Appendix A

Data Required
To Evaluate Aircraft

Measures

LY P
AIR POLLUTION MITIGATION MEASURES

FORAIRPORTS AND ASSOCIATED ACTIVITY S——ee— e dm




o —_— y 3
M AIR POLLUTION MITIGATION MEASURES
=2y ———————— FORAIRPORTS AND ASSOCIATED ACTIVITY




— APPENDIX A —

Data Required
To Evaluate Aircraft Measures

The data required to evaluate mitigation
measures from aircraft opecations are aircraft
type, nurnber of LTOs, engine :ype, engine emis-
sion factors, and mode tires. The dat and
sources listed below were used to calculate the

" reference emissions estimazs. ‘The data used
was specific to the airports noted in the report.
For each measure, the key data and sources
(other than the ones below) are detailed in the
key inputs and references secdons of the mea-
sure’s discussion. Unless noted in a measure’s
key inputs section, the datz and sources listed

 below were used to calculate the measure’s emis-
sion estimate. Contact airlines if more demailed
or airport specific datz is nesded.

"The FAAs Airport Activicy Statisties of Certi-

JSicated Route Air Carriers is a yearly publica-
tion that lists aircraft types and annual LTOs
by airport, airline, and aircraft. The type of air-

. craft, including cargo, and number of LTOs for -

all service were obtained from the document.
The particular engines thar operate on
aircraft, engine emissions factors, and default

time-in-modes are provided in the U.S. EPA's
Procedures for Emission Invenzory Preparation,
Chapter 5 - Aircraft, which is included in this
appendix, as well as in Ftd’s direraft Engine
Emissions Database (FAEED). FAZED is an auto-
mared (computerized) menu-driven proce-
dure for calculating an aircraft emissions
inventory. The database was used in con-
junction with EPA's report <o calculate the
commercial aircraft emissions. Defaulr dme-
in-modes, as provided in FAZZD, were cho-
sen for all aircraft except for taxd ime. EEA has
confidential data from three airlines that pro-
vides taxi times for some California airports.
Weighted average taxi times based on this
data was used in the calculations. When
selecting an aircraft’s engine, there sometimes
is a weighted average option that calculates
an average engine’s emissions by populadon
market share. This option was chosen when
available. When the weighted average opdon
was not available due to lack of sufficient infor-
madon, the most common engine was chosen.
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Energy and Environmental Analysis, Inc.
recently updated EPA's Procedures for Emission
Inventory Preparation, Chapter 5 - Aircraft.

This document is an excellent reference
describing the concepts and procedures for
developing airport emission inventories and
provides information on engines and engine

NOTE

emission factors for commercial and military
aircraft. Ivis reproduced in its endrety begin-
ning on the following page. The default val-
ues described have not been approved by ARS.
Calculations should be made using actual
dara, specific to local conditons, to the extent
possible.

AIR POLLUTION MITIGATION MEASURES
FOR ATRPORTS AND ASSOCIATED ACTIVITY

A-2




~ CHAPTER 5 —
Emissions From Aircraft

This chapter describes the procedure for calculating emissions from civilian and military
aircraft within an irventory area. The basic methodology determines aircraft flee: make-up
and level of activity 2nd then calculates air pollutant emissions on an annual basis. Variations
to the methodology, which account for seasonal changes or specific operational considerations,
are covered also. Firzlly, changes expected in the fleet in the future and the effect on emissions
are briefly describec zc the end of the chaprer,

The inventory methodology and emission factors have been updated since the last edition
of this report. This chapter also updates the emission factor information that appears in
Compilation of Air Pe Zutant Emission Factors, Fourth Edition and Supplements, AP-42 (Reference
1). Subsequent to th publication of this document, AP-42 will be formally updated and may
include some additicnal data, primarily on general aviation and military aircraft, which was
unavailable when this reporz was prepare.

5.1 Overview Of The Inventory Methodology

Preparing an emissions inventory for aircraft focuses on the emission characteristics of this
source relative to the vertical column of air that ultimately affects ground level pollutant con-
centrations. This porZon of the atmosphere, which begins at the earth’s surface and is simulated
in air quality models, is often refezred to as the mixing zone. The aircraft operations of inter-
est within this layer a= defined as the landing and takeoff (LTO) cycle. The cycle begins when
the aircraft approaches the airport on its descent from cruising altitude, lands, and taxis to the
gate. It continues as the aircraft taxis back out to the runway for subsequent takeoff and climbout
as it heads back up to cruising aldrude. Thus, the five specific operating modes in an LTO are:

¢ Approach

* Taxifidle-in

* Taxifdle-out
¢ Takeoff

* Climbout
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Most aircraft go through a similar sequence during a complete operating cycle. Helicoprers
may combine cezzain modes such as takeoff and climbour.

5.1.1 Facrors Affecting Emissions

The LTO cycle provides a basis for calculating aircraft emissions. During each mode of ope:-
ation, the aircraft engines operate at a fairly standard power setting for a given aircraft category.
Emissions for one complete cycle for a given aircraft can be calculared by knowing emission fac-
tors for specific aircraft engines at those power settings. Then, if che acdviry of all aircrafzin the
modeling zone can be determined for the inventory period, the total emissions can be calculat-
ed. Each of the dominant factors that affect the emissions from this source is discussed below.

5.1.1.1 Aircraft Categorization - For a single LTO cycle, aircraft emissions vary consid-
erably depending on the category of aircraft and the resulting typical flight profile. Aircraft can
be categorized by use. Commercial aircraft include those used for scheduled service transport-
ing passengers, freight, or both. Air taxis also fly scheduled service carrying passengers and/or
freight but usually are smaller aircraft and operate on a more limited basis than the comme:cial
carriers. Business aircraft support business travel, usually on an unscheduled basis, and gener-
al aviation includes most other non-military aircraft used for recreational flying, personal trans-
portation, and various other activities.

For the purpose of creating an emissions inventory, business aircraft are combined with gen-
eral aviation aircraft because of their similar size, use frequency, and operating profiles. In this
inventory methodology they are referred to simply as general aviation. Similarly, air taxis
are treated much like the general aviation category because they are rypically the same types
of aircraft. Military aircraft cover a wide range of sizes, uses, and operating missions. While
they often are similar to civil aircraft, they are handled separately because they typically oper-
ate exclusively our of military air bases and frequently have distinctive flight profiles.
Helicoprers, or rotary wing aircraft, can be found in each of the categories. Their operation
is distinct because they do not always operate from an airport but may land and takeoff from
a heliport at 2 hospiral, police station, or similarly dispersed location. Military rotorcraft arc
included in the military category and non-military rotorcraft are included in the gencral avi-
ation category since information on size and number are usually found in common sources.
However, they are combined into a single group for calculating emissions since their flight pro-
files are similar.

Commercial aircraft typically are the largest source of aircraft emissions. Although they
make up less than half of all aircraft in operation around a mewopolitan area their emissions usu-
ally represent a large fracdion of the total because of their size and operating frequency. This may
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not hold true, of course, for a ciry with a disproportionate amount of military aczvity or a city
with no major civil airpors.

5.1.1.2 Pollutant Emissions - Aircraft pollumants of significance are hydrocarbon (HC), car-
. bon monoxide (CO), oxides of nitrogea (NOx), sulfur dioxide (SO5,), and pardculiates (PM,g).
The factors that determine the quandty of pollutant emitted are the emission index “or each oper-
ating mode (pounds of pollutant per 1000 pounds of fuel consumed), the fuel consumption
rate, and the duration of each operadng mode. HC and CO emission indexes are vezy high dur-
ing the taxi/idle phases when aircraft engines are at low power and operate at less than optimum
efficiency. The emission indexes fall as the aircraft moves into the higher power operating
modes of the LTO cycle. Thus, operation in the txi/idle mode, when aircraft are on the ground
_at low power, is a significant factor in calculating total HC and CO emissions. For areas which
are most concerned about the contribution of aircraft to the inventory of HC and CO, special
attention should be paid to the time the aircraft operate in the taxi/idle modes.

NOx emissions, on the other hand, are low when engine power and combustion tempera-
ture are low but increase as the power level is increased and combustion tempezature rises.
Therefore the takeoff and climbout modes have the highest NOx emission rates. If NOx is a
primary concern for the inventory area, special effort should focus on determining an accurate
‘height of the mixing layer, which affects the operating duration of climbout.

Sulfur emissions typically are not measured when aircraft engines are tested. In evaluating
sulfur emissions, it is assumed thar all sulfur in the fuel combines with oxygen during combus-
tion to form sulfur dioxide. Thus, sulfur dioxide emission rates are highest during rakeoff and
climbout when fuel consumption rates are high. Nationally the sulfur content of fuel remains
fairly constant from year to year at about 0.05% wr. for commercial jet fuel, 0.025% wr. for mil-
itary fuel, and 0.006% wrt for aviation gasoline. This is the basis for the sulfur dioxide emission
indexes in the wmbles included in this methodology. If the sulfur content of fuel varies signifi-
cantly on a local basis, the emission index can be adjusted according to a ratio of the local value
to the national value.

Particulates form as a result of incomplete combustion. Particulate emission rates are
somewhat higher at low power rates than at high power rates since combustion efficiency
improves at higher engine power. However, particulate emissions are highest during takeoff
and climbout because the fuel flow rate also is high. It is particularly difficult to estimate the
emissions of this pollutant. Direct measurement of particulate emissions from aircraft engines
typically are not available, although emission of visible smoke is reported as part of the engine
certification procedure. Particulate emission factors for only a few aircraft engines are includ-
ed in this chapter.
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5.1.1.3 Aircraft Engines - The aircraft powerplant is the source of exissions of the key pol-
lutants that result from fuel combuston. Emission rates vary depending on the fuel consump-
tion rate and engine specific design factors. In 1984, EPA established stzadards for HC emis-
sions. In developing the emission limits, EPA defined an operating rezimen to standardize
the engine certification testing procedure and method for determining eagine HC emissions.
The standard appiies o jet engines over 6,000 Ibs-thrust and emissions ac= calculated based on
a specific LTO cycle. EPA considered in~use engine deterioration when the standards were devel-
oped but concluded that, because of the high levels of maintenance of aizcraft engines for rea-
sons of safety and fuel economy, emission performance would not detericrate significantly. The
operating parame:ers used in the standard for the LTO cycle can be used 2« default values in cal-
culating emissions when more specific information is not known. Tr.ese default values are
defined in later sections of this methodology.

When the standards went into effect, some engines in production couid already meet them
due to design changes made previously for improved fuel efficiency. Otzer engines had to be
redesigned to reduce their HC emissions so that they could remain in production. In-servicz
engines were not required to be rexrofitted in the normal course of periodic servicing and rebuild-
ing. These older engines, many of which remain in service, have HC emissions thar exceed the
standard. New engine designs, produced since the standards went into eZect, have HC emis-
sions much lower than the standards. As a result of design changes made to the engines that
meet the HC standard, emissions of CO also generally went down while NOx emissions tend-
ed to increased. However, the change in these pollutants was much less dramaric than the
decrease in hydrocarbons. The smoke number for the newer engines also is lower due to spe-
cific design changes intended to reduce smoke production, which is regiated by EPA.

¢ 5.1.1.4 Operating Modes - During the LTO cycle, aircraft operate £or different periods of

‘ time in various modes depending on their particular category, the local meteorological condi-
tions, and operational considerations at a given airport. The “Time-In-Mode,” or TIM, as
used in this methodology, takes these factors into consideration. Table 5-1 shows representa-
tive LTO cycle times for several aircraft categories.

Duration in approach and climbout depends largely on the local meteorology. Since the
period of interest is during operation of the aircraft within the air modeling zone, the inversion
layer thickness determines how long the aircraft is in this zone. The invession layer thickness
is also known as the mixing height or mixing zone since the air in this layer is completely mixed
and pollutants emitted anywhere within the layer will be carried down to ground level. When
the aircraft is above the mixing layer, whether on descent or when climbing to cruising alu-
tude, the emissions tend 1o disperse, rather than being trapped by the inversion, and have no
ground level effect.
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TABLE 5-1

Default Time-In-Mode For Various Aircrafe Categories!

t Source: AP-42 (Referance 1).
2 Civil aircraft satais lor large

4 Fgnters and attack aircraft only.
§ Time-n mece s highly variable.

congasiea meropolilan airper's. Taxiic'e out and in imes as high as
-US. Air Force, 25 ang 17 minutes, respeciively,
3 SSS:F UL_JS.SN":?'“ have teen roted. Use local cata

basa if possible.

6 Inciuces all urtine aircrait
not soecified eisewhere

et Time in Moca (Minutes)
Tax ax
Aircraft iclecut  Takeoff Climoout Apgroacn Icle-in Teral
Clvil2
Commercial Carrier
Jumbo, leng and meciumrrange set...... 190 0.7 22 40 70 323
TUIBOPIEE et °9.0 058 25 45 7.0 333
TranSEOrt SISO vt 8.5 086 5.0 48 6.5 23.2
Gereral Aviaticn
Business jet 8.5 0.4 0.5 1.6 6.5 *85
Turbopreo ... 183 05 25 4.5 7.0 33s
Piston 2.8 03 5.0 6.0 40 27.3
HElCOBOY e e 23 - 6.5 6.5 35 220
Military3
cmbats
USAF ... rtrcierermecteenccveveesrsessirineensne 8.5 04 08 35 11.3 345
USNS ..o ceeecreerene e et ee v e snean 8.3 0.4 0.5 1.6 g5 “£5
Trainer - Turcine '
USAF T-38.... et v 123 04 09 38 6.4 243
USAF gereral... 6.3 0.5 1.4 4.0 4.4 A
UBNS ...vetieeccnsre e rere st se st e sees 8.5 0.4 0.5 1.6 6.5 18.5
Transport - Turcines
USAF general.......ccoovcmmeneninvenneinine 9.2 0.4 1.2 51 6.7 228
USN e cereremtenee et e smssnaens 9.0 0.5 2.5 45 7.0 335
USAFB-32 and KC-135 ....ueocvvveeeene. 32.8 0.7 1.6 5.2 14.9 83.
MIHIEry - PISICN cecrererneneeeireeeseses e oencene 83 0.6 50 46 6.5 232
Military - Heilcopter ....ooocevvvvinrnvceenee. . 8.2 —_ 6.8 6.8 70 . 29.6

(i.e., ransgort. cargo, observaucn,
pavol, antsucmarine, early warnng,

and utility).

Taxi/idle time, whether from the runway to the gate (taxi/idle-in) or from the gate to the run-
way (taxi/idle-out), depends on the size and layour of the airport, the amount of traffic or con-
gestion on the ground, and airport-specific operational procedures. Taxi/idle time is the most vari-
able of the LTO modes. Taxi/idle time can vary significantly for each airport throughout the day,

as aircraft acdvity changes, and seasonally, as gencral travel activity increases and decreases.
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The takeoff pesiod, characterized primarily by full-throttle operation, typically lasts until the
aircraft reaches benween 500 and 1000 feet above ground level when the engine power is reduced
and the climbout mode begins. This wansition height is fairly standard and does not vary much
from location to location or among aircraft categories.

This methodology describes techniques and data sources for determining the cridcal variables
in the inventory calculatons. When an inventory is being created for a particular area, the fleet
make-up, aircraft actvity, and tmes-in-mode will be specific to thar area. Engine emission
indexes, on the other hand, depend on the engine design and are provided in reference tbles.

Where specific information may be difficult to obtain, simplifying assumptions are dis-
cussed. An automated (compurerized) calculation procedure, which can simplify data man-
agement, has been developed by the Federal Aviation Administradon (FAA) with support from
EPA and can be obrained from the FAA Technology Division, Office of Environment and
Energy, 800 Independence Avenue, SW, Washington, DC 20591, (202) 267-8933. The FAA
Aircraft Engine Emission Darabase (FAEED) includes information on the engines mounted
on specific aircraft with emission factors for each of the engines, in addition to a menu-driven
procedure for calculating an aircraft emissions inventory.

5.2 Inventory Methodology

The steps in the methodology are basically the same for cach aircraft classification and each
location, even though several factors used in creating an inventory are site specific.

(1) identify all girports to be incluced in the inventory

{2) Determine the mixing height o be applied to the LTO cycle

(3) Define the fleet make-up for aircraft category using each airport

(4) Determine airport activity as the number of LTOs for each aircraft category

(5) Select emission indexes for ezch category

(6) Estimate a time-in-mode for each aircraft category at each airport

(7) Calculate an inventory based on the airport activity, TIM, and aircraft emission factors.

For a specific region where an emissions inventory is being created, steps one and two, the
airports to be included and the mixing heigh, will be determined largely by the assumptions used
in defining the scope of the modeling arca. Steps three through six are repeated for commercial
aircraft, general aviation, military aircraft, and helicoprers. The primary difference in creating
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an inventory for each type of aircraft is the references used to determine the fles: make-up and
activity. The following sections discuss ¢ach of these steps. Steps one and two are discussed in
terms of the specific modeling area while steps three through six are addressed together for
each aircraft category.

5.2.1 Airport Selection

Maps and regional information dirzctories are good sources for identifying civil airporss
and military air fields. Sectional aeronautical charts, published by the Aerorautical Charzs
Distribudon Division (C4+), Nadonal Oczan Survey, NOAA, Riverdale, MD 208-0, (301) 436-
6590 (§5.25 per map), particularly show the location of large and small airpors. Specific air-
ports to be included will be limited by the geographic boundaries of the modeling area. A sec-

- ondary reference is A/OPA4’s Aviation USA (Reference 2) which lists publicly and privately owned
civil airports, including heliports and seaplane bases, and locates them with directions relative
to specific cities, as well as providing ladzude and longitude coordinates. Much like the sectional
aeronautical charts, this reference provides general information on all but a few small landing
strips. These small air fields are unlikely to be considered for most analyses because they have
low activity, typically can accommodate only small general aviation aircraft, and therefore, con-
tribute insignificandy to the emissions inventory. (Many private use landing sites are listed in

. Reference 2 by city and site name but a telephone number is the only information given), £44
Air Traffic Activity (Reference 3) lists all airports with air traffic control towers operated by the
FAA. While this is a subset of the airports listed in these other references, all of the airporss in
urban areas with significant air traffic are included.

d

5.2.2 Mixing Height Determination

The height of the mixing zone influences only the time-in-mode for approach and climbout.
“This factor is significant primarily when caleulating NOx emissions rather than HC or CO. If
NOx emissions are an important component of the inventory, specific data must be gathered on
mixing heights. If NOx emissions are unimportant, mixing height will have littdle effect on the
results and the default value of 3000 feet can be used for more generalized results.

Mixing height should be determined in conjunction with those responsible for the air qual-

ity modeling of the region to insure that assumptions used for creating different sections of the
‘overall inventory are consistent. If the inventory is being created independently of any air qual-
ity modeling, the mixing height can be determined by contacting the National Meteorological
Center ar (301) 763-8298 or alternatively the National Climatic Data Center (NCDC) at (704)
259-0682. Another source of mixing height data is the EPA Office of Air Quality Planning and
Standards’ SCRAM (Support Center for Regulatory Air Models) Bulletin Board. This elec-
AIR POLLLTION MITIGATION VEASURES >
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tronic date base contains data used by various air quality models. Mixing height data, which
appears under the Meteorological Data Main Menu, comes from the NCDC. See Reference
4 for information about accessing this bulletin board. As 2 third alternative, typical mixing
heights can be found on Figures 5-1, 5-2, and 5-3 which come from Mixing Heights, Wind Speed:,
and Potential for Urban Air Pollution Throughout the Contiguous United States (Reference 5).
These figures, which show mixing height for a mean annual morning, a2 mean summer morn-
ing, and a mean winter morning, illustrate the seasonal variation in the mixing height. The
morning data corresponds to the few hours centered near the morning commuter rush houss,
which roughly coincide with the diurnal maximum concentration of slow-reacting pollutants in
many urban areas. Figure 5-1, showing annual mixing heights, may be used for creating an annu-
al inventory. If a seasonal inventory is being used for evaluating emissions during a peak ozone
period, the summer morning data from Figure 52 may be preferred. Episodes lasting two w0
five days occur most frequendy during the winter for much of the U.S. If these episode peri-
ods are of primary interest, the data from Figure 5-3 should be used. Reference 5 should be con-
sulted for additional information on the use of these figures. As a final alternative for mixing
height, a default of 3000 feet may be used. This value, which is used as the defaule value for the
EPA standard LTO, is incorporated into the calculations used for determining time-in-mode.

FIGURE 5-1 .
Reproduction Of Figurel = |

— FROM REFERENCE 5 —

Figure 1. (sopleths (m x 102) of mean annyal morning mixing heights (see Table B-1 for catay,
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FiGuRe 5-2

Reproduction Of Figure 4 ———

— FROM REFERENCE § —

Figure 4. isopleths (m x 102) cf mean summer. morning mixing heights (see Table 3-1 for cata),

FICURE 5-3

Reproduction Of Figure 2

~— FROM REFERENCE 5 —

Figure 2. tsooleths /m < 102) of mean winter mcrnieg mezing heights (see Tadle Ret lor dataj.
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5.2.3 Activity and Emissions for Commercial Aircraft

The next four steps relate specifically to creating an emissions inventory for commesrcial
aircraft. The procedures for other aircraft categories are discussed subsequently. Definition of
the mix of commercial aircraft that uses each airporz {step three) can be found in Airpore Activity
Statistics of Certified Route Air Carriers (Reference 6), published annually by FAA. Figure 5-4,
a copy of a page from Table 7 of that report, shows the information that is included by airpert.
All of the commercial aircraft that used the airporz for the given year are listed, along with the
number of departures during the year. This is the deet thar should be used for the inventory.

In step four the number of LTOs is determined by aircraft cype. Since Reference 6 lists depar-
tures, which are equivalent to LTOs, itis again the preferred source. From Table 7, the total depar-
rures performed for all service (both scheduled and non scheduled) should be used as the num-
ber of LTOs for each aircraft type.

The engines used on each aircraft type must be determined to select the emission factors for
step five. Table 5-2 lists aircraft and the corresponding engines used to power them. Many air-
craft use only a single engine model, while others have been certified to use engines from two
or three different manufacturers. When a single engine is listed for an aircraft model, emissions
data for that engine should be used. For aircraft with engines from more than one manufacrurer,
defining the specific engine mix used on the fleet of aircraft operating at a specific airport may
be extremely difficult. Individual airlines probably are the only source of detailed fleet data on
specific engine models and they likely do not have it readily available. To develop a represen-
tative engine mix for aircraft with more than one engine model, the percentage of each model
likely to be found on those aircraft in the U.S. fleet is shown adjacent to the engine model
number in Table 5-2. The recommended proceduze for compensating for the lack of detailed
engine data is using the percentages shown in the table as weighing factors. For example,
Boeing 757-200 cargos have been sold to U.S. airlines with Pratt & Whitmey PW2040 engines
as well as Rolls Royce RB.211-535E4 engines. The number of aircraft with each engine model
is 15 and 43, respectively, to give the percentages shown in Table 5-2 of 26 and 74. These per-

" centages can be used to divide the total LTOs for B 757-200s into three groups representing the

three engine types. This makes the inventory more representative than assigning a single engine
for all B 757-200s, since the emission factors are different for each engine.

After idehtifying the engines included in the fleet, engine emission factors are used to calculate
mass of emissions. For some of the engines shown in Table 5-2, emission factors have never
been determined. For these engines itis necessary to use emission factors from an altemative engine.
Table 5-3 Lists alternative engines recommended by the engine manufacturers. For most of these
engines, emission factors are available for a very similar engine, usually one of the same model and
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Reproduction Of A Page Of Table 7
~~ FROM REFERENCE 6 —

TABLE 7~Continyed
Alreraft Departurss Scheduled and Alreraft Departures Performed,
By Comenunity, By Alr Carrier, And By Alreraft Type
12 Months Ended Decamber 31, 1990
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TaBLE 5-2:

Commercial Aircraft Types And Engine Models

ine  Ne.C! Engine Madel (% of Aireras
Aircrafth E?gwez Engines m"':u &hnu(ta.ugtergu)
Aerospatiale ATR=2 TP 2 AN20(IPWC PWIATIPWC
Airbus A-300-84 TF 2 Cra-50(100)6¢
Aitbus A-300-500 TP 2 CF5-E0C2AS(100)GE
Airbus A-310-200 TF 2 CFE-20A3(D)GE JTSO-TRAE(100)PW
Airbus A-310-300 TF 2 CFE-30CZA0IGE  PWAIS2{100)PW
Alrbus A-320-200 TF 2 CFMSG-SA(100)GE
BEECH 184 TP 2 R-S35-AN(ICO)PWS
BEECH BH-C99 TP 2 3T6A-36(1C0)PWC
'BEECH BH-1900 P 2 PTEA-ESS(10OPWC
Boeing B-707-3008 TF 4 JT30-38(1000PW
Boeing 8-707-300C TF 4 JTD-3B(1C0PW
Boeing 8-727-10C8 TF 3 JT80-TGPW JTEO-TA(4)PW JTE0-TATR(<) STEC-TAGA(NPW JTED-TB(TOPW  JTED-TS3ALenW
STEO-TD(FW JTE0-{11PW JTaC-SA(1PW
Boeing B-727-1004$ TP 3 JTED-TALS)PW JTED-TATBITCIUPW  JTSC-TASTR/SAIPW JTED-TS(SO)PW  JTED-7R/GA(NPW  JT3D-S(1)PW
Boeing B-727-200 T3 JTED-TAlOPW  JTBD-7B{18)PW JTE0-S(20IPW JTEC-3AGIPW  JTBD-1S(EPW  JTED-1SAZHW
JTED-158(PW  JTED-17{3)PW JTED-1TAL)PW JTE0-1 TREIPW
Boeing 8-737-100/200 TP 2 JTED-7B(IQPW  JTBD-SA[39)PW JTE0-1S(10)PW JTEO-1ZARZAIPW  JTED-17PW  JTED-17AINPW
Boeing 8-737-200C5 TE 2 JTED-TA(ICIPW  JTBD-OASIPW  JTED-SAUISFW JTa0-15i)PW  JTBD-17(32)PW  JTAD-1TA(ZIRW
“Boeing 8-737-200 TF 2 CAMS5-3(100)GE?
Boeing 8-737-400 TF 2 CPMSE-3(100)GE
Basing 8-7474 T 4 JTSO-TFUI00IPW
Boeing B-747F4 T 4 JTO-TFE)MW JT90-70{1 PW JTSC-TRAGZ(PW  JTSO-TSA(3E)PW
Boeing 8-747SP TP 4 JTO-TABSIPW  JTOD-TA-SP{ISIPW
Boeing B-747-2008 TF 4 CF5-50(3\6E3 CFS-80C2B1Q0)GE - JTSO-A(TPW JTED-T(0PW  JTEO-TA(SSIPW  JTCD-7AR{SIPW
JTSO-TR(S)PW JT80-T0(13)PW JTSO-TRAG2(PW
Boaing B-747-400 CTF 4 PWAOSSICOIPW
Boaing 8-757-200 TF 2 RB211-S35E4(1RR  PW20A7(92)PW PWZCAO(TIPW
Boeing B-757-2004 TF 2 PW2040(26)PW RB.211-53SE4(74RR
. Boging 8-767-200 TP 2 CF5-20AZ(SGE  CF6-R0CZB2(12)GEN JTSD-TREDROPY
Boeing 8-767-300 T2 CFa-B0CZBEIOIGEN PWAGBOQIW e
Srit. Air Carp. BAC-111-2C0 TF 2 Soey Mk S11{100}RR12
Brit. Aero. BAe-146-1 TF 4 ALFSC2R-S(10oMyc
Brid. Aero. BAe-146-2 TF 4 ALFS028-5(1C0)Lye
Brit, Asro. Concards T Omous 533 MGIOUGOIRR e ———m,ee
Beid. Aero, JETSTREAM 31 TP 2 TPE331-10UF(100)G2
CESSNA 4044 P2 TSI0-520-VB(100)Con12
Convair CV-580 TP 2 SOID13H{COAILR
Canvair CV-5404 TP 2 DatS42-4(100)8R
- de Havilland DASH-7 TP 4 PTBA-SO{ICOIPWC
de Havilland DHC-6 TP 2 PTEA-20(ZBPWC  PTEA-27(74)PWC
de Havilland CHC-8 TP 2 PWI(ITIPWC PW120A(B3IFWC
EMBRAER13 TP 2 PTEA-34{1C0IPWC
EMBRAER EME-120 TP 2 PWHESIPWC PWI1BA(ISIPWC
Fairchild FH-227 TP 2 OanSI47(100)RR
Fokker 100 TF 2 Tay60-1S75RA  Tay650(25FR
Fokker F-27 SERIES TP 2 OatSI-7(ISIR  DatS28-7E(10AR Dt S32-7(5)AR Dan S32-TH{AFR  Dant $32-7P(241RR
OatS32-7AGAR  DanS3S-7RGIRR  DatSIS-TE(IAR  Dart S52-7R(28)FR
Fokker F-28-10001 TF 2 SoeyS55-15(100)RR
_ Fokker F-28-4000/80014 TF 2 SpeySS5-1SHUIZAR  Spey 535-15P/3G1AR
K A
. AIR POLLUTION MiTICAar0N MEASURES
e —————— . . .
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TABLE 5-2:

Commercial Aircraft Types And Engine Models — Condnued

Enpne Ne. 3t Sngine Model (% of dircais)
Aircak et _Erges facurer?
Lockhess L-100-304 P8 301022000
Lockhees L-188A/C 74 ~0101"(’CO]AH tz
LLockheed L.-188A/C4 P4 01013(:50AIN
Lockhead L-1011100/2CC8 P03 RB2N-23(9RR RB211-228/524B4{1)RR
Lockheed 1-1011-500 TR TF 3 RB2S24B4(1C0IRR
McDonnell Douglas 0C-64 P4 S2800('COPW2
McDernelt Dougias DC-CA¢ P4 F2600(:£0)PWN2
" McDornell Qouglas DC-3-60 7 4 .T3D-23(ST)PW JT30-7(43)FW
McDonneli Qouglas DC3-618  TF 4 JT3ID-38(100)FW
McOonnell Douglas OC-3-62¢  TF 4 JT3D-2R('SIPW JT30-380L20PW  JTIC-Ti5aPW
McDenne!t Douglas 0C-3-53F¢  TF 4 T30-23(24)PW JT30-7(42PW JUD-TISEANPW  JTED-TETiFW
McDonnell Couglas CC-3-70  °F ¢ SFMSS-2-01(100162
McDonneil Douglas 0C-3-71 TP 4 CEMSS-21100)62
McCornelt Douglas 0C-3-10 2 JT80-T(Co)Pwne
McQonnell Couglas OC-3-18F  TF 2 .T80-7(:5) JT80-7A(4) JTBC-TA/TB(4) JTE0-78(77)PW
McCannell Couglas 0C-3-306 7 2 .TED-""A(S)P.V JT8D-78(82)PW JTED-2A(19)PW JTe-1S{APW  STED-iT(1PW
McOomell Douglas 0C-340  TF 2 .T8D-1S{100)PW
» McDornell Qougtas OC-3-30 7% 2 JTSD-i7ieT)PW JTED-17A(3 2P
McDorneil Qouglas OC-3-801  TF 2 JT80-208!SIPW JTaD-217(121P 8C-2TAGBIPW  JTED-23TCI2SPW LTEC-218022)PW
McOonnell Qouglas 0C-10-10 77 3 $F8-§(100M6¢
McOonneit Douglas 0C-10-104  TF 3 CFS-8(1COGE
McDornelt Douglas 0C-10-30  TF 3 £F3-56(320)G¢F
McDomnell Douglas OC-10-304 7% 3 CFS-50(1COIGE
McDocne Douglas 0C-10-40  TF 3 JT90-20(100)PW
McDonnell Dougias MD-11 TF 3 CFe-CIDIF(100)GE PWARE0)PW
NAMC YS-1t 7 2 DatS42-sQIQ2SIRR  Oart S42-1CK(T3iAR
Saap SF-340A P2 CT-sA(6e: CT7-5A2( 162 CI7-7%; jGEs
* SHORTS 360 TP 2 FTBAGEAR(IZIPWG  PTEA-GSR(SSIPWC  PTSA-STR(26)PWC
Swezringen SWEAR-METRO1 77 2 TPE331-51U-811G()Gaw PTEA-SE3( }PWHe

1 Sowrce of Aircralt, Typo and No. of
Engines is A!mwmu.am_.
i atart Rege Sarsar
(Relerenca 6).

2 Engine Types: TF- Turbcfan, TJ-
Turociet, TP - Turboprop. P - Pisten

3 Fellowing the engine moce: is the ser- -
cent of aircraft in parenthesas whic: ¢or-
rasoond 1o the parscular engine ang e
anging manulacturer. GE angine caia
cbtamed from GE Aircraft Sasieas:
Commercial Arocram Stans (Reference
10} ang Office of Combusion Tachrio-
logy. GE Aireralt Engines (Reference 11),
Cerresponding percents of aircraft reler
to U.S, commercial and governmaent air-
craltin op PAW, PAWC, and FR engne
dala colgined lrom TurbicaEngires
Eleats of the World's Airlings 1990 (Fafer-

ence 12). Corresoonding percents of air-
craft refar only lo U.S. aifines.

Engine Manufacturers:

Con - Telacyna/Continental,
GE - General Electric,

Grt - Garrelt AiResearch,

a e

®x ~

10

Lye - Avcollycoming, P - Pratt &
Whilrey. PWC - Prant 2 '‘Whinay Canaca,
RA - Rctis Aoyce

All Cargo Sarvices.

Percent of aireralt assumec 100%.
Some aircraft have a mixiure of ang:nes.
In caleulatng a weignied average of
eNGING eMISSION lactors. assign ecuva-
lent weights 1 all engines n ha mixture.
Rafers 0 8-737.300 and -500 arcralt.
Infermation from e eng:ne manufacturer
Suggesis using the Pw JT9D-

bired the numoer of airsralt in eseration
of §-767-200E= ana -30CSR arcraft, 1tis
assumed (hat an ecuai iswtuten
between the two awcrait mocals exists.
Source of angine nfomtazen is Macam
Coemmere:y Airc2ali (Re'arence 20).
Percent of awcralt assumaa 100%.
Assumea EMB- 10 arcralt,

inlormatuen from the eng:ne manufacturer
SUGCests using the RE SPEY MksS3S
enging emission faciers ‘or all Foiker F.
28 aircran.

A d MD-30 aircrait.

TF{mocVY7A(moaV) engine ]
faciers in place of P\V JTSD-7 engine
emissicn factors.

Refers to 8-747-200. -3C0. and SR air-
craft.

Rafars 10 B-767-200€R arcralt. GE cem-
bined U@ number ¢f arcralt in operation
ot B-787-200ER and -30CER arrcralt. itis
assumea thai an equal Sisinbubon
between (e Iwo arcraft meceis exists.

Relers 10 B-767-30CSX areralt. GE com-

A-15
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Source of engine informaiicn is Madem
Commercial A1zl (Feigrence 20).
Percent of aircrai unknewn.

S of engine in cnis Modeen
Comerergial dirc-alt (Raferencs 20).
Engne relars to METRC ill aircralt,
Percent of arcralt unknewn, ’
Source of engine informayon is Madem
Commers:al drzealt (Relerance 20).
Engine relers to METRC HA aircralt,
Percent of arcraft unkncwn

LY
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[} )

Alternative Source Of Emission Data
For Some Aircraft Engines!

Snoine ¥odgl

Sourcs for
Szisstons Daszal

TRENT 600 sariss
TRENT 700 saries
SPEY MXS06

SPEY MK353-13

GE Cré-6 CFa-8D
Cr6-50 Cr6-S0E/CL/EL/C2/22
CT7-5A CT7.5
CT7-5A2 C17-%
CT7-7¢ cT7-5

GE (SCNECMA) CrNS6-2 CFMS6-28
CM56-2-CL CFMS6-28
CrM56-5A CMs6-5Al

P&W JT3D serties Contact manufacturar?
JT8D-7D JT80-7/7A/78
JT&D-158 JT8D0-13 ]
J19D-3A Contact manufassursr
JT9D-7A-5P JT9D-7F/7A
JT9D-7AH JTID7F/7A
JT9D-20 JT9D-TF/7A
JT9D-70A JT9D-70/59/7Q
PUL060 PULLED

RR RB211.S3ISES Contact manufactursr’
RB211-3535FS Contact manufacturer

Contact manufacturer
. Contact manufaciurer

Contact manufactursy
SPEY MXSSS

SPEY MXS58-15P SPEY MKSSS

SPEY MXS55-1SH SPEY MXSSS

SPEY MKS12 Contact manufacturar
TAY MK&S1 Canzact manufactursr
Dare 516.7 Darz RDa7

Darc $28-7E Dart RDa7

Dart $32-7 Dart RDa?

Daret $32-7N Dart RDa?

Darc 532.79 Dart RDa?7

Dart $32-7R Dart Rba?

Darc 535-7R Dart RDa?7

Dagzt $36-7E Daztc RDa?

Dare $42-4 Darz RDalO

Dart $42-10J Darc RDalO

Dart $42-10K Darc RDald

Daxt $52-7R Darc RDa?

U FAA Alrerafc Engine Eaission Dacabase doas noc identify chese alcernagive
asissien factors. A manual adjuscment <o che database oucput 3ay be requized.
2 As recommended by engine manufacturszss.

3 See listing ac Reference 21 for concact {nformacion.

¢ Sea liscing ac Refarence 25 for comcact {nformacien.

8 S S ‘
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a related series. For a small number of engines there is no emissions dam available and there are
no suggested alternatives. In these instances there are three approaches available. First, the
needed data may appear in the latest update of the FAEED data base. The FAA should be con-
tacted for the latest version of the data base as mentoned earlier. Second, for an aircraft with sev-
eral potential engine types, where no emissions data is available for one engine, the recommended
_procedure is to reallocate the market share among the engines for which data is available. Third,
if emission rate information (fuel consumption and emission index) for an engine model sdll
cannot be located the engine manufacrurer should be contacted directly. Information on contacting
the primary engine manufacturers is listed in the References section below.

After the engine types have been identified, fuel flow rates and emission indexes can be
found in Table 5-4. The data in this table has been updated since the last edition of this refer-
ence and of AP-42, to include new engine models and to reflect new data on models already in
'AP-42. The next version of AP-42 may have some additional new data for engines that have
not been updated here. (Updates primarily will be for general aviation aircraft engines.) The
fuel flow rates and emission indexes that appear in Table 5-4 for commercial aircraft are based
on information engine manufacturess provide to FAA and the International Civil Aviation
Organization. These data are representative of production engines. Emission indexes are given
for specific fuel flow rates which are representative of the power settings used during the different
operating modes. The emission index multiplied by the fuel flow rate gives an emission rate.

Step 6 is to specify a time-in-mode for each aircraft type. Take—off time is fairly standard
for commercial aircraft and represents the time for initial climb from ground level to about 500
feet. The default take—off time for calculating emissions is 0.7 minutes (42 seconds) and, unless
more specific data is available, should be used in this methodology. The time in the approach
and climbout modes depends on mixing height. As mentioned earlier, a default mixing height
of 3000 feet was assumed for calculating an approach time of 4 minutes and a climbout time of
2.2 minutes, which can be used if specific information on mixing height is unavailable. The pro-
cedure for adjusting these times to correspond 1o a different mixing heighr is shown below.

The mode most likely to vary by time for each specific airport is taxi/idle time. Total
taxi/idle dme for a very congested airport can be as much as three or four times longer than for
an uncongested airport. Taxi/idle-in time typically is shorter than taxi/idle-out dme because there
are usually fewer delays for aircraft coming into a gate than for aircraft lining up to takeoff: For
a large congested airport the taxi/idle-out time can be three times longer than taxi/idle-in time.
Taxi/idle time also may vary by aircraft type. For example, wide-body jets may all use special
gares at the terminal that place them further from the runway than narrow-body jets or small
regional commurer aircraft so their taxi/idle-in and taxi/idle-out times are longer. Becausc of
the variation in taxi/idle time, it is important to ger data specific to the airports of interest in the

ol =
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TABLE 5-4:
Modal Emission Rates - Civil Aircraft Engines!
Mcgel - Seres

Manulacturer? Power Emiss.cn Rales Parte-
Rateq Ory Quiput Moda Seting Fuel Flow =C [ae] NCX SO ulate

{1000 ibs Thust) [T ) -— 38 Der 100C bs —
SC1022A4 Takecif - 100% 396 0.28 &) 8.88
Alt, Ciimbeut 85% 36.63 0.89 2308 9.22
Appreach 0% 19 196 3.t 749
Taxiflcle 7% 10.17 17861 &S5 382

gcoe T T  Yakect . 100% 075 2081 gra1 487
Cen Climbout 85% 0.75 2081 9731 237
Approach 0% 043 3322 1167.84 1,14
Taxificle 7% 0.4 29 6ere2 138
te0s6acs T Takeet o 222 917 icaigs 271 041 -
Can Climbout 85% 168 955  c&c8 232
Appreach 40% 1.02 1131 9e3.0 377
Taxiflcla 7% 0.18 13826 5827 191
cren T T “Takect 100% 22963 0.3 0.5 20
GE Climbout 85% 189.20 0.3 05 328
393 Approach 0% 84.01 0.7 8.5 4
Taxificla 7% 2256 21 £42 25
CEsas T Takeetf | 100%  281.22 0.1 YT a08
Ge Climbeu 85% 234.13 0.1 a3 s8
2
2
3

1
4538 Appreach 0% 80.03 0.7 g 6.5
Taxificle 7% 26.72 327 £3. 39

CFR8-35AJA2 Takeoft 100%  268.12 0.co 0.4 25.45
GE Climbout 85% 219.97 0.14 0354 2181
458 Approach 30% 78.31 0.35 801 9.36
Taxi/lcle 4% 21.56 272 2404 34

CF8-50E/C1/E1/C2/E2 Takeoft 100%  321.17 0.6 e 365
GE Climbout 85% 25463 0.7 0.8 296
51.8 Approach D% 87.86 1 5.7 8.7

Taxificle 3% 22.24 49.3 813 24

Cr5-80A Takeoft 100% 283.73 0.29 1 23
Ge Climbout 85% 237.44 0.29 1.1 288
469 Appreach 30% 8135 ~ 047 3.1 iC.3

Taxi/idle 4%  19.84 6.29 232 34

Cr5-80A1 Takeott 100%  283.73 .29 28
Ge Climbout 85% 237.44 0.29 1 258
46.9 Approach % 81.35 0.4 3. 1C.3

Taxicle 4% 19.84 629 , 28, 34

Cre-80A2 Takeoif 100% 298.15 03 26
Ge Climbout 85%  249.34 0.37 i 2686
48.8 Approach % 84.79 045 2

Taxifldle 4% 19.84 6.28 29,

CF3-80A3 Takeolf 100% 298.15 03

Ge Climbout 85% 24934 0.37 1

48.9 Approach 0% 84.79 0.45 2.
Taxilldie ;4% 19.84 6.29 28,

CF5-80C2A1 Takaoff 100% 317.48 ces 088 3222
Ge Climbout 85% 253.34 0.09 0.54 2485
579 Appreach 30% 84,13 2 2.19 9.768

Taxificle 7% 26.32 9.19 4224 3.9

J— y
M AIR POLLUTION MITICATION VEASURES
e T FORAIRPORTS AND ASSOCIATED ACTIVITY

A-18



Mccet - Seres
*danuiaciuren?
Ratea Dry Cuizut

ABLE 5-4:
Modal Emission Rates Civil Aircraft Enginest
- Continued —

Power Er:ission Rates Paric-
Mace Setling =0l Flow HC fote] NCx SO uiale

(1000 ios Thrusy)

Cr3-80C242
Ge
32.5

ciaaacaag T

Ge
a9

e TR

Ge
80.1

GE
8.0

{ibymen) -~ .08 Sef 1000 155 —

Takeoff 100% 280.03 0.14 258 273 C.54 -
Ciimzout 85% 23082 0.1 98 2871

Agcroach 30% 76.72 0.258 304 8.52 -
Taxx/ldle 7% 25 10 74 ~‘6 83 38 -
Takect 100% 325 008 0359 3448 -—-
Climzout 85% 26495 0.1 0.57 S5 -
Apgroach 30% 3535 0.2t 2.15 10.01% --
Ta:uﬁdle 7% 26.72 9.21 <2.18 356 --
Takect 100% 414" 0.07 052 3438 -~
Climbout 5% 2754 052 2288 --
Apcroach 0% 90.87 183 9.13 .-
Taxl/lde 7% 27.38 21.85 3.78 -

085 2126

limtout 85% 247.75

CF5-80C231F
GE
572

CF6-80C282
GE
520

Apsreach 0% 3148 . 237 883 --
Taxiicle 7% 2593 946 322 373 -
Taxecit 100% 311.25 o008 952 2808 -
Climbout 85% 25304 0.09 0527 213 --
Approach 0% 836 0.2 2.19 897 -
Taxificle 7% 2712 968 2371 374 -
Takeof  100% 28188 008 057 3389 -
Climbout 85% 23294 0.1 055 1865 -
Approach 0% 7632 0.22 265 877 -

CF5-80C28+
GE
572

CEEER R

Ge
€0.1

Ge
80.2

CFMSE-2A
GE (SNECMA)
240

Sivisaag T

GE (SNECMA)
220

GZ (SNECMA)
20.1

Taxi/ldle 7% 254 1 1.17 -8 02 37

Takeoff - 100% 32143 ‘008 0.5 29.2

limbout 85% 26217 C.cg 0.54 218
Approach 0% 85.98 0.21 233 89 .
Taxllldle 7% 2832 9.74 43.91 3. 67 Q.54 -

Takeoff 100% 34114 0.07 052 3081 054 --
Climoout 85% 27527 0.08 052 2294 054 --
Apgroach 30% 80.74 0.2 193 9.11 0.54 --
Taxificle 7% 27.38 8.99 168 3.79 054 --

Takeoff 100% 33783 0.08 052 3254 0.54 -
Climbout 85% 258.39 0.1 083 2355 Q.54 --
Approach 30% 85.36 c21 - 198 9.28 0.5¢ --
Taxllld!e 7% 26.01 996 4 41 3 79 0 54 --

Climpout 85% 12262 0.04 ‘l 17.18 0.54 --
Approach 0% 4564 0.1 34 862 0.54 -
Tax:l!dle % 17.48 117 24 9 4 12 0.54 --

Takecl 100% 13254 0.05 09 196 0.54 --
Climbout 85% 11072 0.08 09 18.3 0.54 --
Apgreach X% $2.59 0.1 37 8.14 0.54 --
Taxt/ld(e 7% 16.27 167 2.5 3.68 0.54 -~

Takeolf 100% 134.92 0 04 0.9 18.5 0.5¢ -
Climbout 85% 111.51 0.05 0.9 18 0.54 -
Approach 0% an 0.1 35 8.4 0.54 .-
Taxi/ldle 7% 1601 183 31 kX:] 0.54 -

.
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TASLE 5-4;
Modal Emission Rates - Civil Aircraft Engines!
Mccd - Series - Continued —
Maralacturar2 Powar £ussion Rates Parze-
Raies Cry Ouiput Mode Setung Fuel Flew HC co NOx SO ulaw
(1000 ibs Thrust) (iesmun) ~ B cet *20C s —
CrMss-38 Takeoff 100% 150.79 Q.04 s 207 0.54 -
GE {SNECMA) Climbout 85%  123.02 005 0.9 173 0.5s .-
20 Approach 0% 47.62 008 3.1 8.7 0.54 --
Taxlﬂdle 7% 172 1.25 27 3.1 0.54 --
CFH‘0-3-94 Takeoﬂ KX)% 116.4 0.04 09 186 0.5¢ --
GE {(SNECMA) Climeout 85% 96.58 Q.08 1.1 145 0.54 --
8.5 Agproach 0% 387 a.11 a2 g 05 --
Taxificle 7% 14.55 333 38.5 33 0.54 --
CMAE8-3C Takeoff 100‘& 156.09 0.04 09 z2.17 0.54 -
GE {SNECMA) Climbout 85% 128.31 0.04 H ‘7.8 0.54 .-
233 Approach 0% 4397 0.08 32 388 05< --
Taxnlldla 7% 15.87 2.14 334 4 0.54 --
CF‘.150~5A1 Takacﬂ 100% 1428 0.23 083 2803 054 --
2 1SNECMA) Climbout 85% 116.4 0.23 0.87 2341 054 -
25.0 Approach 30% 3988 0.4 2.47 9.48 0.54 --
Taxificle 7% 14.55 1.53 18 436 0.54 -
TFE 731.2 Takeolf 100% 27.12 N 1.39 ©8.2% 0.84 -
Gn Climbout 85%  22.88 0.13 203 308 0S4 --
3.5 Approach 30% 8.86 426 22.38 59 .54 --
Tanllale 7% 3.7 2004 88.6 282 054 --
TFE 7313 Takaoﬂ 100% 29.76 006 1.13 1818 0.54 --
Gnt Climbout 85% 246 0.07 162 1602 054 --
3.7 Approach 0% 9.52 1.41 15.58 892 0.54 --
Taxifldle 7% 3.4 Q.04 47.7 3.72 0.54 -
TPE 331-35 Takeoft 100% 7.63 Q.11 0.76 1238 0S54 t7%
Gnt Climbout 90% 6.82 0.15 0.98 11.86 054 157
Approach L% 417 084 6.96 8.92 0.54 24
Taxifidle 7% 1.97 79.11 61.52 2.386 0.54 2935
AL® s02L-2 Takeoff 100% 529 0.02 0.4 13.43 0.54 -
Lyc Climbout 85% 428 0.02 0.3 203 054 -
7.0 Approacn 0% 185 0.18 397 647 ~ 0.54 -
Taxiflcla 7% 6.31 8.85 45.63 3.38 054 -
ALF 5C2R-3 Takeoit 100% 4598 0.08 043 1.2 0.54
Lye Cimbout 85% 38.1 c.0s 0.5 2.94 Q.54
6.65 Approach 0% 13.58 0.9 8.43 8.15 0.54
- Taxifidie 7% 5.71 651 4467 33 054
ALE 302R-5 Takeoft 100% 4737 "0.06 "3 1353 o054
Ly¢c Climbout 85% 39.09 0.05 0.2% 10.58 0.54
6.56 Approach 0% 13.68 Q.22 7.1 13.83 0.84
Taxifldle 7% 5.4 5.39 4093 378 054
C-32¢4 Takeoﬂ 100% 1.48 It 78 1077.44 219 . Q.11
Lye Climbout 85% IR} 12.38 989.51 397 0.1
Approach 40% 0.78 19.25 1221.51 0.95 on
Taxifidla 7% . 0.18 3692 1077 Q.52 0.11
0-36 Takeott 100% 83.86 o) 0.5 26 0.54
MKS Climbout 85% 705 0 0.4 2 054
143 Approach 0% 2791 0 2.7 9 0.84
Taxiflcle 7% 0 54 20.7 85 0.54
R y ]
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TABLE 5-4;
Modal Emission Rates - Civil Aircraft Engines?

\iecal - Seres -~ Continyed —
arylacturer? . Power Emissicn Rates Parsc.
Sac Sry Culsut Mede Seting Fual Fow =C ot NO¢ SO uae
(130G a8 Thrust) (Io/mun) ~= s 2qr 1000 108 —
NK-28 Takacft 100%  267.07 0 1.3 138 -
NP2 Cimzcut 85% 218.26 0 i iC -
263 Apcreach 30% 75.68 0 S 33 --
Taxifldle 7% 32.14 44 278 23 -~
A2 2500 Takacif 100% 147,22 0.1 8588 3713 -
33 Cimzout 85% 12222 0.1 085 3¢ --
25 Aczroach 0% 44.18 0.1%8 077 1345 --
Taxildle 7% 16.4 0.22 7.78 591 -
o 3TTTATS Takaoff 100% 130.85 04 1.5 171 -
=W Clmzout 85% 107.32 Cs 2 13.5 --
k) Apsreach 0% 378¢ 1.8 183 5% -
Tax:Icls 7% 17.08 1C8 358 a7 --
i E2-9/0A Takactf 100%  137.57 0.47 124 1792 -
23 Cimoout 85% 111.91 0.47 166 142 -
R Agcroach 0% 39.42 $.73 9.43 56« --
Taxiflcle 7% 17.46 10 s 25 -
v 8C-11 Takeof! 100% 148.28 0.4 1.2 18.9 --
LAY Climzout 85% 12085 0.45 19 146 -
183 Aogrcach 0% 4417 1.4 9.4 5.8 -
Taxijldle 7% 18.25 10 35 278 --
wTE0.188 Takeoff 100% 155.82 028 0.72 19.12 -
A Clirnzout 85% 125 -
8.3 Agcreach 0% 4501 -
Taxificla 7% 19.54 --
JT30.15A . Takaoft 100%  147.49 -
FaW Climzout 85% 11845 -
183 Acpreach 0% 41.27 -
Taxi/ldle 7% 18.15 -
JTE0-i78 Takealt 100% 16463 -
BT Climzout 85% 13188 -
6.2 Accroach 30% 46.83 --
Taxificle 7% 19.42 -
JTE0-1TA Takeoff 100% 155.18 --
W) Cimeout 85% 1236 --
i Approach 30% 3.7 -
Taxildle 7% 18.53 -
JT80-17AR ' TakscH 100% 180.58 -
PR Climbout 85% 13949 --
174, Apgcroach 0% 4728 -
’ Taxilcle 7% 19.54 -
JT30-17R " Takeoff 100% 187 4a -
PN Climbout 5% 1459 --
17.4 Agproach 3% 49.67 ~—
Taxifidle 7% 208 -
JT80-209 Takeoff 100% 15754 -
PaW Climbout 85% 130 --
19.2 Approach 30% 47 53 --
Taxifidie 7% 17 24 -
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TABLE 5-4:

Modal Emission Rates - Civil Aircraft Enginest

Medel - Series — Continuad —
Manufaciurer2 Powar Smission Rales Parsa.
Ratec Cry Quiput Mocde Seung Fuel Flow fole] NCx SSA  ulate
{10CC :os Thrust (io/mmn) - i&s per 1000 ibs —
JTa0-217/2174217C Takeoft 100% 1746 0.29 63 257 52 .-
pavY Climbout 85%  142.59 0.43 123 208 g2 .-
X8 Approach 30% 50.7 1.6 417 9.1 054 --
Taxifidle 7%  18.15 333 1227 37 08  --
JTeC-219 Takeoif 100%  179.1 027 0.73 27 03¢ --
PR Climbout 85% 14352 0.42 12 208 03¢  --
217 Approach 0% 5049 159 407 943 03¢ -
Taxifidle 7% 17.78 348 1283 36 03¢ --
TTC-TF(modVifT AlmmedV) Takeoff 100% 28667 03 ToaTTTas Tgse -
paw Climbout 8% 23333 0.3 0.4 324 032 -
6.7 Approach X% 825 0.5 29 78 032 -
Taxificle 7% 2897 26 54 31 08¢ --
Trotrraomrelt T Takeoft 100% 27183 0.15 051 T3es  gse oL
pay Climbout 85% 22196 0.12 0.28 32 CE¢ -
%7 Approach X% 100.44 0.13 1.38 98 058 -~
Taxifidle 7% 2747 1.25 10 41 08¢  --
JTOD-7RAE/E1(AISOC)  Takeoff 100%  280.16 0.16 057 416 08¢  --
PO timboul 85%  228.04 0.13 053 342 CS5& .-
§2.8 Acproach L% 86.36 0.13 1.23 10.4 0.34 -
Taxifldle 7% 2923 .1 827 41 084  --
JTSC-TRAET(H) (A18C0)  Takecff 10%  293.29 018" 067 369 084 -
paw Climbout g5% 24193 0.13 067 207 088  --
48.5 Approach 3C% 84.68 0.22 1.4 8.5 0.54 -
Taxiidle 7% 29.17 3.35 14 35 0.54 -
Fo07RaG2” T Takeoff 100% 3213 015 074 413 Tesa AT
PaAW Climbout §5%  248.68 0.14 063 321 05¢ -
5338 Approach 0% 87.17 0.18 1.4 as C.54 --
Taxificdle 7% 2962 155 1182 38 054 -
JTaD-7R4H1/H2 Takeoft 100% 33228 0.15 074 452 05¢  --
Paw fimbout 85% 264.42 0.14 063 342 0S4  --
539 Apgroach 30% 95.6 0.18 1.39 89 05 --
Taxifidle 7% 3246 148 1163 38 0S¢ --
Feoromara T Takeof 100% 323 02 02 318 oss --
PaW Climboul 85% 2645 0.2 02 256 054 --
51.3 Approach 30% %0 0.3 1.7 78  05¢  --
Taxifldle 7% 3135 12 53 3 054 --
w2037 T T Takeoft 100% 203.44 005 " Tea U 3ta osd -
PaW Climbout 85%  167.48 008 047 248 05¢  --
376 Approach 0% 52.78 0.2t 2.3 103 0.5¢ --
Taxifidle 7% 1885 226 23.1 44 0354 -~
PW2C40 Takeoft 100%  241.01 003 02 477 054  --
paw Climbout 85%  191.54 0.04 02 277 05:  --
408 Approach X% 6521 0.18 26 11 084 -
Taxificle % 205 236 235 44 0S4 .-
pwaoas T Yakeoll 100% 25357 0.03 0.2 37 o84 --
paW Climbout 85% 20318 0.04 0.2 29 0854 -~
428 Approach X% 68.38 0.16 25 11 0.54 --
Taxifidle 7% 2103 223 23.1 45 054  --
Y
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TABLE 5-4:

Modal Emission Rates = Civil Aircraft Enginest

Mocol - Seres — Continued —
Manufaciurer2 Power Emission Raes Partic-
Rates Cry Cutsut Mcce Setang Fuel Fow ‘co NCx §C ulate
(iS00 ips Thnist) {iwenin} — i Sar 1000 IBS ~—
PWas58/4138 Takeoif 1C0%  309.78 0.C6 0.44 28.% £ss -
A limbout 85% 255.29 L1 0.57 229 cse -
559 Apcroacn - 30% 87.04 0.13 2 1Me Cie --
Taxiflcdle 7% 27.51 182 21.86 48 s ~--
413152 Takaoft 10C% 28796 0.13 0.12 26.9 cs: -
AL limbotit 85%  236.11 0.16 0.17 22.7 C.3« -
518 Approach % 78.44 0.15 1.09 11.1 CEs -
Taxificle 7% 23.41 0.7¢ 12.76 49 cse -
Pue1s8 Takeoff 100%  328.18 [s Ko 0.4 32 cse --
P Climoout 85% 26508 0C 084 237 c&s -—
579 Apgreacn X% 90.21 C.14 1.88 11.8 c.32 --
Taxillcle 7% 279 1.78 20.99 48 g.5s -——
PWasg0 Takeoft 10C%  350.13 C.t 037 328 8¢ -
AR limbout 85% 27538 0¢3 0.51 247 C.5s --
5.9 Appreach % 92.99 0.14 1.78 12 0.5 --
Taxifidte 7% 28.17 1.68 2032 49 0.5« -
JT15C-1 Takeoft 100% 19.58 0.01 265 78 cs2 --
PANC Climsout 85% 16.4 0.1 3s 8.77 (V2] -
233 Approach 0% 8.78 443 405 3.44 052 -
Taxifldle 7% 3.04 50.5 132 1.75 0.584 -
JTiS0-4 Takeoff 100% 22.45 0.co 2.1 g.23 0.3 -
P&WC Climbotut 8% 18.92 0.19 3.18 8.5 0.54 -
272 Appreacn 0% 78 5.15 32 529 0.5 -
Taxifldle 7% 345 40 97 283 .52 -—
PT8A.275 Takecit 100% 708 0 1.01 7.8 54 -
PawWC Climbout 0% 6.67 1.2 7 0.5 --
Approacn X% 3.58 23.02 3.37 (VL] -
Taxifidle 7% 1.92 84 2.43 -] .-
PTEA-d14 Takeolf 10C% 85 S.1 7.98 -5 --
P&WC Climbout &% 788 6.49 757 0.3 -
Approagh L% 4.55 348 4863 0.32 --
Taxifldle 7% 245 115.31 197 0.5s --
M4sHQ1 Takeoff 100% 65.87 8.2 11.8 0.5¢ -
RR Climbout 85% 55.03 79 83 0.5¢ -
7.28 Appreach X% 18.31 51 36 0.5 -~
Taxifldte 7% 7.01 178.4 1.5 0.5¢ .-
OLYMPUS 593 MKB 10 Takecft 100% 84194 29 9.5 0.54 -
RA Climbout 65%  308.07 19.9 93 0.52 --
k14 Dascent 15% 90.61 73.2 25 0.3< -
Approach 3% 1549 52.9 35 0.4 -
Taxifidle 7% 55.68 . 100.1 1.7 0.5¢
AB.211-228 Takeoit 100% 24683 248 3432 05
AR Climbout 85% 203.97 414 2583 0.5¢ -
41 Approacn X% 73.18 2638 8.cs 0.5¢ --
Taxi/ldle 7% 3003 93.17 27 0.54 --
RB.211.5246/82/B3/B4  Takeolf 100% 31521 1.83 47 0.54 -
AR Climbout 85% 25648 282 33 0.5¢ -
49.1 Approach X% 91.67 20 9.78 0.5¢ -
Taxifldle 7% 3598 82.2 3.3 0.54 -
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LE 5-%

Modal Emission Rates Civil Aircraft Enginesl

viocel - Series — Continued —
slanulacturer? Power Emissicn ~aies Paruc.
Sateq Sry Ouisut Moce Sating Fuel Fiow HC [ofe] NO¢ sC ulate
L1000 o Thrust) {ibrmun) — | Ser "060 s =
73.211-824C2 Takeott 100% 328.04 o] 0.6 419 0ss --
ar Climbout 85% 2672 0.22 1.63 323 Q.54 --
%3 Approach 0% 97.88 442 18.9 104 0.3 --
Taxificls 7% 39.68 §4.2 a1t 337 054 -
33.211.524046 Takeoft 100% 322.12 0.02 0.53 5897 0.5 -
=R Climbout 85% 25796 0.42 1.18 2108 Q.54 -
519 Approach 0% 94.97 468 1682 963 0.54 -
Taxidle 7% 385 45.11% 7187 4.12 0.54 --
2115246 Takeoft 100% 34655 228 Toss sar Toss --
Eist Climbout 85%  275.13 1.46 043 3 .54 -
6.3 Approach % 92.58 1.14 1 "1 958 0.54 -
Tax;lldlo 7% 39 328 13 463 054 --
35.211:555C Takeolf 100% 2381 025 o7 sa7i Tose .-
=R Climbout 85% 194.45 0.14 0.27 2489 0.54 --
8.7 Approach X% 71.43 0.44 0.84 6.37 0.5¢ -
Taxiflcle 7% 26.46 1.44 18.79 3.44 0.54 --
F8.211.53584 Takacft 100% 24603 0.68 1.0% 527 0.54 --
2R Climbout 85% 199.74 0.9¢ 1.23 38.2 0.5¢ -
385 Apgpreach 30% 754 1.33 1.71 75 0354 .-
Taxi/idie 7% 25.13 285 18.44 43 0.54 --
SPEVMKET Takeotf  100%  117.89 098 181 2327 ass  --
ar Climbout 85% 96.03 1.32 2068 19.18 0.54 -
1.3 Approach 30% 36.91 7.23 203 - 7. Q.54 -
Tan/ld!o 7% 18.74 £6.73 9786 0.54 -
$FEY MKS118 Takeoff 100%  117.86 00s 012 054 --
=R Climbout 85% 96.03 0.12 0.63 0.54 --
1.3 Appreach L% 38.77 0.18 2.63 0.54 --
Taxifidle % 16.8 369 .77 Q.54 .-
SPEY MKS557 Takeoit 100% 735 Q.72 041 1961 0.54 --
AR Climbott 85% 80.13 1.27 GC.18 1807 ~ 054 --
3.89 Approach 0% 2263 5.43 i7 96 8.12 0.54 --
Taxllldla 7% 11.74 7184 7468 2.26 Q.54 --
TAY MKB20-15/MK6 118 Takeolf 100% 16053 0.8 07 211 054  --
AR Climbout 85% 83.33 0.3 08 16.8 0.5¢ -
13.8 Approach 0% 30.42 0.9 3.9 5.7 0.84 -
Taxifidie 7% 14 83 34 241 25 0.54 -
t Sourca: ICAQ Engine Exhaust 4 Source of cata 1s AP-42 (Relerence 1). not scac:y sefies number fof s
Emissions Databank (Felerence 13) Nirogen oxdes reportec as NO,. moce! engire.
uniass otherwise nalad. HC refers (o towal hydrocarnons Q Sater.
2 MANUFA g (Volalile organics, clucing wntumed 6 Source ¢f enging daia is ICAD (Refc

All, - Aliison, Con - Teledyne/Continen-
tal, GE - General Elecyic, Grt - Garrelt
AiResearch, Lye - AveolLlycoming,
PAW - Prait & Whilney, PAWC - Pratt &
Whitney Canada, RR - Rolis-Royce

3 50, emissions based on national aver-
age sulfur content of aviation fuels from
eﬂ‘aﬁhn T"m'ng & gl: 1022
(Reference 23).

hyarecatbons ang organic pyrolysis
products)

5 Source ol ¢ata is AP-42 (Relérence 1).

Sourca of Paruculate daia is AP-42
Reference 4 (M. Plait, g'_;i In_

0:3) brey + ~f Aj|
upen dir Guatig APTD loas. u.s.
Ermronmantal Prolecaon Agency,
Rasearch Tnangle Park, NC, December
1971). The naicated referance does

~

ence 13). Data are salas weighted
averages of two versions of Uus eng-e
The basis is 93% high emission carr-
bustcrs anc 7% low emission cImTs.s-
tors.

Source of engine data is ICAQ
(Relerence 13). Data are salas
waighted averages of two versions <*
this engine. The basis is 77% high
emissich combusiors and 22% icw
emissicn cambusiors,

— ‘(
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+ inventory. Commerdial airlines must keep track of their taxi/idle time at each airport for dif-
ferent aircraft types so that their flight schedules reflect anticipated daily and seasonal variations.
These dara are important 1o the airlines since they report schedule delays to the Department of
Transportation as a measure of their operating performance. Therefore, the airlines’ Flight
Operations departments at their headquarters locations are the best source of dara for raxi/idle
time by aircraft type at a partcular airport. Since all airlines using a particular airport will expe-
rience similar txd/idle times it is only necessary to get information from a single source. If taxd/idle
. times are not available for a particular airport, Table 5-1 lists default values of taxi/idle periods,
as well as other modes, for different aircraft classifications. For commercial aircraft this infor-
mation is based on data coilected prior to 1971 at large airports during periods of congeston.
Idle times that reflect more recent experience will be incorporated in the next version of AP-42.
For the inventory calculadcns, taxi/idle-in and taxi/idle~out time are added togecher o ger a total
time Zor the taxi/idle moce.

The final step in the procedure is to caleulate toral ernissions for each aircraft type and to0 sum
them for a total commercial aircraft emission rate. The following series of equations illustrates
the calculaton:

Adjust Approach and Climbout TIM to Represent Local Conditions
These equations adjust the times—in-mode, which are based on a default mixing height of
3000 feet, to an airport specific value based on the local mixing height. Equation 5-2 assumes
the climbout mode begins with the transition from takeoff 1o climbout at 500 feer and contin-
" ues undl the aircraft exirs the mixing layer.
TIMapp-c = 4 * (H/3000) (5-1)
TIMam-c = 2.2 * [(H-500)/2500] (5-2)
TIM,pp-c - time in the approach mode for commercial aireraft, in minutes
TIMm-c - tme in the climbout mode for commercial aircraft, in minutes
H - mixing height used in air quality modeling for time and region of

interest

Calculate Emissions for Each Aircraft Type

Ej = 2 (TIMj0 * (FF;/1000) * (Ely) * (NE;) (5-3)
E; = toral emissions of pollutant i, in pounds, produced by aircraft type)
for one LTO cycle

LY
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TIMj = dme in mode for mode k, in minutes, for aircraft type j

FF = fuel flow for mode k, in pounds per minute, for each engine used
on aircraft type j (from Table 5-4)

El = emission index for pollutant i, in pounds of pollurant per one thou-
sand pounds of fuel, in mode k for aircraft type j (from Table 5-4)

NE; = number of engines used on aircraft rype j (from Table 5-2)

Calculate Total Emissions for All Commercial Aireraft
Eric) = X (Ey " (LTO) (3-4)

ETic) - total emissions of pollutant i, in pounds, produced by all commer-
cial aircraft operating in the region of interest (where j covers the
range of commercial aircraft operating in the area)

LTO;-total number of LTO cycles for aircraft type j, during the inveatory
period (annual data available from Reference 6, Table 7)

After completing this series of equations, the inventory of emissions is complete for com-
mercial aircraft. The next series of calculations is a repeat of steps three through six for gener-
al aviation aircraft,

5.2.4 Activity and Emissions for
General Aviation and Air Taxi Aircraft

Defining the mix and activity level of general aviation and air taxi aircraft is more difficult
than for commercial. FAA does not rack operations by aircraft model for general aviation air-
craft and no other sources of these data cover all states. For some $tates, this informarion is avail-
able for some airports from the State Airport Authority or from the operations officials at indi-
vidual airports. Derailed model information for aircraft operating in the inventory area is dif-
ficult to locate, except perhaps for air taxis, and may add only relatively small improvement in
accuracy to the emissions inventory compared to treating general aviadon and air raxis as though
they were made up of a representative mix of aircraft. For some smaller airports, air taxi activ-
ity may predominate and it may be possible to locate aircraft specific information on the oper-
ations there. Where information on specific aircraft is available, the procedure for calculating
total engine emissions from general aviation and air taxi aircraft is the same as that followed for
commercial aircraft. Table 5-5 shows some examples of the aircraft and engine combinations
found in the general aviation and air taxi categories. Information on these categories may be
expanded in the next update of AP-42 to include more aircraft and engine combinations as
well as emission indices for additional engines.

2
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Where detailed information on specific aircraft mix and activity is unavailabie, a single
emission index can be used which is made up of a representative fleer mix. This wiil give a
rough estimate of emissicns for the category. The following indexes weze calcularzd based on

1988 fleer dara! for general aviation aircraft.

HC 0.394 pounds per LTO
CO0 12.014 pounds per LTO
NOx 0.065 pounds per LTO
SO 0.010 pounds per LTO

1 See memo S. Webb to R. Wiicox dated June 10, 1991,

TaaLe 5-5:

General Aviation Aircraft Types And Engine Models!

Ne.Of No.OI No. Of

)

Aircralt Seals Eagines  Aircraftz Engine Maru.?
Piston
Sedanca 7GCEC Seapland .......cccvcvennrcvenne 3 1 s87 g-320 wye
Cassna 150.............. . 2 i 13760 . 029 Cen
Cassna 337 SAMBS ....coveereeeee et 8 2 1154 TSiC-36CC Con
Fipar PA-18 $3M@S ..ovovve s rieerneene 2 1 3580 0-3204 Lye
Turhojet .
Aerespatiale SN6OT Corvetto ..o 16 2 1 JT1504 PWC
Canadair CL-6C0 Challenger..... .......covcevcvevreeene 13 2 61 ALZZ32L.2 Lyc
Cassault Bregue Faicon 10 7 2 126 TFET31-2 Gn
Cassaull Bragua Falcon 50 Hs] 3 125 TFE731-3 Gn
Gates Learjet 35/36 R 2 87 3731-2-28 Gn
Gaias Leanet 35A/3BA. ..o 10 2 342 TFE731.2-28 Gn
Isra2! Aircrait |Al 1124 i 2 151 TrE731.3 Grt
Laarjat 31 . . 1€ 2 ] =731-2 Gn
Mitsubishi MU-300 $81i85 ........cooveere e, 11 2 75 JTi8C-2 swWC
Turboprop
dle riavilland DHC6-300-........oomce oo, 22 2 0 PT6A-27 AWe
Farchild Filatus PCB 3818 ........cocuveveerreerean g 1 8 PT8A.275 PWC
Hgiio Aircraft HST-35CA Stallien ..o, 30 1 1 PT8A-27 PNC
Piger PA-d2 SBMBS .....ooovreeereerersecene e 11 2 105 PTEA418 wC
1 Source of aircraft, comesponcing Registerec Aucralt as of December PWC - Prat & Whitngy Caraca,

lngu::s. anagnur;be; o: ngines is i, ‘lsas. RA Rolis-Royce

Datahasg (Reference 14]. Source of : (E:no?\ n?l’r:;::g:vnl:nu::t:l GE- ¢ gg?'!::;éegugraaircwt

numbaer of seals, airerall lype, and General Secyic. . . - .

number of aircralt is Cansys st S, Gt - Garrelt AiResearch, § Engine refers 10 2 PC6E2-2 aircralt.

Civil Aircrait (Reference 7). Lyc - Avestycoming, § Enginerelersto a .

2 No. of Aircraft relers to Total U.S. PAW - Pratt & Whitney, PA-42 Chayenne aircralt
LY o,
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Since air taxis have fewer of the smallest engines in their fleet and more turboprop and tur-
bojet engines, their emission factors are somewhat different.

HC 1234 pounds per LTO
CO 28.130 pounds per LTO
NOx 0.158 pounds per LTO
SO, 0.015 pounds per LTO

Alrport activity for general aviation aircraft and air waxis can be found in Fdd dir Traffic Activity
(Reference 3). Figure 5-5 is a copy of a page from Table 4 which reporss airport operations at
airports with FAA-operated traffic control towers. Table 22 from the same report lists opera-
tions at airports with FAA contractor-operated traffic control towers. In this report, an oper-
ation could be either a takeoff or landing, so the number of operations should be divided by two
to get LTOs. In addition to these airporrs, general aviation and air taxi activity is common at
smaller airports and landing strips not included in FAA's reporting system. These airports
must be contacted directly to determine if information is available on general aviation activity.
Air taxi operators locared at the airports, may be a source for information on air taxi activity. These
steps may have litde impact on the inventory and should be considered discretionary.

The annual emissions are then calculated as the product of airport activity in LTOs from
Reference 3 and the emission index in pounds per LTO listed above. Toral emissions are then
summed for general aviation and air taxis.

This simplified estimation procedure is based on the default times-in-mode from Table 5-
1. If the detailed estimation procedure is being followed based on specific aircraft and engines,
airport specific estimates on time-in-mode might be used if available from airport officials.
These dara likely vary quite widely because of the many different types of services provided by
this aircraft category. The rest of the detailed estimation procedure uses the same set of equa-
dons used for commercial aircraft.

Adjust Approach and Climbout TIM to Represent Local Conditions
TIMpp-¢ = 6 * (F1/3000) (5-5)
TIMeim-G = 5 * [(H-500)/2500] ~ (5-6)
TIM,pp-c - time in the approach mode, in minutes

TIMim-c - time in the climbout mode, in minutes (assumes transition from
takeoff to climbout occurs at 500 feet)

H - mixing height used in air quality modeling for ime and region of
interest

A
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FIGURE 5~3
Reproduction OfA Page Of Table 4

~- FROM REFERENCE 3 =

TABLE 4 - FISCAL YEAR 1989
AIRPORT OPERATIONS AT AIRPOATS WITH FAA-OPERATED TRAFFIC CONTROL TOWERS SY RECION AND RY STATE AXD AVIATION
CATEGORY-CONTULED

Slate e Location L4 i [ 4 Ganersi
Locaton Neme ldenttier Yy Total Casviar Taui Aviation Mistary
CALIFORMLA—Conanus : !

CHING [~ L] s I

IMNERANT OPERATIONS 112504 L} 147 511108 1251

LOCAL OPERATIONS 111008 1026 - n

TOTAL OPERATIONS. 2003 ] 147 an2 | 1224
CONCORD =] 3 H

I T OPERATIONS. 123508 E-T ] ™ 110802 ]

LOGAL OPERATIONS 141408 141129 L)

TOTAL CPERATIONS. wsnn 2508 T80 252224 ”.
€L MONTE (ENT) N

ITINERANT CPERATIONS. 90343 ] 4818 15539 ne

LOGAL OPERA el 19248 9

TOTAL OPERATIONS. 109708 3 L i3 184804 e
FRESNO AR TERMINAL FAT s

ITINEAANT OPERATIONS. 19001% 13200 382 106730

LOCAL OPERATIONS 0204 481 143

TOTAL OPERATIONS. 08219 13200 87562 11N 1o2re
FULLERTON MUNICPAL, ol %

IERANT OPERATIONS. N [] n82 0128 49
LOGAL OPERATIONS 65340 4438 13
TOTAL OPEAATIONS. 1571228 ° 282 154428 [

HAWTHORNE (] L
ITMNERANT OPERATIONS. 78 [ e 381y »
LCCAL QPERATIONS 41027 41627 ]
TOTAL OPEAATIONS. w0 ] L 88 ]
HFAYWARD [ ] L .
IMNERANT OPERATICNS. 126490 [] as 122114 (-]
LOGAL OPERATIONS 125441 123432 1
TOTAL OPERATIONS. Annu [ ] an 247844 o
7 BRACKETY ro) L]
INERANT OPERATIONS. ] 1812 wag7 0
LOCAL TIONS 116008 115097 .
TOTAL QPERATIONS. 201024 [} iz 200084 4
FOX NPPORT wh N
ITINERANT OPERATIONS. L] un 0810 187
TIONS 74508 723 82
TOTAL OPEAATICNS. 137008 ° -4 134823 1548
UVERMORE MUNICFAL L '
QPERATIONS. ke - 119076 L] iuy 91250 e
LOCAL OPERATIONS 110100 110072 S
TOTAL OF 208084 ] M7 07322 408
LONG L
[TINERANT OPERATIONS, s W 20048 758 226847 748
LOCAL OPERATIONS 194481 1helIS a5
TOTAL OPERATIOMS. 77 20048 658 431943 b ip ]
LOS ANGELES INTEANATIONAL. RAXY L
;5 T OPERATIONS. 20874 are 151785 «un s003
LOCAL OPERATIONS 5983 an 2
TOTAL OF [ e 11738 4798 062
HODESTO CITY COUNTY [ .- ] N .
TINERANT OPERATIONS. 01871 L] 2819 7480 "2
LOCAL OPERATIONS. WX6 38010 28
TOTAL OPERATIONS.. 197878 L] 2818 13480 "?
MOMTEREY n $
TINERANT OF oo 00025, 10e 135 wm 08
LOCAL OF NS 1922 17284 1539
TOTAL CPERATIONS. 107248 o "3 75087 ar47
RAPA COUNTY wQ) N
MNERANT OPERA 70948 [] e “wrs [
LOCAL OPERATIONS 90058 Lol [
TOTAL CPERATIONS. 17018 L] 48 188147 1400
OAXLAND INTERNATIONAL oG L
IMHERANT CPERATIONS, IITI4S T4082 st 144800 02
LOCAL QPERATIONS 125488 125904 164
TOTAL CPERATIONS. i3 Tane2 s 270284 "
AR ]
ac‘rrmmn Pt on 120588 w1 2010 20004 525
LOCAL OPERANIONS 2082 080 2
142000 -0 201 I 2r
QxR ~
MNERANT OPERATIONS. 7xs [} N 85348 (-3
LOCAL OPERATIONS 8822 ol 121
TOTAL OPERATIONS. 135828 L] 03 112998 1908
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Calculate Emissions for Each Aircraft Type

The emission factors that appear in Table 5-4 for general aviation aircraft have not been updat-
ed since the last version of AP-42. The next edition of AP-42 should include updates to much
of the date that appears in the table.

Ej = = (TIMjo * (FFj¢'1000) * (Ely) * (NE)) (5-7)
E; - total emissions of pollutant i, in pounds, produced by aircraft type j
for one LTO cycle.
TIMj - tme in mode for mode k, in minutes, for aircraft type |
FFjc - fuel flow for mode k, in pounds per minute, for each engine used
on aircraft type j (from Table 5-4)
Elj - emission index for pollutant i, in pounds of pollurant per one thou-

sand pounds of fuel, in mode k for aircraft type j (from Table 5-4)
NE; - number of engines used on aircraft type j (from Table 3-5)

Calculate Total Emissions for All General Aviation Aircraft
ETic) = X (Ey) " (LTOp) (5-8)

ETi(G) - total emissions of pollutant i, in pounds, produced by all general
aviation aircraft operating in the region of interest (where j covers
the range of general aviation aircraft operating in the area)

LTO; - total number of LTO cycles for aircraft type j, during the inventory
peried

5.2.5 Activity and Emissions for Military Aircraft

FAA Air Traffic Activity (Reference 3) contains informaton on the number of military oper-
ations at airports with FAA-operated traffic control towers. This information can be used in
much the same way as for general aviation aircraft, however, military air bases are not inciud-
ed in this reference. The informaton only addresses military operations at civil airpors. Miliciry
air bases included in the modeling area should be apparent from maps of the area. For thesc bases.
it likely will be difficult to get good information on fleet make up and activity. In some cases,
information may be available from the Office of the Base Commander on fleet make-up and pos-
sibly some measure or estimate of activity such as LTOs for one day or one month. Where spe-
cific information is available for aircraft type and LTOs, Table 5-6 lists military aircraft and theic
engines and Table 5~7 lists the modal ernission rates for these engines. Much of the darain Table
5-7 has been updated since the last version of AP-42. :
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TazLz 5-6:

Military Aircraft Types And Engine Models!

No. 01 Engire

Alrcraft Type2  Opaeratcrd Engines Mccal Maru.«
Combat
Boerng 852-H Straiofentrass.............ccouuevunn.... TF  USAF 8 TF33.7.3 W
Boeing EC-135C .......cennue . TP USAF 4 TF33-P-3 P
Couglas A3 Skynawks .....cceevevios o TJ USN 1 J52-7-8§8 W
Douglas A-4M Skyhawks ... chrerenenns TJ UsSMC 2 J52-P<C8 PN
General Dynamics F-16 = rgrmng a.c..ns ............ TF USAF 1 F1Q1CFE P

TF USAFUSN 1 F1C0-PW-000  PW
Grumman A-6 Intrudars ... e i, T USN 2 J52.7-38 PN
Grumman E-2 Hawkeyes .............c.ccceoveveennnns TR USN 2 T36-A-18 All.
Grumman EA-68 Prowlers . o USMC/USN 2 J52-P-108 Py
Grumman F-14 TOMCAIS ...ccovveevemneemrerereieeane G USN 2 TF3C-2-412A PN
Loarjet Corp C-21°A oo TF  USAF 2 TFE 731228  Gr
Leckheed S-3 Vikings .... .. wee TF USN 2 TF34-GE-<CQ 13
LTV Aircralt A-7€ Corsair If... e TR USN ¥ TF41.A-2 Al
McDonnell Cougias AV-85 ..........cccccevveemennnne.on TF UsSMC 1 FaQ2 RA
McDonnell Douglas F-¢ Phantors £S5 .. TS USAF/USN 2 J79-G=-108 Ge
McDonnell Couglas F-4B Phanter ilé. e T USMC/USN 2 J79-Gz-8D Ge
McConnell Douglas F-4N Phamtem il ............... TJ USN 2 J78-GZ-80 GE
McDonnell Couglas F-4S Phantem Il .. e T USN 2 J79-GE-10 Ge
McDonnell Douglas F-15C/D Eagla.. ..., tTF USAF 2 FiCC-PN-100  PW
McDonnsll Cougtas F/A-18 Homeis ... we. TP USN 2 F404-GE-400 z
McDonnell Dougtas RF-<B Pharizm I ............ T4 UsMmc 2 J79-GE-8D Ge
Northrop F-5E Tiger Il - J USAFUSN 2 J85-GE-2t GE
Northren F-5F Tiger I .....coevereeervermeereersises s TJ USAFUSN 2 J85-GE-21 GE
Northrop RF-SE Tigereye ... N USAF 2 J85-Gg-21 GE
Rockwell OV-10 Broncos , . TP USAFUSMC 2 T76-G-12A Gnt
Vought A-7 Corsair 11§ .....cvvveccens vvnnveneee. TP USAFAUSN 1 TF41-A-2 All,
Trainer
Boeing T-43A TF  USAF 2 J780-9 PN
CASA C-101 Arigjet .............. TF 1 TFE733-2 Gr
FMA Cordoba PAMPA 1A63 TF 1 TFE 731.2 Gn
Grumman Gulfsiream . TF USN 2 Dan RCa7 AR
McQonnell Douglas O F-15 ..........oocvnne. TF USAF 1 F100-PW-1CC  PW
McDonnaell Douglas F-15 C/O Eagle.................... TF  USAF 2 %cgm-loo W
McConnell Douglas F/A-i8 Hormets ................... TF  USN 2 Fags-GZ -0 =
MISUDISHE T+25 ...ooeereecemrrnrre s s vevseerenecennns J USN 2 J85-Geg-2 GE
Transport
Australia Govt Nomad 228 ............cccoevenneeen.e. ki 2 2508378 Afl,
Austraiia GovtNemad 24 .........ccovvicvecceeeee. TP 2 25CB173 All,
BEECH C-12A4/8/C . TP AmmyUSAF 2 PTEA-41 PNC
Boeing B-747-200......cccomrrerrnrne . TF 4 JT9B-7R4G2 Pw
Boeing C-1358 Stratolifter .............c.ouecesvvrevvrnenns TP USAF 4 TF33-2-5 PW
Boaing EA/B NEACP TF USAF 4 CF8-50E Ge
Bosing VC-25A ......... TF USAF 4 CFg.80C281 GE

- de Havilland UV-18A................ TP Army 2 PTEA-27 PWC

Fairchild C-26A .. eenentete e e seneaereeaen b TP NG 2 TPE 331 Gn
Grumman C-1A Traders . P USN 2 R-1820 w
Grumman GUUSHaam .....c..oeevuceeeecrcr e TF USAF 2 Qan RCa? AR
LASC Georgia C-1418 Starlifter F USAF 4 TF33-P-7 W
Lockheed C-130E Hercules ...... e TP 4 TS5-A-7 All,
Lockheed C-130 Hercuiass .. TP 4 T56-A-16 All.
Lockheed C-141 Stariifter...... ~ USAF 4 TF33-P-7 PW
Lockhead L-100 Hercules ...........cceeveeeerrenann, TP 4 £01022A All.
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TABLE 5-6:
Military Aircraft Types And Engine Modelst — Continued
No. Of Sngine
Airesalt Type2  Ocarator? Engings \ocel Manus
McDennelt Couglas C-9A Nigntingale.........c.... TR USAF 2 JT50-9 W
McClennell Dauglas C88 .....vcacncnvimnniiienes TF USN 2 JTE0-9 W
McZennall Douglas KC-10A Extender. w TF USAF 3 C"' 30C2 Ge
McZennall Douglas YC-9C ..nnrrnncncriniinens TF USAF 2 J730-9 =
Utility
BEZCH RU-231J.... . TP Amny 2 TEA- wWC
BEZCH UC-12F/M ... . TP USMC/USN 2 TEA-I PG
Hellcopter
Bell UH-1, AH-15 ... s V9 ATy i T53-L-11D Lye
Boeing Vertol H-46 Sea r(n:gms T8 USMCAUSN 2 T58.GE-8F Ge
Boaing Vartol H-48E Sea Knighis . e T8 USMC/USN 2 738-Gg-i6 Ge
Costruzioni HH-3F _........ccovmcmineninrinene TS USCG 2 738-GE-5 Ge
Kaman H-2 Seasgrnias ..... T8 USN 2 T38-G&-8F z
Sikorsky H-3 Sea King sefiess .......vncieiie 19 2 T38-GE-8F GE
Sikorsky H-53 Sea Stallion/
Super Stallions .. [SOUIOR - 3 Tea-GE415 Ge
Sikorsky HH-3E quy Graen Gxanz v T8 USAF 2 158.Ge5 GE
Sikorsky SH-3E . SO UOORUOOPOR £ 2 T38-GE-5 Ge
Sikorsky SH-3F ........ TS 2 738-Ge-5 Ge
: Sikorsky SH-81AA e T8 2 788-Ge-5 GE
e
K4 1 Source: FAA Aircralt Engine Emission US. Air Force, USCG - U.S. Caast {Releranca 15).
> Cawbase {(Reference 14) unless oth- Guard, USMC - U.S, Marine Corps, 6 Soutces:
% erwisa noled. USN - U.S. Navy, US - USAF, USCS. Encines - Summary Table f ’i""' g
. 2 Source of Type information is USMC, & USH. a0d Pareyiglg Emissicns o
*Aviation Week & Space Technciogy 4 ENGINE MANUFACTURERS: girgrar Socneg (Relerence 18).
“(Releranca 18). TYPES: P . Piston, All, - Allison, GE - Genaral Elecing, Grt Airczaft, Type, and No. of Engines -
TF - Turbofan, TJ - Turcojet, TP - - Garrelt AiResearch, Lye - Avea/ “aviaton Week & Space Technoicgy”
Turboprop, TS - Turboshalt Lycoming, PW - Pratt & Whitnay, W - (Referance 16),
3 Source of Operater information is Curtis Wright Ctassificauon and Ogerator - Encycin:
Eacyciopedia of Modern Miftary 5 Source of aircralt and comespending sacia.cf Mocern Millary Jrziall
Zircralt (Referenca 17). engina information is _;am:_u_an {Relarence 17).
CPERATORS: Ait S In ’ 7 Source: Aviation Week & Scace
Army, NG - National Guard, USAF - 4 Dipon {1087) Tachnoiogy (Feferenca 16).

Where dara on military aircraft operations and fleet make-up cannot be obrained from the
base commander, a centralized support office may be able to provide the required informaton.
The Navy (Reference 8)and Air Force (Reference 9) both have environmental support offices
responsible for information on emissions from military aircraft including complete inventories for
many bases. If inventory information is unavailable after contacting the Navy or Air Force envi-
ronmental support office, a letter requesting an inventory should be sent to the base commander
through the EPA regional office with copies to the appropriate environmenal support office.

If dara on fleer make up and activity are obtained from the base commander or the envi-
ronmental support offices, the procedure for calculating an inventory for military aircraftis the
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TABLE 5-7;

Modal Emission Rates
— Military Aircraft Engines! —

Mocel - Series
Manufacturerz Power Fuel Emission Fates Pariic-
Rated Ory Quizut Nsoe Setting Fow [+]e] NCx s32 ulate
(1000 ibs Thrust) {ibimin) - o8 ger 1000 ibs —
25C81784 Taractt Military 442 0.26 7.81 6.80 C.5e -
All. Clirzeut §5% 408 . 536 [4-3] -
Apcroach 0% 1.42 224 C.34 -
Idte Icie 1.05 1.43 s --
S01022A¢ Takacil Military 3986 8.88 3¢ -
All. Clirmzsout 95% 3663 9.22 ¢se -
Agzsrsach 0% 19 7.49 Cie -
Icle icle 10.17 3.52 .52 -
T56-A.74 Takactf Mititary 34.65 9.28 031 178
All, Cirmzout 95% 318 9.22 C5s 1878
Aczicach L% 17.55 7.41 €3¢ 2885
icle ia e 9.13 353 L5 2928
T56-A-158 Taxactf 100% 3967 1.7 ¢cse --
All, Climzout % 36.45 1C.1 ¢.5: -
Apcreach 0% 18.10 6.38 c.3s --
icla 7% 8.23 2.50 (1) -
T66-A-16 Taiacit Miitary  35.98 1045 G54 -
All, Ciimzout Military 36.98 10.25 0.3 -
Agporoach 5% 33.27 833 c.3: -
icle US Gr.icle 9.98 3583 -
TB3-A-5A7 TakesH Mlhlary 3 58 307 0.8¢ -
All, © Climazeut 75% 292 4861 Q.32 -
Approach 30% 1.75 250 .32 -
Idte Gr.icle 1.c2 . 1.42 034 -
TF41-A-27 Takacf Intermeciale  149.00 064 164 2246 G35 --
Al limsout Intermeciate 149.00 084: 164 2246 0.5: --
Apgroach 75% MIC 1C0.00 0.73 217 1685 03 --
icle icle 18.17 £1.26 94.80 1.71 034 -
TF41-A-2 Takest!” IR®  149.00 0.74 162 2236 0.5 -
All. Climzout IRP 14900 0.74 182 2228 0.3: -
Apcreach  75% MIC 180.00 085 247 1885 0.34 --
idle icla 18.17 59.48 94.73 1.71 0.5 --
0-2C04 Takact! 100% 075 2031 974.10 ., 487 0 -
Con Climgout 75% Q.75 . 20.81 974.10 497 0.1 -
Apgreach X% 043 3322 119784 1.4 0.t --
. Idie 7% 0.14 29.C0 644 42 1.58 G.1: -
T40Q-CP-4507 Takectf Military 687 o.11 0.75 6E8 0.34 -
CP Climzout Crisa 4.72 C.15 264 2 0.32 -
Appreach Fiidla 238 7.48 0.71 3¢8 0.8 -
Idle Gr icle X 898 29.78 3cs 0.54 .-
CF8-5CE/CV/E/ICUE2S Takeoff 100% 32147 0.60 050 3650 0.5 --
GE Climbout 85% 25463 0.70 050 2980 0.5 --
© 51.79 Agpreach 30% 87.86 1.00 570 9.7¢ 0.3s -
idle 3% 22,24 49.30 891.3 2% 054 --
Fd04-GE-4007 Takecit ABmax 47328 0.13 23.12 9.22 05¢ ~-
Ge Climeout IRP 134.71 0.31 105 2%.16 0.5¢ 28t
Apgreach 7% 109.02 0.35 109 1380 0.52 6.1
idle Gt.icle 10.40 $8.18 13734 116 0.3¢ 1238
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Modsl - Saries
Manulacturer?
Rated Dry Quiput

Tabre 5-7:

Modal Emission Rates
— Military Aircraft Enginest —

Continued

Power  Fuel

Moce Salting Flow

Tmussion Rales

HC (]

Parue.
NOy S0a uigte

(10C0 1bs Thrust)

F404-GE-400
Ge

GE

GE

Ge

Ge

Ge

Ge

Ge

Ge

GE

Ge

“ Takeoif S

" Cimbout

(lo/runy

473.28
143.12
19.02

10.40

Takacit A/B max
Climbout IRP
Agpreach 76%
Icle Gr.idle
Takeoff  Afterbumer
Climoout Military
Approach  75% fpm
icte Idle

157.55
25.33
20.08

16.93

— 0% Sef 000 s —

0.13 23.12
031 1S
0.33 109
58.18 137.3¢
0.91
0.14 207
4.40 0.5
85.7C

9.22
25.16 0.54 -
14.80 0.54 .-

1.18 Q.54 --

4.72 0.54
10.44

298 0.54

237

]
b
-~

:-A—-‘
o

Takect  Afteroumer  539.83
Ciimgout Military  163.83
Agpreach 8S%  103.17

lcle idle 18.33

043 1729

163 528
. 7.37
8.91 43.64

Takecft  Afiarbutner 57192
Climoout Military  166.67
Agcroach  85% mm 60.67
Icta Icdle 20.83

105 132

1.42 163
2.63 1363
§11.8%

~§ <3 ()

6.82
15.44 0.54
11.29

2

o
W
b
~N o
&5
;e N -

133 054  --

Takeclf  Altarbumer 583.33
Climoout 75% Thrust  126.30
Approach 3C% Thrust 57.03
icle Idle 20.83

0.52 14.58
1.60 2.7¢
294 2004
111.41

4.51 0.54 443
8.26 0.54 --
423 054 9350
133 054

Military 48.17
Climbout Military 48.37
Apprcach 75% Thrust 35.92
Idle Idie 9.33

21.56
0.45 2188
0.64 28.38

11.86 111.88

6.40
6.40 054 -~
5.67 054 --
3.68

Takeoff Miitary 48.17
Ciimbout 75% 3592
Apgreach 0% 17.42
Idle Gr.icle 9.33
Takecf! = Aftardumer

timbout Military 5§3.33
Approach 85% 20.00
Icle \die 6.67
Climbout 0%
Apgreach 0% 1877
idle idle ]
Max.cont. 11.42
Approach  Apgroach 968
icle Idle 220

Takeolt Takeoft 13.10
Climbout  Apgroach 9.88
Approach Cruisa 10.4%
Id Idie 2.20

wn

15134
40

130.42

0.45
0.84 28.38
240 65.33
1186 11188

STEs

6.40 0.54 --
567 0.54 --
402
3.68 0.54 -

0.10
0.25

36.40
21.58
258 46.28
24.25 169.CC
0.79
079
96.99

584
169.17

1.30 17.23
178.42

9.C3
1.12 1728
0.80 14.13
178.42

5.80 0.54 --
500 - 054 --
292 0.54 --
1.28 0.54 --
7.2 054 08
7.22 0.54
1.50 054 073
490 054 -
4.47 -
1.43 Q.54

447
463 0.54
1.43 0.54

Takeoff Miitary  17.00
Climpout 5% Normal 1298
Approach 60% Nomal 10.93
icle Gr.idle 2.50

132
063 10.85
0.38

40.91 139.73

773

14.56 |

11.60
9.47 0.54 -
788 054
303

y |
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TasLE 5-7:
Modal Emission Rates
— Military Aircraft Engines! —
Continued
Mocat - Series

Manulaciurer2 Power Fuel Emissicn Sates Parsc.
Ratec Cry Quiput Moce Setting Fow HC cQ NOy waw

(1000 28 Thrust) (lbitmin) — ibs zer 1000 Ibs —

“
O
u

T64.GE-887 Takecit Max.coni. 23.80 150 10.11 34 -
GE Climoout Milicary 2283 1.87 9.80 24 -
Aporcach 75% 2 17.72 427 7.50 se -
icle Icie 5.35 57.27 275 38 -
Tea.3E4137  Takeot Maximim 2868 049 1142 54

&a
]
1

GE Climbout Intermediate 2768 067 1092
Approach 5% ~p 21.45 . 184 8.54
Icle Icle 433 i7 28 51.83 282

TAESTE T ek “Nixrame 3342 TR e s
GE Climbout Military 31.93 0.28 1.29 9.99

b
)
t

Approach 7% 24.88 0.13 2.1C 8.CS < -
Idle Icle §.48 24.35 7433 2.12 --

&t
[}
1

T63-G2-215 Climecut Militazy 3193 0.33 122 99
GE Appreach 75% o 24.88 0.4 2.iC 9.09
Icle icte 4.48 2825 7433 2.12
TF34.G2-2007 Takeoft Miitary  63.33 0.39 595 751
GE imbout  75% rpm 7.67 263 3357 342
icle icle 808 1499 9098 189
TF34-38400 Takeaft Military  63.33 0.39 595 751
GE imbout Military  63.33 0.39 595 751
Approach Military 6333 0.39 585 7.51
Icle Ic's 808 1740 9098 169

CP ALY (D42 LD EICERXRIPED LD AP C)

oEn L, U Cn ('ll L N L Iy Y

[ 2

[
]
]

[EY
]
]

W et U
- o

'

'

Gn Approach  High icls 353 8.1 24.59 4.50 34 --
Icle Gr.stan 300 10.21 2829 4.30 34 -
T7e-G2a Takeoff Miitary  6.37 0.06 189 7.8 s8I
Gt Climbout Miitary 637 008 169 7.8 2 .o
Acproach  Highicle  3.53 712 24355 45 EXR
Icle Highicta 353 712 2429 450 4 ..
Idle Grstar 300 1185 2853 430 4
wEfara 7 Takeok 0% 2712 0.1 138 1525 52

Gn C:imlgout 85% 2288 0.13 203 1308
3.51 Approach 0% 8886 426 22.38 5.90
Icle 7% 7 2002 58.60 2.92
T83.L-1:07 © Takeclt Takac# 11.50 027 38§ 178
Lye Climbout Miiitary 11.42 0.26 3.34 6.34
Agproach  Nor.rated 10.75 057 6.83 643
icle Fi.icle an 13.57 37.79 253
Icle Gr.icls 2.42 58.09 31.51 1.58

T83.L-1¢0 Takeoft Takect 11.50 0.32 388 7.78
Lye Climbout Military 1142 0.30 334 834
Approach  Nor.ratac 10.75 0.66 6.83 6.43
Icle Flicle 3.70 1578 37.79 253
idle Gr.lcle 242 67.41 31.5¢ 1.58

4= 8o B f 8.
[ I |
[ R ]

[
'
]

[N
H |
]

[
| I ]
t

DGO OGO OO IO A1 e
'
1
'

(URT NI CN UY] i‘n th an ¢n in e 4

& f-
[}
[}
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TABLE 5-7:
Modal Emission Rates
— Military Aircraft Enginesl —
Continued
Model - Series
Manulaciurer? Power Fuel Emission Rates Parze-
Rated Cry Qutcut Moca Setling Fiow MC co NCx SO ulata
{7000 s Trwust) {imen) — s per 1600 15 —
F100-PW-1004 Takeci! Miitary  738.67 010 5510 1650 054 00CH
PaW Climteut 95% 17333 0.05 180 44C0  0.5¢ 0.33
Appreacn 0% §0.00 0.60 30 110 0.54 0331
1dle idle 1767 226 1934 39 034 0Con
FlotDFE Takecf Miltary  167.88 0.10 096 1983 054  --
PEW Climbeut Miitary  167.88 0.10 090 1963 058  --
Appreach  75% Thrust  1€9.77 0.20 080 124 0.54 --
icle idle  14.48 410 442 258 084  --
T e iy iOsaYBEUISTREG AN e
PEW Climocut 75% Thrust  68.28 065 600 584 0354 13.43
Appreacn 300CibsThrust  38.35 0.82 16.587 391 054 --
Icle ide 1190 2388 8637 207 054 1993
Jsapeer T T Takectt Miitary  122.83 093 071 1305 054  --
PAW Climceut 75% Thrust  72.00 0.58 300 1016 058 -
Appreacn  3000iEsThrust 38.33 1.72 10.54 8.34 0.84 --
Idie idle 1133 4220 6378 179 054 -
288 Takacit Miitary  122.83 1.08 071 1305 0S54 --
. PaW Climbowt  Nerrated  102.17 069 087 1213 054  --
Apprcach 75% Thrust 7200 0.67 300 10.10 0.54 -
. icle ide  11.33 4896 6378 178 054 -~
Bapace T Takeett Miitary ~ 157.98 0.57 147 1232 054 -~
paw Cimbout Intermed2  95.87 067 318 838 054 --
Apprcach Intarmed ! 4245 1.40 11.12 6.17 0.54 -
Idls ide 1298 2833 6596 238 054 -~
" Takecit Military  139.50 1.00 116 1037 054  --
Climbeut Miitary 13950 1.00 1.6 1037 0S54 --
Approach 75% Thrust 94.50 0.88 21 7.40 054 -
Idle ide 1833 11210 8052 187 058  --
srPacr T Takectt Miitary  139.50 086 v16 1037 084  --
PawW Cimbout  Norraed  120.83 1.00 179 900 054  --
Approach 75% Thrust 94.50 0.76 3.21 7.40 0.54 -
Idle ide  18.33 5560 8052 187 054  --
Ja7paz0r T T Yakeot | Afteroumer  682.02 254 1420 516 084  --
PaW - Cimbout 75% Thrust  96.12 1.09 432 689 054  --
Approach 30% Thrust 5888 454 14.83 445 0.54 --
idls e 2203 7646 8074 1583 054  --
JTaDsias  Takeolt 100%  tarsr T e TY2a 1792 Toss --
PaW Climbout 85% 1119 0.47 166 1421 054  --
143 Approach V%  39.42 173 943 584 054  --
idle 7%  17.48 1000 3450 290 0564  --
JT90-7RaG2E Takacit 100% 32136 0.5 0.74 4130 : 054 -
PaW Climbout 85% 248.68 0.14 063 3210 054 --
53.84 Approach % 8747 0.18 140 88 054  --
idle 7% 2962 155 1182 380 054 -~
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TABLE 5-7:

Modal Emission Rates
- Military Aircraft Engines?
— Contnued —
Moce! - Serws T
Manulaciurer2 Powat Fual Smission Rales Partic-
Ratea Cry Quisut Mece Seting Fiow HC co NCx S  ulaie
{1000 izs ihruss; (bsmin) — DS per 100G Ios —
TF30.5.6C7 Takacit Vitary 111,67 091 156 1328 03X --
P&W Climcout 75% Thrust  59.33 0.54 475 738 $8: -
Apcreach 30% Thrust  33.83 1.84 1487 477  $8: <o
Iete idle  11.17 1292 7058 203 ¢ --
TE0Fa12A Takecit  Ahtercumer  796.67 026 079 4y eETLL
P&W Ciimzout Military  $17.30 0.77 138 1980 C.5e 29812
Apcreach 78% Thrust 7167 1.48 343 10.74 C3< 79912
Icte ldle  15.33 3645 5560 322 03t 9961
TFR32-35s | TakacH  Aftersumer 6832 030 130 1100 ¢3: 8008
PaW Ciimzeut Mitary 12205 0.4C 180 90C  C.3: 13005
Aceesach 85% 8328 3.79 901 730  C3: 13965
cie idle  14.10 9196 €853 177 (34 5208
DartRCars Takecit  Mitary 2348 6.21 340 scs  ose TIC
/R Ciimazout 95% 0.80 3.72 3.41 4.38 C3s -
Apgcreaeh 0% 1075 000 3330 08 3¢ .-
Idle 1dle 6.85 6209 9151 077 £33 -
aga ™ e e i g SRR e
AR Climoout 100% 17853 0.41 270 1480 03 .-
Approach 85%  103.10 0.73 820 800 03 .-
idle Ide 1895 1880 10630 170 €3 --
Fa027 Takecif 00%  178.53 040 270 ase gL
AR Climeeut 85%  :03.10 0.70 820 BOO 03¢ -
v icle Ide  18.85 1880 10630 170 Cs: -
BsWSF T Takeett " Mitary 11577 06t 531 g3 Tosd LT
w Climtout 80CC rom 99.50 0.72 7.39 5.7 ¢33 -
Approacn 7450 rpm 72.83 0.95 12.61 730 cs
Idle ldle 22.00 9, 78 47 16 48 o]
R-182C Takecﬁ IRP 19.43 94 68 ...:l 73 g2 cse
w Cimzsout IRP 14.37 48.49 435.03 2.°8 -1 -
Appreach  75% M/C 5.38 5.57 384 33 8.30 3 -
Icle idle 1.48 15056 47416 000 CE: -
1 Source: Examole of an Air Qace 4 Scurce of caia is AP-42 (Relarencs 1), 9 Inciuces all “ecncensas.e sartcutates.”

mieeioae im far o Sovnny af

Sap Dieco 11987) (Reference 15) uniess

otherwise noteg.

MANUFACTURERS:
All, - Alison, Con - TeledynesC.

n

Nittogen oxizes reported as NOz. HC
refers 10 (ota1 nydrocarbons (Volatle
crganics, inc:uding unburned hydrocar.
tens and organic pyrolysis products).
5 inciudes ail “zondensable paruculates”,

CP - United Aircraft of Canada GE -
General Eleciic, Grt - Garrait
AiResearch, Lyc - AveolLycoming, PawW
- Pratt & Whitney, RR - Rolls-Royce. W -
Curfis Wright

SOz emissions based on national aver-
age suifur centant of aviation fuals from

M&m 1989 (Ralerence

w

Wi,

ana s Mav De much gher than solic
paruculales sione (Relerence 1).

€ Scurceof caais EAA Airgraft Cagipe
Ezssion Caianasa (Referance 14).

7 Scurcaol a3 -SSnm_aa_M

Emy it

éx.._mE:.:n (Retarence 18).

8 Source of caia1s [CAQ Eacne Evhayct
Srmgsiong J3t20ank (Referenca 13).

i@

12

and thus may te much migrer than sokid
particuiaias alone. Caia are interpolated .
valugs assumea for caic:ational pur-
poses. in the acsence ! sxsenmental
data (Reference ).

Parucuiate data refers i "F13.GE-L0CA
angine.

Pariculates rafer o dry cariculates onty
{Releranca 1).

Source ¢f Paruculate caais Table 4.
Particulate Mass Emisscos From the TF-
0-P-418 Engn. a;:—r\; fg:]_“ gl

19 S s

ema.".m (Felerarce 18).
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same as that used for both commercial and general aviadon. The calculadons for each subse-
quent step follow.

Adjust Approach and Climbout TIM to Represent Local Conditions
TIMgpp-M = 4* (H/3000) (5-9)

TIMeim-M = 1.4 * [(H-500)/2500) (5-10)
TIM,pp-M - time in the approach mode for military aircraft, in minutes

TIMm-M - time in the climbout mode for military aircraft, in minutes
(assumes transition from takeoff to climbout occurs at 500 feer)

H - mixing height used in air quality modeling for ime and region of
interest

Calculate Emissions for Each Aircraft Type

E; = X (TIMj) * (FF;/1000) * (Elo * (NEj) (5-11)
E; - total emissions of pollurant i, in pounds, produced by aircraft type j
for one LTO cycle

TIMjc - dme in mode for mode k, in minutes, for aircraft cype j

FFj - fuel flow for mode k, in pounds per minute, for each engine used
on aircraft type j (from Table 5-7)

Elj - emission index for pollurant i, in pounds of pollutant per one thou-
sand pounds of fuel, in mode k for aircraft type j (from Table 5-7)

NE; - number of engines used on aircraft rype j (from Table 5-6)

Calculate Total Emissions for All Military Aircraft
ETiovp = 2 (Ep) * (LTO) (5-12)

ETipv - total emissions of pollutant i, in pounds, produced by all military
aircraft operating in the region of interest (where j covers the range
of milirary aircraft operating in the area)

LTO; - total number of LTO cycles for aircraft type j, during the inventory
period

After completing the emissions inventory for military aircraft, the overall inventory is com-
plete, made up of emissions from commercial, general aviation, and military aircraft. The final
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three sections of the report address changes to the inventory due to alternative operating prac-
tices, addition of minor emission sources, and changes to the aircraft fleet in the future.

5.3 Variations To The Inventory Calculation Procedure

There are several variations to the basic inventory procedure that can adjust the period cov-
ered by the inventory or address some operational procedures followed by some pilots or airlines
thar affect aircraft emissions. These adjustments to the inventory are discussed in this secgion,

5.3.1 Variability of Activity - Daily and Seasonal

The caleulation procedure described in the methodology does not address daily or season-
alvariations. If the air quality modeling period requires emissions data that accounts for these
variations, certain adjustments must be made to the equations. The daily or seasonal varia-
tons will be exhibited in LTOs, mixing height, and idle dme, primarily idle-out.

The references for determining LTOs in Section 5.2 give data on an annual basis and adjust-

- ment may be necessary to capture changes over time. The frequency of LTOs at most civil aic-
ports are reasonably uniform during daylight hours with lower activity during the night and uni-
form during week days with lower activity on the weekends, although some airports that cater to
recreational flying may show higher activity on weekend days. For most large urban airports, LTOs
are uniform on a menthly basis with a slight increase in activity during the summer, which typ-
ically is a time of high travel, although some regions may attract more travelers during the win-
teras a result of their climate. The seasonal variation in activity at smaller urban airports or air-
ports that serve smaller cides may be more pronounced because of faczors thar affect travel on a
local basis such as tourism or seasonal business activity. Obraining specific information on daily
and seasonal variadon is difficult. The best source likely will be the airport operators, many of
who keep some type of records of activity such as total number of LTOs, number of visitors/pas-
sengers, number of cars using the parking lots, or some similar measure that may be representa-
tive of the daily or seasonal variation in use of the airport. Another source of information onthe
daily and weekly variadon of LTOs is published flighe schedules. These schedules can be reviewed
10 evaluate the number of scheduled flights during daylight hours versus night-time hours or
week day versus weekend. It would be difficult to use this source to evaluate seasonal variations.

Mixing height changes throughout the day and from season to season depending on mete-
orological conditions such as wind, cloud cover, temperature, and humidiry. The adjustments
to the time in approach and climbout mode should be based on a weighted average of the mix-
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ing heights for the time periods of interest, using variations in LTOs as the weighing factors. See
Section 5.2.2 for more information about determining the mixing height.

Taxi/idle time may vary in proportion to variations in LTOs because they are partially a
function of airport congestion such that the greater number of LTOs the more likely that air-
port congestion will increase the time for aircraft to taxi to the runway. The airlines’ schedul-
ing departments are the best sources of taxi/idle-time dara and their projections typically show
daily variations estimated for a particular season. Airport operators also may have information
on taxi/idle time variation during a day or from one season to another. Availabiliry of this data
will be highly variable.

5.3.2 Operational Activity that Affects Aircraft Emissions

There are variations to standard operating procedures which pilots follow thar will affect the
aircraft’s emissions. Two examples, which may be found in commercial operations, are single-
engine taxiing and derated takeoff. Both of these procedures have the potendal to save fucl as
well as reduce emissions. Where detailed air quality modeling is being performed, these refine-
ments may meric consideration. However, in most cases these procedures are performed at the
discretion of the pilots and their use may not be consistent or predicrable.

5.3.2.1 Reduced Engine Taxiing - Single-engine taxiing or reduced-engine taxiing is, as
the name implies, taxiing with one or more engines shutdown. This is usually practiced during
taxi-out. An aircraft can taxi using a single engine at idle without significandy increasing the
emissions of that engine since adequate power for taxi generally is available ar idle power sct-
ting. The emissions reductions are equal to the calculated emissions of the engines that arc
shutdown. The change to the calculation procedure to account for single-engine taxiing is
shown in Equation 5-13.

E; = Z (TIMjo * (FFj/1000) * (El) * (NEj (5-13)
E; - total emissions of pollutant i, in pounds, produced by aircraft type j
TIMjx - time in mode for mode k, in minutes, for aircraft type j

FFjx - fuel flow for mode k, in pounds per minute, for each engine used
on aircraft type j {from Table 5-4)

Elix - emission index for pollutant i, in pounds of pollutant per one thou-
sand pounds of fuel, in mode k for aircraft type j (from Table 5-4)

NEx - ‘number of engines used on aircraft type j, for mode k
(from Table 5-2)
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NE for the taxi/idle-out mode would be the number of engines actually used rather than the
number on engines shown in Table 5-2.

5322 Derated Take—off - A derated take-off is a procedure where the piloc sets the
throtele for takeoff ar less than 100%. The derated throttle setting is determined based on
worst-case operating conditions, i.e., performance of the aircraft as though it weze ar maxi-
mum weight on a hot day. In some cases this may allow a takeoff throtde sesting of 90% or less.
To adjust the emissions calculations to account for this change, engine manufacturers recom-
mend a linear interpolation berween the tkeoff and climbout fuel flow rates and emission fac-
tors. Information on the degree and frequency of derating for takeoff should be colleczed direcz-
* ly from the airiines.

Other operational factors may affect engine exhaust emissions, such as the use of ull throt-
te, reverse thrust to decelerate the aircraft during landing. These efects may also be significant
and are being evaluated by EPA. Any additional information on operational factors will be
included in the next update to AP-42.

5.3.3 Particulate Emissions

As mentioned in Section 5.1.1.2, very few measurements have been made of particulate
emissions from aircraft engines. However, for most rurbine engines, EPA does limit the amount
of smoke that may be emirted. This limit is specified as a smoke number. Artemprs have been
made to derive a correlation between smoke and particulares which could be used to create a par-
ticulate emission index based on smoke number. Thus far, these efforts do not match experi-

- mental results very closely. If particulates are of concern for the inventory area it may be of
help to discuss the issue further with the engine manufacturers or the FAA Office of Environment
and Energy.

5.4 Other Emission Sources

When large aircraft are on the ground with their engines shutdown they need power and pre-
conditioned air to maintain the aircraft’s operability. Ifa ground-based power and air source is
unavailable, an auxiliary power unit (APU), which is parr of the aircraft, is operated. These units
are essendally small jet engines which generarc clecrricity and compressed air. They bumn jet fucl
and generate exhaust emissions like larger engincs. In use, APUs essentially run at full throt-
te. Emission factors for some APUs used by the milirary are included in Table 5~8 and are rep-

resenuative of, or the same as, those used by commercial airlines. It will be necessary to contact
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TASLE 5-8:
Modal Emission Rates — Auxiliary Power Unitst
Fuel Flow Emission Rates (!=/1000 Ib)

Mccei-Senes Mode (lo/min) HC CcO NOx SO
GTC8s-72 Ne Load ....viciinincens 1.78 5.38 37.43 3.28 054
Lead..... w. 350 C.13 14.83 3.88 0.5¢

GTCP1C0-54 NoLoad .....iiinnieeniinnens 3.75 1.8¢ 12.48 6.32 054
[T TN 6.88 Q.16 5.89 595 0.5¢

GTPCES-2 Nec Load we 2.18 2.:¢ 18.75 439 0.3<
Lea 4.88 (s 8ci] 3.20 5.65 03¢

T-82T-27 [N R -1 O 0.83 236 29.533 531 C.3¢
cad . 170 7.79 42.77 3.94 0.54

WR27-1 NO LOGE vt ivnieniitinne 233 0.6C 3.48 2.13 0.8¢
Lead reremesrsiessnressannns 233 0.2t S.86 463 0.3¢

1 Sourca: ot E-~gings {Falarence 18).

the airlines directly to find out whether APUs are used regularly at a specific airport and, if so,
how long an aircraft is expected to stay at a gate with the APU running.

For general aviation aircraft, there are evaporative emissions that result from refueling and
fuel spillage. Emissions also occur from preflight checks of the aircraft and diurnal temperature
cycles that cause the fuel tanks to vent. Refueling emissions are addressed in Volume 1, Section
5.4.1. EPA is continuing to evaluatc the other emission sources and may provide information
in the nexr update to AP-42.

5.5 Effect Of Future Changes To The Fleet

Airlines continually acquire newer aircraft, gradually phasing out older models. While
commercial aircraft often remain in service for more than 25 years, over time, this process phas-
es out the aircraft using engines that do not meet EPA’s hydrocarbon emission standard. The
current world aircraft fleet averages 12.4 years old according to the 1990 World Jer Inventory
published by the Boeing Corporation (Reference 24). Significant among the older aircraft are
engines that do not meer the EPA standard such as the Spey MK511 and older JT8Ds and
CF6-50s. The JT8Ds and CF6-50s are prevalent on B-727s, DC-9s, and DC-10s, many near-
ly 20 years old. As new aircraftare added to the fleet the older aircraft are the most likely to be
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redired. The effect is one of replacing older, dirty engines with newer engines on the new air-
crait that are much cleaner from an emissions sndpoint. Airport noise regulaticrs also are forc-
ing changes to the commercial aircraft fleet. National noise regulations which were recently
passed by Congress are forcing airlines to phase out use of loud aircraft by 20C0. This can be
accomplished by redring the loud, older aircraft, replacing their engines with newer, quieter
ones, or modifying the ergines to muffle the noise. The first two alternatives result in aircraft
 with reduced emissions. Because this legislation is so new, the airlines are yet to ‘ormulate spe-
cific plans meeting the requirements. However, as the equipment is updated, the changes to the
flezr will be reflected in FAA's reports on aircraft activiry, Since thereisa signizicant engineer-
ing and development leadtime for producing new aircraft engines, most of the ssmmezcial air-
cratt to be added to the fleer in the next five to seven years will be powered by engines that are
included in Tables 5-2, 5~3 and 5-4.

Since specific plans to upgrade their fleets have not been announced recently Dy the airlines,
it is difficult to project what future changes will be and how they will effect =e invenrory of
emissions for all locations. Some carriers will updae their fleets more quickly than others so there
may be changes that can be captured on an area specific basis. Ifitis desirable to groject changes
to the inventory for this source category, the predominant airlines for the airports included in the
inventory area should be contacted for their specific plans. EPA is continuing to look at better
dara sources and methods for projecting changes to aircraft fleet emissions. '

Another change thar will affect future emissions from aircraft is the growtx in travel. Air
travel has experienced strong growth over the past several years and this growth is expected to
condnue for the foreseeable furure. Many existing airports are near capacity and others will
reach their capacity limits in the near furure. This will have two effects: air =affic at small
feeder airports and regional hubs will grow and the current major hubs will experience additional
congestion. The net effect these changes will have on air quality is unclear. Incseased conges-

.ton at some airports will increase taxi/idle times but the expanded use of smalle- airports may
relieve congestion at others.
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AC XO: 91-41

BATE: wiacm 12, 197
#8 ADVISORY
- CIRCULAR

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

SUB]ECT' GROUND CPERATICNAL PRCCEDURES FOR AIRCRAFT ENGINE DMISSION
° REDUCTICN AND FUEL CONSERVATION

A
‘4, Ml“‘\

I',

1. 2PURP0SE. This Advisory Cireular recommends ground operational procedures
that vill uinizize air pollution from aircrafc ground coper¥tions and
censerve fuel,

2. BACKGROUND. The Clesr Afr Amendments of 1970 directed the Adminis-
eratsy of the Eavirommental Protectiom Agency, after comnsultation with
the Secretary o Transportaticm, to sef aircraft emission scandards.

The Azendments aslso require E7A to study aircraft emissions wizh

regard to their effect on health and welfare. As one result of this
study, EPA {ssued ao Advinee Notice of Proposed Rule Making proposing
to linit the muzber of engines used for taxi to and from the runwvay.
Cencurrently, tha existing and projected shorzfall of svistion fuel
required the analysis of fuel conzervation measures by FAA. This study
also included the possidility of reducing the number of engines sequired
for taxi. Study estimates ind{catsd substancisl raductions inm carbon
monexide and hydrocsrdon emissions ste possible sz well as a significant
fuel sgvings.

The TAA, EPA, ATA and ALPA {nvestigated the poseibility of reducing
the number of operating engines on turbojet aircrafc for the tax!{ and
grsund idle modes. As a consequence of this inveszigation, an oper-
ational avaluation vas conducted at Atlanta Internaciomal Airpors.
Tesc results led to the tonclusion that opersting fewer engines on
thre:- and four-engine turbojet aircraft {s {a nany cases feasible
vhen taxiing frem the ruoway to the terninal sfter landings or during

pratzacted holds, but shoyld nac be s mandatory Tequirement at any time.

3. RECOMENDED PROCIDURES. Operators of three- and four-engine turdojet
_aiverafe should develop procedures fer reducing emissions and fusl
usage and submit them to FAA. The. following tax{ and ground idle
procedures under the conditions and limications judged appropriace
by the aircraft operator and the pilet-in-command are recommended.

H
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Envirenmental Protection Agency

PART 87—CONTROL OF AIR POLLU-
TION FROM AIRCRAFT AND AlR-
CRAFT ENGINES

Subpert A—Genersi Previsions

7.1 Definitions.
87.2 Abbreviations.
87.3 Genersl requirementas,
{Reserved)
Special test procedures.
Aircraft safety.
Exemptions.

Subpart Bfngine Fuel Venting Emissions
(New end lnaUse Alrcratt Geas Turbing Ine
gines)

87.10 Applicability.
87.11 Standard for {uel venting exissions,

Subpert C—Exhoust Imissiens (Now Alrcreit
Gas Turbine Engines)

87.20 Applicadility,
87.21 Standards for exhaust emiszions.

Subpert D—Exhaust Emisslons (In-Usa Alrareft
Gas Turbing Engines)

87.30 Applicability.
87.31 Standards for exhaust emimions.

Subperts B[ Reserved]

Subpert G—Test Procadures fuer Engine Exheust
Gaseous Imissions (Alrawit snd Alrereft
Gas Turbine Ingines)

87.80 Introducsion.

87.81 Turbine {uel specifications.

87.82 Test procedure (propulsion enginas).

87.83 (Reserved]

§7.64 Sampling and analytical procedures
for measuring gasecus exhaust emlis
siona.

87.05~27.70 [(Reservedl

287.71 Compliance with gaseous emission
standards,

.Subpart H—Tast Procedures fer Engine Smeke
Emisslens (Alrcra® Sas Turbine Engines)”

87.80 Introduciion.

4781 Puel specifications.

§7.32 Sampling and analytical procedures
{or messuring smoke exhaust emissions.

87.83—317.33 [Reserved}

87.33 Compliance. with smoke emizion
standards,

AvTROMITY: Secx. 331, 30I(a). Clean Alr
Act, az amended (42 U.8.C. 73T, 7601¢a)).

Sovacxe: 47 FR 38479, Dec. 30, 1932, unless
otherwiss noted.

§87.

Subpart A~—Geners! Provisions

$87.1 Deflnitions.
(a) As used in this part, sl} tereg =3

defined herein shal] have the mes=:ing
given them in the Act:

“Act” means the Clean Air Acs. as
amended {42 U.S.C. T401 et seq.).

“Administrator” means the Adminis.
trator of the Environmental Prociec.
tion Agency and any other officer or
employee of the Environmental Pro>-
tection Agency to whom authority in-
voived may be delegated.

“Alreraf{t" means any airplane for
which a U.8. standard sirworthinass
certificate or equivalent foreign i
worthiness certificate is issued.

“Alrcraft engine” means a propul-
sion engine which is Installed in sr
which i2 manufactured for installazizn
in an aireraft.

“Afrcralt gag turbine engine” means
& turboprop, turbofan, or turbojet 2
craft engine.

“Class TP means all gircraft turbo-
prop engines.

“Class TF” means all turbefan or
turbojet alrcraft engines except exn-
gines of Class T3, T3, and TSS.

“Clazs T3” means all aircraft zas
turbine engines of the JT3ID mcdei
fareily.

“Class T8"” means all aircraft zas
turbine engines of the JTBD meccel
family.

“Class TSS" means all afrcraft us
turbine engines employed for propul.
sion of aircraft designed to operate 2t
supersonic flight speeds.

“Commercial aircraft engine’” meazs
any sirceraft engine used or (ntended
for use by an "“air carrier,” {includiag
those engaged In "intrastate alr trans.
poriation™) or 3 “commercial opess-
tor” (Including those engaged in
“intrastate air transportation”) ss
these terms are defined in the Federsl
Aviation Act and the Federal Aviation
Regulations.

“Commercial aireraft gus turbize
engine' means a turboprop, turbofan,
or turbofet commercial alrcta’t
engine.

“Emigsion measurement systex="
means all of the equipment necessary
to transport and measure the level of
emissions. This includes the sample
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§872

system and the
system.

*Engire Mode!” means all commer-
cial aiveraft turbine engines which are
of the same general series, displace-
ment. and design charscteristics and
are usually approved under the same
type cerzificate.

sPxhaust emissions” means sub-
stances smitted to the atmosphere
{rom the exhaust discharge nozzle of
an aireraft or aircraft engine,

“Fuel veating emissions” means raw
fuel, exciusive of hydrocarbons in the
exhaust emissions, discharged from
aircrafs gas turbine engines during all
normal ground and flight operations.

“In-use sircraft gas turbine engine”
means an alreraft gas turbine engine
which is In service.

“New sircraft turbine engine"” means
an alrcraft gas-turbice engine which
nas never beeh in service.

“Power setting” mesns the power or
thrust output of an engine in terms of
kilonewtons thrust for turbojet and
turbofan engines and shaft power in
terms of kilowatts for turboprop en-
gines.

“Rated output (rO)”" means the max-
imum power/thrust available for take-
off at standard day conditions as ap-
proved for the engine by the Federal
Avistion Administration. including
reheat contribution where sapplicable,
but excluding any contribution due to
water injection.

“Rated pressure ratio (rPR)” means
the ratio between the combustor inlet
pressure and the engine inlet pressure
achieved by an engine operating at
rated output.

“Sample system” means the systam
which provides for the transportation
of the gaseous emission sample {rom
‘the sample probe to the inlet of the in-
strumentation system.

“Secrelary” means the Secretary of
Transportation and any other officer
or employee of the Department of
Transportation to whom the suthority
invclved may be delegated.

*Shait power” means only the meas-
ured shaft power output of a turbo-
prop engine.

“Smoke” means the matter in ex-
haust emizsions which obscures the
tranamizsion of light.

instrumentation

40 CFR Ch. | (7-1-90 Editien)

“Smoke number (SN)” means the di.
mensionless term quantifying smoks
emissfons.

“Standard day c¢onditions” means
standard ambient conditions as de-
seribed in the United States Standard
Atmosphere, 1978, (Le., Temperature
w15'C. specific humidity =0.00 kg/
H,O/kg dry air, and pressure =101325

)

*Taxi/idle ({n)” means those aircraft
operations involving taxi and idle be-
tween the time of landing roil-out and
final shutdown of all propulsion en-

gines.

“Taxi/idle (out)” means those air-
eraft operations involving taxi and idle
between the time of initial starting of
the propulsion engine(s) used for the
taxi and turn on to duty runway.

(47 PR 58470, Dec. 30, 1982, as armended at
48 FR 21875, Aug. 9, 1984]

§812 Abbrevistions.

The abbrevistions used in this part
have the following meanings in both
upper and lower caze:

FAA Federal Aviation Administrs-
tion, Department of Transportation.

HC Hydrocarbon(s).

hr. Houxs).

LTO Landing takeoff

min. Minuta(s).

rO Rated sutput.

rPR Rated pressure ratio.

sec. Seconds.

SP Shaft power.

SN Smoke number.

T Temperature, degrees Eelvin,

TIM Timein

W Wattis).

* Degree.

% Percent.
{47 PR 58470, Dec. 30, 1982, a3 amended st
49 PR 31875, Aug. 9. 1884]

5873 General requirensents.

() This part provides for the ap-
proval or acceptance by the Adminis-
trator or the Secretary of testing and
sampling methods, analytieal, tech:
niques, and reiated equipment 2ot
identical to those specified in this
part. Before either approves or acceps
any such alternate, equivalent, or otb-
erwize nonidentical procedures ©F
equipment, the Administratar or the
Secretary shall comsult with the other

mode.
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gavironmental Protection Agency

in determining ¥hether or not the
sction requires rulemaking under sec-
¢jons 231 and 232 of the Clean Afr Act,
as amended, consistent with the Ad-
ministrator's and the Secretary’'s re.
sponsibilities under sections 231 and
233 of the Act, (42 U.S.C. 1571, 71572).

(b) Under section 232 of the Act, the
Secretary issues regulations to insure
compliance with this part.

(¢c) With respect to aireraft of for-
eign registry, these regulstions shall
apply (n & manner consistent with any
gbligation assuried by the United
States In any treaty, convention or
sgreement betwesn the United States
and any forelgn country or foreign
countries.

1874 [Reserved]

3875 Special test procedures,

The Administrator or the Sacretary
may, upon written applicstion by a
manufacturer or operator of alreraft
or alrcraft engines, approve test proce-
dures for any aircraft or alreraft
engine that is 1ot susceptible to satis.
{actory testing by the procedures set
forth herein. Pricr to taking action on
any such application, the Administra.
tor or the Secretiry shall consult with
the other.

§87.6 Alreraft safety.

The provisions of this par: will be re-
vised 1f at any time the Secretary de-
termines that an emission standard
cannot be met within the specifled
time without creating s safety hazard,

§87.7 Exemptions.

(a) Ezemptions dcsed on flights for
short durations ai infrequent inter-

vals. The emission standards of this .

part do not apply to engines which
power alreraft operated in the United
States for short durations st infre-
quent Intervals. Such aoperstions are
lmited to: .

(1) Flights of an aircraft for the pur-
pose of export Lo & {oreign country, in-
cluding any Qlights essential to demon-
strate the {ntegrity of an al=craft prior
to its flight to a point outside the
United States.

{2) Plights to a base whers repairs,
alterations or maintenance are to be
performed, or to a point of storage,

§.7

and flights for the purpose of return.
ing an alrcraft to service.

(3) Ofticial visits by representatives
of forelgn governments.

{4) Other flights the Secretary de-
termines, after consultation with the
Administrator, to be for short dura.
tions at infrequent intervais. A request
for such a determination shall be
made before the (light takes place.

(b) Exemplions for very low produc-
tion modeis. The emissions standards
of this part do not 1pply to engines of
very low total production after the
date of applicabillty, For the pursose
of this part, “very low production” is
Umited to & maximum total produc.
tion for United States civil aviation ap-
Plications of no more than 200 units
covered by the same type certificate
sfter January 1, 1984,

(1) A maximum annual production
rate after January 1. 1984 of 20 units
co\&end by the same type certificsce:
| %o .

(2) A maximum total production
after January 1, 1984 of 200 units cov-
ered by the same type certificate.

(¢) Ezemptions for New Zngines {n
Other Categories. The emissions stand-
ards of this part do not appiy to en.
gines for which the Secretary deter-
mines, with the concurrence of the Ad.
ministrator, that application of any
standard under § 87.21 ls not justitied,
based upon consideration of:

(1) Adverse economic Impacs on the
manufacturer,

(2) Adverse economic impact on the
aircraft and alrline Industries at large.

(3) Equity In sdministering the
standards among all economically
competing parties.

{4) Public health and welfsre effects,

(5) Other factors which the Secre-
tary, after consultation with the Ad-
ministrator, may deem relevant to the
case In question,

(d) Time Limited Fzemptlions for In
Use Engines. The emissions standards
of this part do not apply to aircraft or
alreraft engines for time periods which
the Secretary determines, with the
concurrence of the Administrator,
that any applicable standard under
§87.11(4). §87.31s), or §87.31c),
should not be applied based upon con-
stderation of the following:
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§87.10

(1) Documentation demonstrating
that all good faith efforts to achieve
compliance with such suandard have
been made.

(2) Documentation demonsirsting

that the tnability to comply with such
standard {s due to circumstances
beyond the control of the owner or op-
erator of the aireraft.
* ¢{3) A plan in which the owner or op-
erator of the aircraft shows that he
will achieve compliance in the shortest
time which is {easible.

(4) Applications for s determination
that any requirements of §87.11<a),
] 87.31(a) or §B87.3l(c) do not apply
shall be submitted {n duplicate to the
Secretary In sccordance with proce-
dures established by the Secretary.

(e) The Secretary shall publish In
the Froraar RecisTex the name of the
organization to whom exemptions are
granted and the period of such exemp-
tions.

(2) No state or political subdivizion
thereof mmay sttempt to enforce s
standard respecting emissions from an
alreraft or engine if such alreraft or
engine has been exempted from such
standard under this part.

47 FR 53470, Dec. 30, 1682, as amended at
:9 !x'!:.sﬁl‘l’s. Aug. 9, 193¢ 49 FR 41003, Oct.
8,

Subpart B—Engine Fuel Venting Emls-
sions (New and In-Use Alrcraf?
Gas Turbine Engines)

§87.10 Applicability.

(a) The provisions of this subpart
are applicable to all new aircralt gas
turbines of classes T3, T8, TSS and TF
equal 10 or greater than 36 kilenewton
rated output., manulaetured on OF
aftar January 1. 1974, and to all in-use
aircralt gas turbine engines of classes
T3, T8, TSS and TTF egual to or great-
er than 38 kilonewton rated output
manufactured after February 1, 1874,

(b) The provisions of this subpart
are also spplicable to all new aircraft
gas turbines of ciass TF less than 38
kilonewton rated output and class TP
manufactured on or after January 1,
1975 and to all in-use alreralt gas tur-
bines of class TP leas than 38 kilonew-
ton rated output and class TP manu-
factured after January 1, 1975,

40 CFR Ch. 1 (7-1-90 Edition)
{49 FR 41002, Oct. 18. 1584

£87.11 Standard for fuel veating emis.
sions.

() No fuel venting emissions shall
be discharged into the atmosphers
from any new or in-use aireraft gas
turbine engine subject to the subpart,
This parzgraph iz directed at the
elimination of intentional discharge W
the stmosphers of fuel dralned {rom
fuel nozzle manifolds after engines are
shut down and does not apply o
normal fuel seepage from shaft seals,
joints, and fittings.

(d) Conforrity with the standard set
forth in parzgraph (a) of this section
shall be determined by inspection of
the method designed to eliminate
these emissions.

Subpart C—Exhaust Emissions (New
Airera#t Gas Turbine Engines)

§87.20 Applicability.

* The provisjons of this subpart are
spplicable to all aircraft gas turbine
engines of the classes specified degin.
ning on the dates specified.

£87.21 Standards for exhaust emissions.

(a) Exhaust emissions of smoke from
each new alrcraft gas turbine engine
of class T8 manufactured on or after
February 1, 1974, shall not exceed
Smoke number of 30.

(b) Exhaust emissions of smoke {rom
esch new alrcraft gas turbine engine
of ciass TF and of ratad output of 129
kilonewtons thrust or greater, manu-
factured on or after January 1, 1976,
shall not exceed:

SN=§3.8(r0)"*# (r0 is In kilonewtons).

(c) Exhaust emission of smoke {from
each new alrcraft gas turbine engine
of class T3 manufactured on or altef
January i, 1978, shall not exceed
Smoke number of 25,

(d) Gaseous exhaust emissions {rom
each new commercial aircraft gag tur
bine engine that Is manufactured on
or after January 1, 1984, shall mot
exceed:

(1) Classes TF. T3. T8 engines equal
to or grester than 26.7 kilonewtons
rated output:
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Environmental Profection Agency
Hydrocarhons: 19.8 grams/kilonewton
0

- {2) Class TSS:
Eydrocarbons=140(0.52):
lonewton ro.

(e) Smoke exhaust emissions from
each gas turbine engine of the classes
specitied below shall not exceed;

(1) Class TF of rated output less
than 28.7 kilonewtons manufactured
on or after (one year from date of pub-
lcation )

SN=83.8(r0)"*™ (ro is In kilcnewtons) not
to exceed & maximum of SN=30.

(2) Classes T3, T8, TSS and TF of
rated output equal to or greater than
28.7 kilonewtons manufactured on or
after January i, 1984:

SN=83.6(r0)"¢* (ro i3 {n kilonewtons) not
to exceed & maximum of SN=50.

(3) Class TP of rated output equal to
or greater than 1,000 kilowatts manu.
factured on or after January 1, 1984:

SN=187(ro)~'* (ro is In kilowstts)

(f) The standards set forth in para-
graphs (8), (b), (¢), (d), and (e) of this
section refer to 3 composite gaseous
emission sample representing the op-
erating cycles sst forth In the applica-
ble sections of Subpart G of this part,
and exhaust smoke emissions emitted
during operations of the engine as
specified in the applicadle sections of
Subpart H of this part, measured and
calculated in accordance with the pro-
cedures set {orth in those subparts.

(47 FR 58470, Dec. 30, 1982, as amended at
49 FR 31878, Aug. 9, 1984])

grams/xi.

Subpart D—Exhaust Emisslons (In-use
Alrcraft Gas Turbine Engines)

§87.30 Appileability.

The provisions of this subpart sre
applicable to all in-use aircraft gas tur-
" bine engines certifled for operation
within the United States of the classes
specliled beginning on the dates speci.
fied.

§87.31 Standards for exhaust emissions.

{a) Exhaust emissions of smoke from
each in-use alrcraft gas turbine engine
of Class T8, beginning February 1,

§$87.60

1?‘;40 shall not exceed: Smoke number
of 30.

(d) Exhaust emissions of smoke from
each In.use aircralt gas turbine engine
of class TF and of ratad output of 129
kilonewtons thrust or greater, begin.
ning January 1, 1976, shall not exceed:

SN=33.6(r0)-*™ (r0 Is {n kilonewtons).

(¢) The standards set forth in para-
gTaphs (a) and (b) of this section refer
to exhaust smoke emissions emittad
during operations of the engine as
specified (n the applicable section of
Subpart H of this part, and measured
and calculated in accordance with the
procedures set forth in this subpart.

(47 FR §8470, Dec, 30, 1982, a3 amended at
48 FR 27138, Jan. 20, 1983)

Subparts E-F—{Reserved]

Subpart G——Test Procedurss for
Engine Exhaust Gaseous Emis-
sions (Alrcaeft end Alreraft Gos
Turbine Engines)

§87.60 Introduction.

(2) Except as provided under § 87.5,
the procedures described In this sub.
part shall be the test program to de-
termine the conformity of new alrcraft
gas turbine engines with the applica-
ble standards set forth (n this part.

(B) The test consists of operating the
engine at prescribed power settings on
an engine dynamometer (for engines
producing primarily shaft power) or
thrust measuring test stand (for en-
gines producing primarfly thrust), The
exhaust gases generated during engine
operation are sampled continuously
for specific compoment analysis
through the analytical train.

(¢) The exhaust emission test Is de.
signed to measure hydrocarbons,
carbon monoxide and carbon dloxide
concentrations, and to determine masass
emissions through calculations during
a simulated alrcraft landing-takeoff
cycle (LTO). The LTO cycle {s based
on time {n mode data during high ac-
tivity perioda at major airports. The
test {or propulsion engines consists of
3 least the following four modes of
engine operation: Tax{/idle, takeoff,
climbout. and approach. The mass
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§87.61

emission for the modes are combined
to yield the reported values.

(d) When an engine is tested for ex-
haust emissions on an engine dyna-
mometer or test stand, the complete
engine shall be used with all accesso-
ries which might reasonably be ex-
pected to Influence emissiors to the
atmosphere !nstalled and functioning,
{f not otherwise prohibited by
§ 87.82(aX2). Use of service air bleed
and shaft power extraction to power
auxiliary gearbox-mounted compo-
nents required to drive aircraft sys.
tems is not permitted.

(e) Other gassous emissions meas-
urement systems may be used {f shown
to yield equivalent results and if ap-
proved in sdvance by the Administra-
tor or the Secretary.

{47 PR 33470, Dec. 30, 1982, as amended o
49 FR 31875, Aug, 9, 19841

[ 4 iux Turbine fuel apecifications.

For exhaust emission testing. fuel
meeting the specificatiors Ustad delow
shall be used., Additives used for the
purpose of amoke suppression (such as
organometallic compounds) shall not
be present.

Property and Allowadle Range of
Values

Specific gravity at 15 *C: 0.78-0.82.

Distillation temperature, *C: 10% boll-
ing point, 180-201; f{inal boiling
point, 240-285.

Nité %3;& of combustion, kJ/kg: 42,860~

Aromatics, volume %: 15-20.

Naphthalenes, volume %: 1.0-3.0.

Smoke point, mm: 20-28.

Hydrogen, mass %: 13.4-14.0.

Sulfur, mass %: less than 0.3%.

mn“@uc viscosity at -20 ‘C, mm/s:
4.0-8.5.

{48 FR 41002, Oct. 18, 1984}

§387.52 Test procedure (propulsion en-
gines).

(aX1) The engine shall be tested in
each of the following engine operating
modes which simulate aireraft oper-
ation to determine its mass emission
rates. The actual power setting, when
corrected to standard day conditions,
should correspond to the following
percentages of rated output. Analyti-

40 CFR Ch. | (7-1-90 Edition)

cal correction for variations {rom ref-
erence day conditions and minor vari.
ations in actusl power setting should
be specified and/or approved by the
Secretary:

Cass
Mode |
™| Ty s
R 7L T OO—m— ) {') (3]
RLTT - PO — 100 100 100
= ] (1T
Dascare NA NA 11
Agproacn. k) ! 34
+ San parmgreon (a2} of s secton.

(2) The taxi/idle cperating modes
shall be carried out at & power setting
of T% rated thrust unless the Secre-
tary determines that the unique char-
acteristics of an engine model under-
going certification testing at 7% would
result In substantially ditfferent HC
emissions than if the engine model
were tested at the manufacturers rec-
ommended idle power setting. In such
cases the Secretary shall specify an al-

ternative test condition. .
(3) The times in mode (TIM) shall
be a3 specified below:
Cass
Mode
v | T3 1ss
R T LT —— 0 0 2.0
h T O— o3 or 12
G 28 22 20
Cescont R/A NIA 1.2
\GOF .5 a0{ . 23

(b) Emissions testing shall be con-
ducted on warmed-up engines which
have achieved a steady operating tem-
perature.

$87.63 [Reserved]

$§37.6¢ Sampling and analytical proce
dures for measuring gaseous exhaust
emissions.

The system and procedures {or sam-
pling and mesasurement Of ERSEOUS
emissions shall be as specified by AP-
pendices 3 and 5 to ICAO Annex 18.
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Volume II, Aircraft Engine Emissions,
First Edition, June 1534, which are in.
carporated herein by reference. This
document can be obttained {rom the
Internaticnal Civil Aviation Organiza-
tion. P.O. Box 400, Succursale: Place
de L’Aviation Internationale, 1000
Sherbrooke Street West, Montr
Quebec, Canada H3A 2R2 at $3. 00 per
copy. It is also availadle for Inspection
at the Office of the Federal Register
Information Center, Room 8301, 1100
L Street, N.W,, Washington, D.C,
20408. This incorporation by refersnce
was approved by the Director of the
Federal Register on Septemtcer 3,
1982. These materials are incorporated
as they exist on the date of the ap-
proval and a2 notice of any change in
these materials will be publishied In
the Fmerar Rxcistrr., Freguent
changes are not anticipated,

§% 87.6587.70 ' [Raserved)

§81.71 Compliance with gaseous emission
standards.

Compliance with each gaseous emis.
sion standard by an alrcraft engine
shall be determined by comparing the
pollutant level {n grams/kilonewton/
thrust/cycle or grams/kilowatt/cycle
as calculated in § 87.84 with the appli-
cable emission standard under this
part,

Subpart H—=Test Procadures for
Engine Smoke Emissions (Alrcraft
Ges Turbine Engines)

§387.80 Introduction.

Except as provided under §87.5, the
procedures described in this subpart
shall be the test program to determune
the conformity of new and in-use gas
turbine engines with the applicable
standards set forth {n this part. The
test is essentially the same as that de.
scribed In  $§ 87.80 through 87.52,
except that the test is designed 0 de-
termine the smoke emission level at

various operating pointa representa- -

tive of engine usage in sireraft. Other
smoke measurement systems may be
used if shown to yleld equivaient re-
sults and if approved in advance by
the Administrator or the Secretary.

§87.89

§37.81 Fuel specifieations.

Fuel having specifications as provid.
ed in §87.81 shall be used in smoke
smission testing.

§37.82 Sampling and snalytical proce.
dures for messuring smoke exhaust
emissions.

The system and procedures for sam.
sling and measuremenst of smoke emis-
sions shall be as specified by Appendix
2, Volume II. Alrcraft Engine Emis.
sions to ICAO Annex 18, Alrcraft
Zngine Emissions, First Edition, June.
.831. This document ¢can be obtained
rom the International Civil Aviation
Organization. P.O. Box 400, Succur-
ssle: Place de L'Aviation Internatio-
2ale, 1000 Sherbrooke Street West,
Montreal. Quebec, Cansda H3A 2R2 at
$3.00 per copy. It is also avsilable for
nspection at the Office of the Federal
Register Information Center, Room
8301, 1100 L Street, N.W.. Washington.
D.C. 20408..This incorporation by ref-
ersnce was approved by the Director
of the Federal Register on September
3, 1982. These materials are Incorpo-
rited as they exist on the date of the
approval and s notice of any change in
these materials will be published in
the Frormai Rroistzx. PFrequent
changes are not anticipazed.

§887.83—87.38 (Reserved)

§37.89 Compliance with smoke emizsion
standards.

CompHance with each smoke emls-
sion standard shall be determined by
comparing the plot of SN as a function
of power setting with the applicable
emission standard under this part.
The SN at every power setting must be
such that there is a high degree of
confidence that the standard will not
be exceeded by any engine of the
model being tested. The level of confi-
dence required, a practical interpreta.
tion of the requirement {or total com-
pilance, and- a testing program to
assure compliance will be established
by the Secretary prior to January 1,
1984, and shall be spproved by the Ad-
rinistrator.

PARTS 88—99—[!!5!!\!!0]
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Appendix D

High Density
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federal Aviation Administration, DOT

Subpart K==High Density Tratfic
Alrports

§93.121 Applicabdility,

This subpart designates high density
trafflc airports and prescribes sir traf.
fic rules for operating saircraft, other
than helicopters, to or from those air.
le

(Amde. 93-21. 3§ FR 165392, Oct. 24, 1970, as
mg by Amdt. §3-27, 38 FR 29464, Oct.

493.123 High density traffic slrports.

(a) Each of the {ollowing airports is
designated as & high density traffic
airport and, except as provided in
§ 93.129 and paragraph (h) of this sec-
tion, or unless otherwise authorized by
ATC, is Umited to the hourly number
of allocated IFR operations (takeoffs
and landings) that may be reserved for
the specitied classes of users for that
airporu:

IFR Orzaations rzx Houx
AwrroRT
Now- Vgen
Claas of veer "f."'." o |orasrs |
onal ¥
Alf CAMS i & o 120 7
Commnert...! ul 1w . = 41
Oy, [ ] 10 ‘16 12
Jorin F, Kanneny
Ar
Came
[ -
ours | A
1500, ] 18 2
1800, 4 | 2

170, 13 ]
3800, e ] 0 2
1900, Q ? 2

(b) The following exceptions apply
to the allocations of reservations pre-
:lc:ibed in paragraph (a) Of this sec.

.

(1) The allocations of ressvations
among the saveral clagzses of users do
not apply from 12 midnight to § a.m.
local time, but the totala hourly limi-
tation remains applicable.

(2) (Reserved]

(3) The allocation of 37 IFR reserva-
tions per hour for alr carriers except
commuters at Washington National
Alrport does not include charter
flights, or other nonscheduled flights
of scheduled or supplemental air carri-
ers. These flights may be zanducted
without regard to the-limitation of 37
IFR reservations per hour,

(4) The allocation of IFR reserva-
tions for air carriers except commuters
8¢ LaGuardia, Newark, O'Hare., and

.. Washington National Alrports does

aot Include extra sections of seheduled
flights, The sllocation of IPR reserva-

tions for scheduled commuters at -

Washington National Alrport does not
Include extrs sections of scheduled
flights. These flights may be conduct.
ed without regard to the limitation °
upen the hourly IFR reservations at
those airoores.

i
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§92.125

(5) Any reservation allocated to, but
not taken By, afr cwTier operations
{except commutars)-{s available for s
scheduled commuter openation.

(8) Any reservation allocated to, but
not taken by, air carrier operztions
{except commuters) or scheduled com-
muter operations is available for other
operations.

(¢) Por purposes of this subpart—

(1) The number of operations allo-
cated to “air carriers except commut-
ers.” as used in paragragh () of this
ssction refers to the number of oper-
ations conducted by air carriers with
turboprop and reciproeating engine
sireraft having a certificated maxi-
mum passenger seating capacity of 75
or more or with turbojet powered air-
cralt having s certificsted maximum
passenger seating capacity of 58 or
mare. or. if used for carzo service In
sir trapsportation, with any aireraft
having 3 maximum payioad capacity
of 18,000 pounds or more.

(2) The number of operations allo-
cated to "scheduled commmuters.” as
used in paragraph (a) of this section,
refers to the number ¢f operations
conducted by alr carriers with turbo-

pas-
senger sesting capacity of less than 75
or by turbojet sircraft having a certifi-
cated maximum passenger seating ca-

pacity of less than 36, or. if used for

carge service in alr transportation,
with any aireraft having 2 maximum
paylcad capacity of less than 18,000
pounds,

(3) Notwithstanding the provisions
of pasagraph (eX2) of tiis section, a
lmited number of operations allocated
for *“scheduled commutsrs” under
parsgraph (a) of this section may be
conducted with sircraft described In
§ 93.221(e) of this past pursuant to the
tequirements of § $3.221(e).

(Doe. Neo. 5113, 34 FR 1003, Jeb, 26, 1963, s
amended by Amdt. 93-37, 45 PR 82408, Sept.
18, 1980: Amdt. 93-i4. 48 PR 53048, Nov. 27.
1981: Amdt. $348. 49 PR 3244, Mar. &, 1584
Amdt. 93-37, 54 PR 14904, Aug. 22, 1949: 84
FR 37303, Sect. & 1989 Amdt. §3-39, 54 PR
39843, Sept. 28. 1989: Amce 92-52, 58 PR
41207, Aug. 19, 1991)

14 CIR Ch. | (1-1-92 EdiHon)

§93.1235  Asrival or departure reservtion.

Except between 12 Mlidnight and &
am. iocal time, no person may operste
an aireTaft to or ‘rom an airpert desig.
nated as 3 high density trafflc sirport
uniess ke has received, for that oper-
ation. xa arrival or departure reserva.
tion {rom ATC.

(Doe. No. 9974, Amdt, 93-25. 3T IR 227%4.
Oet. 28, 1972}

§93.122 Additiona! operations.

(a) [FR. ‘The operator of an aircraft
may taze off or land the aireraft
under IFR at a designated high densi-
ty traffic airport without regard 20 the
maximum pnumber of operaticns allo-
cated for that airport lf the operation
is not a scheduled operation to or {from
4 high density airport and he obtains a
depsrture or arrival reservation. as ap-
propriste, from ATC. The reservation
is granted by ATC whenever the air-
craft may be accommodated without
significant additional delay to the op-
erations allocated for the airport for
which the regervations 15 requestad.

(3) VFR. The operstor of an sircraft
may taks off and land the aircraft
under VFR at & designated high densi-
ty traffic alrport without regard to the
maximura number of operations allo-
eated for that zirport If the operation
is not & scheduled operation o or {rom
& high density airport and he obtains a
departure or arrival resarvacion, as ap-
propriatze, {rom ATC. The reservation
is granted by ATC whenever the air.
craft may be accommodated without
significant additional deiay to the op- -
srations sllocated for the airport for
which the reservation is requested and
the ceillng reported at the airport is at
lesst 1.000 feet and the ground visibili-
ty reported at the airhort is at least 3
miles.

{e) For the purpose of this section a
“scheduled operation te or irom the

" high density airpore” is any operstion

regularly conducted by an alr carrier
or commuter betweesn & high density
sirport and anocther point regularly
served by that operator uniess the
service is conducted pursuan: 0 irreg-
ular charter or Rixing of alresaft or is
3 nonpassenger {light.

(d) An aireraft operator must obtain
an IFR reservation [n accordance with

y )
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procedures established by the Admin.
tstrazor. For IFR flights to or {rom a
nigh density airport.: reservations for
takesf! and arrival shall be obtained
prior to takeoff,

{Doc. No. 9113, 34 FR 2803, Feb, 28, 1969, a3
amexnded by Amdt. 93-28, 37 FR 22794, Oct.
25, 1972: Amdt. 93-44, 48 FR 58049, Nav. 27,
1981: Arndt, 83-48, 49 FR 3244, Mar. §, 1984]

§93.130 Suspension of sllocations.

The Administrator may suspend the
effectiveness of any allocation pre.
scribed in §93.123 and the reservation
requirements prescribed in §93.125 if
he finds such action to be consistent
with the efficient use of the airspace.
Such suspension may be terminated
whenever the Administrator deter-
mines that such action s necessary for

.the efZicient use of the airspace.

tAmd:. 93-21. 3§ FR 14503, Oct. 24, 1970, a3
amended by Amdt. 93-31, 3§ FR 16836, Oct.
27 31]9'.‘0: Amdt, 93-27, 318 FR 29444, Oct. 28,
197 .

§93.133 Exceptions,

Except as provided in §93.130, the
provisions of §§983.123 and 93.128% do
not agply 10—

‘(ra) The Newark Alrport, Newark,
NJ: :

(b} The Kennedy International Alr-
port, New York, NY, except during the
hours from 3:00 p.m. through 7:5¢
p.m., local time; and

(c) O'Hare International Afrport
from 9:15 p.m. to 8:44 a.m., local time.

[Doc, No. 24471, Amdt. 9348, 49 FR 8244.
Mar. €. 1984]

§ 93.153
(b) Within the airy
feet MSL Within the perumeris v, 3.0%
for the Ketchikan Conwel zome <o
gardless of whether that contro) zone
is in effect.

(Doc. No. 28633, 58 FR 43094. Sent. 23. 1991,
a3 amended by Amdt. 93-43, 54 FR 853482,
Dee. 17, 1991)

Errrerive Date NoTx By Amdt. 93-43. 58
FR 65862. Dec. 17. 1991, §93.151 was arzend.
ed by revising the introductory text, effec.
tive September 18, 1993, Por the cenven.
lence of the user, the revised tex: follows.

192,151 Appllicability.

This subpart prescribes special air trasfic
rules and cormmunications requirements for
persons operating  alreraft, under VFR,
below 2,500 feet MSL within the lateral
boundaries of the surface srea of the Class
E alrspace ares designated for Ketchixan
International Alrport. Alasks. excluding
that airspace beiow 800 feet MSL and--
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Appendix E

FAA Advisory

Circular
150/5240-7

A Fuel/Energy
Conservation Guide For

Airport Operators
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AC NO: 1s0/5200-7
UITE: February 19, 1974

ADVISORY
- CIRCULAR

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMIKISTRATION

SUBJECT; A rueL/ENDRGY CONSZRVATION GUIDE POR ATRPORT OPERATGRS

1. RURPOSE. This advisory circular identifies potencial sreas
where fuel and energy usage can be conserved to asaist gizrpore:
operators in their voluntary actions in reducing fuel and energy
consumption. Appendices 1 and 2 contain specific suggested areas.

2. GENERAL,

@. The Nation faces a critical shortags of fuel and other foras
of energy. To meet this situation, the Nation must take strong
effective counterneasures. The President has ser as a national
goal, the independence of the United States from reliancs on
other nations for fuel, the development of new domestic sources,
and the expansion of those already in production. Actions have
already been taken through legislation to anable graater production
and to spur the development of fuel and energy resources to meet
thase goals. As an interim messure, the President has launched a
naticnwide energy conservation drive with a goal of seven percent
reduction {n energy comsumpcion by the Federal Governmeant and a
five percent reduction by the general public within the nexc year.

b. Recent acticns, such as the passage of the Alaskan Pipeline
legislacion, to increase domestic supplies have been {mplemeaced.
However, oil from the large North.Slope reisrve is not anticipated
to be delivered by the pipeline until 1977. In the meantize,
efforts such as allocation of fuel oil and conversion to coal
burning syscems are being taken where possible to keap essential
facilities and industries in ocperation.

¢. The Administrator has stated chat the FAA will review frs air
traffic concrol procedures to see what changes can be made to
expedite traffic flow and thus conserve fuel from that direction.
In addition, he has encoursged airports to use the. FAA airport
grant-{n-aid programs to {increase airport operational capacities.

Initicted by: AAS-560
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AC 150/5240-7 2/19/74

3. USE OF GUIDELINES. Alirport operators, in their review of cheir
operaticns and procedures to identify areas vhera fuel and energy
can be conservad, should use these guidelines as an aid to stimulace
ideas for further savings. In the implementaticn of these enerzy
conservacion measurss,only those changes that will not lower the
level of safaty should be implemented. The services of local FAA
Airports District Offices and Regional Offfces (ses AC 150/5000-3B)
personnel are available to assist in this effort.

4., EOW TO OBTAIN ADDITIONAL COPIES OF THIS CIRCULAR AND OTRER RETERENCES.
Addicional copies of this circular, AC 150/5240- , A Fuel/Znergy
Conservation Guida for- Airport Operators, as well as reference a below,
may be obtained free of charge from the Department of Transportation,
Distribution Uniet, TAD-484.3, Washingeon, D.C. 20590.

2. advisory Circular 150/5000-3B, Address List for Regional Airports
Divisions and Airports District Offices,

%. The Asphalt Handbook (MS-4) may be obtainad frem the Asphalt
Insticute, Asphalt Inscitute Building, College Park Maryland 20740,

tgaa@«;,

CLYDE W. PACE, R,
Director, Airports Service

Page 2 . Par 3
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Appendix 1

APPENDIX 1. GUIDELINES FOR FUEL/ENERGY CONSZRVATION -
CH AIRPCRTS

Pollowing are areas where passible fuel/energy savings may be achieved.

1. LIGHTING.

a, Street lighting.
b. Auto parking area ligheing,

¢. Lighting in public waiting areas, concourses, concession arsas,
and adainistrative areas.

d. Apron and aizcraft parking area lighting.
e. Taxiway and runway lighting.

NOTE: Adrporcs which have grant agreexzents, surplus propercty
&dgTeenants, or certification agreements with the Federal Government
should consult the local FAA Afrports District Office or Ragional
Airports Division personnel if changes will affect those aigresments
prior to making the changes. It is of urmost izportance that users

be advised of changes in the airfield lighting arrangemencs, such

43 going froz runway lights being on all night to lights on by request
or by radio concrol oparation. To accomplish this notificacion, az
appropriate Notice to Airmen (NOTAM) should be fssued as well as
using other eflective means, such as state aviation publicacions,

2. POWER, HEATING. AND AIR CONDITIONING.

4, Adjust heating and air conditioning concrols to reducs demand oa
fusl and electrical power,

b. Reduce use of escalators, pecple movers, and elevators during
pericd of low acciviey.

¢. Install dock curtalas at cargo loading docks to prevent heat
loss around rear of trucks and daor openings.

4. Install shades and/or curtains on windows to reduce hea: loss/gain
in building areas,

€. Make prudemt use of all motor driven equipment, such as baggage
- handling conveyors snd tractors.

£. Keep heating and cocling equipment in good operating eondition.
8. Determine peed for improving building insulation, including

inszallation of storm windows/doors and weather stripping.

Page 1
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h. Reduse washroom and kitchen wazer heat temperature consistent
with local health authority requirements,

3. ADMINISTRATION.

8. Reviev airport operations manual to determine i{f requiremencs or
procedures can be changed that will provide a fuel savings.

b. Review fire department training and practice procedures for
potexzial fuel savings.

¢. Raview airport procedures to determine what actions can be
daferred or time {ntervals extended barween actions. where energy
or fuel savings can be achieved.

d. Pursue an active enargy conservation program with concessionaires,
tenants, and Fixed Base Operators.

Page 2
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Appezdix 2

APPENDIX 2. GUIDELINES FCR FUEL/ENERGY CONSERVATICN
ON AIRPORTS - CONSTRUCTION AND MAINTENANCE

The following ave examples of whers fuel/energy savings may be achieved.
An engizneering analysis for each project should de eonducced for
ideatifying savings.

1.

[ 53

Construct taxiways, aprons, holding aprons, or other faciliciss thar
will expedite the movemenc of aircraft on the ground.

Substitution of asphalt emulsioms in lieu of cut-dack agphalrs ‘and
road oils.

Reduction of mixing tesperatures for hot-mix asphalt concrete

cixzures. Norzally, hot-mixes are produced at the lowest practical
tezperature that will permit proper mixing, lay-down, and compac:zien.
Unfortunately, as a practical matrar, the temperatyre of aixing is
further controlled by the temperature needed to dry the aggregacte.

Tor maximum energy conservation, the contractor must ezploy all

prastical methods to produce and supply aggregates to che dryer at

the lowest pessidble moisture content. This will pernit dry-aggregazes
to enter the pugaill at the lowest possible temperature, dut zot less
than 225 degrees Fahrerheir. The mixing temperature can then be
furcher adjusted so that the particular asphalt cement being used

vwill have 2 kinematic viscosity near 300 centistokss at the 3ixing
tesperature. Data on the temperature-viscosity relationstip is most

i=portant to consideration of lower mixing temperatures and should

be obtained from the producer of each asphalt cement used. Manual

Series 4 (MS-4) titled “The Asphalt Handbook" contains more {aforzaticr

and {s published by the Asphalt Institute. When using lower temperacure

aixes, it may be necessary to require insulation of trucks er other

hauling units in order to retain enough heat for spreading and
sxpaction.

4dvoiding cold weather operations that would require heating of
agzregatas and zixing water for concretas preoduction.

Using asphale-rejuvenation and light scarification in lieu of
beater-planer operation.

Page 1
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References For
Mitigation Measure
Information
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Sources Of Mitigation Measure Information

AIRSIDE LANDSIDE :
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Sources

1. Airport Authoriry, Flughafen Zurich, April 1991. Study of Environmenzal Impacts -
Summary.

2. Airport Authority, Flughafen Zurich, May 1992. Clean Air Program Canton.of Zurich,
Subproject Airport - Summary.

3. Airport Authority, Flughafen Zurich, May 1992. Operational Towing - Survey.

4. Airport Authority, Flughafen Zurich. Use of public transport at Zurich dirport (extract of
the environmental impac: study).

5. Aries Consultants Ltd. in Association with Systems Control Technology, Inc. and
Roberts & Associates, August 1988. California Aviation System Plan, Draft Element II:
Forecasts Vol. 1, prepared for the California Department of Transportaton, Division of
Aeronautics.

6. Association of Bay Area Governments, April 1980. Regional Airport Plan Update
Program, Phase 2: Aviation Impacts on Air Quality, prepared for the Regional Airport
Planning Commirtee.

7. Aviation Planning Assodiates, Inc., 1986. Environmental Assessment for New Terminal
Development at Greater Pittsburgh International Airport, prepared for Allegheny County
Department of Aviation.

8. Bauchspies, James S., et al, March 1982. Aircraft Energy Conservation During Airport
Ground Operations, FAA Report No. FAA-EE-82-8, U.S. Department of Transpor-
tation, Federal Aviation Administration.

9. Baus, Terry R. September 19, 1989 Memorandum to Ginger S. Evans - Subject Air
Quality Enhancement Measures, Nevs Denver International Airport.

10. Bay Area Air Quality Management District, November 1985. Air Quality and Urban
Development: Guidelines for Assessing Impacts of Projects and Plans.

11. Bernard, Robert ., August 1976. A Study of Vehicle Length Stay Characteristics at the San
Francisco Airport Parking Lots, the Institute of Transportation and Traffic Enginecring,
University of California.

12. Boyle, Daniel K. and Paul R. Gawkowski, August 1, 1991. Public Transportation for
" Airport Employees: The Q3 Extension into John F. Kennedy International Airport, New York
City Transit Authoriry. ‘
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13. Calornia Division of Transportation, August 1990. California Aviation System Plan,
Element I! Inventory.

14. Cai'srnia Division of Transporzation, October 1991. California Aviation System Plan,
Polizy Element.

15. Ciry and County of San Francisco, July 11, 1991. San Francisco International Airport
Ma:zer Plan, Draft Environmental Impact Statement, Department of City Planning.

16. Ciry of Los Angeles, April 11, 1991. Proposed Plan for LAX Development to tie Yzar 2000,
Depzrtument of Airports.

17. City of Los Angeles, February 1988. Draft Envirenmental Impact Report - LAX 2000,
" Appendices, and Executive Summary, Department of Airports.

18. Cicry of Los Angeles, November 1991. Ontario International Airport, Final Environ-.
menzal Impact Report for Terminals, Other Facilities and Operations to Support 12 Million
Anr:ial Passengers, Deparument of Airports.

19. Clai;, Joseph R. November 21, 1986 Memorandum to Stephen Yee - Subject: Ground
Tran:portation Vehicle Permit Program, City of Los Angeles. '

20. County of Sacramento. Sacramento Metropolitan Airport dir Quality Program Resore,
1991/1992 Annual Report, Department of Aviation.

21. Engineering Science, 1990. Southcoast Ozone/CO FIP Proactive Control Measures, Airport
Operztions, Revised Inital Reporr.

22, Envirsnmental Assessment, Greater Pittsburgh International Airport (Selected chapters and
appendices), 1992. ’

23. Envirmnmental Assessment, New Denver Airport, pp. 4.63-4.84.

24, Forsyth, Robert W, et al, December 1976. Systems Jfar Transporting Aircraft on the
Grourd Phase 14: Feasibility Study, Phase 1B: Concept Study, FAA Report No. FAA-
RD-74-92, Lockheed Aircraft Service Company prepared for the U.S. Deparmment of
Transportation, Federal Aviation Administration.

25. Gamon, Max A., May 1990. Evaluation of the Impact of Towing the L-1011 Airplane at
Boston-Logan Airport, FAA Report No. FAA-NA-80-24, Lockheed-California
Company for the U.S. Department of Transportation, Federal Aviation Adminiszation.
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26. Gautschi, Ueli, January 1993. An Environment Impact Statement - Airport Ground Poveer
Conczpts for Aireraft Energy and Environmental Concerns: A Holistic Approach, Swissair
Real Estate Consulting,

27. Gellman Research Associates and Unified Industries, Inc., March 1977, A4 Study of
Aireraft Towing as Proposed for Baston-Logan International Airport, FAA Report No. FAA-
AEQ-77-5, prepared for the U.S. Department of Transportation, Federal Aviation
Administration.

28. Gorman, Gilbert, Charles Feibel and Thomas Wiley, January 1986. The Management
Regulation of Ground Transporzation at U.S. Airports, prepared for the U.S. Department of
Transportation, Urban Mass Transportation Administration.

29. Hoover, E. A., May 1990. Evaluation of the Impact of Towing DC-9 Transport Airplanes
at Boston-Logan Airport, Final Report, FAA Report No. FAA-NA-80-83, Douglas
Alrcraft Company prepared for the U.S. Department of Transporration, Federal Aviation
Administration.

30. Hoover, E. A., October 1979. Evaluation of the Impact of Towing DC-9 Transport
Airplanes at Boston-Lagan Airport, Final Report Draf?, Douglas Aircraft Company pre-
pared for the U.S. Department of Transporration, Federal Aviation Administration.

: 31. Humpbhries, Jim, Sacramento Metropolitan Airporr. December 23, 1992 Letter to Mr.
' Raymond Menebroker, CARB - RE: Sacramento Metro Baseline Emissions Inventory and
' Modification of SMF Air Quality Certificate.

32. Institute of Transportation Engineers, 1976. Airporz User Traffic Characteristics for
Ground Transportation Planning, University of California. ‘

33. Isbill Associates, Inc., February 22, 1988, Airport Master Plan Update: Palm Springs
Regional Airport, Palm Springs, California, prepared for the City of Palm Springs.

34, Kanafani, Adib and Lawrence H. Lan, June 1987. Development of Pricing Strategies for
Airport Parking —.A Case Study at San Francisco Airpart, Institute of Transportation
Studies, University of California.

35. Krauss Maffei, 1991. Brochure: PTS - Plane Transport System,
36. Krauss Maffei and Mercury GSE. The Super Tug Advantage.

37. Lechner, Edward H., Daniel M. Empey, and Steven E. Shladover. Zesting of Roadweay
Powered Electric Vehicle Prototype, Systems Control Technology, Inc. and Institute of
Transportation Studies, Univessity of California.

38. Metropolitan Transportation Commission, September 1991. dir Passenger Survey: San
Francisco Bay Area. ‘
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. 39. Mewopolitan Transportation Commission. M7C Regional Airport System Pizn Update,

Caapter 6 — General Aviation Forecasts, Draft for Presentation to Regional Alrpore
Planning Committes (RAPC), July 29, 1992.

40. Michae! Brandman Associates, November 1990. Fina/ Environmental Imga:: Report for
Bezcheraft West Hangar/Qffice Facility Renovation at Van Nuys dirport, prepazsd for the
Ciry of Los Angeles, Department of Airports.

41. Mundy, Ray A., C. John Langiey and Timothy D. Ward, 1986. Analyzing :ze Financia!
" Impact on dirports on Remate Airport Ground Transportation Terminal, Stoksiy
Management Center.

42. Rules and Regulations of the City of LADOA Governing the Permit Program ji» :he Operatisn
of Commercial Vehicles Transporting Passengers at LAX, Revised January 1991.

43. Sacramento Area Council of Governments, July 1992. Sacramento Metropeiizan Airpore
Transit Access Study, Executive Summary, prepared for the Sacramento Couznzy,
Deparzment of Alirports,

44. Schoenfeid, William M. October 9, 1991 Memorandum to Board of Airpen
Commissioners -Subject: Traffic Mitigation - LAX, Ciry of Los Angeles, Decartment of
Airports.

45. Sinha, A. N., February 1975. An Analysis of Fuel Conservation Through Aircrzft Towing,
MITRE Technical Report No. MTR-6790, The MITRE Corporation prezared for the
U.S. Department of Transportation, Federal Aviation Administration. '

' 46. Southern California Association of Governments, Fox & Assodiates, and P&D
Technologies, July 1990. Draft Airport Impact Mitigation and Management Siudy
(AIMMS): Phase II, Summary Report.

47. Southemn California Association of Governments, March 1989. A4ir Quality Management
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—APPENDIX G —~
Mitigation Measure Ranking

This appendix provices a relative rank-
ing of the emission mitigation measures
described in this report. It was added at the
request of the Air Resources Board to illus-
trate the impact of the mitigation measures
at different airports. The maasures are ranked
for aircraft, GSE, and ground access vehicles

.by pollutant (Hc, cO, NOx, and PM;0) for large,
medium, and small airports. The 1990 levels
of activity for Los Angeles Internadonal Air-
port (large), Sacramento Meropoiitan Airport
(medium), and Long Beach Airport (small)
were used to simulate emissions generation
both uncontrolled and with mitigation mea-
sures applied. This is not to imply that all
measures necessarily are appropriate for these
particular airports. For example, to illustrate
the congestion relief measues it was assumed
that the uncontrolled emissions represented
congested conditions. This is not necessari-
ly accurate for these airports. Site specific
conditions must be considered whea applying
any mitigation measures. Also, the analysis
was performed applying the measures as
described in the body of the reporz. Where
more than one option was available the option
giving the maximum emissions reduction was
used. For example, when converting GsE to
alternative fuels maximum conversion to elec-
tricity and OEM optimized cNG wers assumed
rather than more limited use of electricity or
CNG conversion of existing equipment.

There are several factors the reacer should

keep in mind in using these tables. First, as _

mentioned above for the congestion relief
measures, many of these measures are very
sensitive t0 site-specific factors. As a result,
the order in which they are listed should be
considered a general indicator of their poten-
tal not a definitive assessment. Second, sev-
eral measures potentially have aviation sys-
tem-wide effects, which could be very expen-
sive, and may not be appropriate as control
measures applied at a single airport. Examples
include fleet modemization and aircraft engine
emission standards. They could be very effec-
tive, however, if applied regionally, national-
ly, or internationally. Third, as discussed in the
report, the aircraft measures should be con-
sidered in the context of their effect on all pol-
Jutants. For example, using larger aircraft to
reduce the total number of LTOs may show a
significant HC benefit and a high ranking in
one table but at the same time there may be a
significant NOx penalty, which cannot be iso-
lated or avoided, and would be ranked low on
the NOx table. Finally, the tables do not nec-
essarily represent specific control swrategies.
For example, one table ranks the measures by
their effect on cO emissions at a small airport.
Itis unlikely that co emissions at a smal] air-
port would be a significant contributor to a
CO nonanainment problem. Thus these mea-
sures would not be an important part of a co
control strategy.

Each table in this appendix ranks mea-
sures from the most cost effective first to the
least cost effective, which depends on both

LY

AIR POLLUTION MITICATION MEASURES

FOR AIRPORTS AND ASSOCUATED ACTIVITY === 0 -

G-l

—_

»



the potential reduczons and the cost 10 imple-
ment each measure (10 get a relative cost per
ton measure). To evaluate emission reduc-
tion potential generally, however, an order of
magnitude estimate of the emissions of the
pollutant covered by the table is provided.
This estimate corr=sponds to the emissions
of the individual pollutant calculated as part
of the reference emissions used throughout
the report. The recuction potential times the
emissions estimate gives an estimate of the
tons of pollutant affected by a given measure.

Note that the reducdon potentals are not addi-
tive and should be analyzed in combinadon to
determine the potential benefit of multiple
measures. Also, there is very little data avail-
able for calculating the cost of implement-
ing the measures. The authors based the rank-
ings on their judgement of relative cost effec-
tiveness. Some results are simply noted as
indeterminate and no ranking is implied. ARB
staff did not have the opportunity to review the
detailed calculations supporting the infor-
mation presented in the Appendix G tables.
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- MITIGATION MEASURE RANKING

AIRCARAFT SCURCES — LARGE AIRPORTS

Large Airports

HC recvran 2,500 . 1onsor EMISSICNS ~ Per Year Order Gf Magnitude

MEASURE [l RELATIVE S08T

CCMMENTS

Single/Recuced Engine Taxing 22% Very _ow

'C"ongestim Reduction

25%  Low!o Mecerate
Derated Takect

C-1% Very Low

Tew Aircraft tc Runway

T:al:e.'}'-“assér\.g.ers lo Aircralt 684% Incetarrirata

Reduce Reversa Thrust Hign

To.

Iil‘e-étgc':ggr'v.\iz';ion Indetermirate

Use Larger Aircraft

New Engine Standards Indeterminate  Indaterminate

Increase Load Facter Indetarminate  Incatermirate

Limit Aircraft Cperations Indatarminate

Manage Fleet 1o indsterminate
Mirimize Emissions

CO _rouvtanr 6,000 . rons or svissicns —

Incerarminate Mccarats

Indaterminata

Indaterminata

Indetarrinate

Measure may result in cost savings. Sasy 10 imciement,

Benefit anc cost highly site specific

Easy to implement, HC benefit smalt Sut gesitive,

Recuction potential probably largs.

Cosi to implamant highly site speciic,

Cost 10 implament highly site speciic.

This measure potentially has aviaticn system-wice effacts. If
50 it could have very poor cost effectivenass at a single air-
pert. Weuld be most effective acpliec regienaily or nationally.

This measure potentially has aviation system-wice aflects. If
80 it could have very poor cost effectivanass at a singie air-
pen. Woulc be most effective acpiiea regicnally ¢r naticnaily.

This measura has aviation system-wice effects and would
have vaery poor cast effectiveness if ail cosis assigned o a
single airpont. Would be mest effective appliec naticnally or
intemationally, .

This measure potantially has aviaticn systam-wica effects, it
S0 it could have very poor cost effactiveness at a singia air-

pon. ‘Would be mast ef{ective applied regicnaily or nationaily.

Por Year Cecter Of Magnitude

MEASURE ERP* RELATIVE CCST~

COCMMENTS

Single/Reduced Engine Taxiing 21% Very Low

Conéés.:'i'oﬁ ﬁeduczion 24% Low lo Mccerata
PITARE .

derated Takeoff Very Low

Tow Anrcraft to Runway

Take F“Aassengers to Aircraft 58%

' Indetermnatz
Re'dt‘.xéa-éeve.rso Thr'ust 4 .

0-1%
. 3.5% e

Hign

Fleet Modamization

* Emissicn Redugtion Potential
** Per One Ton Reduction

AIR POLLUTION MITICATION VM EASURES
F————————————""—— FORAIRPORTS AND ASSOCIATED ACTIVITY

lndal.er-m';'nate" Mocarate '

Incatarminate

Measure may result in cost savings. Sasy to imelament,

Senéfit and -cost highly site sgacific

Easy to implement. CO benefit smail Sut positive.

Recuction potential probably large.

Cost 10 implament highly site soecific.

Cost ie implemaent highly site soecific.

This measure potentially has aviaticn system-wica effacts. if
S0t could have very pcor cost atfectiveness ata single air-
port. Would be most effective applied ragionally o nationally
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Large Airports

MITIGATION MEASURE RANKING

AIRCRAFT SCURCES — LARGE AIRPORTS

CO ..conmnuen

: WEASURE e RELATIVE COST™ COMMENTS
.

Use Larger Aircraft 1% Indeterminate  This measure petentially has aviaticn system-wide effacts. if
so it could have very poor cost eifactiveness al a single arr-
port. Weuid ba most affective acclied regionaily or nationaiiy.

B New Engine Standards Indeterminate  Indaterminate  This measure has aviatien sysiam-wide sffects and woule

= have very poor c<st alfactivenass if all costs assignedto a
single airpcrt. Weuld be most atfactive applied nationaily ¢

' intemationally.

Increasa Load Facter Indeterminate  Indeterminate
* Limit Airgraft Operations  Indeterminate  Indeterminate

-ﬁéﬁage Fleet o Indeterminate  Incleterminate  Thig measura potantally has aviaticn system-wicte eﬂec:; it
Minimize Emissions 0 it coule have very door cost atfactiveness at a singile arr-
pent. Would be mest etfactive ascilied regionally or natiorally

.

2

. NOX .pouutant 3,500 ...7ons oF emissions — et vear Orcer Of Magnituce
» MEASURE ERP* RELATIVE COST** COMMENTS
% Single/Raduced Engine Taxiing 3% Very Low Measure may result in cost savings. Easy to implemant.

. Derated Takeoff 3% Very Low Easy to implament.

Reduca Reverse Thrus: 10% High Cast lo implemant highly site scactic.
) Congastion Reduction 3% Moderata to High  Banafit and cost highly sita spacific
Tew Aircrall to Runway Indeterminate Mcdarata
New Engine Standards 1C% Incaterminate  This measura potentially has aviaticn system-wida effects !
$0 it could have very poor cost aifectiveness at a single av-

. port. Would be mast effactive acclied regionally or naucra:y
N Increase Load Factor Indeterminate  Indeterminate
-y Limit Aircrait Operations  Indeterminale  Incaterminate

Manage Feet to Indeterminate  Inceterminate  This measura potentially has aviaticn system-wide eflec's *
Minirmzs Emissions S0 it could have very poor cost affactiveness at a sing'e ar.
port. Would be most affective aprlisd regionally or naticra.ty
Take Passangers (0 Aircraft 8% indetermuinate  Cost to implament highly site specific.
Fleet Modemization 8% indeterminate  This measure potentially has aviation system-wide affec's !
: sc it could have vary poor cost effectivaness al a single air-

- port. Would be most effective applied regionally or nalicna:iy
Use Larger Aircraft -84% indeterminate  This measure has aviation system-wida effacts and wouic
have very geor cost effectiveness if all costs assignectc a
= single airporn.

&
A * Emission Recuction Poterra

. ** Per One Ton Reducticr

. _— y J
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MITIGATION MEASURE RANKING

+ AIRCRAFT SCURCES — MEDIUM AIRFCRTS

HC _rowwrawr

o
iy

i E?ﬁyﬁ )
Medium Airports

50 ..7ons oF 2ISSICNS — Per Year Order Of Magnituce

MEASUAE ERP* RELATIVE COST*

COMMENTS

Single/Reduced Engine Taxiing 2% Very Low

Measure may result in cost savings. Easy to :mziement.

Congastion Reducticn Low 10 Moderat2

Ceratea TakecH

Tow Alrcaft xdlﬁurrﬂay

Take'Passangars {0 Aircraft 47%

Very Lew
Indeterminate Mecerate

Incetarrinate

Banefit and cost highly site szacific

Easy to implement. HC tenafit small Sut positve.
Reduction potential preacly large,

Cost to implemant hignly site soecific.

ﬁa&uca Reverse Thrust 0-1% High Cost to impiement higniy site soecific.
Fleet Mcdemizaticn 2% Inceterminate  This measure potentiafly has aviation system-wica affacts. If
30 it could have vary ocor cast effectiveness at a single air-
port. Wouid be mast effective applied regionally cr nationally.
Use Larger Aircrait 35% Inceterminate  This measure potentially has aviation systam-wice afects. if
50 it coutd have very pcor cost effectivensss at a sngle air-
port. Would be mast aifactive applied regionally or nationally. :
New Engine Stancards Indeterminate  Indsterminate  This measure has aviation sysiam-wide effects anc would #
have very poor cost effectiveness if ail Costs assigrad o a g
single airpont. Woula be mest effective appliee nationally or
intemationaily.
ir;creasa Load Facior Indeterminate  Indeterminate ;
Limit Aircrait Operatiens  Inceterminate  Indeterminate ¢
Mge Fleat to indeterminate  Incetarminata This measure potentiaily has aviation system-wice sifects. If
Minimize Emissions $0 it could have very poor cost affectivenass al a single air-
port. Would be most effactive applied regionaily er nationally.
CO . rouutant 200 .. ons oF sMSSIONS — Per Year Ordar Of Magnituce
MEASURE ERP* RELATIVE COST™ COMMENTS
Single/Reduced Engine Taxiing 20% Measure may rasuit in cost savings. Easy to impiement,
Congestion Recuction 21% 8enelil and cost highly site sgecific
Derated Takeoft Q.1% Easyto implement. CO benafit small but posiltive
Tow 'Aircraﬁ to Runway indeterminate ‘ Reduction potential probably large. T
Take Passengers to Aircraft 39% Ingeterminate  Cost to implement highly site specific.
Reduce Reversa Thrust 0-1% Hign Cast lo implement highly site specilic,
Use> Larger Aircrait N 11% Incetarminate 'i'hi; measure potentially has avialicn system-wice eoffects. If
$0 it could have very coor cost effactivenass at a sirgle air-
port. Would be most effective applied regicnally cr ~ationally,
* Emission Recuction Potential
** Per One Ton Reducticn
2\ —_
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MITIGATION MEASURE RANKING

AIRCARAFT SOURCES — MEDIUM AIRPCRTS

# CO ..conmnue
)  MEASURE £RP* RELATIVE COST™ COMMENTS
Fleat Modemizaticn 3% Inceterminate  This measure potentiaily has aviaticn system-wice effects. i
$0 it couic have very poor cost effectivenass at a single air-
» port. Weuid be most aflective applied ragicnally ¢r nationally.
New é.;gine Stancards indeterminate  Indeterminate  This measure has aviaticn system-wice effec!s and would
have very ccor cosi affectiveness if all costs assigredioa
single arson. Weuld be mest effective applied nationally or
intemancnally.
Inc 33se Lbad Factor Indsterminate Indetemminate
- Limit ;\ircraft Operations  Indeterminate  Indaterminate
Manage Flest o Inceterminate  Indeterminate  This measurs potantiaily has aviaticn system-wice effects. if

Minimize Emissions

%0 it couic Rave very poor cost effectivenass at a single air-
port. Wewd be most affective appliad regionally or naticnalily..

=ia T~————————— FOR AIRPORTS AND ASSOCIATED ACTIVITY
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NOX..rouumant 250 ..TONS OF EMISSIONS — Per Year Orcer Of Magnituce
MEASURE £RP" AELATIVE COST* COMMENTS
Single/Reduced Engine Taxing 3% Very Low Maeasura may result in ccst savings. Easy lo implemant.
M Derated Takeofl 2% Very Low Easy to imclement.
& Reduce Revarsa Thrust 7% High Cost to imciement highly site specific.
N Congestion Recuction 2% High
« Tow Aircralt to Runway Indeterminate Maodarata
New Engine Stancards 10% Indeterminata  This measure potentially has avialicn system-wide effects. if
30 it coulc nave vary poor cast effectivaness at a single air-
por. Weuid ba most effective applied ragionally or nationally.
increaseLoad Fac.:or. "l‘néa'(ermia"lata ' Indatnrmina.xe .
umu Aircraﬂ Operations  Indeterminate  Indeterminate
WN.I.aﬁaga‘F;eet to - indeterminate  Inceterminate  This measure potentiaily has aviaticn system-wide effects. tf
Minirmize Emissicns 30 it couic have very poor cost affectiveness at a single air-
pon. Wouid be most sifactive applied ragiqna!ly or nationally.
Take Passengers to Aircraft -18% Indeterminate  Cost o impiement highly site speci!i;mw o
) Flaet Modemization %% Indeterminate  This measure potentially has aviation system-wide effects, if
so it could havs very poor cost effactivenaess al a single air-
port. Wouid be most eifectve applied regionally or nationally.
Use Larger Aircraft 84% Indetermnate  This measure has aviation system-wide sffects and would
have very poor cost effectivenass il all costs assignedto a
single aircent.
* Emission Redugtion Potantial
** Per One Ton Reduction
Y y
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MITIGATION MEASURE RANKING

AIRCRAFT SOURCES ~ SMALL AIRPCATS

g": SO T e et

o i gt oy

15 ..70NS OF EMISSICNS — Per Yaar Grcer Of Magaiude

MEASURE SRP* AELATIVE COST™

COMMENTS

Single/Recuced Engine Taxing 14% Very Low
Ccﬁdes:icn Reduction 21% Low 10 Mccerate

Derated Taiceot Vary Low
Reduce Reverss Thrust 1% Hign

Take"Passangers to Aircrait 45% Ingeterminate

Tow Aircrat to Runway Incetenmninate

Use Larger Aircraft 35%

Fleet Mcdamization &% Incaterminata

Naw Engine Standards Incetarminate

Increasa Load Factor Indsterminate  Indetermirata

Limit Aircraft Cogrations

indaterminate

Manage Fiesl to Indeterminate  indeterminate

Minirmize Emissions

CO .rouurant

Moderata
Indeterminate

port. Weulc ba mest effeciive
Indeterminate

Indeterminate

Measure may resuit in cost savings. Sasy 'c :msiement.

Benefit and cos: nighly site scecific

Easy !0 impleman:. HC berefit smail but posicve.

Cost 10 imeterner: highly site specific.

This rmeasure cciantially has aviaticn system-wica affects. I
SC 1t 2oule have very poor ¢ost affacuveness at a single air-
appliea regicnaily ¢r nationaily.

This maasura ccientially has aviation system-wica eifects. If
83 it coula have very poor cos: effectiveness at a single air-
pon. Wouia be most sffective apptis ragicnadly of rationatly

This measure has aviation system-wice effec:s and would
hava very poor cast effectiveness if all costs assigned to a "
singie airgont. Weuld be mas: effective appiiec naticnaily er

internationally.

This rraasure petantially has aviation system-wice affects. If so it
coulc have very socr cost affectvensss at a singia airoort,
Weuia be most erfactive appiec regioraily or nacnaly.

B10...7oNS GF EMISSICNS — Por Year Crer Of Magrinde

MEASURE EAP* RELATIVE CCST

COMMENTS

Single/Recuced Engine Taxiing 13% Very Lew
Congestion A\ T lowto Mocerate
0-1%

Congestion Reduction
Corated Takeot! “VeryLow
TakePassangers (o Avcralt 7% Indatemminaie
Tow Aircraitto Funway  Indstemminate  Moderate
A B s
s g

* Emission Rectuction Potential
** Per One Ten Reduction
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Measure may restit in cost savings. Easy lo imsiement,

Benefit and cos: fughly site scecific

Easy o implemert. CO benefit small But pesitva.

Cost io imgplemer: highly sita soectic

Cesi ie malerners highly sita soecffic.

This measure sctantially has aviation system-wica sffacts. If
83 t cZuid Rave vary poar cost stfactivenass at a singla air-
port Weu!c be mest effective appliect regionally cr nationally
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Small Airports

MITIGATION MEASURE RANKING

AIRCRAFT SCURCES — SMALL AIRPCRTS

CO . conmnugn
MEASURE grp* AELATIVE COST™ COMMENTS
" Now Engine Standards  Indetsrminate  Indeterminate  This maasura has avialion systam-wice effects and would
# have very coor cost affectiveness if ail costs assignedto a
& single aircont. Weuid be most at‘aciive applied nationally cr
i ntematcnally,
¢ inerease Load Faclor Incetesminate  indeterminate
- Limit Aircraft Cperations Inceterminate  Indeterminate
&1565;9 Fleat to indeterminate  !ndeterminate  This measure potentially has aviation system-wice effacts. I
Minwrize Emissions s¢ & couic nave very soor cest aifactiveness al a single air-
port. Werid ba mes: affactve acolied regionally or nationaily.
Fieet Modemization 7% Indeterminate  This measure potentially has aviation system-wice effacts. It
50 it coulc nave very poor ccst aifactiveness at a single air-
- pont. WeL:c e mos: affective acplied ragionally or naticnaily.
£ .
A
NOX ..rouutant 125 ...TONS OF EMISSIONS — Per Yaar Orcer Cf Magnituca
o ) MEASURE €RP* RELATIVE COST** CCOMMENTS
2 Singie/Reduced Engine Taxiing 2% Very Low Measure mmay resuilt in cost savings. Easy lo implement.
Cerated Takeotf 2% Very Low Easy to imstement.
Recuce Revarsa Thrust 9% High Casi to imsisment highly site scecific,
Cengestion Reduction 3% Moderate to High  Benefit and cost highly sile scecific
3 Tow Aircraft to Funway indeterminata Modarate

New Engine Standards

increase Load Factor

Limd Awcrait Qperations
Manage Fleet to
Mintruze Ermissions
Take Passengers tc Aircraft

Fieet Madamization

Usa Larger Aircraft

B Y
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10%

indaterminate
Ingeterminate

indeterminate

Indeterminate

indeterminate

Indeterminate

-19% Indatarminate
1% Indaternunate
84% indetermunate

Incaterminate

This measure potentially has aviation system-wide effects. if
$0 it coule have very poor st atfactiveness at a single air-

port. Wou!d be most affective acclied regionally or nationally

This measure potantially has aviaticn system-wide effects. if
s0 it coulc have very poor cost atiectiveness at a single air-
port. Weuic be mes: affective apgliad regionally or nationally.

Cost to imglemant highly site specific.

This measurs potentially has aviation system-wide eifects. If

S0 it couic nave very poar cast aifactiveness at a single air-
con. Would be most effective applied regionally or naticnally.

This maeasure has avialion system-wice effects and would
have very socr cost effectivenaess it all costs assigned to a
single airpon.

* Emission Reduction Potential
** Per One Ton Recuction
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MITIGATION MEASURE RANKING

Large Alrports

GSE SCURCES — LARGE AIRPGATS

HC _rouurant 100 ..rons or 2sSIcNS — Par Year Srcer Of Magrituce
, MEASURE £ap* AELATIVE COST- COMMENTS
Fixed Eiactrical Sysiems 0% Low o Moderate
--xed Air-c2: ﬂdn.cmng Systems 35% Lou 0 Mocera(e
Atemanve -uels Ccnversaon 0% High
CO .reutmant  5,000...7ons o7 sMissicns — per Year =rcer Of Magnituce
MEASURE ERP* AELATIVE COST COMMENTS
Altamative Fuels Conversion 97% Low
and Electrical Systems 84% Low
Fixed Aircenditioning Systems  36% " Low A
NOX _rouurant 275 . 70NS CREMISSICNS — Par Year Creer Of Magnituce P
’ MEASURE £Ap° AELATIVE COST™ COMMENTS "
Altemative Fuels Conversion 76% Low
Fixad Eieciiical Systems 76% Low
'F'ixaci"Air-ccncitioning Systems 33% Low i¢ Moderats -
PM . 2ouumant 10..7oNS OF SMISSIONS — Pt Year 2rcer O Magnitzce
MEASURE gape RELATIVE COST™ COMMENTS
Altemative Fuels Cenversion 1C0% Very High High cost reilects icw uncentrotied emissions.
Fixed Eiecirical Syslems 1C8% Vary High High cost raflacts low uncentrolled amissions.
Fixad Air-cenditioning Systems 1C0% Vary High High cost reflacis low uncontrolled .mtssxons.
* Emissicn Recucticn Potential
** Per One Ton Reduction
LY —,
AIR POLLUTION M, [TICSTION MEASURES ”

FORAIRPORTS AND ASSOCIATED ACTIVITY —_— -
G-9



;; «; ] i MITIGATION MEASURE RANKING

Medium Airports

GSE SCURCES — MEDIUM AIRPORTS

3 HC ..rouumant 10 ..TONS OF EMISSIONS —~ Par Yaar Order Of Magrviude
kS MEASURE ERP* RELATIVE COST* CCMMENTS
Fixed & actncal Sys.ar-s 81% Low to Modarate
and Aur-condmomng s ,'s.ams A% Low to Modarate
b Altematve Fuels Ccnversmn 79% High
N CO . roLuant 375 ...TONS OF ZMISSIONS — Per Yaar Crear Of Magritude
= MEASURE ERP* RELATIVE COST™ CEMMENTS
g Allemawe Fuels Ccnvers.cn 97% Low
x Fixed Eiectrical Systems 69% Low
# Fixed Air-conditioning Sys:ems 33% Low
&
&
‘&
. NOX -..POLLUTANT 25 ...TONS OF EMISSIONS — Par Yaar Order Of Magnituce
= MEASURE ERP” RELATIVE COST* CCMMENTS
»-. Altamative Fuels Ccnvers.cn 7% Low
¢ r-rxed E‘ec rlcal Systems 2% Low
nxed Anrcondlt)onmg Sys.ems 3% Low to Moderate
PM .. rorLumant 1.0 ...TONS OF EMISSIONS — Por Year Orcar Of Magnituce
. MEASURE ERP* RELATIVE COST™ COMMENTS
Altamawe Fuels Conversncn 100% Very High High cost reflects low uncentrolied emissions
:xed E‘ec’ncal Systems 100% Very ngh High cest reflects low uncentrolled emissions
" erd Anr-condmomng Systems 100% Very Hngh High cost reflects lew unczntrolled cm'séons
* Emissicn Reduction Poter: a
** Per One Ton Recucior
o o~ a
" AIR POLLUTION MITIGATION NMEASURES

Sia e ————————— FORAIRPORTS AND ASSOCIATED ACTIVITY
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. MITIGATION MEASURE RANKING

GSE SCURCES — SMALL AIRPCATS

HC . souumant 5 ...TONS OF EMISSICNS — Per Year Crear 01 Magnituce

MEASURE ERP* RELATIVE COST* CUMMENTS
Fixes Slecirical Systems 4% Low lo Moderate

f-zxed Aw-cencmcmng 3ysxems 33% Lcw to Moderate

Altemawe r-t.els Ccnversxon 78% High

CO _reuumant 150...70N5 OF EMISSIONS — Par Year Greer Ot Magrituce

MEASURE ERP* RELATIVE COST™ CCMMENTS
Almr-arvc Fuels Ccnversaon 96% Low

erc ac'ncai Systems '70% ' Low '

F'xec Anr-c*ndu:onmg Systems 3% Low g
:
NOX ..pouumant 10 ...ToNS OF EMISSICNS — Per Year Groer Ot Magmutude
MEASURE gap- RELATIVE COST CCMMENTS
Altemalive Fuets Conversion 7% Low
Fixed Stecirical Systems 73% \ Low
F'xac Au-c:ndmcmng Systems 3B% Lew to Moderate ‘
PM . scuutant 0.5 .. rons oF Emissions — Per vear Craer O Magnituce
MEASURE EAp- RELATIVE COST™ COMMENTS
Altamauve Fuels Canversncn 1C0% Vcry ngh ng"l cost reflecis low uncentrolled ernissicns.
stm: gig .m:al Sys.ems 1C0% Very Hsgh Hug"a ccst reflacts icw uncontrolled errissions.
Fixod Anr-ccndatvomng Systsms 100% Vsry High I-hgh ccs: reflacts 'ow unconlrolled emmissicns.
* Emissicn Recuction Potential -

** Per Cra Ton Reduction

LY —
AIR POLLUTION MITIGATION MEASURES

FORAIRPORTS AND ASSOCLATED ACTIVITY === i
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g T ,,, ;e MITIGATION MEASURE RANKING

VEMICLE SOURCES — LARGE AIRPCRTS

, HC .souutant 2,500 ...7oNs OF EMISSIONS — Per Year Grder Of Magnitude
? MEASURE E3P° RELATIVE COST* COMMENTS
.cleu. (T latxon Management TC\&s 20" Low
Tnp -v-uc'-on TCMs 3% Low to Modsrate
Alter—awe :-uels 5% Modorate to ngn
CO _rouurant 24 ,000 ...TONS OF EMISSIONS — Par Year Orcer Of Magnitude
i MEASURE gnp* RELATIVE COST™ CCMMENTS
& icle/Cl rculauon Managemem TCMs 20% Low
Trip Fecuction TCVls % Low lo Moderate
Altsrrative Fuels 35% Moderate to High
NOX .rouurant 2,500 ...roNs OF EMISSIONS — Per Year Order Of Magnituce A
- MEASURE ERP" RELATIVE CCST™ COMMENTS
X icla;Cireulation Management TCMs  20% Low
» Trip Recucticn TCMs 3% ) Low to Moderate
: Alter*at.-ve Fuals o 0% Moderate to High
PM . souurant Q00 ...TONS OF EMISSICNS — Per Yoar Order Of Magnitude
MEASURE ERP° RELATIVE COST" COMMENTS
icle/Circulation Managemen! TCVIs 20% Low
Tnp Rec‘ucuon TCMs 3% T Low to Moderate
& Allemanvs Fuels o 100% B l;ﬁc;derate to High
@ * Emission Reduction Potantial
N ** Par One Ton Reduclion
=Y Y
. AIR POLLUTION MITIGATION MEASURES

Sia ————————= FOR AIRPORTS AND ASSOCIATED ACTIVITY
G-12




MITIGATION MEASURE RANKING

YEHICLE SCURCES — MEZIUM AIRPCRTS

HC ..reuurant

Medlum Alrports

50 ...ToNS OF EMISSIONS — Per Yaar Ordar Of Macrizsa

[rplieiy

MEASLRE ERP®

RELATIVE COST™ CCMMENTS

‘el elC:rcular.cn Managara"t TC\ds 20%

Altematwc =

CO . reuurant

Is 35%
©Tno Reduc"cn nCMs 3%

Low

Mcdarate !o Hsgh

mcefala to Hugn

1,300 ...7oNS OF EMISSICNS — Per Year Order Of Magrz:ce

MEASURE il

ARLATIVE COST™ COMMENTS

xclelc-reu!aucn Managen'er! TCV!s 0%

Altamauvo Fuis 35%

" Trip Rsducticn TCMs 3%

NOX ._sciurant

Lcw

Modera!e to ngh

Mcderaxe to Hagh

200 .. ToNS OF EMISSIONS — Per Year Grder Of Magr.z:ce

MEASURE ERp* ASLATIVE COST™ CCMMENTS
clelCurc'..latm Managerant TCVIs 2% Low
!amatlve Fueis 20% Moderale b qun o
e o Mocmm mngh et e
PM _scuutant 40 .TONS OF EMISSICNS — Per Yaar Grder Of Mag=:-ce
MEASUAE &P RELATIVE COST COMMENTS

icte/Circuiaticn Manageme-‘t TC\1s 0%

‘-\llemanve ~uals 100%

Trip Reducu‘on TCMs 3%

* Emission Aecuction Potential
** Per Cne Ten Reduction

AIR POLLUTION MITICATION A= SURES
FORAIRPORTS AND ASSOCIATED ACTIVITY ——————_ > 1=

Low lo Mcderate
Moderato lo ngh“
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Small Axrports
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MITIGATION MEASURE RANKING

VEHICLE SOURCES — SMALL AIRPCRTS

65 .. TONS OF SMISSIONS — Per Yaar Orcer Of Magnitude

MEASURE ERp° RELATIVE COST™* COMMENTS
IdlelC.rc.xlaucn ‘Aanagar*em TCV!s 20% Low to Moderate
Tnp Reduc:.cn C\As 3% T Low to Moderate
Anapa‘m ,—-..e~s ROV 35% DO ngh
CO ..rouumant 700 ...roNS OF EMISSIONS — Per Year Orcer Of Magnilude
MEASURE EAP° RAELATIVE COST™ COMMENTS
ldlelCJmIanon Manager‘erl TCMs 20% Low to Mederata
Trp nec:uc’cn aC\is T owio Moderate
Altemauve F.xeis e e e ereesren caven 35% e e i
NOX ..poumant 100...7oNS OF EMISSIONS — Par Year Order Of Magnitude
MEASURE ERP RELATIVE COST™ COMMENTS
Idle/Circulation Managamant TCMs  20% Low to Mocaerate
Tnp Reducuon .C\As i 3% i Low lo .ﬁc.)éerate ..........
A' erra.lve F“ls e ot senmaeneeen 20% - Mcde ra:eonagh
PM _rotiumant 15 ..TONS OF ZMISSIONS — Par Yoar Orcer Of Magrituce
MEASURE EAP* RELATIVE COST™ COMMENTS

ld!eleculanon Managament chs 20%

Altemauve Fuels 100%
Tnp RcducuonTCVs T e .

Low o Moderate

Mcderale

Moderam

* Emissicn Reduction Potertal
** Per One Ton Recucten

AIR POLLUTION AMrriirrin N MEASURES

e FORAIRPORTS AND \SSOCLATED ACTIVITY
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