue  f i g u r e s  are from 1970 census d a t a .  The 
p r e c i s i o n  of t h e s e  demographic d a t a  can be quest ioned because of t h e  assump- 
t i o n s  which must n e c e s s a r i l y  be made about t h e  a i r c r a f t  and a i r p o r t  ope ra t ing  
scena r io  when computing t h e  n o i s e  contours  used t o  bound t h e  a i r p o r t  community 
r e s i d e n t s  counted i n  t h e s e  d a t a .  Furthermore, t h e  average home va lues  
presented i n  f i g u r e  10 r ep resen t  1970 p r i c e  levels,  which are no t  r e l e v a n t  
today. However, i t  i s  t h e  t r end  of t h e  d a t a  t h a t  i s  of i n t e r e s t ,  r a t h e r  than  
t h e  a b s o l u t e  va lues  of t h e  numbers. 

The popula t ion  d e n s i t y  d a t a  are based on 1977 popula t ion  f i g u r e s  

The d a t a  i n  f i g u r e  8 i n d i c a t e  a maximum popula t ion  d e n s i t y  i n  t h e  65 t o  
70 Ldn band, w i th  a decrease  i n  popula t ion  d e n s i t y  both as t h e  a i r p o r t  i s  

approached ( inc reas ing  no i se  l e v e l s )  and as t h e  d i s t a n c e  from t h e  a i r p o r t  g e t s  
l a r g e r  (decreas ing  n o i s e  l e v e l ) .  Th i s  i s  c o n s i s t e n t  wi th  a gene ra l  t rend  
repor ted  i n  r e f .  1 4  f o r  a i r p o r t  communities of t h i s  s i z e .  

The growth rate d a t a  i n  f i g u r e  9 i n d i c a t e  a gene ra l  d e c l i n e  i n  t h e  
popula t ion  r e s i d i n g  i n s i d e  t h e  55 L contour .  While t h e  growth rate is  dn 
nega t ive  f o r  a l l  t h e  n o i s e  bands presented ,  t h e  t r end  i s  f o r  a g r e a t e r  d e c l i n e  
i n  popula t ion  i n  t h e  h igher  impacted neighborhoods than  i n  neighborhoods 
r ece iv ing  less i m p a c t .  

Average home va lues  a l s o  e x h i b i t  a d e c l i n i n g  t r end  wi th  inc reas ing  n o i s e  
l e v e l  ( f i g .  1 0 ) .  It should be noted,  however, t h a t  t r e n d s  i n  such parameters 
as average home va lues  and popula t ion  growth rate should no t  be  a s soc ia t ed  
exc lus ive ly  wi th  t h e  in f luence  of a i r p o r t  n o i s e  s i n c e  many o t h e r  f a c t o r s  of 
course  p lay  a r o l e  i n  determining t h e s e  t r ends .  

EVALUATION OF HYPOTHETICAL NOISE IMPACT COUNTERMEASURES 

The previous s e c t i o n  presented  t h e  r e s u l t s  of a noise-impact assessment 
based on a model of t h e  c u r r e n t  ope ra t ing  scena r io  a t  a l a r g e  midwestern 
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a i r p o r t .  It i s  not  necessary t o  l i m i t  such an  assessment e x e r c i s e  t o  t h e  
cu r ren t  ope ra t ing  scena r io ,  however, A l t e rna te  scena r ios ,  inc luding  those  
which may have t h e  p o t e n t i a l  f o r  reducing no i se  impact,  can be  modeled as w e l l .  
The re la t ive e f f e c t i v e n e s s  of s e v e r a l  hypo the t i ca l  n o i s e  abatement s t r a t e g i e s  
can thus  be r e a d i l y  determined. A number of such n o i s e  abatement counter- 
measures have been modeled and are presented i n  t h i s  s e c t i o n .  

Descr ip t ion  of Countermeasures 

Seven n o i s e  abatement countermeasures which w e r e  modeled are descr ibed  i n  
t h i s  s ec t ion .  These inc lude  two a e r o n a u t i c a l  countermeasures,  two o p e r a t i o n a l  
countermeasures, two land-use countermeasures , and one combined ae ronau t i ca l /  
o p e r a t i o n a l  countermeasure. 

The f i r s t  n o i s e  abatement s cena r io  t o  be considered cons i s t ed  of t r e a t i n g  
t h e  engines  of narrow-body j e t  t r a n s p o r t s  with sound absorbing material (SAM 
t rea tment ) .  
7 2 7 ,  737, DC-9, 707, and DC-8 n o i s e  curves  which r e s i d e  i n  t h e  d a t a  base of 
t h e  ALAMO n o i s e  p r e d i c t i o n  subprogram wi th  r e s i d e n t  n o i s e  curves  desc r ib ing  
SAM-treated engines .  It should be noted t h a t  as  o l d e r ,  no isy  a i r c r a f t  are 
r e t i r e d  from t h e  f l e e t ,  t h e  f l e e t  mix which evolves  w i l l  con ta in  a progres- 
s i v e l y  l a r g e r  f r a c t i o n  of a i r c r a f t  which are powered by q u i e t e r  engines ,  and 
t h e  a t t r a c t i v e n e s s  of t h i s  engine modi f ica t ion  a l t e r n a t i v e  w i l l ,  t h e r e f o r e ,  
diminish wi th  t i m e .  It i s  i n t e r e s t i n g ,  none the le s s , t o  compare t h i s  source- 
n o i s e  countermeasure wi th  o p e r a t i o n a l  and land-use a l t e r n a t i v e s .  

This  countermeasure w a s  implemented by r ep lac ing  t h e  s tandard 

The second scena r io  cons i s t ed  of d i v e r t i n g  a l l  gene ra l  a v i a t i o n  a i r c r a f t  
t o  a l t e r n a t e  a i r p o r t s .  While i t  is recognized t h a t  such a po l i cy  would be 
imprac t i ca l  t o  implement, i t  i s  nonethe less  of i n t e r e s t  t o  assess t h e  r e l a t i v e  
c o n t r i b u t i o n  of gene ra l  a v i a t i o n  ope ra t ions  t o  t h e  t o t a l  a i r p o r t  n o i s e  i m p a c t .  

A n i g h t  curfew w a s  modeled, i n  which a l l  of t h e  ope ra t ions  scheduled 
a f t e r  10 p.m. w e r e  rescheduled be fo re  10 p.m. This  case w a s  run  a second 
t i m e ,  wi th  t h e  n igh t  curfew app l i ed  only t o  scheduled ope ra t ions .  

I n  t h e  f o u r t h  scena r io ,  a l l  a i r c r a f t  were modeled as landing f u r t h e r  down 
t h e  runway than  i n  t h e  b a s e l i n e  case ,  i n  which t h e  landing threshold  w a s  
modeled a t  1000 f e e t  from t h e  end of t h e  runway. This  d i sp l aced  threshold  
countermeasure is  o f  p a r t i c u l a r  i n t e r e s t  s i n c e  i t  has  i n  f a c t  been implemented 
at  JFK I n t e r n a t i o n a l  Ai rpor t  f o r  Concorde SST approaches.  Two t:hreshold 
displacements  w e r e  modeled, 1000 f e e t  and 2000 f e e t .  

Two land-use countermeasures w e r e  modeled: vaca t ing  t h e  75 L contour  

and i n s u l a t i n g  a l l  homes i n s i d e  t h e  65 L contour t o  provide t h e  equiva len t  

of a 6 dB reduct ion  i n  n o i s e  l e v e l .  I n  t h e  f i r s t  land-use scena r io ,  a l l  
r e s i d e n t s  i n s i d e  t h e  75 L contour were presumed t o  be r e loca ted  completely 

ou t s ide  of t h e  a i r p o r t  community and w e r e  neglected i n  t h e  ensuing f r a c t i o n a l  
impact c a l c u l a t i o n s .  I n  t h e  second land-use scena r io ,  6 d e c i b e l s  were 

dn 

dn 

dn 
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sub t r ac t ed  from a l l  t h e  contour  va lues  i n s i d e  t h e  65 dB contour p r i o r  t o  pe r -  
forming t h e  f r a c t i o n a l  i m p a c t  c a l c u l a t i o n s .  

The f i n a l  countermeasure t o  be modeled cons i s t ed  of a combination of two 
of t h e  countermeasures prev ious ly  desc r ibed ,  
curfew and a l l  narrow-body j e t  t r a n s p o r t s  t r e a t e d  wi th  sound absorbing material, 

This  case modeled both a n i g h t  

Besides t h e  seven n o i s e  abatement countermeasures descr ibed  above, one 
a d d i t i o n a l  case w a s  run  which, whi le  not  a countermeasure opt ion ,  is of 
i n t e r e s t  nonethe less .  I n  t h i s  case ,  a l l  ope ra t ions  w e r e  doubled i n  o rde r  t o  
assess t h e  n o i s e  impact which such an  inc rease  i n  ope ra t ions  might have, 
assuming no change i n  t h e  populat ion d i s t r i b u t i o n  modeled i n  t h e  b a s e l i n e  case. 

Noise Ef fec t  of A l t e r n a t i v e  Ai rpor t  Community Scenarios  

The number of community r e s i d e n t s  p red ic t ed  t o  be h ighly  annoyed w a s  
c a l c u l a t e d  f o r  each of t h e  a l t e r n a t i v e  a i r p o r t  community scena r ios  descr ibed  
i n  t h e  previous s e c t i o n ,  and compared wi th  t h e  number p red ic t ed  t o  be  h ighly  
annoyed under t h e  c u r r e n t  s cena r io .  The percentage reduct ion  i n  populat ion 
h igh ly  annoyed w a s  then  ca l cu la t ed  i n  o rde r  t o  assess t h e  r e l a t i v e  e f f e c t i v e -  
nes s  of each of t h e  hypo the t i ca l  n o i s e  abatement countermeasures. These 
c a l c u l a t i o n s  w e r e  performed f o r  each of t h e  e i g h t  compass r o s e  o c t a n t s  around 
t h e  a i r p o r t ,  as w e l l  as f o r  t h e  community as a whole, and t h e  r e s u l t s  are 
presented i n  f i g u r e s  11 t o  18 and summarized i n  Table I. 

TABLE I.- IMPACT COUNTERMEASURE EFFECTIVENESS 

REDUCTION I N  
ANNOYED POPULATION COUNTERMEASURE 

SAM Engine Treatment 
Curfew - A l l  Operat ions 
Curfew - Scheduled Operations 

dn House Treatment I n s i d e  65 L 

Vacate 7 5  Ldn Contour 

Ban A l l  G / A  Operat ions 
1000 F t .  Displaced Landing 
2000 F t .  Displaced Landing 
SAM + Curfew 

4 3% 
30% 
29% 
2 6% 

4% 

2% 
2% 
1% 

68% 

The most e f f e c t i v e  ind iv idua l  countermeasure modeled w a s  t o  treat t h e  
a i r c r a f t  engines  wi th  sound absorbing material. A 43 percent  r educ t ion  i n  
popula t ion  h igh ly  annoyed is  predic ted .  Next i n  p red ic t ed  e f f e c t i v e n e s s  i s  t o  
impose a n igh t  curfew so t h a t  a l l  ope ra t ions  a f t e r  10 p.m. are rescheduled 
f o r  before  10 p.m. This  no i se  abatement s t r a t e g y  i s  predic ted  t o  r e s u l t  i n  
a 30 percent  r educ t ion  i n  h igh ly  annoyed populat ion.  
t o  scheduled j e t  t r a n s p o r t  ope ra t ions  w a s  found t o  be almost as e f f e c t i v e ,  

R e s t r i c t i n g  t h e  curfew 

766 



with  a 29 percent  r educ t ion  i n  t h e  most severe ly  impacted r e s i d e n t s .  
houses i n s i d e  t h e  e x i s t i n g  65 L contour  with s u f f i c i e n t  n o i s e  i n s u l a t i o n  t o  

r e s u l t  i n  an  e f f e c t i v e  L 

reduct ion  i n  h ighly  annoyed populat ion.  The remaining ind iv idua l  counter- 
measures,banning G / A  opera t ions ,  us ing  d isp laced  landing  th re sho lds ,  and 
r e l o c a t i n g  r e s i d e n t s  who l i v e  i n s i d e  t h e  75 L contour ,  were found t o  have a 

r e l a t i v e l y  s m a l l  (1 percent  t o  4 percent )  e f f e c t  on t h e  number of h ighly  
annoyed r e s i d e n t s .  When t h e  two most e f f e c t i v e  countermeasures (SAM engine 
t rea tment  and n i g h t  curfew) w e r e  combined, t h e  r educ t ion  i n  highly-annoyed 
populat ion w a s  found t o  be 68 percent ,  compared wi th  43  percent  and 30 percent  
r e s p e c t i v e l y ,  f o r  t h e  two countermeasures appl ied  sepa ra t e ly .  

T rea t ing  

dn 
r educ t ion  of 6 dB is p red ic t ed  t o  cause a 26 percent  dn 

dn 

The d a t a  i n  Table I r e f e r  t o  t h e  e f f e c t s  of va r ious  countermeasures on t h e  
a i r p o r t  community as a whole, whi le  f i g u r e s  11 t o  18 ind ica t ed ,  i n  add i t ion ,  t h e  
impact i n  each of t h e  o c t a n t s  surrounding the  a i r p o r t .  It i s  i n t e r e s t i n g  t o  
no te  t h a t  t h e r e  i s  a r e l a t i v e l y  wide v a r i a t i o n  i n  t h e  degree of r e l i e f  a s soc i -  
a t e d  wi th  each countermeasure from o c t a n t  t o  oc t an t .  
providing a c o u s t i c  i n s u l a t i o n  f o r  homes i n s i d e  t h e  65 L contour  i s  p red ic t ed  

t o  r e s u l t  i n  a community-wide reduct ion  i n  no i se  impact of 26 pe rcen t ,  t h e  
n o i s e  i m p a c t  reduct ion  i s  p red ic t ed  t o  vary  from as l i t t l e  as 10 percent  t o  
t h e  south-southwest of t h e  a i r p o r t ,  . to as much as 38 percent  t o  t h e  north-  
northwest.  These d i f f e r e n c e s  i n  t h e  degree of i m p a c t  r educ t ion  achievable  i n  
d i f f e r e n t  areas of t h e  same a i r p o r t  community are a t t r i b u t e d  t o  t h e  nonuniform 
na tu re  of both t h e  n o i s e  and populat ion d i s t r i b u t i o n s .  Such d i f f e r e n c e s  i n  
impac t  by area wi th in  t h e  community are e s p e c i a l l y  i n t e r e s t i n g  f o r  counter- 
measures such as i n s u l a t i n g  homes, which can be c a r r i e d  ou t  i n  s e l e c t e d  
neighborhoods when l imi t ed  n o i s e  abatement resources  preclude applying t h e  
countermeasure t o  t h e  a i r p o r t  community as a whole. 

For example, whi le  

dn 

I n  a d d i t i o n  t o  i n v e s t i g a t i n g  p o t e n t i a l  no i se  abatement countermeasures,  
t h e  no i se  impac t  of doubling t h e  number of ope ra t ions  w a s  a l s o  ca l cu la t ed  
( f i g .  18 ) .  Noise impact i s  no t  a l i n e a r  func t ion  of t h e  number of f l i g h t  
Operat ions,  s i n c e  doubling a l l  ope ra t ions  increased t h e  no i se  i m p a c t  by a 
f a c t o r  of only 1 . 5 .  

CONCLUDING REMARKS 

The n o i s e  impact of c u r r e n t  f l i g h t  opera t ions  has  been modeled f o r  a 
major a i r p o r t  using t h e  F rac t iona l  Impact Method, and p r e d i c t i o n s  of t h e  number 
of r e s i d e n t s  h ighly  annoyed wi th  a i r c r a f t  no i se  have been made based on a 
recently-developed psychophysical r e l a t i o n s h i p  between no i se  level and human 
s u b j e c t i v e  response t o  noise .  A number of a e r o n a u t i c a l ,  o p e r a t i o n a l ,  and land- 
use  n o i s e  impac t  countermeasures were a l s o  modeled t o  assess t h e i r  r e l a t i v e  
e f f e c t i v e n e s s  i n  reducing t h e  cu r ren t  n o i s e  i m p a c t .  

Source n o i s e  r educ t ion  w a s  found t o  be t h e  most e f f e c t i v e  n o i s e  impact 
countermeasure ( 4 3  percent  reduct ion  i n  h ighly  annoyed popula t ion) ,  whi le  
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banning n i g h t  f l i g h t s  and i n s u l a t i n g  homes i n s i d e  t h e  65 L contour w e r e  a l s o  

found t o  be e f f e c t i v e  (30 percent  and 26 percent  r educ t ion  i n  highly-annoyed 
popula t ion ,  r e s p e c t i v e l y ) .  Other countermeasures,  such as d i sp laced  landing  
th re sho lds ,  d i v e r t i n g  G / A  a i r c r a f t ,  and r e l o c a t i n g  r e s i d e n t s  who l i v e  i n s i d e  
t h e  75 Ldn contour ,  w e r e  found t o  have a s m a l l  (less than  4 percent )  e f f e c t  

on t h e  number of highly-annoyed a i r p o r t  community r e s i d e n t s .  Doubling t h e  
number of ope ra t ions  w a s  found t o  inc rease  t h e  no i se  impact by a f a c t o r  of 1.5. 

dn 

The r e s u l t s  obtained f o r  t h i s  a i r p o r t  i l l u s t r a t e  t h e  p o t e n t i a l  e f f e c t i v e -  
ness  of va r ious  a e r o n a u t i c a l ,  ope ra t iona l ,  and land-use noise-impact 
countermeasures which might be appl ied  t o  a commercial j e t  a i r p o r t .  The 
s p e c i f i c  r e s u l t s  r epor t ed  h e r e  apply only t o  t h e  a i r p o r t  which w a s  s e l e c t e d  
f o r  a n a l y s i s ;  o t h e r  a i r p o r t s ,  wi th  d i f f e r e n t  n o i s e  and popula t ion  d i s t r i b u t i o n s ,  
may y i e l d  d i f f e r e n t  r e s u l t s .  I n  p a r t i c u l a r ,  t h e  rank-ordering of counter-  
measures  by e f f e c t i v e n e s s  may vary  from a i r p o r t  t o  a i r p o r t ,  and gene ra l  
conclus ions  about  t h e  re la t ive  e f f e c t i v e n e s s  of a p a r t i c u l a r  countermeasure 
must be  preceded by an  a n a l y s i s  of more a i r p o r t s .  
model used i n  t h e  present  s tudy  w a s  designed t o  f a c i l i t a t e  such an a n a l y s i s  
and provides  a t o o l  f o r  s tudying t h e  n o i s e  e f f e c t s  a s soc ia t ed  wi th  a wide 
v a r i e t y  of a c t u a l  o r  hypo the t i ca l  ope ra t ing  scena r ios  on a s i t e - s p e c i f i c  
a i r p o r t  community b a s i s .  

The ALAMO community response 
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Figure 1.- Growth i n  U.S. a i r  carrier service. 
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Figure 2.- Noise constraints a t  major world airports. 
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Figure 4.- Runway orientation. 
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Figure  5.- Ground tracks. 
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Figure  6.- Noise i m p a c t  i n  terms of impacted popula t ion .  
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Figure 7.- Community noise impact levels. 
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Figure 8.- Population density. 
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Figure 10.-  Average home values.  
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Figure 11 .- Effec t  of adding sound-absorbing material 
to  a i r c r a f t  engines. 
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Figure 12.- E f fec t  of e l imina t ing  genera l  
a v i a t i o n  operat ions.  
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Figure 13.- Effec t  of imposing a n ight  curfew. 
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Figure 14.-  Effec t  of d i sp laced  landing thresholds .  
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Figure 15.- E f f e c t  of vaca t ing  75 Ldn contour. 
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Figure 16.- Ef fec t  of a 6 dB acoustic t reatment  for 
homes i n s i d e  65 Ldn. 
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Figure 17.- E f fec t  of sound-absorbing material 
p l u s  n ight  curfew. 
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Figure 18.- E f f e c t  of doubling the  number of operat ions.  
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