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ABSTRACT

(Distribution Limitation Statement A)

The interest in pollution emissions from aircraft has been enhanced by Environ-
mental Protection Agency's recent determination that major civilian airports are
significant contributors to localized air-quality degradation. This report sum-
marizes the USAF aircraft and engines in common use, presents normalized engine
pollution emission factors (emission indices), reviews deficiencies in present
emission data, and recommends future efforts to better analyze aircraft emissions.
Primary goals of the report are to provide aircraft emission data which can be
used in environmental impact assessments at many locations and to stimulate com-
ment on the direction of future USAF efforts concerning the recommended projects.
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SECTION I
INTROZUCTION

Emission standards for control of poliution from civilian aircraft, as
rerantly promulgated by Environmental Protection Agency (ref. 1) have inten-
sified the need for an accurate evaluation of the Air Force's contribution to
degradation of ambient air quality. While airbases are not intuitively con-
sidered to have as great an impact on the local environment as large civilian
airports, the fact remains that the Air Force burns approximately 45 percent*
of the jet fuel used in this country (more than any other single agency). Since
it would be incongruous to force stiff emission controls on civilian airlines
yot not control or even analyze the impact of DOD aircraft, several related
projects have been initiated by Air Force System Command laboratories. The
interrelationship of these projects will necessitate full cooperation between
many Air Force and Department of Defense agencies. Figure 1 illustrates the
applicable regulations, related projects, and uses of aircraft emissions analy-
sis. An accurate environmental assessinent of aircraft operations has three pri-
mary components: the measurement of pollution emissions per engine, accurate
descriptions of aircraft operating procedures to calculate total emissions
released, and a dispersion model to predict the resulting ambient air quality
upon which potential health and welfare effects are based. Each component is
described separately in the following sections.

1. ENGINE EMISSION FACTORS (INDICES)

An aircraft engine pollution emission factor (PEF) is the measured pullutant
emitted per engine operating mode (i.e., idle, cruise, military, afterburner).
Most data are normalired per 1000 pounds of fuel flow for ease of comparison.
The term emission factor is most often used in air pollution engineering and

can be used interchangeably with emission index (EI) usually used in aeronautical

engineering. Measuring emission factors is a difficult and expensive procedure
but it is essential for any overall environmental assessment of aircraft opera-
tions.

*Air Force JP-4 and JP-5 usage in 1971 was 6.782 billion gallons (ref. 2) while

all other civilian jet fuel during that year was 8.165 billion gallons (ref. 3).
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By working closely with EPA, personnel from the Air Force Aerspropulsion
Laboratory (AFAPL) developed pol]dtion emission factor goals croposed for future
Air Force aircraft engines (ref. 4). The term "goals" is used since goals are
ptoposed to be used as design criteria by engine manufacturers but will not neces-
sarily be issued as procurement regulations. Maximum allowable idle combustion
inefficiencies of 1 percent are proposed in order to 1imit carbon monoxide (CO)
and unburned hydrocarbon (UHC) emissions. Nitrogen oxide (NO,) reduction cf 50
percent (75 percent for large noncombat transport engines) are proposed. Sroke
numbers which will ensure invisible aircraft smoke plumes have aiso been developed.
The promulgated EPA regulations wei'e changed to be less stringent compared to the
EPA regulations proposed on 12 December 1972, and are now in close agreement with
the AFAPL goals.

The establishment of military engine emission reduction goals is an example

of taking the initiative to reduce pollution emission levels prior to the estab-
lishment of Federal regulations to force such reductions. In this manner, regula-
tions which produce effective pollution reductions yet do not produce unaccept-
able cost or performance penalties will hopefully be developed. However, the
environmenta! effectiveness of the proposed goals or even the necessity of such
goais on all USAF aircraft cannot be evaluated without an emission inventory and

a thorough air-quality assessment as described in the following two sections.

2. TOTAL EMISSIONS INVENTORY

Since engine emission factrrs are normalized per 1000 pounds of fuel burned
per hour per engine operation mode, these factors are of limited usefulness
wichout knowing the time periods that aircraft operate, the number of aircraft
operasions at each location of interest, and the engine fuel flow for each air-
craft mode.

a. Landing and Take-Off Cycles

The time period to be used with each emission factor is obtained by
developing an average landing and take-off (LTO) cycle for each aircraft. The
EPA LTO cycles originally included the duration, in minutes, or five phases of
aircraft operations:

(1) taxi/idle (out)

(2) take-off
(3) climb-out (up to 3000 ft altitude)

i Mbeomy. .
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(4) approach (below 3000 ft altitude)
(5) taxi/idle (in)

Some recent ©PA studies have an expanded 10-phase LTO cycle (ref. 5) which is
very similar to the proposed USAF cycle.

The LTO cycles used by EPA are not applicable to military aircraft due
to both performance and cperational differences. Unfortunately, military LTO
cycles are not now available (see the proposed effort in section VI). Conse-
quently, the major emissions study by EPA (ref. 6) did measure some military
engine emissions factors but could not apply them due to the lack of LTO infor-
mation.

Developing accurate LTO cycles for each aircraft is equally as important
as engine emission measurement since both values are multiplied to obtain the
auantity of pollutant per aircraft operation.

b. Operational Information

The final component to enable calculation of a total emissions inventory
is the number of operations per aircraft per time of interest. Most air-quality
assessments are done on both an annual and a short-term {1 to 24 hours) basis
since the Federal ambient air-quality standards have the same basis. Consequently
an inventory of operations on a short term through 1-year basis imust be performed.
Since the local airbase environment is of prime concern, the operations inventory
must be compiled individually at each locale of interest. This information is
often available from existing operational records but is quite time-consuming to
compile. Also some operational information, such as the number of "touch and go"
operations used to improve pilei ». fi-iency, is not accurat:ly recorded.

AR Tisting of USAF aircraft, Angine tynes. and cercent usage is presented
as tables I and Il to indicate the many aircraft and correspunding engine types
for which this operational information will be obtained.

3. AIR-QUALITY ASSESSMENT

Finally, a computerized model is needed to handle the vast amount of emission
and operational input data. Tnis model will also use climatological and meteoro-
logical data so that the total emission information will be converted to ambient
air-quality values. An impact assessment is therefore made by the comparison of
these predicted results with Federal air-quality standards for potential health
and welfare effects.




Table !
1)
USAF AIRCRAFT INCLUDED IN THE AFWL AIR QUALITY ASSESSMENT PROGRAM
ENGINES FOR
AIRCRAFT NUMBER AIRCRAFTS ENCINE TYFE#* AIRCRAFT
Bosbera
3-1 N/A r-101 (CE) 4
8-52 C-E 268 J-57-19% (P) 8
r-C 267 J-57-4W8 () 8
R 99 7-33-3 (P) 8
B-37A-3C 80 3-65 () 2
E~G 87 TF-33-11 (») 2
Subtotal = 7 = 741
Fighters
P-10CA-F 73 J3-57-21 (P) 1
r-10% A-H 42 1-57-55 (P) 2
F-102A 318 3-57-23 (P) 1
F-104A-C 149 J-79-3B (GE) 1
r-1058-G 259 J-75-19% (P) 1
r-106A-b 259 J~75=17 (P) 1
F-4A-D 1265 J-79-15 (GE) 2
4 634 J-79-17 (GE) 2
F-5A-B 24 J-85-13 (GE) 2
F-111A-F 304 TF-30-9 (P) 2
F-15 N/A F-100 (P) 2
Subtotal = i1 e 4368
Attack Afrcraft
A-7D 195 TF-41-A-1 (A) 1
A-10 N/A TF-342(GE) 2
A=3TA 4 J69-25 (Cont) 2
B 207 J-85-17A (GE) 2
Subtotal « & = 42]
Cargo Alrcrafc
C=5A" 53 TF-39 (GE) 4
C-9A 14 JT-8D-9 (P) 2
C~130A-S 715 T56-7 (A) 4
KC-135A 619 J-57-59% (P) 4
B-U 143 TF33~5 (P) 4
C-141A 281 TF-33-7 (P) 4
c-7 116 R2000 2
C-47A-Q 198 R-1830-SIC3-G (P) 2
C-97D-L 143 R-4360 (P) 4
c-119 G/K 125 R-3350~ 89 BW/J-85 2/4 (plus 2
J-85's in “K"
Subtotal = 9 - 2407 model only)
Tratning Alrcraft
T-29 333 R-2800-99(?)
T-33A-B 882 133-15 (A) 1
T~378 812 J69-T25 () 2
T-38 1053 J85-5 (GE) 2
T-39A-F 14) J60-3A (P} 2
T-4iA-C 240 0-300(C) 1
Subtotal = § = 348|
Obsecvation Aircraft
0-1A 0470 (C) b3
0-2A,B 394 10360D (C) 2
OV-10A 110 T-76 2
Subtotal = 3 - 516
Helicopters
HR-3 94 T58-5 (GE) 1
HH-~43B-F 149 T53-1 (L) 1
HH-538C 57 T64-7 (GE) 2
UR=-1F 69 T58-3 (GE) 1
u,N,P 127 153-13 (L) 1
Subtotal = § = 496
TOTALS
45 Adrcraft types 12,410 Adrcraft # Turbojete

8 Turbofane
§ Turboprops
B Pistons

29 Basic Engine Models

AFTERBURNER

Yes

o
No

Yes
Yes
Yas
Yes
Yes
Yes

Yes
Yes

Tes

No

No
No
No
No
No

NO
No

No
fen
No

No
No
No

No

No
No
Yo

7 Afterburning
Engines

* The number of aircraft per model was compiled from the APLC prepared Aerospace Vehicle
Inventory report dated 21 March 1972 which vas declassified on 21 March 1973,

** Engine Manufacturers Code:
C - Continental;

A - Allison;

GE - General Electric;
G - Garrett Air Resasrch;

5

P - Pratt & Whitney Adrcraft;
L - Lycoming.
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Table II

USAF AIRCRAFT ENGINE USAGE*

Percentage

Percéntage
Engine of Major of Flying
Engines Hours
J-57 30.1 26.3
TF-33 9.3 17.8
T-56 11.2 15.8
J-85 10.5 10.5
J-79 15.6 9.5
J-69 6.6 7.2
J-60 1.4 2.5
T-76 .9 1.6
TrF-30 2.8 1.5
J-23 2.2 1.5
TF-39 9 1.1
J-75 2.0 1.0
T-58 1.4 1.0
TF-41 1.7 .8
J-65 .1 .5
T-64 .5 .4
7-53 .6 .3
T-400 .5 .3
J-71 A .3
J-47 .3 N

* Based on data from AFLC/WPAFB for 19,036 installed active engines
for the first quarter of 1972,
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Development of this computerized air-quality assessmeni model is currently
underway using the general Gaussian dispersion equations and incorporating the
puff theory and stagnation condition treatments as developed by Argonne Nationajl
Laboratory. This model will place major emphasis on developing characterizing
pollution from the take-off and landing of Air Force aircraft. Additionally,
dispersion from municipal, industrial, and vehicular pollution sources as pre-
viously developed by EPA and others will be included as an integral part of this
model so that comparisons to aircraft can directly be made.

Application of the air-quality assessment model will be initially made at
five Air Force bases. Bases Wwith large numbers of aircraft operations as flown
by SAC, MAC, TAC, ATC, and AFLC will be chosen.

4. SUMMARY OF PUBLIC LAWS AND EXECUTIVE ORDERS

The Federal Government has initiated laws for the specific purpose of pre-
venting further degradation of the atmosphere. The clean air act of 1963 is the
first major legislation to be eznacted for the purpose of investigating and con-
trolling air pollutiun, mainly at the regional and local level. The Act gives
the Federal Governrient authority to intervene in interstate problem areas.
Another vehicle that the Federal Government has used to express concern in pol-
lution is that of the Executive Order. One of the earliest of these dealing
with air pollution is Executive Order 10779 (ref. 7) (August, 1958) which directs
Federal agencies to cooperate with state and local officials.

The first mention of aircraft emissions as a possible source of air poilution
in a Federal Taw came about in the Air Quality Act of 1967. Under section 2116
of the Emission Standards Act of 1967 is the following statement (ref. 8):

"The Secretary shall condict a full and complete investigation and study
of the feasibility and practicability of controlling emission from jet
and piston aircraft engines and of establishing national emission stand-
ards with respect thereto..."

This statement corcerning the establishment of national emission standares for
aircraft engines is the primary reason that considerable public interest has
been generated in the area of aircraft emissions determination.

The Clean Air Act of 1970 (ref. 9) which created the Environmental Protection
Agency contains additional specific references to possible pollution being
emitted from aircraft operations. The Clean Air Act centains in section 231.1
the foliowing statement:
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"The Administrator shall ccmmence a study and investigation of emis-
sions of air pollutants from aircraft in order to determine:

A. The extent to which such emissions affect air quality in air
quality regions throughout the United States and,

B. The technological feasibility of controlling such emission."

Based on the infcrmation obiained from this study the administrator (EPA) was
to issue proposed emission standards applicable to the emission of any air pol-
lutant from any class or classes of aircraft or aircraft engines (ref.10). The
Clean Air Act of 1970 also contains a section (118) that directs all Federal
facilities to:

“....comply with Federal, State, Interstate and local requirements
respecting control and abatement of air pollution to the same extent
that any person is subject to such requirements."

The next sentence in this section does allow the President to exempt any Federal
emission source if he determines that it is in the best interest of the country
to do so.

Prior to the passage of the Clean Air Act of 1970 (December 1970) the
President issued Executive Order 11507 (ref.11) (February 4, 1970), "Control of
Air and Water Pollution." The following statement, made by the President upon
signing Executive Order 11507 shows the intent of the executive order:

“The order I am issuing today will require that all projects or instal-
lations 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 responsibility of the Federal Government from maintaining its own facility to
providing leadership to the nation in the areas of air and water po11ution—contro1
and abatement.

One could assume from the intent of this Executive Order that the Air Force
(in the following case) should take the lead in determining the extent of air
pollution produced by military aircraft operations, and when once determined,
should derive a plan to eliminate as much of the pollution as is practicably
possible. This task should be met and accomplished irrespective of the speed of
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compliance in the civilian sectors. Also, this order requires the Federal
facilities to comply with all present and, more importantly, future air and water
quality standards.

The proposed standards for aircraft and aircraft engines were published in the
Federal Register (ref. 12) on Tuesday, December 12, 1972 at the same time proposed
standards for ground operation of aircraft to control emissions were published
(ref. 13). 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 standards,

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

4
!
“
b
]
i
3
1
j
i

. (3) that maintenance of the national amibent air quality standards
and reduced impact of smoke emission requires that aircraft and air-
craft engines be subjected to a program of control compatible with
their significance as pollution sources.”

The first of the proposed standards, "Control of Air Pollution From Aircraft
and Aircraft Engines," was promulgated on 17 July 1973. Emission standards are
set for total hydrocarbons, carbon monoxide, oxides of nitrogen, and smoke.
Standards apply to newly manufactured engines and in some cases, in-use engines.
Test procedures are also indicated. These standards, however, do not currently
apply to military aircraft.

The second of the proposed standards, entitled "Ground Operation of Aircraft
to Control Emission," deals mainly with suggesting ways of modifying ground
operations so as to reduce emissions of the aircraft when they are on the ground
during idle and taxi modes. Promulgation of these standards is being delayed to
allow these modificatiuns to be investigated more fully by the Secretary of
Transportation since they could possibly lead to unsafe operating conditions.

The summary of the public laws and executive orders just presented clearly
states that emissions from aircF&ft operations are a significant cause of poilu-
tion in some areas and can become ﬁcre significant in the future. With this in
mind, EPA has proposed standards that should be implemented to remedy the

9
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situation. Section 118 of the Clean Air Act of 1970 places responsibility on the

Federal Government to comply with the Clean Air Act, but Executive Order 11507

(although signed before the Clean Air Act) Places even greater responsibility on .
the Federal Government, in that the government should take the lead in controlling

air pollution. Therefore, the Air Force must take the lead and do all that is

possible to determine the significance of the aircraft pollution problem and then

do as much as required to reduce the pollution from military aircraft operation.

10
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SECTION II
CONCLUSIONS ANC RECOMMENDATIONS

The following conclusions and recommendations are presentad as a very brief
summary of the material which is treated in greater depth in later sectiens.

1. CONCLUSIONS

Present aircraft emission factors for military aircraft are based on an
inadequate data base due to the sparse number of engines tested. Engine to engine
variability is therefore largely unknown.

Data on particulate emissions in all engine modes and on all pollutants in
afterburner engine modes are particularly lacking.

While EFA has determined that large civilian airports can significantly con-
tribute to the exceeding of Federal ambient air-guality standards, a detailed
study of the impact of large USAF airbases on surrounding air quality has never
been accomplished. Neither the requirement nor the degree of need for USAF
emission controls has therefore been established.

Average landing and take-off (LTO) cycle emissions characteristics for USAF
aircraft have not been determined. The accuracy of this determination is a major
factor in the overall accuracy of any aircraft impact assessment.

2. RECOMMENDATIONS

The AFSC project for the construction of an aircraft engine mobile emission
testing laboratory by Arnold Engineering Development Center (AEDC) should be
continued to develop a capability to measure relatively large numbers of engines

‘ently in the USAF inventory.

Emission measurements of ten engines per model (J-69, TF-30, etc.) are
initially recommended to investigate engine to engine variability.

Use of a mobile emission laboratory to performing tests at engine rebuilding
facilities (such as AFLC Air Material Areas) is recommended as opposed to trans-
porting targe numbers of aircraft engines to a central testing location such as
AEDC. In this way, the logistical problems of obtaining and operating active
engines are minimized.

11
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AFLC permission to allow emission tests at their AMA engine test facilities
should be sought. While every effo+~t will be made to perform these tests on a
minimum interference basis, engine operating times longer than normally used are
needed to obtain the complex emission measurements.

A thorough impact analysis using the best available aircraft emission factors
is recommended. Primary goals include:

a. Determination of airbase effects on surrounding air quality as compared
to civilian airport contributions and Federal standards.

b. Determination of t'+ significance of each type of USAF aircraft on air
quality.

c. Suggestion of pollution control strategies which are sufficient to prevent
significant environmental degradaticn yet not overly stringent so that high costs
are incurred to produce minimal environmental benefits.

Obtaining average LTO cycles fo~ each type of active USAF aircraft is recom-
mended. The suggested method of data collection is through Command channels
using the sample data sheet format as presented in section VI.

12
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SECTION III
PRESENT AIRCRAFT EMISSION FACTORS

The determination of aircraft emission factors has been proceeding for approx-
imately the last 13 years, with the only significant contributions coming in the
f last 5 years. The progress over this 5-year period in obtaining the emission
E factor information is reviewed in the following section.

i 1. EMISSION FACTORS LITERATURE REVIEW
a. Nature and Control of Aircraft Engine Exhaust Emissions (ref. 14)

In November 1968, Northern Research and Engineering Corporation (NREC)
published a report prepared for the National Air Pollution Control Administra-
tion entitled as above. The pollutant emissions published in this report (ref.
15) were gathered from three previously published reports: Air Pollution F-om
Commercial Jet Aircraft in Los Angeles County (ref. 16), Oxides of Nitrogen
From Gas Turbines (ref. 17) and Air Pollution Emissions From Jet Engines
(ref. 18) and from direct communications with engine manufacturers (refs. 19
through 23). Although this report presents the largest source of emission data
to November 1968, it is of iimited use for Air Force objectives. The major
drawback is that the data are presented by engine category (turbofan, turbojet
and turboprop) and not by specific engine type or aircraft type. The 1960 report,

"Air Pollution From Commerical Jet Aircraft in Los Angeles County, was based on
an intensive study of only one type of turbojet, the Pratt & Whitney JT3C-6
(ref. 16). The article "Oxides of Nitrogen From Gas Turbines" published in
January 1968 in the Journal of the Air Pollution Control Association contains
data from two commercial aircraft turbine engines, mainly the Pratt and Whitney
JT3C-6 and ihe Pratt and Whitney JT8D (ref. 17). The article entitle "Air
Pollution Emissions From Jet Engines" published in June 1968 in the Journal of
the Air Pollution Control Association contained data on three representative Air
Force jet angines (T-56, J-57)and TF-33) that have counterparts in the civilian
airlines (ref. 18).

b. Jet Engine Test (ell Emissions

in December of 1970 th: USAF Environmental Health Laboratory published a
preliminary report (ref. 24) with the above title. This report included the

13
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results of a literature survey on emission potentia:s of jet engines and a project
status report. The emission potentials were obtained from the following three
reports: Air Pollution From Commercial Jet Aircraft in Los Angeles County (ref.
13), Air Pollution Emissions From Jet Engines (ref. 15), and from Nature and Con-
trol of Aircraft Engine Exhaust Emissions {(ref. 12). As in the Northern Report,
the data were presented by the three major categories, turbofan, turbojet, and
turboprop.

c. The Potential Impact of Aircraft Emission Upon Air Quality

The second report of N.rthern Research and Engineering Corporation, with
the above title, was published in December 1971 (ref. 25). The emission factors
in this report were presented in a similar manner as the first NREC report with
the major modification that the engines were designated by the class of aircraft
on which they were used, and an example engine in each class was listed hy series
name. This report was the first major report that contained data in any quantity
on emissions specifically from military engines.

d. Analysis of Aircraft Exhaust Emission Measurements

During the same time period that NREC was conducting its study under
contract to EPA, work was progressing under another EPA contract by Cornell
Aeronautical Laboratories to gather enission factors. The raw data on emission
factors were submitted by eight contractors to Cornell Aeronautical Laboratory
for data reduction. Cornell then prepared the formal report entitled as above
which was published in October 1971 (ref. 6). The Cornell report contains
emission data on 392 engine tests, comprised of 199 turbine/turboprop tests,
140 piston engine tests and 53 tests on auxiliary power units (ref. 26). The
emissicn data are reported by series, model and serial number of the engine
tested instead of the method previously used of report:ng by aircraft class or
engine category. The emission data contained in this report are mainly for
engines used by civilian aviation; however, the report does contain a limited
quantity of data from military engines.

e. Noise and Air Pollution Emissions from Noise Suppressors for Engine Test
Stands and Aircraft Power Check Pads

In January of 1972, the USAF Environmental Health Laboratory at McClellan
AFB published a report (ref. 27), entitled as above, on emission factors that was
the result of work completed after his preliminary report of 1970. The 1972
report contains data on military aircraft engines operating in the afterburner
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mode. This report also represents one of the few sources of quantitative infor-
mation concerning particulate loading in exhaust gases from military or civilian
jet engines.

f. Assessment of Pollutant Measurements and Control Technique and Develop-
mant of Pollutant Reduction Goals for Military rircraft Engines (ref. 4)

The above AFAPL report was published in November of 1972 and therefore
represents the mosc recent compilation of emission factors for military aircraft
engines. The emission factors tabulated in this report were gathered from the
following titles: ‘“Analysis of Aircraft Exhaust Emission Measurements" (ref. 6),
"Measurement of Pollution Emissions From Afterburning Turbojet Engine at Ground
Level Part II-Gaseous Emissions" (ref. 28), "Letter Repor* on Gaseous Emissions
from the J-57-F21A Engine" (ref. 29), "Exhaust Emission Characteristics-GE
Engines" (ref. 30), and personal ccrrespondence of the authors (ref. 31). The
format for presenting the emission factors in this report varies from the reports
previously reviewed. The enission factors are presented only for the mode that
is considered significant for the particular pollutant under consideration. The
pollutants and the modes are as follows: CO and hydrocarbons for the idle mode
and NO, for the take-off mode.

2. COMPOSITE EMISSION FACTOKS

The emission factors presented in table III are composite values of air
pollutant emissions from military turbine and piston engines. While many of
these values are not supported by a strong statistical data base, they represent
the numbers which in the authors' best judgment should be used as the most
accurate emission factor based on present data. These values should satisfy the
jmmediate need for preliminary emission factors to be used in Environmental Impact
Assessments and Statements. The emission factors presented in this table are a
composite of published data or in some cases represent the only measurement
presently available for the specific engine series. The footnotes that accompany
each emission factor provide the reference or references that were used in
determining the composite value and the method used in determining the numerical
value.

Emission factors in tabie III represent the emissions from about 43 percent
of all engine models currently in use by the Air Force but account for about 82
percent of the total engine usage. To one who is not familiar with engine model
and associated aircraft, the data could have only limited usefulness. Therefore,
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table I in section I gives the aircraft's common name with number of aircraft in
service, the type of power plant including model and series, the number of engines
per aircraft, and whether or not the engine has an afterb:rner. A comparison of
tables I and III will indicate the degree of unavailability of emission factors.
For example, of the 21 turbine engine mcdels presented in table I, only 10 are
presented in the composite table II as having emission factors available.

The emission factors preserited in table III were given by model number only
and not further subdivided by series. This procedure was taken even through there
are many series within some models (as indicated by the 5 series of model J-57
presented in table }) due to the limited availability of emission data from
specific series. The emission factors table will be expanded to include specific
series when additional data becomes available. Until then, care should be
exercised in the use of the data contained in table III, especially when applying
the emission factors to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>