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A I R  QI1M. LTY I MPACT OF AL RCR.AFT AT I 0 1. ~‘. A l E  FORCE BA S ES

Introduction

The Department of the Air Force has adopted q u a n t i t a t i v e  goals for
the contro l ot aircraft engine exhaust emissions (Reference I). A
balance has been sought between Importan t envi ronmental considerations
and essential safety and combat effectiveness criteria. Specific goals
are set for oxides of nitrogen (NO), smoke , carbon monoxide , and h y dro-
carbons (Reference  2 ) .  These goals app ly to t u r b o f a n , t u rbole t , and
turboprop engines beg i n n i n g  de velopment a f t e r  11 Jun e 1975. Engines in
development p r i o r  to tha t  t ime and s t i l l  in  su b s t a n ti al  production a f t e r
1 January 1979 wi l . l  be m o d i f i e d  or r e t r o f i t te d  to rv du~ t’ emiss i ons i f
j u s t i f i e d  by cos t and environmental  s tu d i e s . The ‘urn of this research
is to invest igate  the impact of curren t Air For t e a l r  r i f t  ope ra t ions  on
the local air  q u a l i t y .  The envi ronmenta l  need fo r  a d d i t i o n a l  a i r c r a f t
emission controls can , in part , be based on t h i s  a n ; i l v n l n .

The Air Quality Model

The computerized model used for this analysis is called the Air
Quality Assessment Model (AQAN). AQAM Is comprised of four component
programs : Source Inventory , Short—Term, Long—Term and Meteorologic-il
Data. Source inventory combines aircraft operational data with measured
engine emission factors to produce an annual emissions inventory . The
Short—Term program predicts  1—hour average concen t ra t ions unde r meteor-
ological conditions specific to that hour. Gaussian dispers ion subroutines
are used. The Long—Term program predicts annual average concentrations
by combining aircraft emissions and climatolog ical data from the Meteoro-
logical Data program . All AQAN components are fully described elsewhere
(Reference 3).

Operational Data

Air Force bases can be functionally categorized as tact ica l  f ighter ,
strategic bomber/tanker , transport , f ly ing t ra in ing,  or major  overhaul
facilities. Ten installations representing all of these activities are
Included in this study . Annual aircraft operations data for each air
base are presented In Table 1.

Each air bane was visited by a field team from Stanford Research
Institute (Reference 4). Operational records were used as the primary
data source whenever possible. Extensive interviews with pilots, mainte-
nance personnel and operation8 supervisors also provided detailed descriptions
of ground and flight profiles, temporal distributions of aircraft operations
and aircraft service vehicle operations. These data, combined with a

- - comprehensive engine emission measurement program, are the building
blocks for detailed emission profile modelling for each aircraft type.

-~~~~~~~ 1
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These sped f i c  p ro f  i I t ’s  are mo re a c u r i t e  than gene r a l  i zed  p r o f i l e s  such
as those of EPA ’s A I’— 4 ~ (R e f er e n c e  5 ) .

The data  ~n t h i s  study  are cu r ren t  as of .Janu a ry 1976 , w i t h  t h e
except ion  of Lang ley AF B where the  p ro j ect ed  f u l  I complemen t  of an F—1 5
w i n g  was model led .  E m i s s i o n s  or imp a c t  at a spec i f i c  base may be s l i gh t l y
d i f f e r e n t  today , h u t  the  b asic  f u nc t i o n a l  types of o per . it i o n s  should
s t i l l  be w e l l  re p resented by these d at a .

Aircraft Emissions

Annual aircraft emissions for each location are presented in Table
2. Only emissions up to 3,000 feet above ground leve l in the immediate
airport vicinity are included. Therefore , infe rences concerning high
altitude environmental questions cannot be made. The percent of aircraft
emissions compared to reg ional emissions (Reference 4) is shown in
parentheses. Average ai rbase  c o n t r i b u t i o n s  are less than 1 percent for
all pollutants. Thus, regional Impact on air quality is not indi cated.
Emission and air quality anal yses In this effort will therefore focus on
the possibility of localized air quality problems .

For the purpose of this study , all source emissions of total hydro-
carbons (THC), oxides of nitrogen (NO ), oxides of sulfur (SO

~
) and par-

ticulate matter (PM) are assumed to y~eld reactive hydrocarbons (RHC) ,
NO2, SO2 and total suspended particulates (TSP), respectively , whendispersed in the ambient air.

Annual Air Quality Predictions

The AQAM Long—Term program combines the temporal distributions of
aircraft activity with the properly weighted comb inations of wind speed
and di rection , atmospheric stability , temperature , and mixing depth to
predict annual average pollutant concentrations . These concentrations
are usually displayed as isopleths as in Figure 1. Such illustrations
are useful in analyzing the Impact of specif ic  sources and pol lutants  at
a given location , but do not permi t simple comparisons among various
pollutants at many locations . It was therefore necessary to choose con-
sistent receptor criteria for a meaningful comparison of all 10 bases.
Concentrations along 16 wind directions at a distance of 5 kilometers
from the runway geographic centers were computed. The hi ghest concen-
trations of each pollutant along any wind direction (the annual concen-
tration indices) are shown in Table 3. The 5—kilometer downwind distance
was arbitrarily chosen for comparative purposes. It does represent a
reasonable compromise to avoid problems caused by receptors too close to
the source. Steep concentration gradients and irregular profiles make
it impossible to randomly select a point representative of the average
conditions. At distances far from the source , concentrations become so
small that comparisons are difficult.
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The p r e d i  - t e l  - i n r i u n  I cen -en t r . i t i o n  ind ices , t i h i i l  i t e d  in  Tab I c  3 ,
- i r e  low f o r  , i l l  p t  I l i t i n t - ;  w h i c h  h a v e  an n u a l  sL a n d . ir d s  :- o~’; i f i e d .
L e v e l s  a v e r ; i g t - d  ove r a l l  10 b ;e:e~; are less than I pc ’ r c -en t  of t he  ~.at ional
A m b i e n t  Al r O u i i  i t v  S t a n d - i r d - ( N \A ( S) f o r  NO 2 ,  TSP , and SO , . C a n c e n t r a—
t i on s  due to - i i  rv  c i t  t o p e ra t i o n s  are neve r more th an  3 per~ ent  of the
N AAQS.

A p p l i c at i o n  of a ~l o d i I  Led P o l l u t i o n  S tandards  I n d e x

AQA~I s h o r t — t e r m  d a t a  w e r e  i n I t i a l l y c om p i tt e l as h o u r ly  concen t r a t i ons .
P r e s e n t i n g  these i es ult s  proved c umbersome . V ar ious  i~~ople ths , logscale
graphs , e tc . ,  were t r i e d  hu t  f a i l e d  to produce  ea s i ly  oinparab le resul ts
f o r  f i v e  d i f f e r e n t  p o l l u t a n t s , 10 d i f f e r e i ~: a i r  bases and many d i f f e r e n t
downwind d i s t a nc e s .  To reduce t h i s  problem , c o n c e n t r a t i o n s  were converted
f r o m  u n i t s  of mic rogram s  per cub ic  meter to the 0500 segmented l inear
s ca l e  used in  the  r ec e n t ly  developed P o l l u t a n t  S t a n d a r d s  index (PSI )
(R e f e r en c e  6 ) .

T h e  PS I  was developed  b y I- PA to p rov ide  a s i m p le , m e an i n g f u l  inde x
to r e l a t e  s h o u t — t e r m  po l lu tan t  c o n c e n t r a t i o n s  to - dve rse hea l th  e f f e c t s .
To u t i l i z e  the index , p o l l u t a n t  concen t ra t ions  of each specie are con-
ver ted  to PSJ values us ing  up to f ive  l i n e a r  s e g r*n t s .  Break points
between segmer .ts f rom 100 th rough 500 are based ~n the NAAQS , three
levels of Federa l  Ep isode C r i t e r i a  and t h e  Si gn i f i c a ~~. Harm Leve ls . All
break poin ts  are broad ind ica to r s  of “ damage func t ions ” resul t ing  from
many diverse effec ts of air pollution and should not be considered ~s
precise boundaries.

W h i l e  the  PSI was not s p ec i f i c a l l y designed for  in te rp re ta t ion of
mode l l i ng  r e su l t s , we have adapted  i t  f o r  th is  purpose.  Shor t—term
N AAQS have not been promulga t ed  fo r  NO . There fo re , the C a l i f o r n i a
‘;tandard of 470 ~g/m 3 was used to esta~~lish a NO PSI of 100. Hy dro-
carbons are not part of the PSI since they are not directly related to
h e a l t h  effects . Th e re is , however , an indi rect r e l a t i onsh ip since h y dro-
carbons can be precursors to photochemical oxidants under certain atmos-
pheric situations. The N AAQ S level of 160 pg/rn3 has been assigned a PSI
value of 100 i 0  this study for comparison of hydrocarb ons with other
pollutants. The associated PSI health effects terminology does not
apply, however. Oxi dants are not directly emitted from aircraft and can
only be predicted from complex relationships outside the scope of this
study .

The PSI averaging times were — elected to c o i n c i d e  w i t h  those of the
N AAQS. Durat ions of 1 hour for 0 , i hour for NO2, 8 hours for CO, and
24 hours for  SO9 and TSP are spec~ fied. Conversion of the 1—hour AQAII
prediction s to ~he appropriate time peri ods was done with power laws

~~~~~~~~~~ 

- (Reference 7). Single hour values were multip lied by 0.84, 0.68, and
0.59 to obtain approximately 3—hour (used fo r  HC compar i sons) ,  8—hour,
and 24—hour averages , respectively. W h i l e  this technique Is not perfectly
accurate since parameters such as atmospheric stability and downwind
distances are not considered , the resulting errors should not affect
overall conclusions .

7
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S h o r t — t e r m  A i r  Qual i ty Predictions

The AQAN S h o r t — T e rm progr am an d PSI scale were used to rank—order
var ious  - i l r  p o l l u t a n t  species. Meteorolog ical Inpu t s  of w i n d  speed ,
m i x i n g  depths  and atmos ph e r i c  s t a b i l i t ie s  were chosen fo r  each locat ion
to p r e d i c t  the  “ -~ors t  case ” concen t ra t ions  on which  the NAAQS are based.
R esu l t s  of ~~~~~ i n a h y ; e s  are presented in Fi gure 2.  Median values  and
a r i t h m e t i c  I’uC if l S  are ~,hown fo r  each p o l l u t a n t  type . Reported levels -i re
at  receptors  5 km downwind  f r o m  the runway geographic  center .  The
p o t e n t i a l  f o r  h e a l t h  e f f e c t s  of h y d r o c a r b ons cannot be determined from
t h i s  f i g u r e . Descr i p tors  used at var ious  PSI levels were developed fo r
o x i dant s  hu t  not for  t h e i r  hy drocarbon precursors . Nevertheless , a
r omp .Jr ison  of t he  r e l a t i v e  d i f f e r e n ce s  between h y drocarbons and a l l
pollutant species is  v a l i d.  H ydrocarbons  are c lear l y the most s ign i f i c a n t
a i r  p o l lu t a n t  i n  F i g u re  2.  This  f i n d i n g  is impor tan t  due to the n a t u r e
of the A i r  Force a i r c r a ft  eng ine emiss ion  goals. These goals spec i fy
t h at  THC and CO emiss ions  w i l l  be below levels w h i ch  resul t  in an i d l e
combust ion e f f i c i e n cy  of 98 , 99 , or 99. S percent , depending on the
eng i n e  type and v in tage .  This  anal y s i s  s trongly suggests tha t  the
design t r a d e — o f f s  to meet the e f f i c i e n cy  goal should be wei ghted toward
THC r a t h e r  than  CO c o nt r o l .

P r e d i c t e d  NO~~, CO , p a r t i c u l a t e  m a t t e r , and SO9 levels from a i r c r a f t
sources are we l l  below the PSI levels of expected h e a l t h  e f f e c t s .
Values  in Fi gure  2 under “wors t  case ” meteorological  condit ions produce
levels  less than  5 percent  of the hea l th  e f f e c t s  levels. Values under
more typ ical  meteorolog ical  condit ions would be much less than  1 percent
of the h e a l t h  e f f ec t  levels.

The r e l a t i o n s h ip between PSI levels and downwind d i s tance  is shown
in  Fi gure 1. Data  f rom all  10 bases were ave raged to obta in  these
curves .  The shapes of the curves are d i f f e rent since pollutants  tend to
he s p a t ia l l y d i s t r i b u t e d  ove r d i f f e r e nt  par ts  of the a i r c r a f t  landing
and t a k e o f f  c y c l e .  For examp le , NO concentra t ions  or i ginate  from a
r e l a t i v e ly  sm a l l  area near  a 1r c r af ~ t a k e o f f s  but rap idly decrease due to
crosswind d ispers ion . Other  p o l l ut a n t s  are d i s t r i b u t e d  more un i fo rml y
over the a i r c r a f t  emiss ions  p r o f i l e  and show less decay w i t h  downwind
distance. The r e l a t i v e  si g n i f ic a n c e  of po l lu t an t s  I n d i c a t e d  by Fi gures
7 and 3 is (from most s i g n i f i c a n t to leas t s ig n i fi c a nt ) :  h y drocarbons ,
oxides of n i t r o g e n , p ar t i c u l a t e  m at t e r , carbon manoxide and s u l f u r
oxides . This o rder ing  can be used as a guide to fu tu re  eng ine design
priorities and control s t ra teg ies.

For occas i ons where the PSI does not exceed 100, the aircraft
values presented In this report linearly contribute to the total local
PSI. When the PSI exceeds 100, the incremental contribution from air-
craft must be recomputed from total concentrations because of the non-
linearity of the PSI cur~’os. However, because of the nature of these
non— llnearities , the contribution from aircraft would neve r he more than
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Air Quality Health Effect
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‘~~ rigure 2. Relative importance of Pollutant Specie- , to Short Term
A i r  Qua ‘ i t y  impact Under Worst Case Meteorological Conditions 9
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50 percen t  g r e a t .  r t h an  pr e~.ea ted  hc r .  The low PSI va I u i ~s f r NO 2 , 
CC) ,

TSP , and SO., f rom F i  gures 2 and 3 a iggest  a m i n i m a l i ~p e t  of curren t
a i r c r a f t  on — d r  qu al .it -’ , even i n  areas of h i g h  ~~~~~~ pollu t ion .

Conclus ions

This  work has a n a l y z e d  the  a i r  q u a l i t y  i m p a r t  of a l  rc r f t  emiss ion s
b y use of emiss ion  i n v e n t o r i e s  and d i spe r s ion  m o d e l l i n g .  Annual a i r c r a f t
emiss ions  con t r ibu ted  an average of less than 1 percent  to the regional
emiss ions  fo r  ~he ten bases s tud i ed .  T h i s  f i n d i n g  supports  the general
hypothesis tha t  a i rpor t s  have a l o c a l i z e d , but  not a reg ional , impact  on
ambient  a i r  q u a l i t y  levels .

The EPA developed Po l lu tan t  Standards  Index is a u se f u l  techni que
to re la te  a i r  q u a l i t y  predic t ions  to levels of h e a l t h  e f f e c t s .  Resul t s
do not indica te  tha t  s i g n i fi c a n t environmenta l  b e n e f i t s  can be derived
from r e t r o f i t t i n g  cur ren t  a ir c r a f t  eng ines w i t h  controls  f o r  carbon
monoxide , particulate matter , sulfur oxides or oxides of nitrogen .
Aircraft contributions to PSI levels for carbon monoxide , particulate
matter and sulfur dioxide are 2 percent or less of the PSI levels designated
for initial health effects. Equivalent nitrogen dioxide levels are 5
percent. These percentages are the yearl y maximums predicted at 5 km
from the air bases. They would be much smaller under typical meteorological
conditions and decrease rap idly at downwind distances greater than 5 km.
Annual average pollutant concentration predictions also support this
conclusion . Aircraft contributions are less than 1 percent of the NAAQS
where annual concentrations are specified.

A rank—ordering of aircraft pollutants clearl y indicates hydrocarbons
to be the most significant relative to air quality standards . Turbine
engine design criteria which involve trade-offs between hydrocarbon and
carbon tnonoxioe controls should therefore emphasize hydrocarbon reductions .

The actual impact of hydrocarbons from aircraft has not been determined.
While fairly high values are predicted relative to hydrocarbon NAAQS,
health effects would only result from products of complex photochemical

I 
reactions.
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I N I T I A L  DISTRIBUTI ON

1k1 IJ SAF/ PREV 1 Tech Transfer  S ta f f  (E PA ) 1
Flq USAF /PR EVP S Off ice of Rf ~D (I~PA) 1
Ilq USA P/ PR EVX I NARF , Code 64270 2
Hq IJSAF/RSPS 1 Nava l Postgraduate Schoo l 2
1-l q USAF/SAFOI 1 Nay Air Systems Comd/Air OI~ B I
1-Iq USAF/SGPA 2 Oct 1 (CEEIIO ) t lq ADTC/PRT 1
CINCAD/DEEV 1 Det I ADTC/WL 2
CINCAD/SGPAP 1 Oct 1 (CEEI)O) I lq ADTC 8
AFLC/SGB 1 APCEC/DEE 3
AFLC / DEPV 1 Argonne Nationa l Lab 2
AFSC/DEV I US Environmental Protection Agcy 2
AFSC/ SGB I FAA/AEQ 2
CINCPACAF / SGPE 1 803 CSG/CC 1
CINCSAC/DE PV 1 803 CSG/DE 1
CINCSAC/ SGPA 1 305 CSG/CC 1
TAC/DE 1 305 CSG/DE 1
TAC/SGPB 2 2851 ABC/CC I
TAC/DEEV 1 2851 AB(;/DE 1
C1NCUSA~E/Surgeon 1 4500 ABW/CC 1
AFRE S/ SGPB 1 4500 AUG/DE 1
USAPA/DEV 1 56 CSG/ CC 1
3800 ABW/ DEE 1 56 CSG/DE 1
AFIT/I)EM I AWS/DNP 1
AU/LOG 1 SAC/DOW 1
AFOSR 1 TAC/WE 1

- AFAPL/TBC 1 ETAC/ENB 1
AFAL/ TSR 1 AFGWC/D N I
OEHL/CC 3 AFSC/WER 1
OEHL/OL-AA 1 438 ABC/CC 1
OEHL/OL-AB 1 438 ABG/DE 1
ASD/ENJEA 1 507 CSS/CC 1
AFAPL/S?F 1 507 CSS/DE 1
AE EIC/ DEE I LJSAF )-losp/Davis-Monthan AFB 1
AMD/RDU I USAF Hosp/ Gr issom APR 1
ADTC/CSV I USAF Cl inic/Kelly AFB 1

t 

DDC/TCA 12 USAF liospf Langley AFB 1
OASD/(I~ L)ES I USAF Regiona l Flosp/MacDill AFB 1
LISA Envir Hygn Agency 1 IJSAF Clinic/McGuire AFB 1
USA CERL I LJSAF Uosp/Tinker AFB 1
WESTD1V (Code O9BE) 2 USAF Hosp/Williams AFB 1
AFRCE/Eastern Region 1 IJSAF Hosp/ Luke AFB 1
AFRCE/Central Region 1 IJSAF Hosp/Nellis AFB 1
AFRCE/Western Region 1 82 ABC/CC 1
Chief of Naval Ops/Environ 82 ABG/DE 1
Protection Div 1 58 CSG/CC 1

NCEL, Code 25111 1 58 CSG/I) 1
57 CSG/DE L 57 CSG/C 1

(The reverse of this


