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INTRODUCTIOH 

EmlBBlon Btandardß for control of pollution 
from civilian aircraft,  ae  promtilpated by EPA, 
have Intensified tl.e need  for an accurate evalua- 
tion of tho military's  contribution to degrada- 
tion of air.blent air quality.    While few people 
Intuitively feel that alrbaeec  have ae great an 
Impect on the local environment as  large civilian 
airports, the fact remalne  that  the Air Force F ae 
some bases which i-ank among the  largeet civilian 
alrporta In flying activity.     Elnce it would be 
Incon^ruouc to force stiff emlnclon controls on 
civilian airlines yet not  control  or even analyze 
the Impact of DOD aircraft,   several  related Air 
Force projects have been Initiated. 

Fy working closely with EFA,  personnel from 
the Air Force Aero Propulsion  Laboratory  (AFAPL) 
developed pollution emleslon factors goals pro- 
posed for future Air Force aircraft engines  il). 
The term "tioalB" Is used  since  they are proposed 
to be used as design criteria  hy engine manu- 
facturers but will not be Issued ae procurement 
regulations.    Maximum allowable Idle combustion 
inefflcienclec of 1 percent are proponed In order 
to limit carbon monoxide  {CO) and unburned hydro- 
carbons  (UHC) eralBBlone.    Nitrogen oxide |N0X) 
reductlonc of 50 percent   (75  percent for large 
non-combat tranaport engines) are proposed.    Eraoke 
numbers wlilch will ensure Invisible aircraft smoke 
plumes are specified. 

The AFAPL established military engine emis- 
ßlon reduction goals designed to reduce pollution 
emleslon levels prior to the establiBhmeiit of 
federal regulations to force euch reductiono.    In 
this manner, regulations which produce effective 
pollution reductions, yet do not produce unac- 
ceptable cost of performance penalties, will hope- 
fully be developed,    however,   the environmental 
effectiveness of the proposed goals or even the 
nocoBitty of such goals on all U3AF aircraft haB 
not been fully developed.    Data presented In thla 
report la Intended to provide background Informa- 

1   Underlined nuraberc  In parentheslß desig- 
nate References at and of paper. 

tlon for these needed environmental aßBeasmento. 

SUMMARY OF REIATED LECISLATION 

The federal government has Initiated laws 
for the specific purpose of preventing further 
degradation of the atmosphere.    The Clean Air Act 
of 1963  (2)  is  the first major legislation to be 
enacted for the purpose of investigating and con- 
trolling air pollution, mainly at the regional and 
local level.     The act gives the federal government 
authority to intervene In interstate problem areas. 

The flrtit mention of aircraft emlBBlons as a 
possible source of air pollution in a federal law 
came about under 'lection ?ll6 of the Emission 
Standards Act of 19^7 (i): 

"The Secretary shall conduct a full and com- 
plete Investigation and study of the feasi- 
bility and  practicability of controlling 
eralBEion from Jet and piston aircraft engines 
and of eEtabliBhlng national emission stand- 
ards with respect thereto.,." 

This statement concerning the establishment of 
national emission Etandards for aircraft engines 
Is the primary reacon that conBlderablo public 
Interest has been generated In the area of air- 
craft emlBElons determination. 

The Clean Air Act of 1970 which created tha 
Environmental Protection Agency contains addi- 
tional specific references to possible pollution 
being emitted from aircraft operations.    The 
Clean Air Act contains in JJeetlon 231,1 the fol- 
lowing statement: 

"The Administrator shall commenoa a study 
and Investigation of emlsslona of air pol« 
lutants from aircraft in order to deter- 
mine 1 

A.    Tha extent to which such emlaalonB af- 
fect air quality In air quality region« 
throughout tha   nltad States and, 
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13.     Tlie teohnoloflcal feaelbUlty of con- 
trolling such emiBGlon," 

Uaeed on the Infortnatlon obtained from this 
Btudy the Administrator  (EPA) wae  to Iseue pro- 
posed emiselon etandarde applicable to the emis- 
sion of any air pollutant from any   Elass  or 
classea of aircraft or aircraft enplneB. 

The  Clean Air Act of 1970 also contains 
Section 118 that directs all  federal   facllltlee 
to j 

",,,comply with federal,  state,   interstate, 
and  local requlrementB respecting control 
and abatement of air pollution to the same 
extent that any person Is subject to such 
requlrementB," 

In some cases,   ln-use engines.    Teet procedureE 
are also indicated.    These etandarde,   however,  do 
not currently apply to military aircraft. 

The  second  of the proposed standardB,   en- 
titled  "Ground Operation of Aircraft to Control 
KmlEEion," deals mninly with sup^ectlnfr ways 
of modifying prourid operations so as to reduce 
erisEions  for aircraft when they are on the 
ground during Idle and taxi modes,     Promulgation 
of these standards  IB being delayed  to allow 
these iiiodlflcationß  to be  investigated more fully 
by EPA and the Department of Transportation since 
they  could possibly lead to unsafe operating 
conditions;. 

The President issued Executive Order 11507 
(2), February 4, 1970, "Control of Air and Water 
Pollution" with  the following statement: 

This section does allow the  President to exempt 
any federal emlsBlon source if he determlneß thqt 
it is in the beet Interest of the  country to do 
so. 

The proposed standards  for aircraft and 
aircraft engines were puMished In the Federal 
ReglBter   (P_)  on Tuesday,   December  12,   I97?  at 
the same  time proposed  standards  for ground op- 
eration of aircraft  to  control emiEslons were 
published   (^).    Three major reasons  for proposing 
these standards are stated as  follows! 

"...(1) that the public health and welfare 
is  endangered in several air quality control 
regions by violation of one or more of the 
national ambient air quality Btandards, 

..,(2) that airports and aircraft are now, 
or are projected to be,  significant sources 
of emissions or carbon monoxide,  hydrocarbons 
and nitrogen oxides In Eome of the air quali- 
ty control regions in which the national 
ambient air quality standards are being 
violated, as well as being significant 
sources of smoke, 

,••(3) that maintenance of the national 
ambient sir quality BlSndards and reduced 
impact of smoke emission requires  that air- 
craft and aircraft engines be Bubjected to 
a program of control compatible with their 
ilgnlflcance as pollution aources," 

The first of the proposed Btandards,   "Con- 
trol of Air rolli£lon from Aircraft and Aircraft 
Bnglnes," was promulgated on July 17,   1973  (6), 
Bmisiilon standards are set for total hydrocarbons, 
carbon monoxide, oxides of nitrogen,  and smoke. 
Standards apply to newly manufactured engines and 

"The Order 1 am IsBuing today will require 
that all  projects or Installations owned 
by or leased to the federal government be 
designed,   operated,  and maintained so as 
to conform with air and water quality 
standards   present and future — which are 
established under federal legislation," 

The first section of the Executive Order,   the 
policy statement,   intends  to broaden the responsi- 
bility of the federal government from maintaining 
its own facility to provldlnr leadership to the 
nation In the areas of air and water pollution 
control and abatement.     This task should be met 
and accomplished  IrreBpective of the speed of 
compliance in the  civilian sectors. 

The Air Force lias, therefore, initiated 
programs for both the impact analysis and the 
reduction of emlEBlons from aircraft operations, 

USAP AIRCnAFT AND ENGINES IN COMMON USE 

To assist  in any emissions analysis of USAP 
aircraft,  a listing of aircraft types, engine 
types,  engine manufacturers, number of engines 
per aircraft, and afterburner urage is presented 
In Table 1,    The number of atislgned active air- 
craft as of March 1972  is also given to show com- 
parative aircraft  Etrengths.    They should be used 
only as relative valuaa  since the actual number 
of active aircraft  IB  constantly changing.    En- 
gine  prefixes are TF or F for turbofan engine 
designs, ,1  for turbojets, T for turboprop engines 
(Including helicopters) and R, 0,  or 10 for 
piston engines. 

Engine flying hours are,  perhaps, a better 
indicator of emlCElons than asslgned aircraft. 
A percentage breakdown of each Is given In Table 
2.    While engine  flying hours are ft good Indicator 
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of relative nationwide enlBElonB,  caution mußt 
be taken If trying to apply this data  to a  local 
alrbase emlBalone analytiB.    fom« engines,  euch 
as the TF-39,  "^X b* onl.v ln t,ie 1 percent   r-ate- 
fory of all flying activity,  but can etlll  he of 
major consideration at particular alrbasea.    The 
only suitable way of doiiu' emlsslone analysis  for 
local alrbases   Is  to use aircraft  flight Informa- 
tion specific to the area.    Unlike larpe  civilian 
airports whlcl   have a relatively linmogeneous mix 
of passenger/i argo aircraft.  Air Force basee lave 
vastly dissimilar aircraft operations depeniUnr 
on the tactical,  strateflc,  training,  or logistics 
mlBsion of thi   particular airbase, 

ENGINE EMISSION FACTORS 

Numerou:   efforts to measure aircraft engine 
emissions  have been initiated over the  past six 
years.    Nevertheless, the data base for engine 
emission factors  is Etlll inadequate,   particularly 
for military aircraft.    Current Air Force efforts 
to measure en, ine emiSBions are underway at the 
UEAF Aero Propulsion laboratory,  the Air Force 
Weapons  labor; tory, and the Arnold Engineering 
and Developmei t  Center,    Two major measurement 
problems are :till unBolved:     (a) how to measure 
partlculates  in such a way as to include only 
those condensr bles which actually condense in 
the atmospher' ,   and  (b) how to quantify pollutants 
from afterburning engine modes which are hot 
enough to be reactive for up to 15 duct diameters 
downstream fr^m the engine exhaust. 

In addition to the technical problems, many 
logistical  pr-blems exist which make obtaining 
realistic engine emission factors difficult to 
obtain.    Thes'; problems and a literature review 
showing great scatter in emission data were the 
subject of a previous report (8).    Only the com- 
posite emission factors are printed here as  Table 
7.    While many of these values  are not  supported 
by a strong statistical data base,  they are hope- 
fully the most accurate emission factors based on 
present data.    These values should satisfy the 
immsdiate need for preliminary emission factors 
to be used  In Environmental Impact AssesEments 
and Statements,     The emiBsion factors  presented 
in this table are a composite of published data 
or.   In some  cases,  reprecent  tho only measurement 
presently available for the specific engine 
series.     Tho footnotes that accompany each emis- 
sion factor provide the reference or references 
that were used In determining the composite value 
•nd the method used in determining the numerical 
value. 

Emission fsctors In Table 3 represent the 
•missions from about 43 percent of all engine 

Table 2    USAP Aircraft Engine Usage 

j            Inglne 
Percentage 
of Major 
Ingines 

Percentage            | 
of Flying            ! 

Hours                   \ 

1             J.57 30.1 26.3 

j            TF-JJ 9.3 17.8                     | 

j             T-56 11.2 lb,8                    i 

J-H5 10.b 10.5                    j 

J-79 IS.6 9,5                    i 
J-69 6.6 7.2                   j 

J-60 1.4 .2.5 

T-76 .9 1.6                   | 

IF 30 2.8 1.5                    j 

J-33 2.2 1.5                   | 

rF-39 .9 '•' 
J-75 2.0 1.0                   j 

T-5tl 1.4 1.0                    j 

TF-41 1.7 .8                   i 

J-65 1.1 

T-64 .5 

1-63 .6 

T-400 .5 

J-71 .4 

J-47 .3 

•    Burd on data from AflX/WPAm for  19,0J6  InstaUpd active «nflnet 
for tn« flrat quarter of  1972. 

models currently in use by the Mr Force but ac- 
count for about 82 percent of the total engine 
usage.    Relating these engines to associated air- 
craft can be done with the use of Table 1,    A 
comparison of both tables will Indicate the degree 
of unavailability of emission factors.    For ex- 
ample, of the 21 turbine engine models presented 
in Table 1, only 10 are presented in the composite 
Table 3 as having emission factors available. 

UUIDINO AND TAKEOFF CYCI£S 

Obtaining an accurate characterisation of 
aircraft operational procedures is equally as 
Important as obtaining accurate engine emission 
indices when performing an overall emlseions 
analyBis.    Operational information Includes the 
total number of takeoffs and landings for a given 
aircraft model end an accurate description of 
average aircraft landing and takeoff (LTD) cycles, 
A nine-category aircraft  LTD cycle is being used 
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Pig.  1    Landing and Take-off Cycles 

as Illustrated In Fig. 1.    An example data sheet 
1B preeented In Table "t.    Climb-out and approach 
are given two atepe in military aircraft to ac- 
count for afterburner Bhut-off or other engine 
mode changee.     Climb and approach modes are de- 
fined as being only below a 3000-ft actual ground 
level which is  in agreement with EPA studies. 

Two additional categories are usually used 
to completely describe all emiBsions.    Category 
10 describee aircraft "touch and go" operations 
which are used as training methods at many Air 
Force bases.    Operations will generally include 

the same aircraft modes as Category 6 (approach 
from 3000 ft)j a short runway roll of approximately 
0.1 times Cauegory •+, and a climb-out as described 
in Category 5.    Annual emissions from touch-and-go 
operations can be nearly as great as from landings 
and takeoffB at some airbases. 

A final category describes  the amount of 
raw fuel which is spilled, dumped,   or vented in 
an average LTO cycle.    This  value will vary con- 
siderably by aircraft type and by operating pro- 
cedures. 

Examples of LTO cycle  times are given in 
Table  5,    On each of the nine aircraft categories 
described in the foregoing,  an average  time per 
operation is presented.    Come of the times,  such 
as taxi duration before takeoff,  are more a func- 
tion of alrbase design and operation than of air- 
craft type.    Other times such as   the duration of 
cllmbout to 3000 ft are almost exclusively a 
function of aircraft type and meterorological 
conditions.    Average times  for each LTO category 
may,  therefore, be tailored  to  suit local  condi- 
tions.    The specific times  shown were obtained 
from questionnaires and personal  interviews with 
instructor pilots.    Cycle times  have also b'.-en 
spot-checked during actual  fighter and training 
aircraft operations. 

The EPA LTO cycle times are also shown in 

Table 1    Landing and  Takeoff Sample Data Sheet 
llKltn Tin 
cmai/im 

IIICIIM l«0( (Kilt IIK   | 
(its rud/ii) 

Tilt* 
(St  ) 

iiiTiicr* 
(M) 

SMll— 
(fT/Stt) IIIITIIIIl IITI           1 

1 i. mt «t mit » 

[>. Tin linn rue IM 

11    unit CIKI IT mill (II 

1«. linn mi MI uit-irr mill.      | 

[ii.uiiiiiT-im *i 
III» II   HIIIMT                       I 
in mil iiiiut   -      T   -1 

[ k.cuiiiii Ti itn" m-im <i lit CUII  IKK                     1 

[ll.lMIIICI mi JIM* lll-ltll «1 III  KCdl  llllt-                | 

[  t. IMIIItN MII-STir 12 
in» ii milt               1 
iiu mm mil           -1 

[ >. UMIII ii mm im cult   its     II      1 
1 It Hit l|t||           -,-     1 

[l.   Till   IMII lllllll 

1 1.   lilt  11 Ultllll 

[n. Tint i n iMiinm kii nun) 

II. linn ir mi mi (iiiiin, niTii. mm) nun iiunin nuinii 
i.iiMiun         e. mi  i. tniit iniini 
I.IICIII iiin-n i. iiit-m  r. IT«I  

• mit rimut. nuiiiit:   tin-nsTiict *III tmt 
••••smti niiiniii nifiiiit mi 

•••mil n iiuniti II iiutiti unit    I>III inn. i«imnTiitiit trtti 
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Tab! s 5    landing and  Takeoff Cycl e Times (IINITIt) 

AIRCRAFT 

AIRCRAFT MODE F-4 F-104 T-37 T-38 B-52 KC-135 
|         EPA 
i   MILITARY 
TRANSPORT 

1      EPA 

MILITARY 
JET 

1  IDLE AT START UP 1   ,0 •5 4 1       5 20 20 

1             ,9 2   TAXI BEFORE TAKE Off 15 14 8 6 9 1     9.5 1        6.5 
3   ENGINE CHECK AT 

Rl'NWAY :ND 0.5 0.8 0.5 0.3 4.5 2.5 

4   RUNWAY ROU 0.3 0.4 0.4 0.4 0.6 0.9 0.5 0.4 

5a  CUMBOUT-STEP tt\ 0.4 0.6 1.2 0.2 0.7 0.7 
2.5 Sb CLIMBOUT TO 3000 ft 

AGl-SIEP »2 0.3 0.3 — 0.7 0.8 1.0 
0.5 

6a  APPROACH fROM 

3000 H AOl-STEP «1 1.9 1.7 3.4 2.1 3.3 3.5 4.5 1.6 

6b  APPROACH-STEP #2 0.7 0.4 0.8 0.3 1.0 1.1 

7. UNDING ON RUNWAY 1.0 1.0 1.4 1.0 1.0 10 

7.0 8. TAXI AfTER LANDING 12 12 4.0 9.0   | 10 10 6.5 

9. IDLE AT SHUTDOWN 0.5 1.7 0 8 0.3   j 8 8     i 

TOTAL 42.6 37.9 24.5 25.3 58.9 58.2 33.5         | 15.5 

Table 6    EmiBBlone   Per  LTO Cycle (POMIt PEI CTCLI) 

EMISSION  TYPE 
MILITARY AIRCRAFT                       | [COMMERCIAL AIRCRAFT* 

f   4 f 104 T   37 T   38 B   52H KC-135A| 1  707 727 (SMOKELESS) 

CO 

THC 

NO. 

TOTAL 

PARTICULATIS" 

114 

98 

14 

63 

1 1 

56 

4 4 

7 3 

79 

56 

75 

19 

3 7 

17 

31 

95 

25 

4 3 

20 

3 7 

744 

680 

170 

220 

7 4 

259 

198 

61 

8/ 

3 4 

133 

74 

30 

46 

7 

31 

'CALCULATED FROM CORNELL AERO   LAB   REPORT NA  5007  K  I 

*'A PARTICULATE MEASUREMENT TECHNIQUE HAS NOT YE1 BEEN STANDARDIZED. 

THESE  VALUES INCLUDE ALL CONDENSABLE PARTICULATES AND ARE FAR HIGHER 

THAN SOLID PARTICULATES ALONE 



\ ' 

Table  7    EmlsBlons   Per Tourh-and-Oo  Cycle ■(■'t1 0 

{MISSION TYPE 

CO 

IHC 

"+       NO. 

TOTAL 
PARTICULATiS** 

$o_ 

MILITARY AIICRAFT 

f 4 

IS 4 

22 

98 

32 

M04 

10 5 

IS 

19 

T-37 

36 

5 8 

2 8 

99 

2S 

T-3i 

30 

4 6 

2 4 

7 8 

23 

•  S2M 

52 

56 

16 

KC-135A 

25 

29 

10 

Cll) 

'CALCULATED FROM CORNELL AERO. LAB   ispotT NA-5007-K-1 

••A PARTICULATE MEASUREMENT TECHNIQUE HAS NOT YET BEEN STANDARDIZED. 

THESE VALUES INCLUDE ALL CONDENSABLE PARTICULATES AND ARE FAR HIGHER 
THAN SOLID PARTICULATES ALONE 

Table 5 for "military transport" and "military 
Jet" categories.    Significant differences exist 
between the generalized EPA times and those 
presented here.    These differences could  cause 
emissions to be underpredlcted by as much as 60 
percent If using the generalized cycle times. 
Many factors could explain the cycle time dif- 
ferences.    For example,  P-U and P-lOt aircraft 
might spend large Idle times after start of taxi 
if they have ordinance which must be armed at 
the end of the taxlway prior to takeoff and de- 
armed after landing,    T-38 aircraft can have 
additional taxi after landing times at very ac- 
tive training bases where crossing runways Is 
required to get to the  parking ramp areas,    h-52 
and KC-135 aircraft o'ften have long ground Idle 
times In preparation for lengthy missions, 

EMISSIONS PROM SELECTED AIRCRAFT 

Emission    actors and aircraft operating 
procedures were combined to calculate the total 
•missions per cycle for selected aircraft.    Cal- 
culations were accomplished by using •;he Source 
Inventory computor code which Is part of the 
USA? Air Quality Assessment Model  (AQAM)   (5). 
This cod* uses grid coordinates of parking ramps, 
taxlways, and runways, along with either Ifo 
cycle tlaes or actual aircraft velocities to com- 

pute the emissions.    Takeoff lengths are adjusted 
to actual aircraft gross weights,  ambient tem- 
peratures,  pressure altitudes,  and wind  condi- 
tions.    While this degree of complexity Is not 
required for most emissions analysis.  It Is 
desirable for accurate dispersion analysis which 
Is a'.so a function of the AQAM. 

Emissions per LTO cycle for belected air- 
craft are presented In 'Rible C,    Afterburning 
(A/B) modes during takeoff and Initial  ollmb-out 
are assumed for the F-k, P-ICk, and T-38 aircraft. 
Total partlculate emissions are computed to 
enable rough comparisons between aircraft types. 
However, caution must be used when determining 
the environmental significance of these partlcu- 
lates.    A large portion of these  "pnrtlculates" 
are  condensables occurring In the sampling train 
bu* which might remain In the vapor state If 
diluted by the atmosphere during normal aircraft 
operation. 

Emissions per "Touch and Co" cycle are 
presented In Table 7.    Touch and  Co training 
operations are Important since they ran be over 
three times more numerous than complete fTO cycles 
at some Air Force bases.    A Touch and Oo (TC) 
cycle Is assumed to Include a full approach mod*, 
0.1 times the runway roll distance, and a full 
climb-out mode.    The 0,1 times runway roll rela- 
tionship was developed fron obs-rvatlons at Air 
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Table 8    Annual Aircraft Emlßslons (IfNI HI IIAl) 

EMISSIONS* 
LUKE AFB |   WILLIAMS AFB WRIGHT-PATTERSON AFB 

F-4 F-104 |    T-37 |    T  38 B-52H j   KC.I3SA 

CO 1640 1    486 <   2628 45 0 293 156 

THC 135 37 561 1    1095 265 190 

NOX^ 216 67 162 233 124 75 

TOTAL PARTICULATES 900 251 651 991 148 95 

so« 16.7 5.1 14 21 4.6 3.6 

•ABOVE EMISSIONS 

BASED ON: 

LTO CYCLES PER YEAR 27,500 1 16,380 39,662 77,281 760      1 1,100 

TG CYCLES PER YEAR 9,500 5,292 1 63 357 55,963 2,280 3,300 

Force Tactical and Training baseB.    The entire 
TO cycle  is quite variable and may need to be 
adjusted for a Epeciflc local area.    For example, 
aircraft operatione at eorae basee employ "low 
fly-over" maneuvers in which the aircraft never 
touchee the runway. 

A compariBon of Tables 6 and 7 ie useful 
in determining if meet emiBBione  are being caused 
by either "high power" or "low power" operating 
modes.    For example,  B-52 aircraft exhibit high 
carbon monoxide  {CO) and total hydrocarbon emis- 
Bions  (TCH) during an LTO cycle but low emlßBlone 
during a Tc cycle.    EmissionB are,  therefore, 
caused pri.iarily by the  "low power" start-up and 
taxi modes,    Oxidea of nitrogen (N0X),  however, 
are "high power" pollutants and are nearly as 
great in a TO cycle as the complete LTO cycle. 

Commnnts concerning emiB&ions by aircraft 
type are as follows; 

F-t and V-ICU 
Both are fighter aircraft using, the J-79 

engine.  P-1 emissions are understandably about 
double those of the F-lCfr  for all pollutants 
since it has two engines, NO and particulate 
emissions are high compared with most other air- 
craft. Exhaust plumes are highly visible at 
rated thrust and slightly visible in the A/B 
mode, 

y-?7 »»ft J-;9 
Both of the»« training aircraft are used 

extensively at undergraduate pilot training bases. 
Insufficient emieslon meafiurements are available 
on the T-69 engines used in the T-37.    Therefore, 
the emiBBions  shown have been'extrapolated from 
J-85 engine data.    Both the T-37 and T-38 aircraft 
show low N0X emission,  moderate CO emisEions, and 
relatively high THC emissions, 

KC-135A 
Emissions shown are from the four turbojet 

engines  on the  "A" model aircraft which la used 
extensively as a refueling tanker aircraft.    later 
models use a turbofan design.    High CO and THC 
emiEElons are shown and are almost exclusively 
from ground operations at lower power settings. 

P-5gH 
This heavy bomber aircraft uses eight turbo- 

fan engines.    Very high LTO cycle emistions of 
CO, THC, and N0X are produced in compariBon with 
commercial 707 and 727 aircraft.    Despite the 
high emissions per aircraft operating cycle,  B-52 
aircraft often contribute smaller annual emis- 
Eions than aircraft which are flown on shorter, 
more frequent miEBiono. 

Annual emissione are summarized for three 
Air Force bases in Table 8,    The Air Training 
Command base  (Williams AFD) with its small but 
very active training aircraft easily contributes 
higher annual CO and THC emissions than either 
the Tactical Air Coramand (Luke AFB) or the Stra- 
tegic Air Command  (Wright-Patterson AFB) bases 
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whlnli hav« been considered.    However,  N0X and 
total partlculate emiEBlonE froo the F-1* aircraft 
are as high as the T-38 aircraft annual emlcslone. 

SUMMARY AMD CONCUUEIONC 

Even tho'igh federal emlaslon control repula- 
tlons presently exclude military aircraft,   steps 
are being taken to analyze and  control the Impact 
of aircraft operationr..     IlEtinge  of active Air 
Force aircraft and aseociated engine» are pre- 
sented. 

An outline for categorleing military air- 
craft into landing and takeoff cycle components 
is proposed. Cycle times for the six I'SAP air- 
craft studied are significantly longer than the 
standard EPA cycle times. Substantial error In 
Impact aBsessmentB is, therefore, possible unless 
specific military aircraft operating procedures 
are considered. A comparison of emissions is 
given for both LTO cycles and touch-and-go cycles. 

While the B-52 aircraft have sifniflcantly 
higher emissions per LTO cycle tfian commercial 
707 and 727 aircraft,  annual emissions are  low 
due to low activity levels.    The highest annual 
emlsEions at the three bases  chosen were produced 
by the small but highly active training aircraft. 
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