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1. INTRODUCTION
 

PURPOSE.
 

The objective of this research is to develop a data base and a methodology for 
analyzing the feasbility of using antimisting fuel in the U.S. commerical 
aviation fleet in order to determine (1) whether there are significant advan­
tages to segmental introduction of antimisting fuel into the fleet; and (2)
which portions of the fleet are the most likely candidates for the early intro­
duction of antimisting fuel. 

RESEARCH METHODOLOGY. 

The work involved three major tasks: identification of aircraft operations to 
by surveyed; development of operational profiles; and analysis to determine the 
most likely candidates for the use of antimisting fuel. The methodology was 
designed in accordance with the goals defined for each task and includes: the 
development of a classification scheme for analyzing major portions of the 
aircraft fleet; review of the available information on antimisting fuel; 
collection and analysis of data on aircraft operations; and use of life-cycle
costing techniques to analyze the potential impacts of introducing antimisting 
fuel on a fleet-wide basis and segmentally. 

A basic classification system was developed for analyzing major portions of the 
commercial fleet. Several alternative classification schemes were reviewed 
before selection of a two-way classification system based on number of engines 
and type of service (i.e. domestic trunk and local service). The results of the 
identification task are presented in the Identification Report (Reference 1) and 
are incorporated in the analyses performed under subsequent tasks. 

Data on aircraft operations were collected and analyzed to develop operational 
profiles for each segment of the fleet. Data was collected on the physical, 
operational, and economic factors that could facilitate or impede the introduc­
tion of antimisting fuel into specific portions of the fleet. These data are 
presented in Appendices A, B, and C. The analysis to determine the most likely 
candidates for use of antimisting fuel included: background on fuel-related 
aircraft and airport systems including performance deterioration of components
and restoration of the performance properties of the fuel (Chapter 2); potential
fuel problems related to the operating environment, i.e. temperature, water, and 
humidity (Chapter 3); operational factors focusing on the composition of the 
U.S. commercial fleet, the utilization of the aircraft, and the types of service 
(Chapter 4); and economic data on capital cost, operating expenses, and mainte­
nance costs (Chapter 5). 

The results of the life-cycle cost analysis to determine potential impacts of 
introducing antimisting fuel are presented in Chapter 6. Chapter 7 summarizes 
the conclusions drawn from the analysis. 
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2. BACKGROUND ON FUEL-RELATED AIRCRAFT AND AIRPORT SYSTEMS
 

The introduction of antimisting fuel on a wide scale requires an assessment of 
its compatibility with existing and future proposed aircraft and airport systems 
including: airframe fuel systems, engine fuel systems, and engine components of 
aircraft; and fuel delivery mechanisms of airports. To assess this compati­
bility, the FAA has sponsored research (Reference 2) to determine the extent, if 
any, of modifications which may be required to aircraft and airport systems, and 
the fuel itself. This Chapter addresses such modifications qualitatively. Only 
a qualitative treatment of these modifications is possible at this time since 
several characteristics and properties of antimisting fuel are still being
investigated, and the actual modifications to the systems which may be required 
can only be determined when results of this research becomes available. 

The principal components that may be affected by the introduction and use of 
antimisting fuel, include: 

Aircraft 

•	 Airframe Fuel System
 
- Fuel Tank
 

Fuel Boost Pump 
- Fuel Heating System 
- Emergency Fuel Shut-off Valve 
- Temperature Sensors 
- Low Pressure Filter 
- Fuel Pressure Sensor 
- Jet Pumps, Fill Valves 

•	 Engine Fuel System
 
- Fuel Control System
 
- Fuel-Oil Heat Exchanger
 
- Pressurizing and Dump Valve
 

•	 Engi ne System 
- Fuel Manifold (e.g., Nozzle Assembly) 
- Burner Section (e.g., Combustor) 

Airport 

•	 Fue 11 ers and Hydrants
 
- Storage Tanks
 
- Stationary Pumps
 
- Transfer Vehicles
 
- Fuel Pits
 
- Mobile Dispensers
 

This list is not exhaustive; rather, it indicates some of the major systems and 
components for fuel storage, transfer, handling, and use which may require modi­
fication as a result of introduction of antimisting fuel. These components are 
shown in F"igure 1 (Reference 3) for a typical turbofan-engined aircraft. The 
actual specifications of these components may vary among different aircraft, 
however, the functions are performed by the same basic hardware. 
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The fuel is delivered to the aircraft at the airport via either of two 
mechanisms: fuellers or hydrants. The fueller system consists of storage 
tanks, stationary pumps, and transfer vehicles. The transfer vehicle is usually 
equipped with a fuel pump capable of delivering large quantities of fuel into 
the aircraft at high speed, and a flowmeter and control devices to prevent con­
tamination and regulate the flow. The hydrant system includes central storage
tanks, stationary pumps, pits located at loading bays, and fuel dispensers. 
Fuel is pumped from the storage tanks to the pits via an underground pipeline, 
then a mobile fuel dispenser transfers fuel from the pit to the aircraft. 

To address the impact of the introduction of antimisting fuel and any 
corresponding modifications, a knowledge of baseline hardware and performance 
characteristics is necessary. Accordingly, summary aircraft profiles have been 
compiled. These present basic data including airframe model, engine model, 
passenger capacity, fuel capacity, speed, altitude, and cruising range for the 
principal types of aircraft in the U.S. commercial fleet. These summary 
aircraft profiles appear in Appendix B of this report. 

Before antimisting fuel is used, at least two areas related to the interaction 
of the fuel with aircraft and airport systems must be addressed: 

•	 potential performance deterioration of components due to use 
of antimisting fuel; and 

•	 restoration of fuel (i.e., restoring fuel to its original
 
form) and unintended deterioration of the antimisting
 
property of the additive.
 

The remaining sections of this Chapter provide a generic treatment of the 
effects of antimisting fuel on hardware components and additional information on 
the problems of restoration and degradation of antimisting fuel. 

PERFORMANCE DETERIORATION OF COMPONENTS. 

It has been established on a preliminary basis (Reference 4) that the use of 
antimisting fuel with existing hardware can lead to deterioration in performance 
of several components, principally those related to pumping, spraying, and 
combustion. The performance of fuel pumps is expected to be affected due to the 
extra power required to degrade the antimisting fuel and its potential gel­
forming tendency (Reference 5). The flow properties of antimisting fuel are 
different from those of Jet A due to the antimisting polymer additive. In 
particular, the apparent viscosity of antimisting fuel is variable due to its 
non-Newtonian nature resulting in an increase in the amount of work that is 
required to pump the fluid. Further, due to the existence of the polymer 
additive, antimisting fuel may exhibit a potential gel-forming tendency that can 
result in clogging of the pump. 

The spray/atomization action usually achieved through the use of a spray nozzle 
may be affected. The spray nozzle discharges the fuel received from the tank 
.into the combustor. The polymer additive, due to its ant-imisting properties, 
counteracts the spray action and reduces the mist formation in the combustor 
(Reference 6). Some modifications to the existing fuel nozzle may be necessary 
in order to restore the spray action. 
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The combustion performance may be affected in several ways including combustion 
efficiency, emission levels, high altitude relight, deposit formation, and sea 
level ignition (Reference 7). Comparison of Jet A with antimisting fuel has 
shown that Jet A has lower emission levels and higher combustion efficiency. 
The emission and combustion characteristics of antimisting fuel, however, can be 
improved with higher restoration levels. Antimisting fuel has also exhibited 
poorer relight and sea level ignition characteristics than those of Jet A. In 
addition, post-test observations have shown that deposits are formed on the 
louver lips of the combustor and on all upstream lips when antimisting fuel is 
used (Reference 8). 

Other possible areas of performance deterioration have been identified as: 
increased response time because of small fluid passages in automatic shut-off 
valves; reduction in heat transfer efficiency of heat exchangers; increased 
response time for temperature sensors; reduced accuracy of flowmeters; and 
reduced accuracy of capacitance fuel level gauging (Reference 9). 

RESTORATION AND DEGRADATION. 

In relation to performance deterioration of aircraft components discussed above, 
restoration refers to any process or procedure that is used to restore the 
original performance properties to the fuel or produce the equivalent effect as 
Jet A. The preliminary investigations on methods of restoration have revealed 
that shear and elongatlonal flows are effective means of restoring the original
mechanical properties (Reference 10). Shear flow is characterized by a velocity 
gradient perpendicular to the direction of motion such as that in a long 
capillary tube. Elongational flow, on the other hand, has a velocity gradient 
in the direction of motion. Examples of elongational flows occur in the 
entrance region to a capillary tube, flow through an orifice, and flow in porous 
media (Reference 11). The major restoration indices have been designated as 
viscosity ratio and filtration ratio. Viscosity ratio is the ratio of anti ­
misting fuel viscosity to Jet A, and filtration ratio is the flow time of 
antimisting fuel relative to Jet A. Both of these indices are measured with 
respect to some parameter such as the specific degrader power required to 
restore the fuel to some level with respect to the original properties. 

Both shear and elongational flows can be used to degrade the polymer, and thus 
restore the mechanical properties of the fuel. It is, however, expected that 
elongational flows will be more effective in restoring these prop-erties. 
Laboratory tests by the Southwest Research Institute (Reference 12) on elonga­
tional restoration methods, particularly by porous media (metal screens and 
packed tubes), have produced some experimental results concerning the power
requirements. Figures 2 and 3 (Reference 13) illustrate the variations in 
restoration levels (viscosity ratio and filtration ratio) as a result of appli ­
cation of various power levels. Generally, to achieve a better restoration 
level, more power has to be applied (the specific power being defined as the 
pressure differential). 

The level of modification necessary to achieve a particular level of restoration 
is important in assessing the effect of introducing antimisting fuel into the 
commercial aircraft fleet due to: higher captial costs; higher maintenance 
costs; and higher operational costs. 
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The objective in adding a polymer to jet fuel is to prevent post-crash fireballs 
by means of its antimisting property. It is, however, possible that certain 
operational procedures related to hardware can cause unintentional degradation 
and render the antimisting property less effective. This could be caused by 
both airport and aircraft equipment. The degradation occurs primarily by 
pumping/filtering actions. Simmonds Precision Products (Reference 14) has 
identified several components that can cause potential degradation of ant'i­
misting fuel: (a) multiple passes through high rotations-per-minute (RPM) boost 
pumps; (b) flow through the pressure refueling valve; and (c) flow through the 
high shear pump in the auxiliary power unit (APU). 
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3. POTENTIAL FUEL PROBLEMS RELATED TO THE OPERATING ENVIRONMENT
 

Two important issues related to the introduction of antimisting fuel are fuel 
temperatures during different phases of flight and water content of the aircraft 
fuel tanks. Extremes of temperature and/or excessive water in the fuel can 
cause operational problems and may alter the effectiveness of the antimisting 
additive. Each of these concerns is discussed below in a general way in the 
context of the current operating environment, and where possible, the implica­
tions for the use of antimisting fuel are noted. 

IN-TANK FUEL TEMPERATURE VARIATIONS DURING PHASES OF FLIGHT. 

The in-tank fuel temperature variations during flight may be modeled using 
thermodynamic principles of conservation of mass and energy, assuming quasi­
steady state phenomena. The assumption of a steady state will approximately
hold over a small time interval if the variables change with respect to time, 
but the parameters (or physical properties) vary less appreciably. The primary
factors affecting the rate of change of in-tank fuel temperature are ambient 
altitude temperature, aircraft speed, and fuel-tank heat transfer character­
istics. The secondary factors include fuel transfer procedure, initial fuel 
temperature, and heat transfer characteristics of fuel pumps, lines, and heat 
exchangers. It is possible to write the energy and mass balance equations and 
solve them over small time intervals. 

A less elaborate method that can yield a reasonable estimate of temperature 
variation can be obtained by reducing the model to an energy balance equation 
and transforming it to a one-dimensional time-dependent heat transfer equation
by eliminating the less significant terms (Reference 15). This is equivalent to 
assuming that: there is no fuel transfer or recirculation to the main tank; 
internal heat sources in the tank have negligible effects; and the net effects 
of radiation between the external surfaces of the tank and space, earth and sun, 
and the radiation heat exchange between the dry tank walls and the fuel, are 
negligible. The resulting model will be: 

dTF UFf A 
Wcrt = Cpp V (TR TF) 

where TF is the temperature of the fuel. 

Assuming that the overall air-to-fuel heat transfer coefficient (U), the fin 
factor effect (Ff), the wetted area to fuel volume ratio (Aw/V), the specific 
heat-density product (CpP), and recovery temperature TR do not vary during the 
time interval from to to tl, then the above equation may be integrated to yield: 

UF A TF1 dTFW 
CD.P V (to - t 1) = f TR - TFFo

Consequently, 
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where 

6t = tl - to (time interval) 

TFo = initial temperature of fuel (at to) 

TFI = temperature of fuel at tl 

CpP
ing 

and TFo 
to: 

are known. TR can be obtained based on altitude temperature accord­

where M is the mach number (Reference 16). The flight-aircraft variables are U 
and Aw/V with 

where 

HA = aerodynamic skin heat transfer coefficient; 

Cw = tank wall conduction heat transfer coefficient; and 

HF = fuel film heat transfer coefficient. 

HA and HF can be calculated based on fluid properties, Reynolds, Prandtl, and 
Nusselt numbers. Cw can be obtained from the geometry and physical properties
of the tank wall. 

Aw/V is a function of aircraft fuel tank capacity and a particular fuel consump­
tion pattern (based on the flight profile). Figure 4 (Reference 17) illustrates 
the wetted area to fuel volume ratio as a function of fuel volume for several 
aircraft. 

Prediction of TFl by the above equation is based on the estimate of U which 
requires detailed knowledge of fuel tank construction and components. However, 
the value of U may be estimated based on the available information on in-tank 
fuel temperature for some particular flights (Reference 18). Using this approx­
imate value, the minimum in-tank fuel temperature can then be estimated. The 
minimum in-tank fuel temperature is of interest here since phase separation or 
emulsification of water in antimisting fuel may occur at low temperatures. 
Since this estimate can contain a large error component, it can only be used for 
comparison across aircraft categories and flight missions. 

Table 1 presents the results of several calculations for minimum in-tank fuel 
temperatures based on the above approximation and the following assumptions. 
First, the minimum in-tank fuel temperature is assumed to occur just prior to 
the beginning of descent (BOD) when the aircraft is at its highest altitude. 
Second, based on Figure 4, the ratio of the wetted area to the volume of fuel, 
Aw/V, is 2.0 ft.- 1 at the BOD. Third, the Mach numbers for the given flight 
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missions are assumed to be 0.78 for transport and 0.38 for commuter aircraft 
(See Chapter 4, Flight Profiles.). Fourth, the specific heat-density produc3(Cp-P) remains constant with temperature changes and is equal to 21.85 BTU/ft ·F. 
Fifth, airport and altitude temperatures are based on standard day atmospheric 
data, and the initial fuel temperature is nominally 10'F lower than the airport 
temperature. Geographical locations of large U.S. air traffic hubs and their 
corresponding normal, minimum daily temperatures are given in Figure 5 
(Reference 19) and Table 2 (Reference 20) respectively. Finally, the average 
value for U is assumed to be 2.0 BTU/hr.·F with a range from 1 to 4.5 BTU/hr.·F. 

TABLE 1.	 ESTIMATES OF MINIMUM IN-TANK FUEL TEMPERATURE DURING FLIGHT 
FOR VARIOUS STAGE LENGTHS AND AIRCRAFT CATEGORIES 

Selected Stage 
Length (nm) 

Total Flight 
Time (hrs.) 

Time to 
BOD (hrs.) 

ALT at B8D 
(1000 ft TA~T( . F 

TR 
( . F) I~~) I~~) ~ 

r-
LL. 

,UU 
short range 
mission 

0.50 0.20 21 -15.8 -17.5 
50 

40 

46.6 

37.2 ! 

~ 
u 
0:: ...... 
c:::r: 

1,000 
medium range 
mission 

2.37 2.00 35 -65.6 -72.7 
50 

40 

4.6 

-1.7 . 
r ­
0:: 
0 
CL 
V) 
z 
c:::r: 
0:: 
r ­

1,500 
medium-long 
range mission 

3.50 3.11 35 --65.6 -72.7 
50 

40 

-12.6! 

-17.5 r 
3,000 
long range 
mission 

7.00 6.50 39 -69.7 -77 .4 
50 

40 

-49.3 i 

-51.5 r-' 
r-
LL. 
c:::r: 
0:: 
u 
0:: ..... 
c:::r: 
0:: 
LLJ 
1-­
::::> 
:E 
:E 
0 
u 

5U 
short range 
fliqht 

0.33 0.20 4 44.7 47.8 
50 

40 

50.0 

40.0 r 
150 
medium range 
flight 
275 
long range 
flight 

1.00 

1.80 

0.73 

1.45 

8 

10 

30.5 

23.3 

32.6 

25.0 

50 

40 
50 

40 

4/.3 I 

38.8 
43.U I 

35&.,._ 

KEY: SUBSCRIPTS: 
nm: 
hrs: 

nautical 
hours 

miles R: 
Fa: 

recovery 
initial fuel 

BOD: 
ALT: 

beginning of descent 
altitude 

Fl: minimum fuel 

T: temperature 
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TABLE 2. NORMAL DAILY MINIMUM TEMPERATURE - LARGE U.S. AIR TRAFFIC HUBS* 

State 
Arizona 

City (Airport) 
Phoenix 

Tem~erature ('.u.
7.6 

California Los Angeles 
San Diego
San Francisco 

45.4 
N/A

41.2 
Colorado Denver 16.2 
D.C. 
Florida 

Washington
Mi ami 

27.7 
58.7 

Georgia 
Hawai i 

Orlando 
Tampa
Atlanta 
Honolulu 

N/A
N/A

33.4 
65.3 

111 i no is 
Louisiana 

Chicago
New Orleans 

14.7 
43.5 

Massachusetts Boston 22.5 
Michigan
Minnesotta 
Mi ssoul"i 

Detroit 
Mi nneapo 1i s-St. Paul 
Kansas City 
St. Loui s 

19.2 
3.2 

19.3 
22.6 

Nevada 
New Jersey 
New York 

Las Vegas 
Newark 
New York 

N/A 
N/A 

25.9 
Ohio Cleveland 20.3 
Pennsylvania 

Texas 

Philadelphia
Pittsburgh
Dallas-Fort Worth 

24.4 
20.8 
33.9 

Houston 41.5 
Washington Seattle-T,1coma 33.0 

*Large U.S. Air Traffic Hubs are defined by FAA as those with 1% 
or more of total enplanements. The Large Air Traffic Hubs collectively 
account for 70% of the enplanements. 

As can be seen from Table I, several patterns may be detected: 

(a)	 For a given aircraft category and initial fuel temperature 
(50·F), the minimum in-tank fuel temperature (TFl) is lower 
for longer stage lengths. 

(b)	 For a given stage length or flight range mission, the minimum 
in-tank fuel temperature during flight is lower when the ini­
tial fuel temperature is lower. However, a cross comparison
of minimum in-tank temperatures (TFl) for various stage 
lengths within one aircraft type indicates that the initial 
fuel temperature is more important for shorter stage lengths. 
For example, with a 200 nautical mile stage length, other 
factors being equal, a decrease of 10'F in the initial fuel 
temperature results in a 9.2·F decrease in minimum in-tank 
fuel temperature. On the other hand, if the stage length is 
3000 nautical miles, the same decrease in initial temperature 
only results in a 2.2·F decrease in minimum in-tank fuel 
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temperatures. Therefore, the initial fuel temperature 
becomes a less important factor in the determination of 
minimum in-tank fuel temperatues for longer range flights. 

(c)	 A comparison of the TFI values in Table 1 for a l50-nautical
 
mile commuter aircraft and a 200-nautical mile transport

aircraft shows no appreciable difference in minimum in-tank
 
fuel temperatures between commuter and transport categories
 
of aircraft for a comparable stage length.
 

(d)	 In general, transport aircraft will encounter lower minimum
 
in-tank fuel temperatures than commuter aircraft due to their
 
greater exposure to lower ambient atmospheric temperatures.
 
The lower in-tank temperatures for transport aircraft reflect
 
the differences in operations; namely, longer flight times at
 
higher altitudes.
 

Based on the analysis above, some implications for use of antimisting fuel 
should be noted. First, physical properties of antimisting fuel may be such 
that its use below a certain minimum temperature is undesirable due to unwanted 
physical changes. Some modifications to the airframe fuel system may be 
necessary and could take three general forms: insulation, auxiliary heating, or 
a c~bination of both depending on the compatibility of other antimisting fuel 
properties with such modifications. 

Overall, assuming that antimisting fuel cannot be used in an operating environ­
ment with temperatures below a minimum TM, then it can be expected that aircraft 
in the transport category are more likely to require some type of action, 
namely, aircraft modifications, based on their operating environment. 

WATER AND HUMIDITY. 

The presence of water in jet fuels has always been a concern since it can lead 
to malfunction of fuel controls, ice plugging of fuel filters, freezing of fuel 
boost pump and transfer pumps, and an increased phase separation tendency at low 
temperatures (below -20·F). In addition, certain microbial and fungal growths 
thrive on the interface provided by the water environment and the hydrocarbon 
fuel. These growths can result in a buildup of bacterial slime which can clog 
small metering orifices and penetrate the coatings and sealants used in fuel 
tanks, thus exposing the metal surfaces to corrosion. 

In general, water in fuel may take two forms: dissolved water and free water. 
Dissolved water is similar to humidity in the atmosphere, and is a function of 
the temperature and specifications of the fuel. The amount of dissolved water 
may reach up to 0.03% by volume of fuel. Figure 6 (Reference 21) shows the 
potential dissolved water content of various jet fuels as a function of temper­
ature. Free water, on the other hand, can be in two forms: (1) entrained 
water! which refers to water suspended in fuel in minute droplets invisible to 
the naked eye; or (2) water slugs, the visible droplets or pools of water which 
have separated from fuel. 

Current storage and handling methods for fuel are designed to minimize the 
amount of dissolved water in fuel tanks. Free water, however, is continually 
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generated during operation of the aircraft. That is, every time an aircraft 
ascends to altitude the dissolved water cools and separates from the solution. 
A general estimate is that 0.5 liters of water per 4,000 liters of fuel is 
released from the fuel during the ascent- (Reference 22). In addition, each time 
an aircraft descends to land, moist air is sucked into the tanks and approxi­
mately 0.125 liters of water per 4,000 liters of fuel is released (Reference 23)
due to condensation on cold surfaces and structural members. As a general rule, 
it may be expected that an aircraft with larger fuel tank capacity, and thus 
more fuel on-board, will generate a larger volume of free water. Aircraft 
flying at higher altitudes will also generate a larger volume of free water 
since they are exposed to more severe atmospheric extremes. 

On the other hand, preliminary experiments with antimisting fuel have shown that 
it absorbs more water than Jet A fuel, due to presence of the antimisting 
polymer FM-9, and the carrier fluids, i.e., glycol and amine (Reference 24). 
Figure 7 (Reference 25) illustrates water absorption characteristics of anti­
misting fuel at two temperatures (12·C and 22·C). The maximum potential water 
absorption of antimisting fuel at 12·C is approximately 0.13% by volume, which 
is almost 22 times the maximum potential water absorption of Jet A 
(i.e., 0.006%) at the same temperature (c.f. Figures 6 and 7). 
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Therefore, in relative terms, use of antimisting fuel with larger capacity and 
higher flying aircraft will generate more free water than for smaller range 
aircraft. The free water problem has traditionally been alleviated by frequent 
drainage (Reference 26). There are several questions, however, regarding the 
effectiveness of this method for antimisting fuel. Preliminary tests indicate a 
more pronounced and localized phase separation between water and antimisting 
fuel. These tests have also indicated that, as a result of low temperature
exposure, free water may separate into emulsified droplets which can adhere to 
the tank walls even after the temperature rises (Reference 27). 
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4. COMPOSITION AND UTILIZATION OF THE COMMERCIAL FLEET
 

The U.S. commercial aircraft fleet in 1981 was composed of more than 3,000 turbine­
powered aircraft which must conform to the airworthiness standards promulgated by 
the FAA. This research focused on Commuter, Transport, and Rotorcraft as specified
in the Code of Federal Regulations (CFR) at Title 14, Parts 23, 25, and 29. 

Turbine-powered aircraft utilized by domestic trunk air carriers are manufactured 
primarily by U.S. firms, including the Boeing Commercial Airplane Company,
McDonnell-Douglas Corporation, and Lockheed Corporation. Airbus Industrie, a 
European consortium, is also a supplier of aircraft to these major carriers. The 
aircraft operated by local service, commuter, and other carriers are manufactured 
by a more diverse group of U.S. and foreign companies. Overall, manufacturers of 
the aircraft in the commercial fleet include some 50 domestic and foreign firms. 
For the analysis, we divided the commercial fleet into two major groups of aircraft 
based on the type of power plant. These two groups include turbofan- and turbojet­
powered aircraft; and turboprop-engined aircraft. 

The major engine manufacturer is the Pratt and Whitney Aircraft Group of United 
Technologies Corporation, supplying 57.7% of the engines for the aircraft fleet. 
The U.S.-based Commercial Products Division manufactures the type of jet engines
used for transport category aircraft. Another division of the Aircraft Group, 
Pratt and Whitney, Canada, manufactures turboprop engines used to power commuter 
category aircraft. Other major engine manufacturers include General Electric, 
Rolls-Royce, and Garrett-AiResearch. General Electric is also involved in a con­
sortium with the French firm, SNECMA, for the production and marketing of the 
CFM-56 engine. The group of engine manufacturers is smaller than the number of 
participants in the airframe field, but there is representation of both U.S.-based 
and foreign firms in each group. 

DATA SOURCES AND PROBLEMS. 

Appendix A presents a recent inventory of the U.S. commercial fleet by air carrier. 
The data presented include both the number of aircraft in the fleet and on order, 
and power plants for each aircraft, by manufacturer. A summary of the composition 
of the fleet by major equipment group is presented in Table 3 (Reference 28). 

TABLE 3. COMPOSITION OF U.S. AIR CARRIER FLEET, 1979 and 1981 

1979 1981 
Fixed Wing

Turbofan/Jet
4-engine 511 424 
3-engine 1256 1276 
2-engine 719 764 

Sub-total mb m4 
Turboprop 

4-engine 80 98 
2-engine 486 700 

Sub-total 566 798 
Rotarfi Win~

fur ine-owered 1 19 
TOTAL FIXED AND ROTARY WING 3053 3281 
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These data provide a comparison of the 1981 fleet inventory published in the 
Air World Survey with the 1979 census of aircraft in the commercial fleet 
published by the FAA in the Statistical Handbook of Aviation. This inventory
indicates that, as of mid-198!, the commercia'~eet was composed of 3,281 
turbine-powered aircraft, including 19 rotary-wing aircraft in commercial 
service. 

The apparent dramatic growth in the number of helicopters in the commercial 
fleet between 1979 and 1980 points out a potential problem with the data. 
Specifically, since the data are not taken from the same sources, they may not 
be directly comparable. Therefore, care should be taken in drawing inferences 
from any comparison of these data. The increase in the number of rotary-wing 
aircraft is due in part to the institution of helicopter service by New York 
Helicopters. Most other turbine-powered helicopters are engaged in commercial 
nonpassenger operations such as servicing offshore facilities. The use of a 
single data source is more appropriate for examining trends in the fleet. 

Table 4 (Reference 29) shows the composition of the commercial aircraft fleet by
manufacturer, as reported by the FAA for the period 1977-1979. For turbofan/ 
jet-powered aircraft, these data indicate growth in the size of this fleet 
segment of about 11% (Reference 30) during the period. The more dramatic 
increase in turboprop aircraft is attributable in large measure to the inclusion 
of aircraft operated by commuter carriers, air taxis, and others. 

It is clear that the most significant portion of the fleet, in terms of the 
number of aircraft, ;s the turbofan/jet group, which are operated primarily by 
the trunk and local service air carriers, with some operations by charter and 
other carriers. While the trunk airlines operate jet-engined aircraft exclu­
sively, some local service carriers also operate turboprop aircraft. The 
composition of the air carrier fleet by manufacturers and airlines is presented
in Tables 5 and 6 (Reference 31) for trunk and local service carriers respec­
tively. The number and type of aircraft on order are also included in these 
Tables to show how the composition of the fleet may be altered in the near-term. 
At this point, aircraft orders indicate a major role for the new Boeing 757 and 
767 aircraft in air carrier operations by the mid-1980's. The orders for the 
Boeing 727-200 series indicate a continuing, important role for this aircraft in 
the near-term. 

AIRCRAFT USE CHARACTERISTICS. 

The examination and comparison of measures of aircraft usage is important in 
determining how the introduction of antimisting fuel may affect the operations 
of aircraft in the commercial fleet and examining the economic factors related 
to use of antimisting fuel (See Chapter 5). Aircraft usage is also part of the 
analysis to determine which portions of the fleet may be given priority in 
commercial introduction of antimisting fuel (See Chapter 6). In this Section, 
we examine the principal measures of aircraft usage which are currently avail­
able. The air carriers have been required to collect data on usage of their 
aircraft and file periodic reports with the Civil Aeronautics Boara (CAB) 
concerning traffic and other operational data, as well as information on the 
costs of operations. Several of these data elements, which are useful to the 
analysis of introduction of antimisting fuel in the commercial fleet, are 
presented in Appendix B: Operational Profiles. These data are reported by
aircraft for a base year of 1979. 
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TABLE 4. COMPOSITION OF TURnINE-POWERED AIR CARRIER FLEET 
BY TYPE, MAKE AND MODEL OF AIRCRAFT 

TYPE OF AIRCRAFT AND NUMBER OF 
MANUFACTURER J«lDEL ENGINES 1977 1978 1979 

Turbojet 

Airbus	 A300 2 2 6 12 
Boeing	 707 4 225 201 175 ·	 720 4 18 14 7 

727 3 865 931 1,029
737 2 160 173------ZOO 
747 4 108 115 131 

~Br:-::i~t~is~h...:A..:.:i.:..rc::.;r..::a.:..ft:...::;Co::.;r.p.:... __-;Bi"A?:C~1r=-1=-1_-;r22 ..::3",,1__.....;:3;,;;0_ 22
Cessna	 C500 
Convair CV	 30 2 - - 6 
Dassault	 MD 20 2 45 45 44 
OOuglas	 DC 8 4 193 178 188 

•	 DC 9 2 362 373 381 
DC 10 3 127 133 140 

Grunman	 G1159 2 5 6 6 
Hamburger/Flu9zenbau 

1124 2 - 1 1 
Lear Jet LR 23 2 NA NA 5 · LR 24 2 NA NA 3 

LR 25 2 NA NA 6 
LR 35 2 NA NA 4 

Lockheed L-1011 3 77 82 87 · L-1329 4 - 1 1 
Rockwell Int'l NA 265 2 NA NA 2 
Sud Aviation SB 210 2 NA NA 2 
SN Concorde 4 9 

Turbojet Subtotal 

Turboprop 

Beech BE 9 2 3 
BE 99 2 85 

Conva1r · 
BE 200 
cV 580 
cv 600 

2 
2 
2 

76 
8 

69 
8 

4 
105* 

15 

DeHav 111 and 
CV 640 
DHC 6 

2 
2 

14 
13 

14 
14 

-* 
7B 

II OHC 7 2 8 

Eiiibraer 
Fairchild 

OHC 104 
EMa 110 
F 27 

2 
2 
2 4 7 

2 
4 
6 

II 

GAF Nomad 
Grunman 

F277 
N 24 
G159 

2 
2 
2 

23 

1 

22 

1 

22 
1 

15 
Handley-Page· Hawker-Sidley
Lockheed 

HP 137 
SAHP 37 
HS 748 
L 188 

2 
2 
2 
4 

1 
40 

1 
46 

13 
3 
1 

52 
II 

Nihon 
Nord 

L 382 
Y5 11 
NO 262 

4 
2 
2 

20 
23 
5 

21 
14 
9 

20 
18 
20 

shorts 
STC 262 
SO 3 

2 
2 4 

4 

Sw;aringen 
SO 330 
sA 26 
SA 226 

2 
2 
2 6 

1 

8 

21 
1 

65 

Turboprop Subtotal 237 242 567 

Rotary Wing 

Kawasaki K" 107 1 
Sikorsky s 61 3 3 

Turbine-Powered Total 2,458 2,538 3,052 

NA: Data Not Ava11a61e 
.. : None 
*CV 580 total for 1979 includes	 CV 640. 
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TABLE 5. TURBINE-POWERED AIRCRAFT FLEET OF DOMESTIC TRUNK
 
AIRLINES 1980*
 

MANUFACTURERS 7'T"'_~_"""'_""" __I_.:..:Arn-IR;.=L.=.,:IN.:,::E=;Sr.--'I'rT""--mr-.......,.--~r.--

AIRBUS 
AND MODELS AA BN CO D~ EA NW PA tW UA W fotAL 

INDUSTRIE 
A300 
BOEING 

19(6) 19(6) 

B-767 
B-767-200 
B-757 
B-757-253 
B-747 

(30) 

(15) 

8 

(20) 

(60) 
(27) 

29 18 

(45) 

18 

(69) (6) (150) 
(20)
(42) 
(60)
73 

B-757F 6 5 6 17 
B-747-100 2 12 14 
B-747-200 3 12 15 
B-747-SP 2 10 12 
B-737-200 48 15 63 
B-727 \ 90 (0 
B-727 -023 56 56 
B-727-200 63 41(4) 126 80(12) 50(2) 24(8) 44 428(26)
B-727-223 
B-727-100 

102(23) 
5 U 

B-727-100C 12 i 

B-707-323B 7 
B-707-323C 18 
B-707-323F 9 
B-707
LOCKHEED 
L-1101 
L-1101-1 
L-1101-200 
L-llOl-500 
M NN 
DOUGLAS 
DC-8-61 

104 206(23) 
62 16 33 69 202 

12 
7 

18 
9 

70 70 

1 
29 32(5) 61(5) 

31 
1 1 
3 7 6 10 6 

3 29 42 
DC-8-62 10 I 10 
DC-8F 14 14 
DC-9-30 38 38 
DC-9-31 58 58 
OC-9-50 (4) (4) 
DC-9-51 17 17 
DC-10 
DC-10-30 

34 
2 

22 
5 

42(10) 12 110(10) 
7 

DC-10-10 
TOTAL 240 97 

12 
72 212 265 117 125 

11 
210 324 71 

23 
1616 

(68) (14j (80) (49) (2) (14) (50) (79) (6) (352) 

*Numbers in parentheses indicate aircraft on order. 

~er,can A,rl,nes NW = Northwest Or,ent Airl,nes 
BN = Braniff International PA = Pan-American (National Airlines) 
CO = Continental Airlines TW = Trans World Airlines 
DC = Delta Airlines UA = United Airlines 
EA = Eastern Airlines W- Western Airlines 
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TABLE 6. TURBmE-pm;ERED AIRCRAFT FLEET OF LOCAL SERVICE CARRIERS 1980* 

MANUFACTURERS 
AND MODELS 
8RITISH AEROS-PACt 
BAC-111 
BOEING 
8-737 
8-737-100 
8-737-200 
8-737 -200A 
8-737-30D 
B-727-IOO 
B-727-200 
B-727-200.l\ 

2 
14 

DC QH 

4 
8 

8(6) 

zv 

3 

1 

NE--:rJ AP ZY 

43(6) 

AIRLINES 
FL MI ML ot 

3 
23 

PS 

(3 ) 

36 

6 

PI 

24(6) 

(10) 

10(3) 
6 

RC ~NV--

27 

11 
2(3) 

~----rw 

30 

1(3)
49(6) 
82(6)
8(6)
(10)

20 
35(6) 

6 

TOTAL 

22010 

4 

1 

EMBRAER 
Bandierante 
GENERAL DYNAMICS 
Convair 580 
Convair 500 

22 

4 

55 
5 5 

1,.1 
l0 

8 
7 

31 
2 

3 

4 

MCDONNr[L-DOULGA~ 
OC-8 
DC-9 
DC-9-10 
OC-9-15 
DC-9-10/15 
OC-9-30 
DC-9-30LR 
DC-9-80 (4) 
OC-10-30 1 

6 
S-WEARINGE:N 

DE HAV ILLAND 
DHC-6 6 
DCH-7 5(4) 
FAIRCHILD-HILLER 
FH-277 

125 

10 
31 

14 
1(19) 

3 
8 

18 . 150 
4 

10 
14(20) 55(16) 131(36) 

16 
1(23) 

1 

6 

6 
5(4) 

13 

NIHON 

<fAIRCHILD- SAAB 
SF-340 (5) 

Metro 15 28 

(5) 

rr-25 15 13 8 ---r018 63 5 8 40 
(6) (5) (4) (6) 

I(lTAL 
VS-ll 6 

27 48 171 47 
(19) (3) (3) 

6 
24 32 95 5 670 

(16) (20) (19) (150) 

OC=AIR CALlrORNIA 
QH=AIR FLORIDA 
ZV=AIR MIDWEST 
NE=AIR NEW ENGLAND 

~J=ATR PACIFIC ---MI=MACKEY INTERNATIONAL 
AP=ASPEN ML=M1DWAY 
ZW=AIR WISCONSIN OZ=OZARK 
FL=FRONTIER PS=PSA 

PI=PIEDMONT 
RC=REPUBLIC 
RW=REPUBLIC WEST 
NV=$OUTHWEST 

TI=TEXAS INTERNATIONAL 
AL=US AIR 
FW=WRIGHT 



The extent to which the use of antimisting fuel affects the utilization of 
aircraft in revenue passenger service will be reflected in changes in the number 
of hours flown and the number of passengers carried. There are several alter­
native measures of number of hours including: total flight hours; total revenue 
flight hours; block hours; and average daily utilization. 

Total flight hours include all accumulated flight time in both revenue and 
nonrevenue service. For most major air carriers, flight hours in nonrevenue 
service (e.g. training activity or shipment of aircraft to maintenance base) are 
a small percentage of total flight time. Total revenue flight hours, therefore, 
represent a good approximation to total flight hours. Revenue flight hours 
indicate which segments of the fleet are utilized most in revenue service, and 
hence provide a basis for the relative ranking of aircraft in the fleet. Block 
hours encompass both flight and nonflight portions of revenue service. It 
therefore includes time from gate departure to take-off, and from landing to 
gate return. This nonflight portion of block time can account for upwards of 
15% of total hours in revenue service. Average daily utilization indicates the 
number of revenue hours each aircraft in the fleet is operated on a daily basis. 
Since average daily utilization differs among carriers and across aircraft 
types, such a characterization can be useful in describing how the use of 
antimisting fuel may effect revenue operations in different segments of the 
fleet. 

Total revenue flight time could be affected by the introduction of antimisting 
fuel. For example, the conversion of existing aircraft to an antimisting fuel­
compatible state could temporarily reduce the number of aircraft assigned to 
carrier operations, if the conversion process cannot be completed within normal 
maintenance cycles. Such a reduction in the number of aircraft in service could 
affect the annual cumulative flight time through either an increase in the 
average annual flight time for available aircraft or in an overall reduction in 
the number of airborne hours. Such changes in aircraft utilization would also 
affect air carrier revenue, costs, and the profitability of the aviation 
industry. 

Total flight time logged in turbine-powered aircraft of the domestic commercial 
fleet exceeded 7.3 million hours in 1979, according to the FAA. Of this total, 
certificated route carriers accounted for 6.7 million flight hours, or about 92% 
of total flight hours. According to data published by the CAB, the domestic 
operations of the trunk carriers in 1979 involved approximately 4.1 million 
airborne hours in revenue service. Approximately 1 million hours were also 
logged in the international and territorial operations of the trunk carriers. 
In addition, local service passenger carriers logged approximately 1 million 
airborne hours. Intra-Alaskan, Intra-Hawaiian, and other carriers logged an 
estimated 150,000 hours in revenue service. 

Table 7 (Reference 32) details airborne hours in revenue utilization by type of 
aircraft for the trunk and local service carriers. These data indicate that the 
most extensively used aircraft is the Boeing 727. In 1979, the domestic trunk 
airlines logged over 60% of the total revenue airborne hours in the various 
versions of this aircraft. 
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TABLE 7. REVENUE UTILIZATION BY AIRCRAFT (1979)
 

Trunk Carrier Aircraft 
B-727-200 
B 727-100 
OC-9-30 
OC-I0-1O 
L-I011 
B-707-100B 
B-737-200 
B-747 
B-727-100C/QC 
OC-8-61 
OC-8-50 
B-707-300B 
OC-9-50 
B-707-300C 
OC-I0-40 
OC-9-10 
OC-8-62 
A-300B 
Local Service 
OC-9-30 
B-737-200 
OC-9-10 
CV-580 
BAC-111-200 
OC-9-50 
YS-11 
FH-227 
B-727-200 
Metro II 
DHC-6 
MO-298 

Total Revenue 
lliqht Hours 
D~7,437 

700,105 
286,572 
260,554 
218,313 
214,130 
159,826 
127,688 
125,639 
116,348 
62,349 
57,711 
53,620 
50,256 
47,534 
43,375 
28,632 
22,839 

380,672 
170,963 
157,427 
99,027 
75,267 
47,412 
35,610 
17,223 
12,543 
12,348 
7,086 
3,998 

Hours 
Per Oay
8.59 
7.72 
7.52 
9.28 
8.62 
8.35 
6.44 
0.64 
8.36 
8.48 
7.05 
7.49 
8.62 
8.51 
6.28 
8.37 
8.88 
8.37 

7.68 
7.82 
7.77 
5.70 
6.95 
7.36 
6.66 
3.63 
7.95 
4.87 
6.49 
4.74 

While the 727 is clearly the aircraft most extensively used, it is the Boeing 
747 which is utilized the most hours per day. As shown in Table 7, the 747 is, 
on average, engaged in revenue service over 10.5 hours per day. This is 
consistent with the design characteristics for the aircraft. The 747 was 
conceived and designed for long-range heavy transport. While the 747 is 
typically airborne longer than other aircraft, its use in long-haul transport 
and average daily utilization implies that the aircraft makes fewer takeoffs and 
landings than aircraft which are operated less hours, but over shorter stage 
lengths. 

Consideration of distance flown is important to the development of flight 
profiles for aircraft operations. Oistance is generally described in terms of a 
stage length, which is defined as the number of miles between takeoff and 
subsequent landing. Important elements of flight operations, including cruising 
altitude and cruising speed, are determined on the basis of the stage length 
over which operations will occur. In addition, other factors such as environ­
mental conditions (e.g. temperature) which may affect use of antimisting fuel 
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are influenced by the operational-decisions which are in turn determined by the 
length of the flight stage. Table 8 (Reference 33) compares stage lengths 
across aircraft use in trunk and local service operations. 

TABLE 8. AVERAGE STAGE LENGTH BY AIRCRAFT (1979) 

Stage Length (mil es) 
Aircraft Trunk 
B-747 2,020 
OC-I0-1O 1,497 
OC-8-62 1,430 
B 707-300C 1,214 
DC-8-50 1,088 
B-707-300B 1,030 
B-707-100B 1,013 
L-I011 1,000 
OC-8-61 975 
A 300B 893 
OC-1O-40 782 
B-727-100 645 
B-727-200 574 552 
DC-9-50 403 232 
OC-9-30 356 316 
OC-9-1O 346 315 
B-737-200 309 327 
BAC 111 231 
CV 580 117 
YS 11 116 
FH 227 110 
OHC 6 106 

Table 9 (Reference 34) compares the total annual departures and average depar­
tures per aircraft for the domestic trunk and local service carriers. These 
data confirm that the local service carriers generally execute more departures 
on a per aircraft basis than their trunk counterparts. For example, comparison 
of aircraft which are in the fleets of both the trunk and local service carriers 
(especially the B-737 and DC-g) indicate that the local service carriers perform 
between 15% and 34% more departures per aircraft than do the trunk carriers 
operating similar aircaft. Within the local service category, turboprop 
aircraft have a higher departure per aircraft average than turbofan equipment. 

While the operations of local service carriers result in a higher average number 
of departures per aircraft, the domestic trunk carriers performed a far greater 
number of departures because of a higher traffic volume and greater number of 
aircraft in service. Since antimisting fuel has the potential to reduce fire 
fatalities resulting from accidents during takeoff and landing, the number of 
departures is an important consideration. 

Another consideration with respect to the impact of antimisting fuel on both 
safety and air carrier economic performance is how heavily aircraft are utilized 
in providing revenue passenger service. The principal measures of passenger 
traffic include the total number of revenue passengers enplaned, the number of 
revenue passenger-miles generated, and the average number of revenue passengers 
per aircraft mile. Enplanements measure the total number of passengers using 
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TABLE 9. 

Domestic Trunk 

A300 B 
B-707-100B 
B-707-300 
B-707-300B 
B-707-300C 
B-727-100 
B-727-100C/QC 
B-727-200 
B-737-200 
B-747 
L-1101 --_~ __ 
DC-8-50 
DC-8-61 
DC-8-62 
DC-9-10 
DC-9-30 
DC-9-50 
DC-10-10 
DC-1O-40 

Local Service 

Turbofan 

B-727-100
 
B-727-200
 
B-737
 
BAC-111-200
 
DC-9-10
 
DC-9-30
 
DC-9-50
 

Turboprop 

CV 580
 
DHC-6
 
FH-227
 
Metro II
 
MO 298
 
YS 11
 

ANNUAL DEPARTURES 

Total Annual 
Departures (000) 

11.5 
97.4 
2.3 

25.5 
19.6 

474.3 
93.0 

855.7 
190.0 
32.0 

103.3 
27.5 
54.2 
9.6 

47.4 
301.3 
51.4 
85.0 
27.4 

43.9 
10.1 

196.5 
104.3 
184.9 
450.5 
72.3 

198.9 
11.4 
30.4 
22.2 
5.2 

64.2 

BY AIRCRAFT (1979) 

Average 
Departures Per Aircraft 

1909
 
1385
 
1180
 
1209
 
1210
 
1909
 
2258
 
1535
 
2794
 

973
 
1488
 . 1136- --. 
1441
 
1091
 
2618
 
2892
 
3041
 
1105
 
1317
 

2613
 
2349
 
3280
 
3510
 
3332
 
3315
 
4085
 

4179
 
3800
 
2338
 
3217
 
2260
 
4397
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air travel services. Consideration of this variable is critical in examining 
the potential benefits of antimisting fuel introduction, as well as providing a 
unit basis for assessing cost impacts. Alternatively, cost impacts could be 
normalized based on revenue passenger-miles. 

Annual revenue passenger traffic is highest for the 727, for which over 113.8 
million enplanements and 85 billion revenue passenger miles were recorded in 
1979. The wide-bodied jet~, with significantly larger capacities, account for 
fewer revenue passenger miles because there are fewer of such aircraft in 
service. The Boeing 747, for example, generated 16.7 billion revenue passenger
miles with 8.3 million enplanements in 1979. The McDonnell-Douglas DC-10-10 
generated 19 billion revenue passenger miles with 15.4 million enplanements the 
same year. Moreover, for the wide-bodied jets, passengers per mile traveled is 
higher, due to the higher number of available seats per mile. The DC-10-10 
averaged over 150 revenue passengers per aircraft mile, while the B-747 recorded 
259 passengers per aircraft mile. 

Figure 8 shows the trend in revenue passenger enplanements during the 1970's. 
Passenger enplanements have exhibited an upward trend and reached an all time 
high in 1979 with approximately 293 million passengers carried in domestic 
travel. The number of enplanements is largely determined by the general level 
of economic activity and prices, which influences business and discretionary
leisure travel. 

TYPES OF SERVICE. 

While the aviation industry currently offers a broad range of air travel 
services, a basic distinction can be drawn between passenger (including combi­
nation passenger/cargo) and all-cargo services. Although the use of antimisting 
fuel may also reduce damage to property, its most significant potential impact
will be in reducing the probability of fatalities in aviation accidents. Hence, 
passenger services are a logical focus of the analysis. 

Within the category of passenger services, a distinction can be drawn be­
tween the scheduled and nonscheduled services. Scheduled services include the 
operations of the trunk airlines (including the major and national airlines) and 
local service carriers (i .e. small and medium regionals). In addition, intra­
state airlines and commuters which operate on the basis of a published schedule 
are also included in the scheduled services. Carriers offering nonscheduled 
services include the supplemental carriers, (e.g. charter airlines), air taxi 
companies, air travel clubs, and other commercial aircraft operators. 
Appendix C lists companies operating aircraft in each of these categories. 

While the domestic trunk and local service carriers also offer nonscheduled 
services, such ser'vices constitute a relatively insignificant portion of their 
total business. For all the domestic trunk carriers, nonscheduled services 
represented only about 1% of total revenue passenger-miles generated in 1980. 
Such services represented about 2% of total revenue passenger-miles for local 
service carriers (Reference 35). 

Industry deregulation has already begun to blur the distinctions between these 
carrier groups. For example, members of the supplemental carrier group, 
including Capitol International and World Airways, have expanded their activi­
ties to offer more scheduled services. 
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A category of service which has demonstrated substantial growth in recent years 
has been commuter services. Annual growth in the number of passengers enplaned 
for this group of carriers averaged 10.4% per year from 1970 to 1980. For the 
12 months ending June 1980, commuter air carriers reported about 11 million 
origin and destination passengers, accumulating about 1.4 billion passenger 
mil es. 

As with other air carrier groups, the commuter group is also in a state of flux. 
The number of carriers reporting to the CAB increased by 9.0%. While a number 
of new carriers entered the commuter market, other carriers which had formerly 
been designated commuters joined the ranks of the certificated carriers. 
Table 10 (Reference 36) summarizes commuter operations. 

TABLE 10. COMMUTER AIR CARRIER PROFILE 

1980 1979 
Number of Carriers 2M 2b! 

Passenger 253 N/A 
All-cargo 38 N/A 

Passengers (thousands) 11322 10516 
Passenger-miles (millions) 1359 1207 

Airports Served 822 819 
Total Passenger Markets 2126 1888 

Average Trip (miles) 120 115 

N/A: Not Available 

Table 11 (Reference 37) presents data on the top ten commuter carriers, ranked 
in terms of total number of passengers and revenue passenger miles. 

TABLE 11. MAJOR COMMUTER AIR CARRIERS, 1980 

Carrier 
No. of Turbine­
Powered Aircraft 

Passengers
No. Rank 

Passenger-Miles 
NO.~ooo) Rank 

Prinair* 2 761447 1 613 6 3 
Ransome Airlines 19 752913 2 89614 1 
Rio Airways 
Metro Airlines 

24 
21 

472783 
420090 

3 
4 

66192 
35013 

2 
9 

Pennsylvania Commuter 
Henson Aviation 

16 
12 

410979 
385052 

5 
6 

47636 
36924 

5 
8 

Provincetown-Boston** 5 308493 7 33038 10 
Cascade Airways 
Rocky Mountain 
Swift Aire 

13 
4 
8 

297355 
255900 
155509 

8 
9 

10 

49804 
26311 
39628 

4 
14 
7 

Bar Harbor 16 201522 13 41115 6 

* Fleet includes 24 Piston engine aircraft. 
** Fleet includes 33 Piston engine aircraft. 
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The top ten commuter carriers (based on revenue passenger miles) generated about 
37% of total commuter carrier revenue passenger-miles. The top twenty commuters 
generated more than 50% of the revenue passenger-miles and more than 50% of the 
enplaned passengers. While a few commuter carriers may thus be considered to be 
dominant, the market for commuter services is quite fragmented, as evidenced by 
the large number of carriers and passenger markets. A majority of these 
markets, however, are quite small. About 75% of the city-pairs generated only 
about ten passengers per day. Fewer than 10% of the city-pairs generated 40 or 
more passengers per day. 

Many of the smaller commuter carriers operate only piston-engined aircraft, and 
hence would not be directly affected by a requirement to use antimisting fuel. 
However, many commuter carriers do operate turbine-powered aircraft, and may be 
required to use antimisting fuel. It is significant to note that the commuter 
carriers reporting the most enp1anements and revenue passenger miles accounted 
for less than 25% of turboprop aircraft in the commercial fleet. An undeter­
mined proportion of the remaining turboprop aircraft in the fleet are operated 
by a group of commuter carriers whose operations may be characterized as 
marginal. These carriers as a group have a weaker revenue base in comparison to 
the top commuter carriers and represent a relatively insignificant proportion of 
the total revenue passenger traffic, measured on either an enp1anement or 
revenue passenger-mile basis. Hence, they may be more adversely affected by the 
costs of converting to use of antimisting fuel. Moreover, limited data avail­
ability constrains a more detailed review of their operations. 

FLIGHT PROFILES. 

The flight profiles are important elements of the analysis of fleet operations, 
since they describe the various phases of flight and the operational and 
environmental factors appropriate to a flight over a specified stage length. 
The flight profiles presented below are based on typical flight plans for 
selected aircraft. Figure 9 (Reference 38) illustrates the phases of flight 
which the flight plan must anticipate including: takeoff; climb; acceleration; 
cruise; descent; approach; and landing. 

The sequence from climb to cruise at altitude may include intermediate steps to 
initial cruise altitude and a series of step climbs to final cruise altitude. 
The flight plan typically includes, as a contingency, a plan for flight to an 
alternate airport. An important part of the flight plan for both the destina­
tion and alternative airport is the calculation of total fuel requirements. 
This calculation is based on factors including wind speed, cruise speed and 
altitude, and gross weight of the aircraft. In addition to the fuel to destina­
tion and to alternate, the total fuel complement also includes a typical 
reserve, estimated at 45 minutes flight time. This reserve is maintained as a 
safety margin against unanticipated in-flight delays. 

Three flight profiles for the 727 developed for stage lengths of 1500, 1000, and 
200 nautical miles and representing long, medium, and short flights, are 
presented in Tables 12 through 14. Each profile presents estimated values for 
critical external and operating parameters at various phases of flight. Three 
additional flight plans for the De Havilland DH6-6 Twin Otter are presented in 
Tables 15 through 17. 
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TABLE 12. SAMPLE LONG-RANGE FLIGHT PLAN 727-200*: 1500 NAUTICAL MILES
 

To: I (lOOft) ( . C) Wind ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( 

TOC , 280 -40 0 375 158 158 25 25 7500 7500 37000 

PtA I 280 -40 0 460 152 310 20 45 3300 10800 33700 

PtB I 310 -46 0 458 458 768 60 105 9200 20000 24500 

BOD I 350 -54 0 450 617 1385 82 187 11400 31400 13100 

Dest I 0 0 324 115 1500 22 209 1600 33000 11500 
3:29 (hr:min) 

w 
w 

AIt : Altitude 
BOO: Beginning of descent 
Dest: Destination 
Dist: Distance 
hr : Hours 
kts : Knots 
min: Minutes 
nm : Nautical miles 
PtA : Enroute point to 
PtB : Climb to most efficient altitude 
Temp: Temperature 
TIO : Take-off 
TOC : Top of climb 

Fuel to destination 
Alternate 
Reserve 
Total required fuel (lbs) 

33000 
5700 
5800 
~ 

* Assumptions: No wind, i.e., averaging east- and west-bound flight plans;
standard temperature day; gross weight at TIO 177,900 lbs max; 
0.78 Mach cruise. 

** Altitude and altitude temperature will approximately hold for 
transport aircraft flying over the given stage length. 

most 



TABLE 13. SAMPLE MEDIUM-RANGE FLIGHT PLAN 727-200*: 1000 NAUTICAL 

Ground Segment Total Segment Total Segment
Speed Distance Dist Time Time Fuel 

To: I (lOOft) (·C) Wind (kts) (nm) (nm) (min) (min) (lbs) 

TOe I 310	 -46 0 382 140 140 22 22 6700 

PtA I 350	 -46 0 458 168 308 22 42 3300 

BOD I 350	 -54 0 450 577 885 78 120 10900 

Dest I 0 0 324 115 1000 22 142 1600 
2':"22 (hr:min) 

A1t : Altitude Fuel to destination 
BOD : Beginning of descent Alternate 
Dest: Destination Reserve 
Dist: Distance Total Fuel required (lbs) w 

~	 hr : Hours 
kts : Knots 
min : Minutes 
nm : Nautical miles 
PtA : Enroute point to 
Temp: Temperature
TIO : Take-off 
TOC : Top of climb 

*	 Assumptions: No wino, i.e., averaging east- west-bound flight plans; 
standard temperature day; gross weight at TIO 160,000 lbs; 
0.78 Mach cruise. 

**	 Aititude and altitude temperature will approximately hold for most 
transport aircraft flying over the given stage length. 

MILES 

Total Fuel 
Fuel 
(1 bs) 

Remaining 
(lbs) 

6700 27300 

10000 24000 

20900 13100 

22500 11500 

22500 
5700 
5800 

34000 



TABLE 14. SAMPLE SHORT-RANGE FLIGHT PLAN 727-200*: 200 NAUTICAL MILES
 

To: I (lOOft) ( •C) Wind

I 210 -27 0 332 66 66 12 12 4400 4400 14800

TOC
 
Dest 210 -27 0 477 134 200 17 29 3300 7700 11500
 

Alt : Altitude Fuel to destination 7700
 
Dest: Destination Reserve 45 min 5800
 
Dist: Distance Alternate 5700
 
hr : Hours Tota1 fue 1 (1 bs) 'I92'OO
 
kts : Knots
 
min : Minutes
 
nm : Nautical miles
 
Temp: Temperature
 
TOC : Top of climb
 

w
 
U1 * Assumptions: Standard temperature day; gross weight 150 t OOO 1bs;
 

0.78 Mach cruise; alternate fuel includes missed approach at
 
dest, climb cruise to alternate.
 

**	 Altitude and altitude temperature will approximately hold for most
 
transport aircraft flying over the given stage length.
 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( 



TABLE 15. SAMPLE LONG-RANGE FLIGHT PLAN DHC-6-100 OR 200*: 275 NAUTICAL MILES
 

To: I (100ft) 
Temp**

( .C) Wind 

Ground 
Speed 

(kts) 

Segment 
Distance 

(nm) 

Total 
Dist 
(nm) 

Segment 
Time 
(min) 

Total 
Time 
(min) 

Segment 
Fuel 
pbs) 

Total 
Fuel 
(lbs) 

Fuel 
Remaining 
(lbs) 

TOC 100 -5 0 90 15 15 10 10 100 100 1644 

BOD 100 -5 0 158 203 218 77 87 642 742 1002 

Dest 0 15 a 171 57 275 20 107 180 
1:47 (hr:min) 

922 822 

W 
0'\ 

Alt 
BOD 
Oest: 
Dist: 
hr 
kts : 
min : 
nm 
Temp: 
T/O : 
TOC : 

Altitude 
Beginning of descent 
Destination 
Distance 
Hours 
Knots 
Minutes 
Naut i ca 1 mil es 
Temperature 
Take-off 
Top of cl imb 

Fuel for taxi and runup
Fuel to destination 
Fuel to alternate 
Fuel for reserve 
Total required (lbs) 

(Approx 2550 lbs payload 

100 
922 
330 
392 

I744 
available) 

* Assumptions: No wind; standard temperature day; gross weight 11,579 lbs 
at T/O; 100 lbs fuel for taxi and runup; 30 minutes to alternate @5,000; 
maximum power used for T/O and climb; 45 minutes reserve fuel at normal cruise; 
SaO/min rate of descent for unpressurized aircraft. 

** Altitude and altitude temperature will approximately hold for 
commuter aircraft flying over the given stage length. 
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TABLE 16. SAMPLE MEDIUM-RANGE FLIGHT PLAN DHC-6-100 OR 200*: 150 NAUTICAL MILES
 

To: Wind 

TOC 800 -1 0 94 11 11 07 07 75 75 1267 

BOD 800 -1 0 155 93 104 37 44 300 375 967 

0 15 0 172 46 150 16 60 145 520 822Dest 

Alt : Altitude Fuel for taxi and runup 100 
BOD : Beginning of descent Fuel to destination 520 
Dest: Destination Fuel to alternate 330 
Dist: Distance Fuel for reserve 392 
kts : Knots Total required (lbs) 1342 
min: Minutes (Approx 2,950 lbs payload available) 

w	 nm : Nautical miles --...J 

Temp: Temperature
 
T/0 : Take-off
 
TOC : Top of climb
 

*	 Assumptions: No wind; standard temperature day; gross weight 11,579 lbs @T/O;
100 lbs fuel for taxi and runup; max power used for T/O and climb; 45 min reserve 
fuel at normal cruise; 500/min rate of descent for unpressurized aircraft. 

** Altitude and altitude temperature will approximately hold for most
 
commuter aircraft flying over the given stage length.
 



TABLE 17. SAMPLE SHORT-RANGE FLIGHT PLAN DHC-6-100 OR 200*: 50 NAUTICAL MILES
 

To: I (lOOft) C·C) Wind 

TOC 40 7 0 100 5 5 03 03 40 40 1002 

BOD 40 7 0 149 73 28 09 12 105 145 897 

Dest 0 15 0 164 22 50 08 20 75 220 822 

Alt : Altitude Fuel for taxi and runup 100 
BOD : Beginning of descent Fuel to destination 220 
Dest: Destination Fuel to alternate 330 
Dist: Distance Fuel for reserve 392 
hr : Hours Total required (lbs) ~ 
kts : Knots (Approx 3250 lbs payload available) 
min : Minutes 

(.,..1 
co	 nm : Nautical miles 

Temp: Temperature 
T/O : Take-off 
TOC : Top of climb 

*	 Assumptions: No wind; standard temperature day; gross weight 11,579 lbs
 
@T/O; 100 lbs fuel burn for taxi and runup; 30 min to alternate @5000;
 
max power used for T/O and climb; 45 min reserve fuel at normal cruise;
 
500/min rate of descent for unpressurized aircraft.
 

**	 Altitude and altitude temperature will approximately hold for most
 
commuter aircraft flying over the given stage length.
 



Some basic assumptions are built into these flight plans. These assumptions 
include the following: 

• standard temperature day; 

• zero wind speed; 

• optimal cruise speed at altitude; and 

• full payload, including specific fuel complement. 

For flight planning purposes, a standard temperature day is one where sea level 
temperature is approximately 59·F. Variations from the standard are measured 
and may influence the pilot's decisions with respect to cruise altitude or other 
operational considerations. In practice, actual flying conditions are likely to 
vary from the standard. The assumption of zero wind is made in order to 
simplify the calculations and reflect the differences between east- and west­
bound traffic. Head (or tail) winds may necessitate the use of more (or less) 
fuel, and add to flight time. Table 18 presents a list of selected variables 
which can alter the composition of a flight plan. 

TABLE 18. VARIABLES FOR A TYPICAL FLIGHT PLAN 

1.	 Gross weight of aircraft including payload and fuel 

2.	 Temperature-ground, aloft 

3.	 Restricted altitude, unable to use most efficient
 
route due to traffic
 

4.	 Winds aloft 

5.	 Forecast turbulence at altitude 

6.	 Choice of, and distance to, alternate 

7.	 Enroute weather deviations 

8.	 Expected traffic delays 

An emergency procedure which may be of concern with respect to aircraft uti ­
lizing antimisting fuel is fuel dump at altitude in the case of emergency 
landings. For flights aborted shortly after take off, a standard procedure 
involves the jettisoning of unburned fuel. With Jet A, the dumped fuel is 
vaporized and dispersed in the atmosphere. Further examination of how the 
properties of antimisting fuel would effect this emergency procedure may be 
warranted. 
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5. ECONOMIC FACTORS
 

The economic factors which are of concern with respect to the introduction and 
use of antimisting fuel may be viewed from several different perspectives. For 
example, innovation and change in fuel and aircraft technology may profoundly 
affect aircraft manufacturers and other suppliers. One economic effect of 
technological change may be the entry of new firms supplying antimisting 
additives, carrier fluids, or devices to restore physical properties of the 
fuel. FroITI the viewpoint of aircraft operators, the use of antimisting fuel may
have significant impacts on the costs of providing air travel services. To 
consumers of these services, the use of the new fuel may increase demand for the 
services by increasing the safety of air travel or decrease the amount of 
discretionary travel due to the higher cost. 

From among these various perspectives, the principal concern is with how the use 
of antimisting fuel in the commercial aircraft fleet may affect the operations 
of domestic airlines. In order to understand and address this concern, we 
examined specific costs of airline operations which may be affected by the 
introduction and use of antimisting fuel. While the economic factors related to 
industry suppliers, consumers, and the government are also important, the focus 
in this Section will be on the aircraft operators. Factors relating to sup­
pliers to the airlines and consumers of air carrier services will be addressed 
in these discussions concerning the carriers. 

The introduction of antimisting fuel may significantly affect several elements 
of costs for air transportation including capital, operating, servicing, and 
maintenance costs. Increased capital cost may result from increases in the 
price of new aircraft, retrofit expenditures for existing aircraft, or retrofit 
expenditures for the modification or addition of ground facilities. The major 
operating cost element will be the cost of antimisting fuel. Aircraft servicing 
and maintenance costs may also be increased. The impact of introducing anti ­
misting fuel on each of these cost elements is discussed briefly below. 

CAPITAL COSTS. 

The introduction of antimisting fuel could require significant additional 
capital expenditure by ·aircraft operators and aircraft manufacturers. These 
capital expenditures are discussed below for four major categories of expend­
iture including: aircraft currently in use in the commercial fleet; aircraft in 
production; new, proposed aircraft, not yet in production; and ground facil ­
it i es. 

The introduction of antimisting fuel could affect the capital expenditure 
programs of aircraft operators by requiring the retrofit of existing aircraft to 
accomodate use of the new fuel. This retrofit of aircraft currently in the 
commercial fleet may be necessary to provide performance characteristics 
comparable to those attained with existing fuel types. A retrofit program would 
result in modification of existing aircraft systems (i.e., the airframe fuel and 
engine systems) through the redesign, replacement, or addition of components. 
The necessity of such a retrofit program would involve trade~offs against other 
uses of capital. For example, the allocation of capital resources could be 
shifted from expansion of the fleet through acquisition of new aircraft toward 
modifying existing aircraft to meet the requirements of antimisting fuel. 
Alternatively. modernization of the fleet could be accelerated if portions of 

40 



the fleet are retired early due to the costs of retrofitting existing aircraft. 
Clearly, the extent and direction of such trade-offs would be determined 
primarily by the costs of a major retrofit program. 

Modification programs have, in the recent past, involved a significant capital 
commitment by aircraft operators. Examples of such modification programs are 
the re-engining of the McDonnell-Douglas DC-8, and the engine noise reduction 
program for the Boeing 707. A recent proposal for another major modification 
program involves a reconfiguration of the Boeing 727 from a 3-engine to a 
2-engine aircraft to improve fuel efficiency. A program such as this is 
attractive to aircraft operators since it allows for the modernization of 
portions of the fleet at a capital cost substantially less than the cost of new 
aircraft purchases. However, such modifications do not typically allow for 
growth in fleet capacity, which is achieved primarily through acquisition of new 
aircraft. Similarly, the use of capital to convert aircraft to antimisting fuel 
use will not directly induce growth in airline capacity or productivity. Hence, 
the modification of existing aircraft in response to the introduction of 
antimisting fuel will compete for capital resources that might otherwise be used 
to finance expansion. 

The extent to which such competition will occur will depend on the current 
utilization of capacity by aircraft operators, and the anticipated growth in 
demand for air travel. In the past, the industry has faced situations of 
overcapacity which have necessitated the disposal of aircraft well before the 
end of the typical 20-year useful life of modern aircraft. The response of the 
industry to mandated introduction of antimisting fuel in a situation of over­
capacity might be to reduce capacity through early retirement of underutilized 
aircraft, rather than to incur the expense of retrofit. Such economic decisions 
depend critically on the actual costs of achieving compatibility between 
existing aircraft operating systems and the flow, atomizing, and burn character­
istics of antimisting fuel. 

At this stage, precise information on the extent of these costs is not avail­
able. While detailed information on the costs of retrofit are uncertain, there 
is information available on other capital commitments of the airlines. 
Consideration of these financial commitments is useful, particularly since a 
major component of capital expenditure is the acquisition of new aircraft. 

Capital requirements for new aircraft acquisition are composed of two principal 
elements. These include the need to replace aircraft rendered obsolete by 
advances in aviation technology and other factors, and the need to expand 
capacity through the addition of aircraft to the fleet. For the period 
1977-1989, the capital requirements of the domestic trunk airlines have been 
estimated at about $83.8 billion (Reference 39). Of this, $33.4 billion are 
required for replacement purposes, and $50.4 billion are estimated to be 
necessary to meet the expected growth in demand. 

At the end of the third quarter of 1979, the airlines had reported financial 
commitments to equipment suppl'iers in excess of $24 billion, including aircraft 
on order, modifications, spare parts, and ground property and equipment. Of 
this total, $10.6 billion was committed for the acquisition of new aircraft 
(Reference 40). Included in these acquisitions were 21 Boeing 757 and an 
estimated 91 Boeing 767 aircraft. By mid-1981, about 100 orders for the 757 
were expected to be placed, with about 170 orders for the 767 (Reference 41). 
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Commitments for the purchase of these aircraft represent a major fleet modern­
ization and/or expansion effort by the large trunk air carriers. Many of these 
new aircraft will enter revenue service by the mid-1980's. Hence, the intro­
duction of antimisting fuel will affect many of these aircraft in a manner 
similar to aircraft already in operation. That is, existing commitments to 
design, production tooling, and delivery schedules will mean that retrofit will 
be required for aircraft delivered before commercialization or promulgation of 
regulations mandating use of antimisting fuel. Opportunities may exist for 
incorporation of aircraft-fuel design compatibility in the production stage for 
aircraft scheduled to be delivered in the latter part of the 1980's or early 
1990's. 

A different set of capital costs will be encountered for existing aircraft 
designs and those developed after the introduction of antimisting fuel. For the 
latter group, aircraft manufacturers may initially bear a portion of the total 
capital cost, since incorporating antimisting fuel-compatible design into 
production aircraft may entail changes in production equipment and tooling. 
However, any such changes in the manufacturers' fixed costs are likely to be 
reflected in the pricing structure. Similarly, any changes in production 
schedules or manufacturers' variable costs, including labor and materials, will 
also be reflected in delivered aircraft prices. The capital cost for pre­
production aircraft should be less than that expected for existing aircraft due 
to the greater efficiency of designing and manufacturing an aircraft with an 
antimisting fuel-compatible design rather than modifying an aircraft with an 
incompatable design. While obtaining such efficiencies would add to the 
development and pre-production costs of aircraft manufacture, they should result 
in lower costs for producing an aircraft with the capability of using anti­
misting fuel, when compared to converting existing aircraft to an antimisting 
fuel-compatible state. Thus, an important consideration in the implementation 
of antimisting fuel use in the commercial fleet is the impact of the timing of 
its introduction on the design and production of new aircraft. While anti­
misting fuel may accelerate the phase-out of older aircraft for which retrofit 
is not cost-effective, it could also alter the time-frame for the introduction 
of new aircraft in the latter half of the 1980's and beyond. Such an alteration 
could come about as advances in fuel system and engine technology, which have 
recently emphasized fuel efficiency, adjust to the fuel safety emphasis of the 
antimisting fuel program. This adjustment process, which seeks a new level of 
compatibility between aviation systems and fuel technology, will take time and 
impose economic costs, including higher costs of aircraft, fuel, and air travel. 
Assessment of the magnitude of these costs requires further research. 

FUEL COSTS. 

The component of operating costs most likely to be affected by the introduction 
of antimisting fuel is fuel costs. Fuel costs may be affected in three princi­
pal ways. First, the unit cost of antimisting fuel will be higher than that of 
Jet A, primarily due to the additional material, processing, and blending costs 
of the polymeric additive and carrier fluid. Second, differences in the BTU 
content of antimisting fuel as compared to that of Jet A could mean that the 
total amount of fuel required to provide a given level of service would be 
greater. Third, consumption of antimisting fuel may be greater than that of 
Jet A because of additional power requirements associated with in-line devices 
used to restore the properties of the fuel. As a result of the increased level 
of fuel consumption, total fuel costs will be increased. 
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In recent years, fuel has come to represent an increasingly significant cost 
element for aircraft operations. For example, between 1970 and 1980 domestic 
trunk and local service carriers experienced a compound rate of increase in 
total fuel costs (in nominal terms) of approximately 24% per year. Over this 
period, fuel costs for carriers increased from $1.1 billion to $9.2 billion 
(Reference 42). By 1980, at least one carrier was forecasting fuel costs for 
its operations alone to reach $1 billion before 1982 (Reference 43). 

While fuel costs were rising so dramatically, the efficiency of fuel use by air 
carriers also increased significantly. One measure of the efficiency of fuel 
consumption in commercial aviation operations is the number of available seat­
miles generated per gallon of fuel. In 1970, the scheduled carriers produced
27.6 available seat-miles per gallon. In 1980, over 42 available seat-miles per 
gallon were produced. It is of interest to note that during this period fuel 
consumption increased at a rate of only 0.6% per year. The low rate of increase 
in fuel consumption reflects the more conservative use of fuel, given higher and 
rising prices. This increase in efficiency was due in large measure to the 
increasing use of more fuel-efficient power plants. Another trend associated 
with the rise in fuel efficiency has been the introduction and use of wide­
bodied aircraft, which have enabled carriers to generate substantially more 
available seat-miles. 

In spite of these trends indicating slow growth in fuel consumption and improve­
ment in fuel efficiency, the airlines are faced with a growing burden of fuel 
costs. In 1970, fuel costs represented about 13% of operating expenses for 
trunk and local service airlines. By 1980, the proportion of fuel costs in 
total operating expenses had increased to over 30%. Fuel costs represent an 
even higher percentage of expenses for flying operations (Reference 44). For 
example, for the Boeing 747, fuel costs (including oil) accounted for over 77% 
of flying operation expenses, and over 51% of total aircraft operating expenses. 
Table 19 (Reference 45) presents data on fuel costs as a percentage of operating 
costs based on flying operations alone and total aircraft operations for trunk 
carriers and local service carriers. 

In the face of such increasing costs, the response of the carriers has been to 
control fuel costs through increased efficiency of operations. For example, 
more careful flight planning and operational decisions by flight personnel can 
significantly reduce fuel consumption. More frequent maintenance of the 
airframe and engines are also important in improving fuel efficiency. Since 
such operational and maintenance decisions are to an extent discretionary, there 
is variation among the airlines in the success achieved in reducing fuel 
consumption. A more important factor in determining the extent to which fuel 
consumption can be improved is the composition of an airline's fleet. Carriers 
operating older, less efficient aircraft are constrained in their efforts to 
conserve fuel through improved operational procedures by the physical limita­
tions of the aircraft. As a result, major capital programs are undertaken to 
obtain more dramatic improvements in fuel use. Examples are the previously 
mentioned re-engining of the DC-8 and the recently proposed re-engining of the 
8-727. In addition to the number and type of engines, other factors on which 
fuel consumption for a particular aircraft and hence total average fuel costs 
depend include physical factors such as the age, weight, and condition of the 
equipment. 
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TABLE 19. FUEL COSTS AS A PERCENTAGE OF OPERATING COSTS 

Total Aircraft 
Flying Operations* Operating Expenses** 

1979 1978 
TY'unk Carriers 
A-30GB 67.0 60.7 
B-707-100B 68.7 63.0 
B-707-300 63.2 66.5 
6-707-300B 70.0 64.1 
6-707-300C 66.8 61.0 
B-720B 61.1 59.1 
B-727-100 62.2 58.6 
B-727-100C/QC 68.1 60.5 
B-727-200 68.0 61.8 
B-737-200 53.1 48.2 
6-747 77 .3 72.9 
L-1011 73.4 67.2 
OC-8-50 67.3 62.3 
OC-8-61 68.1 64.0 
OC-8-62 66.0 60.0 
OC-9-10 58.6 52.0 
OC-9-30 63.1 56.7 
OC-9-50 65.0 56.8 
OC-10-1O 68.9 66.0 
OC-10-30 N/A 68.3 
OC-10-40 75.5 67.1 

Local Service 
Aerospatiale MO 298 28.8 37.7 
BAC 111 59.9 54.7 
B-727-200 62.2 52.2 
B-737-200 64.9 58.0 
OHC-6 31.3 22.0 
FH-227 45.8 47.1 
F-27 N/A 36.9 
CV-580 51.4 44.2 
CV-600 N/A 43.0 
OC-9-10 66.2 60.1 
OC-9-30 64.3 54.6 
OC-9-50 67.5 58.4 
NAMC-YS-11 52.4 47.0 
Swearingen Metro II 37.0 40.0 

Includes fuel, flight crew, insurance, and other* 
to flying operations. 

1979 

45.6 
47.7 
52.7 
49.2 
49.4 
41.5 
46.1 
50.2 
42.9 
36.7 
51.7 
45.1 
49.0 
48.3 
46.4 
42.0 
46.7 
47.9 
42.9 
N/A 
50.0 

10.0 
41.3 
46.6 
45.6 
20.0 
22.9 
N/A 
30.3 
N/A
46.9 
44.8 
52.3 
29.3 
11.3 

costs 

1978 

41.3 
41.0 
49.6 
43.0 
43.6 
36.5 
40.2 
41.7 
43.5 
33.8 
42.9 
37.0 
43.5 
43.0 
37.0 
34.8 
39.1 
39.2 
39.4 
44.4 
37.9 

13.2 
34.8 
39.0 
38.0 
14.0 
23.5 
17.5 
23.7 
26.9 
41.1 
39.5 
42.6 
25.1 
17.1 

directly related 

**	 Includes in addition to flying operations: maintenance depreciation, 
and amortization costs. 

N/A: Not Available 
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The efforts of operators to optimize consumption through controlling physical 
and operational variables have succeeded in slowing the growth rate of fuel 
consumption. As shown in Table 20 (Reference 46), the aggregate level of jet
fuel consumption for certificated route carriers was relatively stable through­
out the 1970's. The wide variation in fuel consumption characteristics of 
turbine-powered aircraft of domestic carriers is shown in Tables 21 (Reference 
47) and 22 (Reference 48). 

TABLE 20. CERTIFICATED CARRIER JET FUEL CONSUMPTION 
(million gal.) 

Year 
1969 

Trunk 
7272 

Local Service 
542 

Other* 
70 

Total 
7884 

1970 7105 609 68 7782. 
1971 7050 610 68 7728 
1972 7172 642 72 7886 
1973 7451 728 85 8264 
1974 6612 720 90 7422 
1975 6650 726 100 7476 
1976 6945 786 108 7839 
1977 
1978 
1979 
1980 

7240 
7500 
7900 
7400 

860 
900 
100 
110 

N/A
N/A 
N/A 
N/A 

8100 
8400 
8900 
8500 

*Includes Intra-Alaskan, Intra-Hawaiian, etc. 

Note: Totals may not sum due to rounding. 

N/A: Not Available 

Table 21 compares fuel consumption characteristics of selected aircraft under 
three different operating regimes: maximum cruising speed, cost-economical 
operations, and long-range operations. These data show differences in fuel con­
sumption between various types of aircraft, as well as indicating such differen­
ces for the same aircraft operating under different conditions. In addition, 
for certain aircraft, the effect of the power plant option on fuel consumption 
is also indicated. 

Table 22 presents data on fuel consumption characteristics of various aircraft 
in certificated route service based on operational data for 1979. For all trunk 
aircraft during that year, the range of fuel consumption varied between 834 
gallons/block hour (for the Boeing 737-200) and 3,238 gallons/block hour (for
Boeing 747). The average rate of fuel consumption for the trunk operations of 
the Boeing 727-200, for example, was 1,325 gallons/hour in 1979. The range of 
fuel consumption for this aircraft among trunk carriers varied from 1,282 to 
1,384 gallons/hour. 

The degree of success in minimizing fuel consumption is indicated by the fact 
that between 1978 and 1979, the rate of fuel consumption in the commercial fleet 
decreased at an average rate of about 0.6% for the trunk carriers in domestic 
operations (Reference 49). For local service operations, fuel consumption rates 
for jet aircraft were decreased by an average of about 1.6%, although the rate 
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TABLE 21. FUEL CONSUMPTION OF SELECTED TRANSPORT AIRCRAFT IN U.S. COMMERCIAL FLEET
 

Aircraft Mfr Model 

AIRBUS INDUSTRIE 
A300B2-200 
A300B2-300 
A300B4-100 
A300B4-200 
A310-200 
BOEING 

16,905 
16,210 
14,350 
14,770 
13,870 

(7,665) 
(7,350)
(6,510) 
(6,700) 
(6,290) 

12,600 
12,858 
13,285 
13,800 
10,330 

(5,715) 
(5,705)
(6,025) 
(6,260) 
(4,685) 

12,070 (5,475) 
12,035 (5,460) 
12,900 (5,850) 
13,580 (6,160) 
9J 650 (4,375) 

727-200 
737-200 
747-100B SR 
747-200B (PW JT9D07J) 
747-200B (PW JT90-7R4G) 
747-200B (GE CF-50) 
747-200C (RR RB.211) 
747-200F 
747SP 
767-200 (P&W JT80) 
767-200 (GE CF6-80A) 
767-200 (P&W JT90) 
757-200 Basic 
BRITISH AEROSPACE CORP. 

15,000 (6,804) 
9,880 (4,481) 

28,200 (12,790) 
28,200 (12,790) 
30,300 (13,740) 
29,500 (13,380) 
30,300 (13,740) 
30,300 (13,740) 
26,100 (11,840) 
15,900 (7,212) 
14,700 (6,663) 
15,500 (7,212) 
11 ,630 (5,275) 

10,000 
5,815 

23,000 
23,000 
23,700 
24,500 
23,700 
23,700 
20,800 
9,500 
9,400 
9,700 

N/A 

(4,536) 
(2,638) 

(10,430) 
(10,430) 
(10,750) 
(11,260) 
(10,750)
(10,750)
(9,435) 
(4,309) 
(4,264) 
(4,400) 

N/A 

9,500 (4,309) 
5,295 (2,048) 

23,000 (10,430) 
23,000 (10,430) 
24,300 (10,980) 
25,100 (11,390) 
24,200 (10,980) 
24,200 (10,980) 
21,000 (9,525)
9,500 (4,309) 
9,400 (4,264) 
9,700 (4,409) 
8,144 (3,892) 

One-Eleven 
One-Eleven 
146-100 
146-200 
FOKKER 

6,059 (2,746) 
6,111 (2,772) 
5,140 (2,331) 
5J 531 (2,509) 

N/A 
N/A 

3,960 
42443 

N/A 
N/A 

(1,796) 
(2,015) 

4,300 
4,993 
3,778 
4.386 

(1,850) 
(2,247) 
(1,714) 
(1.989) 

F.28 Mk 3000 
F.28 Mk 4000 
LOCKHEED 

14,700 
4,980 

(6,663)
(2.260) 

9,400 
4,784 

(4,264)
(2 2180) 

9,400 (4,264) 
3,252 (12475) 

L-1011-1 TriStar 
L-1011-100 
L-1011-200 
L-1011-500 
MCDONNEl-DOUGLAS 

18,000 
17,500 
17,500 
17 2300 

(8.165)
(7,938) 
(7,938) 
(7,847) 

15,700 
15,200 
15,500 
15 2300 

(7,121) 
(6,895) 
(7,031) 
(6.940) 

15,400 (6,985) 
15,200 (6.895) 
15,800 (7,167) 
16,000 (72258) 

OC-8-71 
OC-8-72 
OC-8-73 
OC-9-30 
OC-9-40 
OC-9-50 
DC-9 Super 80 
DC-9 Super 81 
DC-10-10 
DC-10-15 
DC-lO-30 
DE~10-40 

15,500 (7,030) 
15,180 (6,890) 
15.580 (7,070) 
8,770 (3,980) 
8,770 (3,980)
9,980 (4,525) 
8.990 (4.077) 
9.030 (4,O96) 

20.882 (9,445)
20,699 (9,389)
21,480 (9,743) 
25,819 (11.711) 

10,200 
9,870 

10,110 
6,250 
6,250 
6,650 
6.240 
6,240 

15,623 
16,196 
16,447 
18.296 

(4,630) 
(4,480) 
(4,590) 
(2,835) 
(2,835)
(3,015) 
(2.830)
(2,830) 
(7,086 ) 
(7,346 ) 
(7,460 :: 
(8 2299) 

9,610 (4.360) 
9,350 (4.240) 
9,590 (4,350) 
5,040 (2,280)­
5,040 (2,280) 
6.850 (2.650) 
4.910 (2.227)
9,193 (2,357) 

15,257 (6,920) 
15,976 (7,202) 
16,121 (7,313) 
18,456 (8,372) 

N/A: Not Available. 
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TABLE 22. AIRCRAFT FUEL CONSUMPTION CHARACTERISTICS FOR 1979
 

Trunk 

A-300B 
B-707-100B 
B-707-300 
B-707-300B 
B-707-300C 
B-720B 
B-727-100 
B-727-100C/QC 
B-727 -200 
B-737-200 
B-747 
L-1011 
DC-8-50 
DC-8-61 
DC-8-62 
DC-9-10 
DC-9-30 
DC-9-50 
DC-10-10 
DC-10-40 

Local Service 

Aerospatiale MO 298
 
BAC111
 
B-727-200
 
B-737-200
 
BHC-6
 
FH-227
 
CV-580
 
DC-9-10
 
DC-9-30
 
DC-9-50
 
NAMC-YS-11
 
Swearingen Metro II
 

*Revenue Passenger Miles 

Gal/Block Hour 

1822
 
1546
 
2093
 
1700
 
1771
 
1483
 
1199
 
1239
 
1325
 
834
 

3238
 
1329
 
1699
 
1884
 
1683
 

836
 
872
 
981
 

2191
 
2315
 

117
 
286
 

1309
 
855
 

81
 
275
 
333
 
841
 
867
 
952
 
317
 

92
 

RPM*/Gal 

28.9 
24.1 
17.6 
23.1 
24.2 
23.6 
21.3 
19.8 
23.0 
24.1 
36.0 
29.0 
20.6 
25.2 
26.9 
19.2 
22.3 
26.3 
30.0 
19.2 

17.6 
17.4 
23.7 
22.8 
17.0 
15.2 
15.8 
18.0 
21.5 
19.0 
16.5 
16.1 
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of turboprop fuel use increased by about 6%. It is likely that as aircraft 
operators seek to control costs, incremental improvements in fuel efficiency 
will continue to be found. 

With the introduction of antimisting fuel, fuel cost may become an even more 
important factor in airline operating expenses. Although antimisting fuel is 
expected to have an energy value similar to other jet fuels, additional power
will in all likelihood be required to restore to antimisting fuel the charac­
teristics of Jet A in the engine. This requirement suggests that the efficiency
of conversion of the energy content of antimisting fuel into motive thrust will 
be less than that for Jet A. Consequently, a higher rate of fuel consumption 
for antimisting fuel is likely, compared to Jet A, and will result in higher 
fuel costs for aircraft operations. 

Another source of higher fuel costs is associated with the composition of anti­
misting fuel itself. The addition of the antimisting additive (FM-9 or other 
additives imparting similar properties) and carrier fluids to jet fuel will 
increase fuel cost. The extent of the increase in unit fuel cost will depend on 
factors such as the additive raw material costs and economies of scale possible 
in production of the additive. The combined effects of potentially higher fuel 
consumption and higher unit fuel costs due to the introduction of antimisting 
fuel could reinforce the trend toward the increasing share of fuel costs in 
operating costs. High fuel costs, combined with highly competitive pricing 
policies which inhibit the passing through of increased costs to consumers, are 
among the reasons cited by the airlines for poor financial performance
(Reference 50). It is clear that the potential impact of antimisting fuel on 
operating costs through the fuel component could be of significant magnitude. 
The magnitude of the impact, in the absence of additional information on the 
increased costs associated with antimisting fuel, cannot be estimated. However, 
the sensitivity of costs to changes in fuel costs can be analyzed parametrically 
(as illustrated in Chapter 6). 

MAINTENANCE COSTS. 

Other potential increases in operating costs resulting from the introduction of 
antimisting fuel involve service and maintenance costs for flight equipment.
The effect of antimisting fuel on maintenance costs will depend upon the extent 
to which the behavior of antimisting fuel in the fuel tank and engine systems 
differs from that of other fuels. Aircraft maintenance consists of two major
elements: routine servicing, which occurs during the ground stop at the conclu­
sion of each flight stage; and scheduled maintenance, which involves a periodic, 
thorough check and repair of aircraft systems. In addition, unscheduled main­
tenance may also be required to address specific, unanticipated mechanical 
problems in order to keep the aircraft in safe, airworthy condition. The intro­
duction of antimisting fuel may impose additional operating costs through 
required changes in routine servicing and scheduled maintenance procedures. 
Unforeseen maintenance may also increase during the transition from Jet A to 
antimisting fuel. 

One of the routine servlclng procedures which may be modified as a result of the 
introduction of antimisting fuel is the fuel tank refilling procedure. Present 
fuel tank filling procedures involve the use of a pumper-tanker fuel truck or 
in-ground hydrant system. With present fuel filling systems and fuel types, 
fuel tank refilling time depends on factors such as the type of aircraft, the 
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amount of fuel required (including emergency and reserve fuel supplies), and the 
type of pumping equipment used. The efficiency of aircraft operations through 
maximization of revenue capacity on an available seat-mile basis is contingent 
on minimizing the cost of nonrevenue-generating aircraft operations. In 
particular, minimizing ground stop time in a manner consistent with safety 
considerations is an important element in overall operational efficiency.
Activities which prolong ground stop time can exert an adverse influence on the 
costs of operations.

If fuel tank filling procedures for antimisting fuel require significantly more 
time than existing procedures, it is clear that airlines will experience a cost 
impact. These costs, which will be determined in part by the method used to 
blend the additive with the fuel, will be in addition to other fuel-related 
costs associated with antimisting fuel. Three blending scenarios have been 
proposed. The first, a one-step blending at the refinery, would have the least 
impact on aircraft refueling procedures. Unfortunately, this scenario is 
unlikely since frequent pumping and filtering from the refinery to the aircraft 
could result in uninten-tional degradation of the fuel. The second blending
scenario is in-line mixing of the additive at the aircraft refueling point. 
This blending scenario has the disadvantage of increasing the energy required to 
restore the combustion properties of the fuel. The third scenario involving a 
two-step blending process currently appears more likely. This process includes 
blending of glycol and polymer in holding tanks, and addition of amine at the 
aircraft refueling point. Both in-line and two-step blending will involve 
modifications to the airport fuel delivery mechanisms and may increase the time 
required for refueling the aircraft. 
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6. IDENTIFICATION OF CANDIDATES FOR USE OF ANTIMISTING FUEL
 

The	 most likely candidates for the use of antimisting fuel can be identified 
based on the physical, operational, and economic constraints identified in the 
development of operational profiles, and the potential for reducing fatalities 
in each segment of the fleet. Since the benefits (and costs) of using anti ­
misting fuels will continue over the life of the aircraft, new equipment will 
generally have a higher benefit/cost ratio. Benefits are also expected to be 
greater for aircraft carrying large numbers of passengers or making frequent 
stops at airports with the most adverse take-off and landing conditions. 

It would be premature to do a detailed cost analysis at this time, since 
specific data on fuel cost increases and retrofit costs are not available. 
However, a preliminary parametric analysis of possible antimisting fuel-related 
cost increases is presented below to determine the sensitivity of the impact to 
economic considerations. The primary benefit of introducing antimisting fuel 
into the fleet is the potential for reducing injuries and fatalities and fire 
damage to aircraft. Since the data on post-crash fires is extremely limited 
(Reference 51), we have not attempted to analyze the differential accident rates 
in each fleet segment. Differential benefits may also result from differences 
in aircraft operations which may lower the effectiveness of the antimisting 
additive under extremes of temperature or other factors. A more comprehensive 
examination of the potential costs and benefits of introducing antimisting fuel 
should be conducted prior to the final selection of candidates for use of 
antimisting fuel. 

Two related issues which will affect the introduction of antimisting fuel into 
the U.S. commercial aviation fleet were addressed: 

1.	 Are there significant advantages to segmentally
 
introducing antimisting fuel into the fleet?
 

2.	 Which portions of the fleet are the most likely 
candidates for the early introduction of antimisting fuel? 

The introduction of antimisting fuel presents several potential problems related 
to the fuel, its compatability with existing aircraft, and its compatability 
with existing fuel systems. The differences between the physical properties of 
antimisting fuel and curl~ent aviation fuels may require some modifications to 
the aircraft, airframe fuel system, engine fuel system, engine components, 
and/or the airport fuel delivery mechanisms. 

The extent of these modifications is not yet determined. If the modifications 
require major changes to the airframe or engine fuel systems or airport opera­
tions which are incompatible with the use of currently used aviation fuels. then 
segmental introduction of antimisting fuel may be necessary to allow sufficient 
time to retrofit the aircraft and/or airports. 

FLEET-WIDE INTRODUCTION OF ANTIMISTING FUEL. 

The major advantage to simultaneously introducing antimisting fuel in all 
segments of the U.S. commercial fleet is that the number of potential lives 
saved will be maximized. The major disadvantages are that, even with d reason­
able 1ead time, there may be capacity constraints on the number of aircraft 
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which can be modified for the use of antimisting fuel, the number of airports 
which can be adapted to antimisting fuel use, or the amount of antimisting fuel 
which can be produced. A further constraint exists if the modifications are not 
compatible with the use of standard jet fuels (i.e. once an aircraft is modified 
it cannot switch back and forth between antimisting fuel and Jet A). 

The FAA (Reference 52) forecasts an increase in domestic revenue passenger 
enplanements of 26% by 1984 (6% per year) with a 28% increase in domestic 
revenue passenger miles. The larger increase in domestic revenue passenger 
miles reflects a small increase in average trip length from 695 to 709 miles. 
Similar increases are expected in cargo and international passenger services. 
Total aircraft in service, including passenger and cargo on domestic and 
international flights, are also expected to increase but at a much slower rate 
of 0.8% per year or 3.2% by 1989. Jet fuel consumption for the 1984 air carrier 
fleet, which includes supplemental, contract and interstate carriers, is 
estimated to be 11.1 billion gallons (or 42.0 billion liters). Current jet fuel 
consumption for the 1980 fleet is 10.4 billion gallons (or 39.2 billion liters).
The FAA forecast (Reference 53) is sUll1T1arized in Table 23. 

TABLE 23. SUMMARY OF FAA FORECAST 

1980 1984 %Change 

290.5 365.7 +25.9 
25.1 30.6 +21.9 

315.6 396.3 +25.6 

13.8 20.4 +47.8 

201.9 259.3 +28.4 
55.2 67.9 +23.0 

257.1 327.2 +27.3 

Commuter 1.7 2.5 +47.0 
Aircraft in Service 

Carrier 
- Turboprop 

2-engine 175 183 +4.6 
4-engine 76 68 -10.5 

- Turbojet/Turboprop 
2-engine 665 829 +24.7 
3-engine 1262 1349 +6.9 
4-engine 501 369 -26.3 

- Helicopter 0 0 0 
Total ID9 2798 +4.4 

Jet Fuel Consum tion 
millions of allons 

Domestlc lr Carrier 10370 11097 +7.0 
International 2835 2906 +2.5 

Total 13205 1,1003 +6.0 
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The FAA forecast predicts a shift from 4-engine to 2-engine aircraft in both the 
turboprop and turbofan fleet. The total number of turboprop aircraft is expected 
to remain constant, while the number of turbofan aircraft increases by 4.9%. The 
number of 2-engine aircraft is expected to increase by 20.4%, with a 6.9% increase 
in 3-engine aircraft, and the number of 4-engine aircraft decreasing by 24.3%. Our 
review of the 1980 fleet and the number of aircraft on order, as summarized in 
Table 24 (Reference 54), confirms this trend toward 2-engine aircraft. 

TABLE 24. 1980 PASSENGER FLEET AND AIRCRAFT ON ORDER 

1980 Aircraft Orders as 
Fleet On Order % of Fleet 

Turbojet/Turbofan 
4-engine 
Trunk 301 0 0 
Local Service 3 0 0 

Total 304 0 0 

3-engine 
Trunk 1237 70 5.7 
Local Service 65 6 9.2 

Total 1302 76 5.8 

2-engine 
Trunk 195 282 144.6 
Local Service 490 90 18.4 

Total 685 372 54.3 
Turboprop 

4-engine 
Trunk 0 0 0 
Local Service 5 4 80.0 

Total 5 "4 80.0 

2-engine
 
Trunk 0 0 0
 
Local Service 110 9 8.2


-9­Total ITO 8.2 

Based on these projections for 1984 and the assumptions used by the Aerospace 
Corporation (Reference 55) for fuel and retrofit costs (6.9¢ per gallon for fuel 
and $100,000 for each aircraft retrofit), the annual fuel cost impact of intro­
ducing antimisting fuel into the total U.S. fleet. including cargo and inter­
national flights, would be $766 million. The aircraft retrofit cost would be 
$279.8 million. These results are presented to illustrate the methodology used 
in the analysis to determine the most likely candidates for use of antimisting 
fuel. The same methodology can be used to determine the sensitivity of cost 
impacts to a range of capital and fuel cost increases as shown in Table 25. 

Since the retrofit cost is an initial capi~al expense which will result in 
benefits over the lifetime of the aircraft. it should be amortized over the 
physical life of the aircraft. (Appendix 0 presents a brief summary of the 
principles of discounted cash flow analysis used to calculate the annualized 
cost of capital expenditures and the present value of the stream of future fuel 
costs.) Assuming a real interest rate of 10% and an aircraft life of 20 years. 
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the annualized retrofit cost would be $11,746 per aircraft or $32.85 million for 
the fleet. The annualized retrofit cost is significantly lower than the annual 
fuel cost increase of $766 million. (The real interest rate is the cost of 
borrowing. The current interest rate reflects the rate of inflation as well as 
the cost of borrowing.) 

Alternatively, we can compare the present value of the future stream of fuel 
costs over a 20-year period with the retrofit costs. The present value of the 
additional fuel cost discounted at 10% is $6.52 billion for 20 years. Retrofit 
costs of $279.8 million are approximately 4% of increased fuel costs. Combining 
the capital costs and the present value of future fuel costs over a 20-year life 
yields a present value of total cost of 6.8 billion or $17.16 pej revenue 
passenger enpl anement,If 19 17 • ",,,,,,,,"-4C 

Table 25 shows the cost of introducing antimisting fuel into the total U.S. 
fleet in 1984 under a range of assumptions. These include a high and low 
forecast for commercial aviation activity. The high forecast is based on the 
FAA forecast for 1984 presented in Table 23. The low forecast assumes no growth
in commercial aviation activity from the 1980 level and uses the FAA estimates 
for 1980. The major differences between the two forecasts are that the higher 
growth scenario results in a 7% increase in fuel consumption, a 25% increase in 
revenue passenger enplanements, and a 4% increase in the number of aircraft in 
service. The high growth in revenue passenger enplanements significantly 
reduces the present value of total cost per revenue passenger enplanement 
(Column 5). Given the present macroeconomic conditions of continuing high 
inflation and unemployment, the high price of fuel, and the limitations on 
expanding passenger service due to the reduced number of air traffic control­
lers, the outlook for the commercial aviation industry is not optimistic. The 
no-growth scenario, based on FAA estimates for 1980 levels of activity, may 
therefore be more appropriate than the higher growth in revenue passenger enpla­
nements forecast for 1984. 

The most important parameter is clearly the additional cost of fuel. We have 
selected a high-cost scenario of an additional 6.9¢ per gallon for antimisting 
fuel and a low-cost scenario of an additional 1.0¢ per gallon. Additional first 
year fuel costs (Column 2) are calculated by multiplying additional fuel cost 
per gallon and forecasted fuel consumption for 1984. The present value of 
additional fuel costs (Column 3) is then computed by dividing Column 2 by the 
capital recovery factor for the scenario's aircraft life and discount factor. 

Another important parameter is the average retrofit cost for adapting existing
aircraft to use of antimisting fuel. We have selected a low retrofit cost of 
$100,000 per aircraft and a high retrofit cost of $500,000 per aircraft. The 
capital cost (Column 1) is the product of the retrofit cost per aircraft and the 
number of aircraft forecasted for the 1984 fleet. The present value of total 
cost (Column 4) is the sum of capital cost and the present value of additional 
fuel costs (i.e. Columns 1 and 3). Column 5 normalizes this cost on the basis 
of; revenue passenger enpl anement~ !?sIIr,fS,

/'tr" IV V 11 ( 

SENSITIVITY ANALYSIS. 

The cost impact of introducing ant"imisting fuel into the entire U.S. corrrnercial 
fleet is clearly more sensitive to additional fuel cost which extends over the 
life of the aircraft than to the initial retrofit cost. The trade-off between 
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PARAMETRIC ANALYSIS OF IMPACT OF FLEETWIDE INTRODUCTION OF ANTIMISTING FUEL
 

SCENARIOS (1) (2) (3) 

Pres. Val. 
of Addt'l 
Fuel Cost 
millions$ 

7756.7 
7756.7 
1123.8 
1123.8 
8225.8 
8225.8 
1192.8 
1192.8 

c:;s; ()v~""l )u Y~"'JA..f /,/O,-z"'A(./~"'f"~ 
"'~~~~i

13 /1 [" I: 0 ~I\ /t. /( 1/~- (/ 1" /'11 fJ~ , .... c 11'" 

EN~'/l;, ..o7H~~r ,!?,;7.,rL4'S( /~f,) /::-,)~ 

). l> ""'" ~ 1f1l-.~ 7 hi f ,,/9 r ~/ "cII /l ,1//J /.,1 0t tJ"vpd 

(4) 

Present 
Value of 
Total Cost 
mi11ions$ 

9096.2 
8024.6 
2463.3 
1391.7 
9624.8 
8505.6 
2591.8 
1472.6 

(5) 

Pres. Val. of 
Total Cost Per 
Rev. Passenger 
En lanement ($) t 

28.82 
25.43 

7.81 
4.41 

24.29 
21.46 
6.54 
3.72 

Growth of 
Aviation 
Activity
1. Low 
2. Low 
3. Lm~ 

4. Low 
5. High 

U"1 
~ 

6. High 
7. High 
8. High 

TABLE 25. 

Retrofit 
Cost 

(dollars 
500000 
100000 
500000 
100000 
500000 
100000 
500000 
100000 

1- T()T/~l 
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fuel, retrofit, and operational and maintenance (0 &M) costs varies with the 
assumed discount rate and aircraft life as well as the forecast for fleet size, 
revenue passenger enplanements, and fuel consumption. 

Assuming a 20-year aircraft life and a 10% discount rate for a fleet of 2,679 
aircraft consuming 13.2 billion gallons of fuel per year with 315.6 million 
revenue pass:nger enplanements per year, thjlcost impact per/revenue passenger 
enplanement 1S: d-~Yffl" A~IV,;4 (. 

$0.85 for each $100,000 of retrofit cost per aircraft;
 
$3.56 for each $O.Ol/gallon of additional fuel cost; and
 
$0.72 for each $10,000 increase in annual 0 &Mcosts per aircraft.
 

The tradeoff for this scenario is shown in Figure 10. Each $120,000 of retrofit 
costs has the same impact ($1.00/revenue passenger enplanement) as 2.8¢ additional 
fuel cost or $14,000 additional 0 &Mcost. The impact analysis of segmental 
introduction (discussed below) is even more sensitive to additional fuel cost due 
to differences across fleet segments in fuel consumption and aircraft utilization. 
Retrofit and 0 &Mcosts are also likely to vary across fleet segments depending on 
the type of aircraft used for that portion of the fleet. 

Figures 11 through 13 graphically depict the cost impact per revenue passenger 
enplanement for a range of retrofit, additional fuel, and additional 0 &Mcosts. 

SEGMENTAL INTRODUCTION OF ANTIMISTING FUEL. 

There are two approaches to segmenting the fleet for the analysis of antimisting 
fuel use in specific portions of the fleet. The first is based on aircraft type.
The fleet can be divided into three major portions and subdivided by the number of 
engines: 

1. Rotorcraft 

2.	 Turboprop
 
2-engine
 
4-engine
 

3.	 Turbojet/Turbofan
 
2-engine
 
3-engine
 
4-engine
 

The second approach is to divide the fleet based on operations: 

1. International 

2.	 Domestic
 
Trunk
 
Local Service
 
Helicopter Carrier
 
Intra-Alaskan
 
Intra-Hawaiian
 
Other Carri er
 
Regional
 
All-Cargo (not included in this project)
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The first approach, by aircraft type, is preferable from an engineering point of 
view. The second approach, by operations, can provide more detailed economic data. 

We began by segmenting the fleet by aircraft type to identify for each segment: 

•	 the number of aircraft affected; 

•	 the amount of fuel required; and 

•	 the number of passengers affected (as measured by
 
number of revenue passengers enplaned).
 

This information is presented in Table 26, compiles from data presented in 
Reference 56. We can then estimate which segments of the fleet will have the most 
negative impacts in terms of number of aircraft which may require modifications and 
increased fuel costs, and the most positive impacts in terms of potential lives 
saved. Since we did not collect data on the probability of post-crash fire fatali ­
ties, we have not calculated the expected value of lives saved. Instead, revenue 
passenger enplanements was selected as an indicator of potential lives saved. 

TABLE 26. SUMMARY OF OPERATIONAL DATA FOR SEGMENTS OF THE 1980 PASSENGER FLEET 

Total Revenue 
Fleet Segment Mi 11. of Passenger
by Aircraft and No. of Gal. of Total Enplanements
Service Type Aircraft Fuel/Year Departures (Mi11ions~ 

Turbofan/Turbojet
4-engine
 

wide body - Domestic Trunk 34.9 472.1 34367 8.51
 
regular body - Domestic Trunk 181.9 1023.7 239339 23.35
 

3-engine
 
wide body- Domestic Trunk 167.1 1366.3 215616 33.10
 
regular body - Domestic Trunk 847.0 917.7 1870327 147.39
 
regular body - Non-Trunk 21.2 7.9 54083 3.71
 
regular body - Alaskan 10.0 40.8 22323 1.49
 

2-engine

wide body - Domestic Trunk 7.5 49.1 11483 1.59
 
regular body - Domestic Trunk 207.4 583.1 591127 38.99
 
regular body - Non-Trunk 298.6 858.9 1009693 58.30
 
regular body - Hawaiian 18.1 41.3 82258 7.14
 

Turboproe 
2-engine
 

regular body - Non-Trunk 87.5 63.2 334577 8.69
 
regular body - Other* 36.5 5.9 101199 1.56
 

*Other includes Aspen, Wright, Air New England, and Air Midwest. 
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The capital cost of retrofit and the annual fuel cost of antimisting fuel were then 
combined using present value analysis to generate the present value of antimisting
fuel-related costs per revenue passenger enplaned. Table 27 compares these costs over 
several segments of the fleet for one scenario; name1Yt no growth in commercial airline 
activitYt 10% discount rate t 20-year aircraft 1ife t retrofit cost equal to 1% of 
initial aircraft cost t and 6.9¢ per gallon additional fuel cost. 

Under this scenario t the antimisting fuel-related cost impacts are higher for 
4-engine aircraft than for 3-engine aircraft t with 2-engine aircraft having the 
lowest cost. This is due to the greater fuel efficiency of 2-engine aircraft as 
measured by gallons per revenue passenger enp1anement. Within each engine 
groUPt wide-bodied aircraft also have higher cost impacts due to their greater 
fuel consumption levels. The lower cost impacts for non-trunk service reflect 
the differences in fleet consumption. Within each aircraft type t the present 
value of total cost per revenue passenger enplaned is virtually the same for the 
trunk and nontrunk service. For 2-engine t regu1ar-bodYt turbofan aircraft t the 
cost impact is estimated at $9.53/revenue passenger enp1anement for trunks and 
$9.37 for nontrunks; for 3-engine t regu1ar-bodYt turbofan aircraft the cost 
estimates are $16.48 for trunk service and $14.78 for nontrunk service. Cost 
impacts for Hawaiian service are much lower reflecting the low fuel consumption 
rates for Hawaiian passenger service. 

SELECTION OF CANDIDATES FOR USE OF ANTIMISTING FUEL. 

The analysis presented above demonstrates th~ methodology used for the selection 
of candidates for early introduction of antimisting fuel for a single scenario. 
In this scenario t retrofit cost per aircraft was assumed to be 1% of the initial 
cost of the aircraft t and additional antimisting fuel-related fuel cost was 
assumed to be 6.9¢ per gallon. Table 28 presents cost data for this and a few 
other scenarios with lower retrofit cost and/or lower additional fuel cost. 

For each combination of retrofit and fuel costs t we calculated the present value 
of total cost per departure and per revenue passenger enp1anement. These 
results are presented in Tables 29 and 30 respectively. The conclusions are 
similar across these various scenarios. The cost impacts are highest for 
4-engine aircraft and lowest for 2-engine aircraft. Within each engine group 
wide-bodied aircraft have higher cost impacts than regular-bodied aircraft. The 
cost impacts per revenue passenger enp1anement for similar types of aircraft are 
also similar across types of service (i.e. domestic trunk vs. nontrunk). 

The introduction of antimisting fuel into the 2-engine t turboprop fleet (the 
lowest cost impact segment) would contribute to increased safety levels on only 
9% of the total departures and cover only 3% of total revenue passenger enp1ane­
ments. The next lowest cost impact segment is 2-engine t regular-bodied turbo­
fans. The introduction of antimisting fuel to this fleet segment includes an 
additional 37% of all departures and an additional 32% of all revenue passenger 
enp1anements. The importance of 2-engine t regular-bodied turbofan aircraft in 
the fleet combined with the relatively low antimisting fuel-related cost impacts
in this segment suggests that these aircraft may be the best candidates for 
early introduction of antimisting fuel. 
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TABLE 27. COMPARISON OF ANTIMISTING FUEL-RELATED COST BY 1980 FLEET SEGMENT 

1 2 345 6 
Present Present Present Present Value of 

Fleet Segment by CapitalIst Year Value of Value of Value of Total Cost/Revenue 
Aircraft and Costt Fuel Costtt Costttt Total Cost Total Cost/ Passenger 
Service TYE___ _ lt1Ul. $Ju (Mill. $) tMin. $) (Mill. U Departure Enj)lanement 

Turbofan/Turbojet 
4-engine* 

wide body - Domestic Trunk 19.20 32.57 277.29 296.49 8627.17 34.84 

3-engine 
wide body - Domestic Trunk 58.49 94.27 802.61 861.10 3993.67 26.02 

regular body - Domestic Trunk 127.05 270.32 2301.39 2428.44 1298.4 16.48 
regular body - Non-Trunk 3.18 6.07 51.64 54.82 1013 .63 14.78 
regular body - Alaskan 1.50 2.82 23.97 25.47 1140.98 17.09 

0"\ 
1',) 

2-engine 
wide body - Domestic Trunk 2.25 3.39 28.84 31.09 2707.48 19.55 

regular body - Domestic Trunk 29.04 40.23 342.53 371. 57 628.58 9.53 
regular body - Non-Trunk 41.80 59.26 504.55 546.35 541.11 9.37 
regular body - Hawaiian 2.53 2.85 24.26 26.79 325.68 3.75 

Turboprop 
2-engine 

regular body - Non-Trunk 2.80 4.36 37.13 39.93 119.34 4.59 
regular body - Other** 1.17 0.41 3.47 4.64 45.85 2.97 

t Calculated as 1% of initial aircraft cost times number of aircraft in fleet seament. 
tt Calculated at 6.9¢ per gallon times the number of gallons consumed by the fleet segment. 
ttt Present value calculations are based on a twenty-year life with a 10% discount rate. 

* Comparative data on capital cost for 4-engined, regular-bodies aircraft are not avai1abie.
 
** Other includes Aspen, Wright, Ai: New England, and Air Midwest.
 



TABLE 28. COST DATA FOR ALTERNATIVE SCENARIOS
 

Fleet Segment 
by Aircraft and 
Service Types 

Capital Cost Scenarios 
%of Aircraft Cost X 

No. of Aircraft = 
Mi 11 ions of $ 

1% ~% J:i% 

Fuel Cost Scenarios 
6.9¢ 3¢ 1¢ 

(Millions of $) 
PV of PV of PV of 

Fuel Cost Fuel Cost Fuel Cost 

Turbofan/Turbojet 

4-engine 
wide body - Domestic Trunk 19.20 9.60 4.80 277 •29 120.56 40.19 

regular body - Domestic Trunk N/A N/A N/A 601.40 261.46 87.15 

3-engine 
wide body - Domestic Trunk 58.49 29.24 14.62 802.61 348.96 116.32 

<J') 
w 

regular body 
regular body 
regular body 

- Domestic Trunk 
- Non-Trunk 
- Alaskan 

127.05 
3.18 
1.50 

63.53 
1.59 
0.75 

31.76 
0.80 
0.38 

2301.39 
51.64 
23.97 

1000.60 
22.45 
10.42 

333.53 
7.48 
3.47 

2-engine 
wide body - Domestic Trunk 2.25 1.13 0.56 28.84 12.54 4.18 

regular body 
regular body
regular body 

- Domestic Trunk 
- Non-Trunk 
- Hawaiian 

29.04 
41.80 
2.53 

14.52 
20.90 
1.27 

7.26 
10.45 
0.63 

342.53 
504.55 
24.26 

148.93 
219.37 
10.55 

49.64 
73.12 
3.52 

Turboprop 

2-engine 
regular body
regular body 

- Non-Trunk 
- Other* 

2.80 
1.17 

1.40 
0.58 

0.70 
0.29 

37.13 
3.47 

16.14 
1.51 

5.38 
0.50 

N/A: Comparable cost data for 4-engined, regular-bodied aircraft are not available 
since these aircraft are being phased out of the fleet. 

*Other includes Aspen, Wright, Air New England, and Air Midwest. 



TABLE 29. PRESENT VALUE OF TOTAL COST/DEPARTURE
 

0'\ 
~ 

Fleet Segment 
by Aircraft and 
Serv ice Tvoe 

1% Retrofit Cost With 
Additional Fuel Cost Of: 
6.9ct 3¢ 1¢ 

~% Retrofit Cost With 
Additional Fuel Cost Of: 

6.9¢ 3et let 

~ Retrofit Cost With 
Additional Fuel Cost Of: 

6.9et 3¢ lit 

Turbofan/Turbojet 

4-engine* 
wide body - Domestic Trunk 8627.17 4066.69 1728.11 8347.83 3787.35 1448.77 8208.16 3647.69 1309.10 

3-engine 
wide body - Domestic Trunk 
regular body - Domestic Trun~ 
regular body - Non-Trunk 
regular body - Alaskan 

3993.67 
1298.40 
1013.63 
1140.98 

1889.70 
602.92 
473.90 
533.98 

810.75 
246.26 
197.10 
222.64 

3858.02 
1264.44 
984.23 

1107.38 

1754.04 
568.95 
444.50 
500.38 

675.09 
212.29 
167.70 
189.04 

3790.21 
1247.46 
969.62 

1090.80 

1686.24 
551. 97 
429.89 
483.81 

607.28 
195.31 
153.10 
172.47 

2-engine 
wide body - Domestic Trunk 
regular body - Domestic Trun~ 
regular body - Non-Trunk 
regular body - Hawaiian 

2707.48 
628.58 
541.11 
325.68 

1287.99 
301.07 
258.66 
159.01 

559.96 
133.10 
113.82 

73.55 

2609.95 
604.02 
520.41 
310.36 

1190.46 
276.51 
237.96 
143.69 

462.42 
108.54 
93.12 
58.23 

2560.31 
591.73 
510.06 
302.58 

1140.82 
264.22 
227.61 
135.91 

412.78 
96.26 
82.77 
50.45 

Turboprop 

2-engine 
2-engine 

- Non-Trunk 
- Other** 

119.34 
45.85 

56.61 
26.48 

24.45 
16.50 

115.16 
40.02 

52.42 
20.65 

20.26 
10.67 

113.07 
37.15 

50.33 
17.79 

20.32 
7.81 

* Comparable data on capital cost for 4-engined, regular-body aircraft are not available. 

**Other includes Aspen, Wright, Air New England, and Air Midwest. 



TABLE 30. PRESENT VALUE OF TOTAL COST/REVENUE PASSENGER ENPLANEMENT ($)
 

Fleet Segment 1% Retrofit Cost With ~% Retrofit Cost With ~ Retrofit Cost With
 
by Aircraft and Additional Fuel Cost Of: Additional Fuel Cost Of: Additional Fuel Cost Of: 
Service Type 6.9¢ 3¢ 1¢ 6.9¢ 3$ 1¢ 6.9¢ 3¢ 1¢ 

Turbofan/Turbojet 

4-engine* 
wide body - Domestic Trunk 34.84 16.42 6.98 33.71 15.29 5.85 33.15 14.73 5.29 

3-engine 
wide body - Domestic Trunk 26.02 12.31 5.28 25.13 11.43 4.40 24.69 10.98 3.98 

regular body - Domestic Trunk 16.48 7.65 3.12 16.05 7.22 2.69 15.83 7.00 2.48 
regular body - Non-Trunk 14.78 6.91 2.87 14.35 6.48 2.44 14.13 6.27 2.23 
regular body - Alaskan 17 .09 8.00 3.34 16.59 7.50 2.83 16.34 7.25 2.58 

2-engine 
wide body - Domestic Trunk 19.55 9.30 4.04 18.85 8.60 3.34 18.49 8.29 2.98 

O"l 
11l 

regular body - Domestic Trunk 9.53 4.56 2.02 9.16 4.19 1.65 8.97 4.01 1.46 
regular body - Non-Trunk 9.37 4.48 1.97 9.01 4.12 1.61 8.83 3.94 1.43 
regular body - Hawaiian 3.75 1.83 0.85 3.58 1.66 0.67 3.49 1.57 0.58 

Turbo.P.!:.2.P.. 

regular body - Non-Trunk 4.59 2.18 0.94 4.43 2.02 0.78 4.35 1.94 0.78 
regular body - Other** 2.97 1.72 1.07 2.60 1.34 0.69 2.41 1.15 0.51 

*Comparable data on capital cost for 4-engined, regular-bodied aircraft are not available. 

**Other includes Aspen, Wright, Air New England, and Air Midwest. 



7. CONCLUSIONS
 

The data and analysis presented in the previous chapters lead to the following 
conclusions: 

• Fleetwide introduction of antimisting fueJ	 would maXlmlze the 
benefit in terms of increased safety•. However, segmental 
introduction may be preferable in terms of lower costs and 
potential capacity constraints on the amount of antimisting 
fuel which can be produced or the number of aircraft and air ­
ports which can be retrofit for use of antimisting fuel. 

• Segemental	 introduction of antimisting fuel will result in 
higher benefit/cost ratios in the fleet segments with newer 
equipment. The higher utilization of newer aircraft 
increases the benefits in terms of potential lives saved. 
The longer expected aircraft life of newer-aircraft also pro­
vides a longer period for the amortization of retrofit costs. 
More importantly, since newer aircraft are more fuel effi ­
cient, the additional annual fuel cost of antimisting fuel . 
will be lower. 

• Four-engined	 aircraft and three-engined aircraft will have 
higher fuel cost impacts than the more efficient two-engined 
aircraft. Similiarly, wide-bodied aircraft have higher cost 
impacts than regular-bodied aircraft. 

• Cost impacts per	 revenue passenger enplanement for similar 
types of aircraft are also similar across types of service 
(i.e. domestic trunk vs. nontrunk). 

•	 Introduction of antimisting fuel into the two-engined, tur­
boprop fleet would have the lowest cost impact, but would not 
cover a significant number of total depatures or revenue 
passenger enplanements. • 

•	 The impact of introducing antimisting fuel in the two­
engined, regular-body turbofans would increase safety on a 
larger proportion of departures and revenue passenger enpla­
nements. 

o	 The importance of two-engined, regular-bodied turbofan 
aircraft in the fleet combined with the relatively low anti ­
cipated cost impacts in this segment suggest that these 
aircraft may be the best candidates for early introduction of 
antimisting fuel. 
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APPENDIX A 

U.S. COMMERCIAL FLEET AIRCRAFT AND ENGINE INVENTORY* 

In On 
Service Order 

Airline Aicraft Engine 6/30/81 6/30/81 

Aeroamerica Boeing 707-138B 4x P&W JT3D-1 1 
Boeing 707-227 
Boeing 707-321 
Boeing 707-331 
Boeing 720-022 
Boe i ng 720-027 

4x 
4x 
4x 
4x 
4x 

P&W 
P&W 
P&W 
P&W 
P&W 

JT4A-3 
JT4A-12 
JT4A-12 
JT3C-7 
JT3C-7 

1 
1 
1 
1 
3 

Boeing 720-048 
Boe i ng 720-062 

4x 
4x 

P&W 
P&W 

JT3C-7 
JT3C-7 

1 
1 

Aeromech Beech 99A 2x P&WC PT6A-27 3 
Beech B99 2x P&WC PT6A-27 2 
Embraer EMB-110P1 2x P&WC PT6A-34 3 6 
Embraer EMB-110P2 2x P&WC PT6A-34 2 
Embraer EMB-120 2x P&WC PW1002A 6 

Airborne Express Aerospatiale Caravelle VIR 
Aerospatiale Corvette 100 
Cessna 500 ·Citation 1 

2x RR Avon 533R 
2x P&WC JT15D-4 
2x P&WC JT15D-1 

5 
1 
6 

Convair 600 2x RR Dart 542-4 2 
Douglas DC-9-32 
Gates Learjet 23 
MBB HFB-320 Hansa Jet 

2x P&W JT8D-7A 
2x GE CJ610-4 
2x GE CJ610-9 

1 
3 
5 

NAMC YS-llA-200 2x RR Dart 542-1OK 1 
NAMC YS-llA-500 2x RR Dart 542-10K 6 

Air California-
Aircal 

Boeing 737-159 
Boeing 737-2H4 
Boeing 737-222 
Boeing 737-247 
Boeing 737-293 

2x P&W JT8D-7 
2x P&W JT8D-7 
2x P&W JT8D-7A 
2x P&W JT8D-9 
2x P&W JT8D-7 

2 
1 
3 
2 
8 

Douglas DC-9-81 2x P&W JT8D-209 6 

Air Fleets Intll Douglas DC-8-33 4x P&W JT4A-ll 1 

Air Florida Boeing 737-122 
Boeing 737-222 

2x 
2x 

P&W 
P&W 

JT8D-9 
JT8D-7A 

4 
7 

Boeing 737-2Q9 Advanced 
Boeing 737-2T4 Advanced 
Douglas DC-9-15F 
Douglas DC-10-30CF 

2x P&W ...1T8D-15 
2x P&W JT8D-15 
2x P&W JT8D-7 
3x GE CF6-50C2 

1 
7 
5 
3 

5 

*Source:	 Exxon, "Turbine Powered Fleets of World's Airlines: 1981," 
Air World Survey, July 1981. 
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In On 
Service Order 

Airline Aircraft Engine 6/30/81 6/30/81 

Air III i no is	 BAe HP-137 Jetstream 2x P&WC PT6A-34 2 
BAe HS-748 Series 2A 2x RR Dart 532-2L 1 
BAe HS-748 Series 2B 2x RR Dart 536-2 1 
DH Canada DHC-6-200 2x P&WC PT6A-20 2 
DH Canada DHC-6-300 2x P&WC PT6A-27 2 

Air Kentucky	 Beech 99A 2X P&WC PT6A-27 2 
Beech B99 2x P&WC PT6A-27 1 

Airlift Int'l	 Douglas DC-8-33F 4x P&W JT4A-9 2 
Douglas DC-8-54F 4x P&W JT3D-3B 3 
Douglas DC-8-63F 4x P&W JT3D-7 3 

Air Miami	 CASA C-212-5 2x AiR TPE331-5-251C 1 
CASA C-212-200 2x AiR TPE331-10-501C 2 2 

Air Midwest	 Saab-Fairchild 340 2x GE CT7-5 5 
Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 15 

Air Nebraska	 Embraer EMB-110P1 2x P&WC PT6A-34 1 1 

Air New England	 Convair 580 2x Asn 501-D13D 1 
DH Canada DHC-6-100 2x P&WC PT6A-20 2 
DH Canada DHC-6-200 2x P&WC PT6A-20 2 
OH Canada DHC-6-300 2x P&WC PT6A-27 6 
Fairchild FH-227B 2x RR Dart 532-7 2 
Fairchild FH-227C 2x RR Dart 532-7 4 

Air North	 Cessna 500 Citation 1 2x P&WC JT5D-1 1 
DH Canada DHC-6-100 2x P&WC PT6A-20 2 
Grumman G-159 Gulfstream I-C 2x RR Dart 529-8 1 
Shorts 330 2x P&WC PT6A-45B 4 

Air Oregon	 Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 6 

Air US	 BAe HP-137 Jetstream 2x AiR TPE331-3UW-303G 3 
Grumman G-159 Gulfstream I-C 2x RR Dart 529-8 1 

Air Virginia	 BAe HS-748 Series 2B 2x RR Dart 536-2 1 
Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 4 2 

Air Wisconsin	 DH Canada DHC-7-102 4x P&WC PT6A-50 5 
Swearingen SA-226TC Metro 2x AiR TPE331-3UW-303G 7 
Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 6 

Alaska Aero- DH Canada DCH-6-100 2x P&WC PT6A-20 4 
nautical Ind. DH Canada DHC-6-200 2x P&WC PT6A-20 1 
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In On 
Service Order 

Airline Aircraft Engine 6/30/81 6/30/81 

Alaska Airlines Boei ng 727-121 
Boeing 727-127 
Boeing 727-190C 
Boeing 727-290 Advanced 

3x P&W 
3x P&W 
3x P&W 
3x P&W 

JT8D-7A 
JT8D-7A 
JT8D-7A 
JT8D-17 

1 
1 
3 
2 2 

Alaska Central 
Boeing 737-200C 2x P&W JT8D-17 1 

Airways Govt Acft Factories N024A 2x Asn 250-B17B 1 

Alaska Intll 
Air 

Boeing 767-200 
Lockheed L-382G 

2x P&W 
4x Asn 

JT9D-7R4D 
501-D22A 5 

2 

Aloha Airlines Boeing 737-297 
Boeing 737-284 Advanced 

2x 
2x 

P&W 
P&W 

JT8D-9 
JT8D-9 

3 
2 

Boeing 737-297 Advanced 2x P&W JT8D-9 4 3 

Altair Airlines Aerospatiale (Nord) 
Beech 99 

262A 2x Tbm Bastan VIC 
2x P&WC PT6A-20 

7 
3 

Beech 99A 2x P&WC PT6A-27 2 
Fokker F-28-4000 2x RR Spey 555-15H 6 3 

Ambassadair Boeing 707-123B 
Boei ng 720-025 

4x P&W 
4x P&W 

JT3D-I-MC7 
JT3C-12 

1 
1 

Boeing 720-048 4x P&W JT3C-7 1 

American 
Airlines 

Boeing 707-323B 
Boeing 707-323C 
Boeing 727-123 
Boeing 727-135 

4x P&W 
4x P&W 
3x P&W 
3x P&W 

JT3D-3 
Jt3D-3 
JT8D-1 
JT8D-1 

7 
27 
51 
3 

Boeing 727-195 
Boeing 727-1A7C 
Boeing 727-2A7 
Boeing 727-223 
Soeing 727-223 Advanced 
Boeing 727-227 Advanced 

3x P&W 
3x P&W 
3x P&W 
3x P&W 
3x P&W 
3x P&W 

JT8D-1 
JT8D-9 
JT8D-9 
JT8D-9 
JT8D-15 
JT8D-9 

1 
1 
1 

87 
10 
15 

12 

Boeing 747-123 
Boeing 747-123F 
Boeing 757-232 
Boeing 767-223 
Douglas DC-10-10 

4x P&W JT9D-3A 
4x P&W JT9D-3A 
* 
2x GE CF6-80A 
3x GE CF6-6D 

8 
6 

34 

15 
30 

Apo 11 0 Airways BAe HP-137 Jetstream 2x Tbm Astazou XV1Fl 6 

Arctic Circle 
Air Service Embraer EMB-110P1 2x P&W PT6A-34 1 

*The Exxon data base reports that the Boeing 757-232 aircraft on order are equipped
with 2x P&W PW2037 engines. The data available from Jane's indicates that the 
engines ordered for this aircraft are Rolls-Royce RB.2!1 or GE CF6-32. 
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In On 
Service Order 

Airline Aircraft Engine 6/30/81 6/30/81 

ASAP Air	 Govt Acft Factories N-22B 2x Asn 250-B17B 1 
Govt Acft Factories N-24A 2x Asn 250-B17B 3 

Aspen Airways	 Convair 580 2x Asn 501-D13H 10 

Atlantic South	 DH Canada DHC-6-100 2x P&WC PT6A-20 1 
East Airlines	 DH Canada DHC-6-200 2x P&WC PT6A-20 2 

DH Canada DHC-6-300 2x P&WC PT6A-27 1 
Embraer EMB-II0PI 2x P&WC PT6A-34 2 

Atlantis 
Airlines DH Canada DHC-6-300 2x P&WC PT6A-27 3 

Bar Harbor Beech 99 2x P&WC PT6A-20 12 
Airways CASA C-212-200 2x AiR TPE331-10-501C 2 

Convair 600 2x RR Dart 542-4 4 

Bass Aviation	 BAe Viscount 7450 4x RR Dart 510 4 

Big Sky BAe HP-137 Jetstream 2x Tbm Astazou XVIFI 3 
Airlines Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 2 

Blue Bell Canadair CL-44D-6 4x RR Tyne 515-10 1 
Aviation Mitsubishi MU-2B-30(MU-2G) 2x AiR TPE331-10-501 1 

Mitsubishi MU-2B-35(MU-2J) 2x AiR TPE331-10-501 1 

Braniff Airways	 Boeing 727-127 3x P&W JT8D-7A 1 
Boeing 727-191 3x P&W JT8D-7A 4 
Boeing 727-127C 3x P&W JT8D-7A 7 
Boeing 727-130C 3x P&W JT8D-7A 2 
Boeing 727-162C 3x P&W JT8D-7A 2 
Boeing 727-172C 3x P&W JT8D-7A 1 
-Boeing 727-2B7 3x P&W JT8D-9 2 
Boei ng 727-214 3x P&W JT8D-9 1 
Boeing 727-227 3x P&W JT8D-9 2 
Boei ng 727-291 3x P&W JT8D-9 3 
Boeing 727-227 Advanced 3x P&W JT8D-9 40 5 
Boeing 727-227 Advanced 3x P&W JT8D-17R 14 5 
Boeing 747-127 4x P&W JT9D-7A 1 
Boeing 747-130 4x P&W JT9D-7A 1 
Boeing 747-227B 4x P&W JT9D-7Q 1 2 
Boeing 747-230B 4x P&W JT9D-7A 1 
Boeing 747SP-27 4x P&W \.lT9D-7J 1 
Douglas DC-8-62 4x P&W JT3D-3B 9 
Douglas DC-8-62F 4x P&W \.lT3D-3B 1 

Britt Airways	 Beech 99 2x P&WC PT6A-20 12 
Fairchild FH-227C 2x RR Dart 532-7 2 
Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 7 
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In On 
Service Order 

Airline Aircraft Engines 6/30/81 6/30/81 

Cape Smythe Air DH Canada DHC-6-100 2x P&WC PT6A-20 1
 
Service DH Canada DHC-6-200 2x P&WC PT6A-20 1
 

Capitol Airlines	 DH Canada DHC-6-300 2x P&WC PT6A-27 1 

Capitol Intll Douglas DC-8-61 4x P&W JT3D-3B 5 
Airlines Douglas OC-8-63F 4x P&W JT3D-3B 2 

Gates Learjet 23 2x GE CJ610-4 1 

Cascade Airways	 BAe HS-748 Series 2B 2x RR Dart 536-2 4 
Beech 99 2x P&WC PT6A-20 7 
Beech 99A 2x P&WC PT6A-27 3 
Embraer EMB-110P1 2x P&WC PT6A-34 3 

Catalina Sikorsky S-58ET Ix P&WC PT6T-6 2 
Airlines Sikorsky S-62A Ix GE CT58-100,...1 1 

Century Airlines	 Govt Acft Factories N-24A 2x Asn 250-B17B 2 

Chaparral Beech 99 2x P&WC PT6A-20 1 
Airlines Beech 99A 2x P&WC PT6A-27 3 

CASA C-212-200 2x AiR TPE331-10-501C 2 

Chautauqua	 Beech 99 2x P&WC PT6A-20 1 
Airlines	 Beech 99A 2x P&WC PT6A-27 1 

Beech 699 2)( P&WC PT6A-27 2 
Shorts 330 2x P&WC PT6A-45 2 
Shorts 360 2x P&WC PT6A-65R 2 

Cochise 
Airlines Swearingen SA-226TC Metro!! 2x AiR TPE331-3UW-303G 3 

Coleman Air Douglas OC-9-15C 2x P&W JT8D-7A 1 
Transport Grumman G-159 Gulfstream I 2x RR Dart 529-8E 1 

Colgan Airways	 Beech 99 2x P&WC PT6A-20 1 
Beech 99A 2x P&WC PT6A-27 1 

Comair	 Embraer EMB-1101P 2x P&WC PT6A-34 2 

Combs Airways/	 Cessna 500 Citation 1 2x P&WC JTl50-1 1 
Freightair	 Gates Learjet 24D 2x GE CJ610-6 1 

Gates Learjet 25 2x GE CJ610-6 1 
Gates Learjet 35A 2x AiR TFE731-2-2B 1 
Grumman G-159 Gulfstream 1 2x RR Dart 529-8E 1 
Lockheed L-188A 4x Asn 501-D13 1 
Lockheed L-188A(F) 4x Asn 501-D13 1 
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In On 
Service Order 

Airline Aircraft Engines 6/30/81 6/30/81 

Combs Airways/ 
Freightair
(cont. ) 

Lockheed L-1329 Jetstar 6 
Lockheed L-1329 Jetstar 731 

4x P&W JT12A-6 
4x AiR TfE731-3-1F 

1 
1 

COll1Tland Airways Shorts 330 2x P&WC PT6A-45 5 

COll1Tluter Convair 600 2x Asn 501-0130 2 
Airlines Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 4 

Concord Int'l 
Airlines 

Douglas DC-8-21 
Douglas OC-8-31F 

4x P&W 
4x P&W 

JT4A-9 
JT4A-9 

1 
1 

Continental 
Airlines 

Boeing 727-122 
Boeing 727-130 
Boeing 727-151 
Boeing 727-176 

3x P&W 
3x P&W 
3x P&W 
3x P&W 

JT8D-9 
JT80-9 
JT8D-9 
JT8D-9 

3 
2 
2 
1 

Boeing 727-122C 
Boeing 727-214 Advanced 
Boei ng 727 -224 
Boeing 727-224 Advanced 
Boeing 727-224 Advanced 
Douglas DC-10-10 
Douglas DC-10-10F 
Douglas DC-10-30 

3x P&W JT80-9 
3x P&W JT8D-9 
3x P&W JT8D-9 
3x P&W JT8D-9 
3x P&W JT8D-15 
3x GE CF6-6D 
3x GE CF6-60 
3x GE CF6-50C2 

6 
1 

21 
15 
4 
7 
5 
2 

5 

Coral Air Govt Acft Factories N-22B 2x Asn 250-B17B 1 
Govt Acft Factories N-24A 2x Asn 250-B17B 4 
Shorts 330 2x P&WC PT6A-45B 1 1 

Crown Airways DH 
DH 

Canada DHC-6-200 
Canada DHC-6-300 

2x P&WC 
2x P&WC 

PT6A-20 
PT6A-27 

1 
1 

Shorts 330 2x P&WC PT6A-45 2 

Cumberland 
Airlines Beech 99 2x P&WC PT6A-20 1 

Danbury Airways DH Canada DHC-6-100 2x P&WC PT6A-20 1 
Gates Learjet 24A 2x GE CJ610-4 1 

Delta Air Lines Boeing 727-291 
Boeing 727-295 
Boeing 727-232 Advanced 
Boeing 757-232 
Boeing 767-232 
Douglas DC-8-51 

3x P&W JT8D-15 
3x P&W JT80-15 
3x P&W JT8D-15 
* 
2x GE CF6-80A 
4x P&W JT3D-1 

2 
11 

113 

4 

3 
60 
42 

*Per Exxon data as noted earlier. 
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In On 
Service Order 

Airline Aircraft Engines 6/30/81 6/30/81 

Delta Air Lines	 Douglas DC-8-61 4x P&W JT3D-3B 13 
(cont.)	 Douglas DC-9-32 2x P&W JT8D-7A 36 

Lockheed L-I0ll-l 3x RR RB.211-22B 30 8 
Lockheed L-I011-200 3x RR RB.211-524 1 
Lockheed L-I011-500 3x RR RB.211-524B 3 

Dorado Wings	 BAe HP-137 Jetstream 2x AiR TPE331-3U-303G 3 

Duncan Aviation	 OH Canada DHC-6-300 2x P&WC PT6A-27 2 
Swearingen SA-226T(B) 
Merl in I11B 2x AiR TPE331-10U-501G 1 

Eastern Air	 Airbus A300B2-201 2x GE CF6-50C 2 
Lines	 Airbus A300B4-103 2x GE CF6-50C2 17 15 

Boeing 727-125 3x P&W JT8D-7B 44 
Boeing 727-125C 3x P&W JT8D-7B 13 
Boeing 727-214 3x P&W JT8D-7 4 
Boeing 727-225 3x P&W JT8D-7 25 
Boeing 727-225 Advanced 3x P&W JT8D-15 41 21 
Boeing 757-225 2x RR RB.211-535C 27 
Douglas DC-9-31 2x P&W JT8D-7B 59 
Douglas DC-9-51 2x P&W JT8D-15 21 
Lockheed L-I0ll-l 3x RR RB.211-22B 26 

Eastern Orient 
Airlines Boeing 720-027 4x P&W I.lT3C-7 1 

Emerald Airlines	 Fairchild F-27 2x RR Dart 514-7 1 
Fairchild F-27B 2x RR Dart 514-7 1 
Fairchild FH-227C 2x RR Dart 532-7 2 
Grumman G-159 Gulfstream 1 2x RR Dart 529-8E 1 

Empire Airlines	 Fokker F-28-4000 2x RR Spey 555-15H 1 1 
Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 5 

Era Helicopters	 Convair 580 2x Asn 501-D13H 2 
DH Canada DHC-6-100 2x P&WC PT6A-20 5 
DH Canada DHC-6-200 2x P&WC PT6A-20 3 
Gates Learjet 24B 2x GE CJ610-6 1 
Gates Learjet 24D 2x GE CJ610-6 2 
Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 1 

Evergreen	 Aerospatiale SA-318C Ix Tbm Astazou llA 4 
Helicopters	 Be 11 212 Ix P&WC PT6T-3 Twin-Pac 3 

DH Canada DHC-6-30 2x P&WC PT6A-27 8 
Gates Learjet 24D 2x GE CJ610-6 1 
Sikorsky S-64E 2x P&W JFTD12-4A 1 
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In On 
Service Order 

Airline Aircraft Engines 6/30/81 6/30/81 

Evergreen Int'l Boeing 727-130C 3x P&W JT8D-7A 1 
Airlines Douglas DC-8-52 4x P&W JT3D-3B 1 

Douglas DC-8-61F 4x P&W JT3D-3B 1 
Douglas DC-8-63F 4x P&W JT3D-7 1 
Douglas DC-9-32F 2x P&W JT8D-7 3 
Lockheed L-188A 4x Asn-501-D13 3 
Lockheed L-188A(F) 4x Asn 501-013 2 
Lockheed L-188C 4x Asn 501-013 1 

Fairways	 Beech 99 2x P&WC PT6A-20 1 
DH Canada DHC-6-200 2x P&WC PT6A-20 1 
Grumman G-159 Gu1fstream 1 2x RR Dart 529-8E 1 

Federal Express	 Boeing 727-022C 3x P&W JT8D-7 13 
Boeing 727-024C 3x P&W JT8D-7 1 
Boeing 727-025C 3x P&W JT8D-7 7 
Boeing 727-116C 3x P&W JT8D-7 1 
Boeing 737-252C Advanced 2x P&W JT8D-17 1 
Dassau1t Falcon 20 2x GE CF700-2D 8 
Dassau1t Falcon 200 2x GE CF700-2D 23 
Dassau1t Falcon 20E 2x GE CF700-2D 1 
Douglas DC-10-10CF 3x GE CF6-6D 3 

Fischer Brothers 
Aviation CASA C-212-200 2x AiR TPE331-10-501C 3 

Fleming Int 11 Douglas DC-8-33F 4x P&W JT4A-9 1 
Airways Lockheed L-188A(F) 4x Asn 501-013 1 

Lockheed L-188C 4x Asn 501-013 3 
Lockheed L-188C(F) 4x Asn 501-013 4 

Flying Tiger Boeing 747-123F 4x P&W JT9D-7A 3 
Line Boeing 747-132F 4x P&W JT9D-7A 3 

Boeing 747-245F 4x P&W JT9D-70A 6 
Boeing 747-249F 4x P&W JT9D-7Q 4 
Douglas DC-8-61F 4x P&W JT3D-3B 7 
Douglas DC-8-63F 4x P&W JT3D-7 19 

Freedom 
Airlines Convair 580 2x Asn 501-0130 3 

Frontier Boeing 737-200 2x P&W JT8D-9 5 
Airlines Boeing 737-214 2x P&W JT8D-9 1 

Boeing 737-214 2x P&W JT8D-9 4 
Boeing 737-222 2x P&W JT8D-9 3 
Boeing 737-247 2x P&W JT8D-9 2 
Boeing 737-291 2x P&W JT8D-9 5 
Boeing 737-2A1 Advanced 2x P&W JT8D-17 2 
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In On 
Service Order 

Airline Aircraft Engines 6/30/81 6/30/81 

Frontier 
Airlines 
(cont. ) 

Boeing 737-212 Advanced 
Boeing 737-291 Advanced 
Boeing 737-291 Advanced 
Convair 580 
DH Canada DHC-6-300 
Douglas DC-9-82 

2x P&W JT8D-9 
2x P&W JT8D-9 
2x P&W JT8D-17 
2x Asn 501-0130 
2x P&WC PT6A-27 
2x P&W JT8D-217 

1 
9 

12 
20 
1 

1 

3 

Gibbs Lease Air DH Canada oHC-6-100 2x P&WC PT6A-20 2 

Gifford Aviation Shorts SC-7 Skyvan Srs 3 2x AiR TPE331-201 2 

Global Int'l 
Airways 

Boeing 707-323B 
Boeing 707-331C 

4x 
4x 

P&W 
P&W 

I.lT3D-3B 
JT3D-3B 

1 
3 

Golden Gate 
Airlines 

Convair 580 
DH Canada DHC-7-102 
Swearingen SA-226TC MetroII 

2x Asn 501-0130 
4x P&WC PT6A-50 
2x AiR TPE331-3UW-303G 

5 
4 
8 

8 
3 

Golden West 
Airlines 

DH Canada DHC-6-100 
oH Canada DHC-6-200 
oH Canada oHC-7-102 
Shorts 330 

2x P&WC PT6A-20 
2x P&WC PT6A-20 
4x P&WC PT6A-50 
2x P&WC PT6A-45 

2 
10 
3 
4 

2 

Great Western 
Airlines Convair 580 2x Asn 501-0130 2 

Hammonds 
Air Service Embraer EMB-llOPl 2x P&WC PT6A-34 1 

Hawai i an 
Airlines 

DH Canada DHC-7-100 
Douglas DC-9-32CF 
Douglas DC-9-51 
Douglas OC-9-81 

4x P&WC PT6A-50 
2x P&W JT8D-9A 
2x P&W JT8D-17 
2x P&W JT8D-209 

1 
8 

3 

6 

Henson Aviation Beech 99A 
Beech B99 
DH Canada oHC-7-102 
Shorts 330 

2x P&WC PT6A-27 
2x P&WC PT6A-27 
4x P&WC PT6A-50 
2x P&WC PT6A-45 

3 
2 
3 
4 

Imperial 
Airlines Embraer EMB-110PI 2x P&WC PT6A-34 5 

Inland Empire 
Airlines 

Swearingen SA-226TC MetroII 
Swearingen SA-227AC MetroIII 

2x AiR TPE33I-3UW-303G 
2x AiR TPE331-IIU-60IG 

4 
2 

Intercontinental 
Airways 

Douglas DC-8-33 
Douglas DC-8-33(F) 

4x P&W JT4A-12 
4x P&W JT4A-12 

2 
1 
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Airline Aircraft Engines 

In On 
Service Order 
6/30/81 6/30/81 

Interstate 
Airways Convair 580 2x Asn 501-D13D 11 

Jamaire Embraer EMB-110P1 2x P&WC PT6A-34· 1 

Mall Airways Beech 99 2x P&WC PT6A-20 1
 

Mesaba Airlines Beech 99 2x P&WC PT6A-20 2 

Metro Airlines DH Canada DHC-6-100 2x P&WC PT6A-20 2 
DH Canada DHC-6-200 2x P&WC PT6A-20 8 
DH Canada DHC-6-300 2x P&WC PT6A-27 6 
Shorts 330 2x P&WC PT6A-45 5 

Metro Intll 
Airways Boeing 747-212B 4x P&W JT9D-7A 3 

Mid Pacific 
Airlines NAMC YS-11A-600 2x RR Dart 542-10K 2 

Mid-South Com- Embraer EMB-110P1 2x P&WC PT6A-34 1
 
muter Airlines Embraer EMB-110P2 2x P&WC PT6A-34 1 

Midstate Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 4 
Airlines Swearingen SA-226TC MetroIIA 2x AiR TPE331-3UW-303G 2 

Swearingen SA-227AC MetroIII 2x AiR TPE331-11U-601G 1
 

Midway Douglas DC-9-14 2x P&W JT8D-7
 
Airlines Douglas DC-9-15 2x P&W JT8D-7
 

1
7
 

Mississippi Beech 99 2x P&WC PT6A-20 6 
Valley Airlines Fokker F-27-500 2x RR Dart 532-7 1 

Shorts 330 2x P&WC PT6A-45 6 

Montauk Carribean 
Airways/Ocean Bell 206A 1x Asn 250-C18
 
Reef Airways DH Canada DHC-6-100 2x P&WC PT6A-20
 

Mountain
 
West Airlines Embraer EMB-110P1 2x P&WC PT6A-34·
 

1
1
 

4
 

New Air Embraer EMB-110P1 2x P&WC PT6A-34 2 

New York Air Douglas DC-9-32 2x P&W JT8D-9A 6 2 

N.Y. He1icopter Aerospatiale SA-360C 1x Tbm Astazou XVIIIA 7 
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In On 
Service Order 

Airline Aircraft Engines 6/30/81 6/30/81 

Northwest 
Airlines 

Boeing 727-151 
Boeing 727-151C 
Boeing 727-251 
Boeing 727-251 Advanced 
Boeing 747-135 
Boeing 747-151 
Boeing 747-251B 
Boeing 747-251F 
Douglas DC-I0-40 

3x P&W 
3x P&W 
3x P&W 
3x P&W 
4x P&W 
4x P&W 
4x P&W 
4x P&W 
3x P&W 

JT8D-7B 
JT8D-7B 
JT8D-7B 
JT8D-15 
JT9D-7 
JT9D-7 
JT9D-7Q 
JT9D-7Q 
JT9D-20 

4 
10 
23 
29 
2 

10 
12 
5 

22 

Ocean Airways Beech 99 2x P&WC PT6A-20 1 

Overseas Nat'l 
Airways 

Douglas DC-8-31 
Douglas DC-8-33 
Douglas DC-8-55F 

4x P&W 
4x P&W 
4x P&W 

JT4A-ll 
JT4A-11 
JT3D-3B 

1 
1 
1 

Ozark Air Lines Douglas DC-9-15 
Douglas DC-9-31 
Douglas DC-9-32 
Douglas DC-9-33F 
Douglas OC-9-34 

2x P&W 
2x P&W 
2x P&W 
2x P&W 
2x P&W 

JT8D-7 
\.lTBD-9 
JT8D-9 
\.lT80-9 
JT80-17 

7 
19 
11 
1 
2 

Pacific 
Alaska Airlines Fairchild F-27F 2x RR Dart 514-7 1 

Pacific South­
west Airlines 

Boei ng 727-151 
Boeing 727-214 
Boeing 727-254 
Boeing 727-2Q8 Advanced 
Boeing 727-214 Advanced 
Douglas OC-9-81 

3x P&W 
3x P&W 
3x P&W 
3x P&W 
3x P&W 
2x P&W 

JT80-7 
JT80-7 
JT8D-7 
JTBD-7 
JT8D-7 
JT8D-209 

1 
10 
4 
1 
7 
4 16 

Pan American 
World Airways 

Boeing 707-3218 
Boeing 727-121 
Boeing 727-135 
Boeing 727-151 
Boeing 727-121C 
Boeing 727-235 
Boeing 727-204 Advanced 
Boeing 727-221 Advanced 
Boeing 747-121 
Boeing 747-132 
Boeing 747-121 Comb; 
Boeing 747-123 Combi 
Boeing 747-221F 
Boeing 747SP-21 
Douglas DC-I0-1O 

4xP&W JT30-3B 
3x P&W JT8D-l 
3x P&W JT8D-7B 
3x P&W JT8D-7B 
3x P&W JT8D-l 
3x P&W JT80-7B 
3x P&W JT8D-17R 
3x P&W JT8D-17R 
4x P&W JT9D-7A 
4x P&W JT90-7A 
4x P&W JT9D-l 
4x P&W JT90-1 
4x P&W JT9D-7A 
4x P&W JT9D-7A 
3x GE CF6-60 

9 
10 
13 

6 
2 

24 
2 

28 
1 
3 
1 
2 

10 
11 

8 
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Service Order 

Airline Aircraft Engines 6/30/81 6/30/81 

Pan American 
World Airways Douglas DC-10-30 3x GE CF6-50C 4 
(cont. ) Lockheed L-1101-500 3x RR RB.211-524B 7 5 

Pennsylvania	 Beech 99 2x P&WC PT6A-20 2 
Airlines	 Beech 99A 2x P&WC PT6A-27 3 

Beech B99 2x P&WC PT6A-27 1 
DH Canada DHC-6-300 2x P&WC PT6A-27 3 
Mohawk (Nord) 298 2x P&WC PT6A-45 4 
Shorts 330 2x P&WC PT6A-45 3 

People Express 
Airlines Boeing 737-130 2x P&W JT8D-7 4 10 

Piedmont	 Boeing 727-122 3x P&W JTBD-7B 1 
Airlines	 Boeing 727-130 3x P&W JTBD-7B 1 

Boeing 727-151 3x P&W JT8D-7B 2 
Boeing 727-195 3x P&W JT8D-7B 2 
Boeing 737-2H5 2x P&W JT80-9A 2 
Boeing 737-201 2x P&W JT8D-9A 12 
Boeing 737-222 2x P&W JT8D-9A 5 
Boeing 737-247 2x P&W JTBD-9A 1 
Boeing 737-281 2x P&W JT8D-9A 1 
Boeing 737-2A1 Advanced 2x P&W JT8D-9A 1 
Boeing 737-2Q9 Advanced 2x P&W JT8D-9A 2 
Boeing 737-201 Advanced 2x P&W JT8D-9A 14 13 
NAMC YS-llA-500 2x RR Dart 542-10J 6 

Pilgrim Aviation	 Beech 99 2x P&WC PT6A-20 2 
and Airlines	 DH Canada DHC-6-100 2x P&WC PT6A-20 6 

Fokker F-27-100 2x RR Dart 514-7 2 
Fbkker F-27-700 2x RR Dart 514-7 1 

Pinehurst NAMC YS-llA-500 2x RR Dart 542-10K 4 
Airlines NAMC YS-llA-600 2x RR Dart 542-10S 2 

Pioneer Beech 99 2x P&WC PT6A-20 3 
Airways Beech 99A 2x P&WC PT6A-27 1 

Pocono Airlines	 Beech 99 2x P&WC PT6A-20 1 
Beech B99 2x P&WC PT6A-27 2 
Swearingen SA-226TC MetroI! 2x AiR TPE331-3UW-303G 2 
Swearingen SA-227AC Metro!!! 2x AiR TPE331-11U-601G 1 

Precision	 Convair 600 2x RR Dart 542-4 2 
DH Canada DHC-6-200 2x P&WC PT6A-20 1 
DH Canada DHC-6-300 2x P&WC PT6A-27 1 
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Airline Aircraft Engines 6/30/81 6/30/81 

Prinair	 Convair 580 2x Asn 501-D13D 2 

Princeton Av.	 Govt Acft Factories N-24A 2x Asn 250-B17B 1 

Princeville 
Airways DH Canada DHC-6-300 2x P&WC PT6A-27 2 1 

Provincetown-
Boston Airline Embraer EMB-110-1 2x P&WC PT6A-34 5 1 

Ransome Airlines Aerospatiale (Nord) 262A 2x Tbm Bastan VI C-1 8 
DH Canada DHC-7-102 4x P&WC PT6A-50 5 
Mohawk (Nord) 298 2x P&WC PT6A-45 4 

Reeve Aleutian Lockheed L-188A(F) 4x Asn 501-D13 1 
Airways Lockheed L-188C 4x Asn 501-D13 2 

NAMC YS-llA-600 2x RR Dart 542-10K 3 

Republic	 Boeing 727-2M7 Advanced 3x P&W JT8D-17R 7 
Airlines	 Boeing 727-2S7 Advanced 3x P&W JT8D-17 7 

Convair 580 2x Asn 501-D13D 20 
Douglas DC-9-14 2x P&W JT8D-7 21 
Douglas DC-9-15 2x P&W JT8D-7 8 
Douglas DC-9-15F 2x P&W JT8D-7 9 
Douglas DC-9-31 2x P&W JT8D-9 52 
Douglas DC-9-32 2x P&W JT8D-9 6 
Douglas DC-9-32F 2x P&W JT8D-9 1 
Douglas DC-9-51 2x P&W JT8D-17 28 
Douglas DC-9-82 2x P&W JT8D-217 4 10 

Rio Airways	 Beech 99A 2x P&WC PT6A-27 2 
Beech 200 2x P&WC PT6A-41 2 
DH Canada DHC-6-300 2x P&WC PT6A-27 10 
Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 8 
Swearingen SA-226TC MetrollA 2x AiR TPE331-3UW-303G 2 

Rocky Mountain DH Canada DHC-6-300 2x P&WC PT6A-27 2 
Airways DH Canada DHC-7-102 4x P&WC PT6A-50 2 

Royale Airlines	 Beech 99A 2x P&WC PT6A-27 1 
Beech 899 2x P&WC PT6A-27 3 
Embraer EMB-110P1 2x P&WC PT6A-34 5 
Shorts 330 2x P&WC PT6A-45 1 

Ryan Aviation	 Cessna 500 Citation 1 2x P&WC JTl5D-1 9 
Gates Learjet 25B 2x GE CJ6I0-6 2 
Gates Learjet 35 2x AiR TFE731-2-2B 1 
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In On 
Service Order 

Airplane Aircraft Engines 6/30/81 6/30/81 

Scheduled Beech 99 2x P&WC PT6A-20 2 
Skyways Beech B99 2x P&WC PT6A-27 1 

Swearingen SA-226TC Metro II 2x AiR TPE331-3UW-303G 7 

Sea Airmotive-	 Beech E90 2x P&WC PT6A-27 1 
Seair	 Beech 200 2x P&WC PT6A-41 1 

Convair 580 2x Asn 501-0130 3 
OH Canada OHC-2 MK.III Ix P&WC PT6A-20 5 
OH Canada OHC-6-100 2x P&WC PT6A-20 2 
OH Canada OHC-6-300 2x P&WC PT6A-27 8 

Sierra Pacific Convair 580 2x Asn 501-0130 3 
Airlines OH Canada OHC-6-300 2x P&WC PT6A-27 3 

Silver State 
Airlines Embraer EMB-llOPl 2x P&WC PT6A-34 1 

Sinmons Airlines	 Embraer EMB-llOPl 2x P&WC PT6A-34 1 

Sky West 
Aviation Swearingen SA-226TC Metroll 2x AiR TPE331-3UW-303G 3 

5MB Stage Lines	 Convair 600 2x RR Dart 542-4 9 

Soonair Lines	 Swearingen SA-226TC Metro 2x AiR TPE331-3UW-303G 1 

Southeast Fairchild F-27 2x RR Dart 514-7 1 
Airlines Grumman G-159 Gulfstream I 2x RR Dart 529-8E 1 

Southern Lockheed L-382E 4x Asn 501-022A 1 
Air Transport Lockheed L-382F 4x Asn 501-022A 1 

Southern Jersey OH Canada OHC-6-300 2x P&WC PT6A-27 5 
Airways OH Canada OHC-8 2x P&WC PWI08A 4 

Southwest Boeing 737-2H4 Advanced 2x P&W JT80-9A 23 4 
Airlines Boeing 737-3H4 Advanced 2x G/S CFM56-3 10 

Suburban	 OH Canada OHC-6-300 2x P&WC PT6A-27 1 
Airlines	 OH Canada OHC-8 2x P&WC PWI08A 3 

Shorts 330 2x P&WC PT6A-45 5 
Shorts 360 2x P&WC PT6A-65R 4 

Summit Airl ines	 Convair 580 2x Asn 501-0130 5 

Sun Aire Lines	 Swearingen SA-226TC Metro 2x AiR TPE331-3UW-303G 1 
Swearingen SA-226TC Metroll 2x AiR TPE331-3UW-303G 4 
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Airplane Aircraft Engines 6/30/81 6/30/81 

Sunbird Airlines	 Beech 99A 2x P&WC PT6A-27 1
 
Beech C99 2x P&WC PT6A-34 10
 

Swift Aire Lines Aerospatiale (Nord) 262A 2x Tbm Bastan VIC 4
 
Fokker F-27-500 2x RR Dart 536-7B 1 1
 
Fokker F-27-600 2x RR Dart 536-7R 3
 

Tejas Airlines	 Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 3 

Tennessee Embraer EMB-110P1 2x P&WC PT6A-34 3 1 
Airways Embraer EMB-120 2x P&WC PW102A 2 

Texas Intll	 Douglas DC-9-14 2x P&W JT8D-7A 15 
Airlines	 Douglas DC-9-15 2x P&W JT8D-7A 1 

Douglas DC-9-15F 2x P&W JT8D-9A 2 
Douglas DC-9-32 2x P&W JT8D-9A 16 

TigerAir	 BAe HS-125 Series 400A/731 2x AiR TPE731-3R 1 
BAe One-Eleven Srs 401AK 2x RR Spey 511-14 1 
Boeing 707-123B 4x P&W JT3D-1-MC-6 5 
Boeing 707-1388 4x P&W JT3D-3B 1 
Boeing 747-212B 4x P&W JT9D-7A 3 
Douglas DC-10-30F 3x GE CF6-50C1 1 
Gates Learjet 35 2x AiR TPE731-2-2B 1 1 

Transamerica	 Boeing 747-271C 4x GE CF6-50E 2 3 
Airlines	 Douglas DC-8-63F 4x P&W JT3D-7 9 

Douglas DC-10-30F 3x GE CF6-50C 3 
Lockheed L-188C 4x Asn 501-D13 8 
Lockheed L-382G 4x Asn 501-D22A 12 

Trans Central 
Airlines Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 4 

Trans World	 Boeing 707-131B 4x P&W JT3D-3B 39 
Airlines	 Boeing 707-331B 4x P&W JT3D-3B 30 

Boeing 707-331C 4x P&W JT3D-3B 1 
Boeing 727-131 3x P&W JT8D-1 26 
Boeing 727-231 3x P&W JT8D-9 36 
Boeing 727-231 Advanced 3x P&W JT8D-9 10 
Boeing 727-231 Advanced 3x P&W JT8D-15 10 
Boeing 727-131C 3x P&W JT8D-l 6 
Boeing 727-180C 3x P&W JT8D-l 2 
Boeing 747-131 4x P&W JT9D-3A 11 
Boeing 747-156 4x P&W JT9D-7 2 
Boeing 747SP-31 4x P&W JT9D-7A 3 
Boeing 767-231 2x P&W JT9D-7R4D 10 
Lockheed L-I101-1 3x RR RB. 211-22B 22 
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Service Order 

Airline Aircraft Engines 6/30/81 6/30/81 

Trans World 
Airlines 
(cont. ) 

Lockheed L-I0II-I00 
Lockheed L-II01-200 

3x RR 
3x RR 

RB.211-22B 
RB.211-524 

5 
1 

2 

United Airlines Boeing 727-122 
Boeing 727-222 
Boeing 727-222 Advanced 
Boeing 727-122C 
Boeing 737-222 
Boeing 767-222 
Douglas DC-8-54F 
Douglas DC-8-61 

3x P&W 
3x P&W 
3x P&W 
3x P&W 
2x P&W 
2x P&W 
4x P&W 
4x P&W 

JT8D-7A 
JT8D-7A 
JT8D-15 
JT8D-7B 
JT8D-7A 
JT9D-7R 
JT3D-3B 
JT3D-3B 

59 
28 
76 
1 

49 

14 
30 

30 

USAir BAe One-Eleven Srs 203AE 
BAe One-Eleven Srs 204AF 
BAe One-Eleven Srs 215AU 
Boeing 727-122 
Boeing 727-122C 

. Boeing 727-2B7 Advanced 
Boeing 737-2B7 Advanced 
Boeing 737-3B7 
Douglas DC-9-31 
Douglas DC-9-32 

2x RR Spey 506-14 
2x RR Spey 506-14 
2x RR Spey 506-14 
3x P&W JT8D-7 
3x P&W JT8D-7 
3x P&W JT8D-17 
2x P&W JT8D-15A 
2x G/S CFM56-3 
2x P&W JT8D-7A 
2x P&W JT8D-7A 

10 
15 
3 

10 
1 
3 

52 
3 

2 
15 
10 
16 

Viking Intll 
Airlines Convair 600 2x RR Dart 542-4 2 

Walker's 
Cay Airlines DH Canada DHC-6-100 2x P&WC PT6A-20 1 

Western Airlines Boeing 727-247 
Boeing 727-2Q8 Advanced 
Boeing 727-247 Advanced 
Boeing 737-247 
Boeing 767-247 
Douglas DC-I0-10 

3x P&W JT8D-9 
3x P&W JT8D-9 
3x P&W JT8D-9 
2x P&W JT8D-9 
2x P&W JT9D-7R4D 
3x GE CF6-6D 

6 
1 

37 
12 

12 

3 

6 

Wheeler 
Airlines 

Beech 99 
Fokker F-27 

2x P&WC PT6A-20 
2x RR Dart 514-7 

2 
1 

Wien Air Alaska Boeing 737-222 
Boeing 737-210 Advanced 
Boeing 737-291 Advanced 
Boeing 737-202C 
Boeing 737-210C 
Boeing 737-210C Advanced 

2x P&W JT8D-7A 
2x P&W JT8D-17 
2x P&W JT8D-9 
2x P&W JT8D-17 
2x P&W JT80-17 
2x P&W JT8D-17 

2 
1 
1 
1 
3 
4 
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APPENDIX B 

AIRCRAFT PROFILES* 

AIRCRAFT INCLUDED IN AIRCRAFT PROFILES** 

AEROSPATIAL: CARAVELLE, MOHAWK 298 (NORD 262), SA-36 DAUPHIN 
AIRBUS INDUSTRIES: A300 
BEECH AIRCRAFT: BEECH 99A,B,C 
BELL HELICOPTER: 212 
BOEING: B-707/720, B-727, B-737, B-747, B-757, B-767 
BOEING VERTOL: SIKORSKY S-58 to 64 
BRITISH AEROSPACE CORPORATION: BAC-111, HP-137, HS-125, 748 
CASA: C212 
CESSNA: CITATION 
COMMUTER AIRCRAFT CORPORATION: CAC-100 
DE HAVILLAND: DHC-2, DHC-6, DHC-7, DHC-8 
EMBRAER: EMB-110, EMB-120 
FAIRCHILD: F-27 (FH-227)
FOKKER: F-27, F-28 
GATES LEARJET: LEARJET 23 to 26, 35 
GENERAL DYNAMICS: CONVAIR 580, 600/640
GOVERNMENT AIRCRFAT FACTORIES: N22/24
GRUMMAN: G-159 GULFSTREAM 
LOCKHEED: L-I01l, L-188A/C
MBB: HFB-320 HANSA JET 
MCDONNELL-DOUGLAS: DC-8, DC-9, DC-9 SUPER 80, DC-I0 
MITSUBISHI: MU 2G/J
NIHON (NAMC): YS-ll 
SAAB-FAIRCHILD: SF-340 
SHORTS: 330/360, SKYVAN 7 
SWEARINGEN: SA-226 (MERLIN &METRO)
WESTLAND: WG30 

*The primary source for this Appendix is: J.W.R. Taylor, et.al., Jane's All 
the World's Aircraft, 1980-1981, and earlier editions, (London: Jane's 
PuBlishing Co.). ThlS data was supplemented by information obtained from: 
"Regiona-I/Conmuter: Aircraft InventorY,1I Air Transrort World, November 198!. 
Aircraft were selected for inclusion in the Profl es based on Exxon, 

IITurbine-Engined Fleets of the World's Airlines: 1981," Air World Survey, 
Ju'ly 1981. 

**Profiles include the characteristics of the baseline model. 
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AIRCRAFT PROFILE FOR
 

AEROSPATIALE: CARAVELLE 

Year Introduced: 1956 

Fleet Size: 
Total no. in domestic service: 5 
Total no. on order: None 

Engine:
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: Pratt &Whitney 
Engine model: JT8D-9 
Rating: 14,500 lb 

Passenger Capacity: 
Crew: 2 (3) 
Basic: 128 
Max: 128 

Aircraft Weight: 
Operating weight (empty): 31,800 kg (70,100 lb) 
Max payload: 13,200 kg (29,100 lb) 
Max T-O weight: 58,000 kg (127,870 lb) 
Max Zero-fuel weight: 45,000 kg (99,200 lb) 
Max landing weight: 49,500 kg (109,130 lb) 

Fuel System: 
Capacity: 19,000 liters (4,180 gal) 
No. of tanks: 4 
Locat ion: Wi ng 

Speed: 
Max operating speed: N/A
Max cruising speed at 7,670 m (25,000 ft): 445 knots (512 mph) 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: N/A 
Range with max fuel and 11,240 kg payload: 1,710 nm (1,970 miles) 

N/A = Not available. 
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AIRCRAFT PROFILE FOR
 

AEROSPATIALE: MOHAWK 298* 

Year Introduced: N/A 

Fleet Size: 
Total no. in domestic service: 27 
Total no. on order: None 

Engine:
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Lycoming
Engine model: T53-L-15 
Rating: 820 kW (1,100 hp) 

Passenger Capacity: 
Crew: 2 
Basic: N/A
Max: N/A 

Aircraft Weight: 
Operating weight (empty): 5,020 kg (11,067 lb) 
Max payload: 8,722 kg (19,230 lb) 
Max T-O weight: 6,197 kg (13,650 lb) 
Max Zero-fuel weight: N/A
Max landing weight: N/A 

Fuel System: 
Capacity: 1,125 liters (297 U.S. gal) 
No. of tanks: 2 
Location: Fuselage 

Speed: 
Max operating speed: 354 knots (308 mph) 
Max cruising speed: 352 knots (306 mph) 
Optimal cruising speed: 207 mph 

AltitudeiRange:
Cruising altitude: N/A
Service ceiling: 9,235 m (30,300 ft)
Range with fuel tank and 10% reserve: 1,410 miles 

*Same as N262, Nord. 
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AIRCRAFT PROFILE FOR 

AEROSPATIALE: SA360 DAUPHIN 

Year Introduced: 1972 

Fleet Size: 
Total no. in domestic service: 11 
Total no. on order: None 

Engine:
No. of engines: 1 
Type of engine: Turboshaft 
Engine Mfr: Turbomeca Astazou 
Engine model: XVIIIA 
Rating: 783 kW (1,050 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 13 
Max: 13 

Aircraft Weight:
Operating weight (empty): 1,560 kg (3,428 lb) 
Max payload: N/A 
Max T-O weight: 3,000 kg (6,613 lb) 
Max Zero-fuel weight: N/A 

Maxlandingweight: N/A 

Fuel System: 
Capacity: N/A 
No. of tanks: N/A
Location: N/A 

Speed:
Max operating speed: 170 knots (196 mph)
Max cruising speed: 147 knots (169 mph) 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: 3,850 m (12,630 ft) 
Range: 367 nm (422 miles) 
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AIRCRAFT PROFILE FOR 

AIRBUS INDUSTRIES: A300 

Year Introduced: 1974 

Fleet Size: 
Total no. in domestic service: 19 
Total no. on order: 15 

Engine: 
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: GE, Pratt &Whitney, Rolls-Royce 
Engine Model: CF6-50C(C2), JT9D-59A(B), CF6-80C1, JT9D7R4H, RB.211-524D4 
Rating: 50,000 lbs-53,000 lbs 

Passenger Capacity: 
Crew: 3 
Basic: 220/320
Max: 320 

Aircraft Weight: 
Operating weight (empty): 89,700 kg (197,755 lb) 
Max payload: 34,590 kg (76,258 lb) 
Max T-O weight: 165,000 kg (363,760 lb) 
Max Zero-fuel weight: 124,000 kg (273,375 lb) 
Max landing weight: 136,000 kg (295,420 lb) 

Fuel System: 
Capacity: 59,700 liters (13,133 U.S. gal) 
No. of tanks: 4-5 
Location: Wing 

Speed: 
Max operating speed: 345 knots (0.86 Mach) 
Max cruising speed: 492 knots (at 25,000 ft) 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: 7,620 m (25,000 ft) - 10,675 m (35,000 ft)
Service ceiling: N/A 
Range with 269 passengers, max fuel: 1,800-2,750 nm (2,074-3,165 miles) 
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BEECH AIRCRAFT: BEECH A-99, B-99, C-99 

Year Introduced: 1968 (1981 model C) 

Fleet Size: 
Total no. in domestic service: 101 
Total no. on order: 10 

Engine:
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Pratt &Whitney of Canada 
Engine model: PT6A-28 
Rating: 507 kW (680 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 15 
Max: 15 

Aircraft Weight: 
Operating weight (empty): 2,620 kg (5,777 lb) 
Max payload: N/A 
Max T-O weight: 4,944 kg (10,900 lb) 
Max Zero-fuel weight: N/A 
Max landing weight: N/A 

Fuel System: 
Capacity: 1,393 liters (368 U.S. gal) 
No. of tanks: 2 
Location: Wing 

Speed: 
Max operating speed: N/A 
Max cruising speed: 247 knots (285 mph) 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: 8,020 m (26,313 ft) 
Range with 1,393 liters and 45 min reserves: 723 nm (832 miles) 
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AIRCRAFT PROFILE FOR 

BELL HELICOPTER: BELL 212 

Year Introduced: 1971 

Fleet Size: 
Total no. in domestic service: 3 
Total no. on order: None 

Engine: 
No. of engines: 2 
Type of engine: Turboshaft 
Engine Mfr: Pratt &Whitney of Canada 
Engine model: PT6T-3 Twin Pac 
Rating: 962 kW (1,290 hp) 

Passenger Capacity:
Crew: 1 
Basic: 14 
Max: 14 

Aircraft Weight:
Operating weight (empty): 2,787 kg (6,143 lb) 
Max payload: N/A 
Max T-O weight: 5,080 kg (11,200 lb) 
Max Zero-fuel weight: N/A 
Max landing weight: N/A 

Fuel System: 
Capacity: 814 liters (215 U.S. gal) 
No. of tanks: 5 
Location: Fuel cells 

Speed:
Max operating speed: 140 knots (161 mph) 
Max cruising speed: 124 knots (142 mph) 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: 4,330 m (14,200 ft) 
Range: 227 nm (261 miles) 
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AIRCRAFT PROFILE FOR 

BOEING: 707/720 

Year Introduced: 1955 

Fleet Size: 
Total no. in domestic service: 137 
Total no. on order: None 

Engine:
No. of engines: 4 
Type of engine: Turbofan 
Engine Mfr: Pratt &Whitney
Engine model: JT3D-7 
Rating: 84 t 500 N (19 t OOO lbs) 

Passenger Capacity: 
Crew: N/A 
Basic: 219 
Max: 219 

Aircraft Weight: 
Operating weight (empty): 66 t 406 kg (146 t 400 lb) 
Max payload: 40 t 324 kg (88 t 900 lb) 
Max T-O weight: 151 t 315 kg (333 t 600 lb)
Max Zero-fuel weight: 104 t 330 kg (230 t OOO lb)
Max landing weight: 112 t 037 kg (247 t OOO lb) 

Fuel System: 
Capacity: 90 t 299 liters (23 t 855 U.S. gal) 
No. of tanks: 7 
Location: Wing and center section 

Speed: 
Max operating speed: 545 knots (627 mph) 
Max cruising speed: 525 knots (605 mph) 
Optimal cruising speed: 478 knots (550 mph) 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: 11 t 885 m (39 t OOO ft)
Range with max fuel: 5t OOO nm (5 t 755 miles) 
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AIRCRAFT PROFILE FOR 

BOEING: B-727-200 

Year Introduced: 1972 

Fleet Size: 
Total no. in domestic service: 1066 
Total no. on order: 66 

Engine: 
No. of engines: 3 
Type of engine: Turbofan 
Engine Mfr: Pratt &Whitney 
Engine model: JT8D-9A, JT8D-15, JT8D-17, JT8D-12R 
Rating: 14,000-17,400 1bs 

Passenger Capacity: 
Crew: 3 on flight deck 
Basic: 145 
Max: 189 

Aircraft Weight:
Operating weight (empty): 45,132 kg (99,500 1b) 
Max payload: 18,144 kg (40,000 1b) 
Max T-O weight: 86,405 kg (190,800 1b) 
Max zero-fuel weight: 63,800 kg (140,000 lb) 
Max landing weight: 70,800 kg (154,500 lb) 

Fuel System: 
Capacity: 30,623 liters (8,090 U.S. gal) standard 
With optimal fuselage tanks: 39,000 liters (10,182 U.S. gal)
No. of tanks: 3 + options 
Location: Wing (fuselage optional) 

Speed: 
Max operating speed: 0.90 Mach 
Max cruising speed at 7,530 m: 520 knots (599 mph) 
Optimal cruising speed at 9,145 m: 495 knots (570 mph) 

Altitude/Range:
Cruising altitude: 10,060 m (33,000 ft) 
Service ceiling: N/A 
Range at full payload w/8,090 gal fuel: 1,450 nm (1,670 mile) 
Range at 2/3 payload with 8,090 gal fuel: 2,000 nm (2,303 mile) 
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BOEING: B-737 

Year Introduced: 1967 

Fleet Size: 
Total no. in domestic service: 224 
Total no. on order: 49 

Engine: 
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: Pratt &Whitney
Engine model: JT8D 
Rating: 64,000 N (15,500 lbs)-75,600 N (17,000 lbs) 

Passenger Capacity: 
Crew: 2 
Basic: 115-130 
Max: 130 

Aircraft Weight: 
Operating weight (empty): 27,760 kg (61,200 lb) 
Max payload: 15,331 kg (33,800 lb) 
Max T-O weight: 56,472 kg (124,500 lb) 
Max Zero-fuel weight: 44,906 kg (99,000 lb) 
Max landing weight: 48,534 kg (107,000 lb) 

Fuel System: 
Capacity: 19,532 liters (5,160 U.S. gal) 
No. of tanks: 5 
Location: Wing and wing center section 

Speed: 
Max operating speed: 0.34 Mach 
Max cruising speed: 500 knots 
Optimal cruising speed: 0.73 Mach 

Altitude/Range: 
Cruising altitude: 22,600 ft 
Service ceiling: 23,500 ft 
Range at 116,000 lb with reserve fuel: 1,900 nm (2,188 miles) 
Range at 128,600 lb with reserve fuel: 2,400 nm (2,648 miles) 
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AIRCRAFT PROFILE FOR
 

BOEING: B-747* 

Year Introduced: 1970 

Fleet Size: 
Total no. in domestic service: 137 
Total no. on order: 5 

Engine:
No. of engines: 4 
Type of engine: Turbofan 
Engine Mfrs: Pratt &Whitney, GE, Rolls-Royce
Engine model: JT9D, CF6-50E, RB.211-5243 
Rating: 213,500 N (48,000 lbs) 

Passenger Capacity: 
Crew: 3 
Basic: 442 
Max: 516 

Aircraft Weight: 
Operating weight (empty): 175,995 kg (388,000 lbs) 
Max payload: 87,090 kg (192,000 lb) 
Max T-O weight: 377,840 kg (833,000 lb) 
Max Zero-fuel weight: 267,620 kg (590,000 lb) 
Max landing weight: 285,760 kg (630,000 lb) 

Fuel System: 
Capacity: 198,385 liters (52,409 U.S. gal) 
No. of tanks: 7 
Location: Wing 

Speed: 
Max operating speed: 522 knots 
Max cruising speed: N/A 
Optimal cruising speed: N/A 

Altitude/Range:
Cruising altitude: 30,000 ft 
Service ceiling: 13,715 m (45,000 ft) 
Range 100B at 340,195 kg T-O weight: 4,700 nm (5,417 miles) 
Range 200B at 365,140 kg T-O weight: 5,300 nm (6,103 miles) 
Range 200B at 377,840 kg T-O weight: 5,700 nm (6,563 miles) 

*The data given here characterizes the baseline B-747. 
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AIRCRAFT PROFILE FOR
 

BOEING: B-757 

Year Introduced: 1983-4 

Fleet Size: 
Total no. in domestic service: None 
Total no. on order: 92 

Engine: 
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: Rolls-Royce, GE 
Engine model: RB.211-535, CF6-32 
Rating: 160,000 N (36,000 lbs) 

Passenger Capacity:
Crew: N/A 
Basic: 196 
Max: 196 

Aircraft Weight: 
Operating weight (empty): 59,430 kg (131,020 lb) 
Max payload: N/A 
Max T-Oweight: 108,860 kg (240,000 lb) 
Max Zero-fuel weight: 83,460 kg (184,000 lb) 
Max landing weight: 89,810 kg (198,000 lb) 

Fuel System: 
Capacity: 41,185 liters (10,880 U.S. gal) 
No. of tanks: 5 
Location: Wing 

Speed:
Max operating speed: 0.8 Mach 
Max cruising speed: 0.8 Mach 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruisinq altitude: N/A
Service-ceiling: N/A 
Range: 2,340 nm (2,695 miles) 

B-12
 



AIRCRAFT PROFILE FOR 

BOEING: B-767 

Year Introduced: 1984 

Fleet Size: 
Total no. in domestic service: None 
Total no. on order: 120 

Engine: 
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: Pratt &Whitney, GE, Rolls-Royce 
Engine model: JT9D-7R4D, JT9D-7R4A, CF6-80A, RB.211 
Rating: N/A 

Passenger Capacity: 
Crew: 2 to 3 
Basic: 211 
Max: 289 

Aircraft Weight: 
Operating weight (empty): 81,890 kg (180,540 lb) 
Max payload: N/A 
Max T-O weight: 140,615 kg (310,000 lb) 
Max Zero-fuel weight: 112,490 kg (242,000 lb) 
Max landing weight: 122,470 kg (257,000 lb) 

Fuel System: 
Capacity: 58,900 liters (15,560 U.S. gal) 
No. of tanks: 2 
Locat ion: Wi ng 

Speed: 
Max operating speed: 0.80 Mach 
Max cruising speed: 0.80 Mach 
Optimal cruising speed: N/A 

Altitude/Range:
Crui si ng altitude: N/A
Service ceiling: 12 t 100 m (39,700 ft) 
Range at full payload: 3t 200 nm (3,685 miles) 
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AIRCRAFT PROFILE FOR
 

BOEING VERTOL: SIKORSKY S-58 to 64 

Year Introduced: 1971 

Fleet Size: 
Total no. 
Total no. 

in domestic service: 
on order: None 

4 

Engine:
No. of engines: 2 
Type of engine: Turboshaft 
Engine Mfr: Pratt &Whitney of Canada 
Engine model: PT6T-3 Twin Pac 
Rating: 1,342 kW (1,800 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 10 
Max: 16 

Aircraft Weight:
Operating weight (empty): 3,437 kg (7,577 lb) 
Max payload: N/A 
Max T-O weight: 5,896 kg (13,000 lb) 
Max Zero-fuel weight: N/A 
Max landing weight: 5,896 kg (13,000 lb) 

Fuel System: 
Capacity: 1,109 liters 
No. of tanks: 12 
Location: Metal cells 

(293 U.S. gal) 

Speed: 
Max operating speed: 120 knots (138 mph)
Max cruising speed: 110 knots (127 mph) 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: 1,980 m (6,500 ft)
Service ceiling: 1,280 m (4,200 ft) 
Range with 1,071 liters including 20 min reserves: 242 nm (278 miles) 



AIRCRAFT PROFILE FOR
 

BRITISH AEROSPACE CORPORATION: BAC-111 

Year Int~oduced: 1971 

Fleet Size: 
Total no. in domestic service: 29 
Total no. on order: None 

Engine: 
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: Rolls-Royce
Engine model: Spey Mk 512 OW 
Rating: 55,800 N (12,550 1bs) 

Passenger Capacity: 
Crew: 2 
Basic: 65-89 
Max: 89-119 

Aircraft Weight: 
Operating weight (empty): 24,454 kg (53,911 lb) 
Max Payload: 12,286 kg (27,089 lb) 
Max T-O weight: 47,400 kg (104,500 lb) 
Max Zero-fuel weight: 36,741 kg (81,000 lb) 
Max landing weight: 39,462 kg (87,000 lb) 

Fuel System:
Capacity: 14,024 liters (3,085 gal) 
No. of tanks: 4 
Location: Wing 

Speed: 
Max operating speed: 410 knots 
Max operating speed: 470 knots 
Optimal cruising speed: 400 knots 

Altitude/Range:
Cruising altitude: 6,400 m (21,000 ft)
Service ceiling: N/A 
Range with 98,500 lb with reserves: 1,619 nm (1,865 miles) 
Range with 104,500 lb with reserves: 1,480 nm (1,705 miles) 
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AIRCRAFT PROFILE FOR
 

BRITISH AEROSPACE CORPORATION: BAe-HP-137 

Year Introduced: 1966 

Fleet Size: 
Total no. in domestic service: 17 
Total no. on order: None 

Engine:
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Turbomeca 
Engine model: Astazou XIV 
Rating: 634 kW (850 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 4 
Max: 18 

Aircraft Weight: 
Operating weight (empty): 3,833 kg (8,450 lb) 
Max payload: 1,510 kg (3,330 lb) 
Max T-O weight: 5,670 kg (12,500 lb) 
Max Zero-fuel weight: N/A
Max landing weight: 5,670 kg (12,500 lb) 

Fuel System: 
Capacity: 1,727 liters (380 gal) 
No. of tanks: 2 
Location: Wing 

Speed: 
Max operating speed: N/A 
Max cruising speed: 306 mph 
Optimal cruising speed: 250 mph (at 30,000 ft) 

AItitude/Range: 
Cruising altitude: N/A
Service ceiling: 9,160 m (30,000 ft) 
Range with max payload, 45 min reserves: 240 miles 
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AIRCRAFT PROFILE FOR 

BRITISH AEROSPACE CORPORATION: BAe-HS-125 

Year Introduced: N/A 

Fleet Size: 
Total no. in domestic service: 1 
Total no. on order: None 

Engine: 
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: Garrett-AiResearch 
Engine model: TFE731-3-1H 
Rating: 16.46 kN (3,700 lb) 

Passenger Capacity: 
Crew: 2 
Basic: 8 
Max: 14 

Aircraft Weight: 
Operating weight (empty): 5,826 kg (12,845 lb) 
Max payload: 1,010 kg (2,228 lb) 
Max T-O weight: 11,566 kg (25,000 lb) 
Max Zero-fuel weight: 7,280 kg (16,050 lb) 
Max landing weight: 9,979 kg (22,000 lb) 

Fuel System: 
Capacity: 4~628 liters (1,018 gal) 
No. of tanks: Integral 
Location: Wing 

Speed: 
Max operating speed: N/A 
Max cruising speed at 8,380 m (27,500 ft): 436 knots (502 mph) 
Optimal cruising speed at 12,500 m (41,000 ft): 390 knots (449 mph) 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: 12,500 m (41,000 ft) 
Range with max fuel: 2,420 nm (2,785 miles) 
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AIRCRAFT PROFILE FOR
 

BRITISH AEROSPACE CORPORATION: BAe-HS-748 

Year Introduced: 1976 (new engine 1979) 

Fleet Size: 
Total no. in domestic service: 2 
Total no. on order: 5 

Engine: 
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Rolls-Royce 
Engine model: Dart RDa.7 Mk 536-2 
Rating: 1,700 kW (2,280 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 40 
Max: 58 

Aircraft Weight: 
Operating weight (empty): 11,577 kg (25,524 lb) 
Max payload: 5,886 kg (12,976 lb) 
Max T-O weight: 21,092 kg (46,500 lb) 
Max Zero-fuel weight: 17,463 kg (38,500 lb) 
Max landing weight: 19,504 kg (43,000 lb) 

Fuel System: 
Capacity: 6,550 liters (1,440 gal) 
No. of tanks: 2 
Locat ion: Wi ng 

Speed: 
Max operating speed: N/A 
Max cruising speed: 244 knots (281 mph) 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: N/A 
Service ceiling: 6,620 m (25,000 ft) 
Range with max payload: 925 nm (1,066 miles) 
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AIRCRAFT PROFILE FOR 

CASA: C212 

Year Introduced: 1978 

Fleet Size: 
Total no. in domestic service: 8 
Total no. on order: 4 

Engine: 
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Garrett-AiResearch 
Engine model: TPE331-10-501C 
Rating: 671 kW (900 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 24 
Max: 26 

Aircraft Weight:
Operating weight (empty): 3,915 kg (8,631 lb) 
Max payload: 2,250 kg (4,960 lb) 
Max T-O weight: 7,300 kg (16,093 lb) 
Max Zero-fuel weight: 6,550 kg (14,440 lb) 
Max landing weight: 7,000 kg (15,432 lb) 

Fuel System: 
Capacity: 2,100 liters (462 gal) 
No. of tanks: 4 
Location: Wing 

Speed:
Max operating speed: N/A 
Max cruising speed: 208 knots (240 mph)
Optimal cruising speed: N/A 

Altitude/Range:
Cruising altitude: N/A
Service ceiling: 8,535 m (28,000 ft) 
Range with max payload, no reserves: 410 nm (472 miles) 
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AIRCRAFT PROFILE FOR
 

CESSNA: CITATION III 

Year Introduced: N/A 

Fleet Size: 
Total no. in domestic service: None 
Total no. on order: N/A 

Engine: 
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: Garrett-AiResearch 
Engine model: TFE731-3B-1005 
Rating: 16.24 kN (3,650 lb) 

Passenger Capacity: 
Crew: 2 
Bas i c: 8 
Max: 8 

Aircraft Weight: 
Operating weight (empty): 4,968 kg (10,951 lb) 
Max payload: N/A 
Max T-O weight: 9,072 kg (20,000 lb) 
Max Zero-fuel weight: N/A 
Max landing weight: 7,486 kg (16,500 lb) 

Fuel System: 
Capacity: 2,826 kg (6,230 lb) 
No. of tanks: 2 
Locat i on: Wi ng 

Speed: 
Max operating speed: N/A 
Max cruising speed at 10,060 m (33,000 ft): 469 knots 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: N/A 
Service ceiling: 15,545 m (51,000 ft) 
Range with 45 min reserves: 2,500 nm (2,877 miles) 
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AIRCRAFT PROFILE FOR 

COMMUTER AIRCRAFT CORPORATION: CAC-100 

Year Introduced: 1983 

Fleet Size: 
Total no. in domestic service: None 
Total no. on order: N/A 

Engine:
No. of engines: 4 
Type of engine: Turbofan 
Engine Mfr: Pratt &Whitney of Canada 
Engine model: PT6A-45A 
Rating: 875 kW (1,173 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 50 
Max: 60 

Aircraft Weight: 
Operating weight (empty): 8,901 kg (19,623 lb) 
Max payload: 5,443 kg (12,000 lb) 
Max T-O weight: 15,422 kg (34,000 lb) 
Max Zero-fuel weight: 13,437 kg (29,623 lb) 
Max landing weight: 14,969 kg (33,000 lb) 

Fuel System: 
Capacity: 4,353 liters (1,150 U.S. gal) 
No. of tanks: 4 
Location: Wing 

Speed: 
Max operating speed: N/A 
Max cruising speed at 4,570 m (15,OOO ft): 300 knots (365 mph) 
Optimal cruising speed: N/A 

Altitude/Range:
Cruising altitude: N/A
Service ceiling: N/A 
Range with max fuel: 1,250 nm (1,439 miles) 
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AIRCRAFT PROFILE FOR
 

DE HAVILLAND: DHC-2 

Year Introduced: N/A 

Fleet Size: 
Total no. in domestic service: 1 
Total no. on order: None 

Engine: 
No. of engines: 1 
Type of engine: Turboprop 
Engine Mfr: Pratt &Whitney 
Engine model: PT6A-6 
Rating: 578 hp 

Passenger Capacity: 
Crew: 1 (2) 
Basic: 7 
Max: 7 

Aircraft Weight: 
Operating weight (empty): 1,252 kg (2,760 lb) 
Max payload: N/A 
Max T-O weight: 2,435 kg (5,370 lb) 
Max Zero-fuel weight: N/A 
Max landing weight: 2,313 kg (5,100 lb) 

Fuel System: 
Capacity: 723 liters (159 gal) 
No. of tanks: 3 
Location: Fuselage, cabin 

Speed: 
Max operating speed: 170 mph 
Max cruising speed: 157 mph 
Optimal cruising speed: 160 mph 

Altitude/Range: 
Cruising altitude: N/A 
Service ceiling: 6,250 m (20,500 ft) 
Range with max fuel: 677 miles 
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AIRCRAFT PROFILE FOR
 

DE HAVILLAND: DHC-6 

Year Introduced: 1965 

Fleet Size: 
Total no. in domestic service: 129 
Total no. on order: 2 

Engine: 
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Pratt &Whitney of Canada 
Engine model: PT6A-27 
Rating: 486 kW (652 hp) 

Passenger Capacity: 
Crew: 2 
Bas i c: 13/20
Max: 20 

Aircraft Weight:
Operating weight (empty): 3,363 kg (7,415 lb) 
Max payload: 1,941 kg (4,289 lb) 
Max T-O weight: 5,670 kg (12,500 lb) 
Max Zero-fuel weight: N/A
Max landing weight: 5,577 kg (12,300 lb) 

Fuel System: 
Capacity: 1,446 liters (382 gal) 
No. of tanks: 2 
Location: Under floor 

Speed: 
Max operating speed: N/A 
Max cruising speed: 182 knots (210 mph) 
Optimal cruising speed: N/A 

Altitude/Range:
Cruising altitude: N/A
Service ceiling: 8,140 m (26,700 ft)
Range at 2,500 lb payload: 700 nm (806 miles) 
Range at 1,900 lb payload: 920 nm (1,059 miles) 
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AIRCRAFT PROFILE FOR
 

DE HAVILLAND: DHC-7
 

Year Introduced: 1978 

Fleet Size: 
Total no. in domestic service: 22 
Total no. on order: 13 

Engine:
No. of engines: 4 
Type of engine: Turboprop 
Engine Mfr: Pratt &Whitney of Canada 
Engine model: PT6A-50 
Rating: 835 kW (1,120 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 50 
Max: 50 

Aircraft Weight: 
Operating weight (empty): 12,542 kg (27,650 lb) 
Max payload: 5,148 kg (11,350 lb) 
Max T-O weight: 19,958 kg (44,000 lb) 
Max Zero-fuel weight: 17,690 kg (39,000 lb) 
Max landing weight: 19,050 kg (42,000 lb) 

Fuel System: 
Capacity: 5,602 liters (1,480 U.S. gal) 
No. of tanks: 2 
Locat ion: Wi ng 

Speed: 
Max operating speed: N/A 
Max cruising speed at 2,440 m (15,000 ft): 231 knots (266 mph) 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: N/A 
Service ceiling: 6,400 m (21,000 ft) 
Range at 4,570 m with standard fuel and 3,040 kg (6,700 lb): 1,160 nm 

(1,335 miles) 
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AIRCRAFT PROFILE FOR 

DE HAVILLAND: DHC-8 

Year Introduced: 1983 

Fleet Size: 
Total no. in domestic service: None 
Total no. on order: 7 

Engine: 
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Pratt &Whitney of Canada 
Engine model: PT7A-2R 
Rating: 1,342 kW (1,800 hp) 

Passenger Capacity: 
Crew: 2 
Bas i c: 32 
Max: 36 

Aircraft Weight: 
Operating weight (empty): N/A 
Max payload: N/A 
Max T-O weight: N/A 
Max Zero-fuel weight: N/A 
Max landing weight: N/A 

Fuel System: 
Capacity: N/A 
No. of tanks: N/A 
Location: N/A 

Speed: 
Max operating speed: 260 knots (300 mph) 
Max cruising speed: NiA 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: 7,620 m (25,000 ft)
Service ceiling: N/A 
Range: N/A 
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AIRCRAFT PROFILE FOR
 

EMBRAER: EMB-110 BANDEIRANTE
 

Year Introduced: 1973 

Fleet Size: 
Total no. in domestic service: 44 
Total no. on order: 9 

Engine:
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Pratt &Whitney of Canada 
Engine model: PT6A-34 
Rating: 559 kW (750 hp) 

Passenger Capacity: 
Cl~ew: 2 
Basic: 21 
Max: 21 

Aircraft Weight: 
Operating weight (empty): 3,516 kg (7,751 lb) 
Max payload: 1,681 kg (3,706 lb) 
Max T-O weight: 5,679 kg (12,500 lb) 
Max Zero-fuel weight: 5,450 kg (12,015 lb) 
Max landing weight: N/A 

Fuel System: 
Capacity: 1,720 liters (378 gal) 
No. of tanks: 4 
Locat ion: Wi ng 

Speed: 
Max operating speed: N/A 
Max cruising speed at 10,000 ft: 225 knots (259 mph) 
Optimal cruising speed at 10,000 ft: 176 knots (203 mph) 

Altitude/Range: 
Cruising altitude: 
Service ceiling: 7,350 m (24,100 ft) 
Range at 10,000 ft, 45 min reserves, with max fuel: 1,025 nm (1,180 miles) 
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AIRCRAFT PROFILE FOR 

EMBRAER: EMB-120 BRASILIA 

Year Introduced: 1984 

Fleet Size: 
Total no. in domestic service: None 
Total no. on order: 8 

Engine: 
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Pratt &Whitney of Canada 
Engine model: PT7A-1 
Rating: 1,118 kW (1,500 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 30 
Max: 30 

Aircraft Weight: 
Operating weight (empty): 5,576 kg (12,295 lb) 
Max payload: 3,024 kg (6,666 lb) 
Max T-O weight: 9,600 kg (21,165 lb) 
Max Zero-fuel weight: 8,600 kg (18,960 lb) 
Max landing weight: 9,600 kg (21,165 lb) 

Fuel System: 
Capacity: 3,348 liters (368 gal) 
No. of tanks: 2 
Location: Wing 

Speed:
Max operating speed: N/A 
Max cruising speed at 6,400 m (21,000 ft): 294 knots (338 mph) 
Optimal cruising speed: 250 knots (288 mph) 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: 9,750 m (32,000 ft) 
Range with max payload: 545 nm 
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AIRCRAFT PROFILE FOR
 

FAIRCHILD: F-27*
 

Year Introduced: N/A 

Fleet Size: 
Total no. in domestic service: 23 
Total no. on order: None 

Engine: 
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Rolls-Royce
Engine model: Dart ROa.7 
Rating: N/A 

Passenger Capacity: 
Crew: 2 
Bas ic: 40 
Max: 52 

Aircraft Weight: 
Operating weight (empty): 10,313 kg (22,736 lb) 
Max payload: 5,080 kg (11,200 lb) 
Max T-O weight: 19,730 kg (43,500 lb) 
Max Zero-fuel weight: 17,640 kg (39,000 lb) 
Max landing weight: 19,500 kg (43,000 lb) 

Fuel System: 
Capacity: 7,810 liters (2,063 U.S. gal) 
No. of tanks: 2 
Location: Wing 

Speed: 
Max operating speed: 249 knots (287 mph) 
Max cruising speed at 20,000 ft: 237 knots (273 mph) 
Optimal cruising speed at 25,000 ft: 224 knots (258 mph) 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: 8,535 m (28,000 ft) 
Range with max payload, 45 min reserves, at 10,000 ft: 533 nm (614 miles) 

*Same basic aircraft as FH-227. 
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AIRCRAFT PROFILE FOR 

FOKKER: F-27-100 to 700 

Year Introduced: 1955 

Fleet Size: 
Total no. in domestic service: 9 
Total no. on order: 4 

Engine:
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Rolls-Royce 
Engine model: Dart M536-7R 
Rating: 1,596 kW (2,140 hp) 

Passenger Capacity: 
Crew: 2 
Bas ic: 44 
Max: 48 

Aircraft Weight:
Operating weight (empty): 11,164 kg (24,612 lb) 
Max payload: 6,148 kg (13,553 lb) 
Max T-O weight: 20,410 kg (45,000 lb) 
Max fuel weight: 5,870 kg (12,941 lb) 
Max landing weight: 19,731 kg (43,500 lb) 

Fuel System: 
Capacity: 5,136 liters (1,130 gal) 
No. of tanks: 4 
Locat ion: Wi ng 

Speed:
Max operating speed: 259 knots (278 mph) 
Max cruising speed: N/A 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: 8,990 m (29,500 ft) 
Range: 1,020 nm (1,082 miles) 
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AIRCRAFT PROFILE FOR 

FOKKER: F-28 

Year Introduced: 1969 

Fleet Size: 
Total no. in domestic service: 7 
Total no. on order: 4 

Engine: 
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: Rolls-Royce 
Engine model: RB.1822 Spey M555-15H 
Rating: 44,000 N (9,900 lbs) 

Passenger Capacity: 
Crew: 2 or 3 
Basic: 55/60/65 
Max: 85 

Aircraft Wei"ght: 
Operating weight (empty): 17,359 kg (38,269 lb) 
Max payload: 8,963 kg (19,760 lb) 
Max T-O weight: 33,110 kg (73,000 lb) 
Max Zero-fuel weight: 28,118 kg (62,000 lb) 
Max landing weight: 30,160 kg (66,500 lb) 

Fuel System: 
Capacity: 9,740 liters (2,143 gal) 
No. of tanks: 2 
Location: Wing 

Speed: 
Max operating speed: 0.75 Mach 
Max cruising speed: 455 knots (523 mph) 
Optimal cruising speed: 366 knots (421 mph) 

Altitude/Range: 
Cruising altitude: 10,675 m (35,000 ft) 
Service ceiling: N/A 
Range with 85 passengers and reserves: 1,000 nm (1,151 miles) 
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AIRCRAFT PROFILE FOR
 

GATES LEARJET: LEARJET 23 to 26
 

Year Introduced: 1963 

Fleet Size: 
Total no. in domestic service: 13 
Total no. on order: None 

Engine:
No. of engines: 2 
Type of engine: Turbojet 
Engine Mfr: GE 
Engine model: CJ610-8A 
Rating: 13,100 N (2,950 lbs) 

Passenger Capacity: 
Crew: 2 
Basic: 10 
Max: 10 

Aircraft Weight: 
Operating weight (empty): 3,204 kg (7,064 lb) 
Max payload: 1,134 kg (2,500 lb) 
Max T-O weight: 6,123 kg (13,470 lb) 
Max fuel weight: 2,553 kg (5,628 lb) 
Max landing weight: 5,388 kg (11,880 lb) 

Fuel System: 
Capacity: 3,180 liters (840 U.S. gal) 
No. of tanks: 3 
Location: Wing and fuselage 

Speed: 
Max operating speed: 475 knots (547 mph) 
Max cruising speed: 451 knots (519 mph) 
Optimal cruising speed: 428 knots (493 mph) 

Altitude/Range:
Cruising altitude: N/A
Service ceiling: 15,545 m (51,000 ft) 
Range with 4 passengers, max fuel, 45 min reserves: 1,474 nm (1,697 miles) 
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AIRCRAFT PROFILE FOR
 

GATES LEARJET: LEARJET 35 

Year Introduced: 1974 

Fleet Size: 
Total no. in domestic service: 1 
Total no. on order: None 

Engine: 
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: Garrett-AiResearch 
Engine model: TFE731-2-2B 
Rating: 15.6 kN (3,500 lb) 

Passenger Capacity:
Crew: 2 
Basic: 8 
Max: 8 

Aircraft Weight:
Operating weight (empty): 4,342 kg (9,571 lb) 
Max payload: 1,587 kg (3,500 lb) 
Max T-O weight: 7,711 kg (17,000 lb) 
Max Zero-fuel weight: N/A 
Max landing weight: 6,960 kg (15,300 lb) 

Fuel System: 
Capacity: 4,201 liters (1,110 U.S. gal) 
No. of tanks: N/A
Location: Wing, fuselage 

Speed: 
Max operating speed: N/A 
Max cruising speed at 12,500 m (41,000 ft): 460 knots (529 mph) 
Optimal cruising speed at 13,700 m (45,000 ft): 418 knots (481 mph) 

Altitude/Range: 
Cruising altitude: N/A 
Service ceiling: 13,715 m (45,000 ft) 
Range with 4 passengers, max fuel: 2,289 nm (2,636 miles) 
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AIRCRAFT PROFILE FOR
 

GO s PAC s * ALLISON: CONVAIR 580 

Year Introduced: 1959 (conversions) 

Fleet Size: 
Total no. in domestic service: 87 
Total no. on order: None 

Engine:
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Allison 
Engine model: 501-013 
Rating: N/A 

Passenger Capacity: 
Cre'l': 2 
Bas i c: 56 
Max: 56 

Aircraft Weight: 
Operating weight (empty): N/A 
Max payload: N/A 
Max T-O weight: N/A 
Max landing weight: 23 s586 kg (52 s000 lb) 

Fuel System:
Capacity: 7s874 liters (2 s080 U.S. gal) 
No. of tanks: 2 
Locat ion: Wi ng 

Speed: 
Max operating speed: 297 knots (342 mph) 
Max cruising speed: 297 knots (342 mph) 
Optimal cruising speed: 297 knots (342 mph) 

AIt i tude/Range: 
Cruising altitude: 6s100 m (20s000 ft)
Service ceiling: N/A
Range: 2s866 miles 

* GO: General Dynamics; PAC: Pacific Airmotive Corporation. 
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AIRCRAFT PROFILE FOR
 

GD, PAC*: CONVAIR 600/640 

Year Introduced: 1965 (Conversions) 

Fleet Size: 
Total no. in domestic service: 35 
Total no. on order: None 

Engine: 
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Rolls-Royce 
Engine model: Dart RDa.l0 M542-4 
Rating: 2,050 kW (2,750 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 40 
Max: 40 

Aircraft Weight: 
Operating weight (empty): 13,732 kg (30,275 lb) 
Max payload: N/A 
Max T-O weight: 24,950 kg (55,000 lb) 
Max Zero-fuel weight: 22,680 kg (50,000 lb) 
Max landing weight: 23,815 kg (52,500 lb) 

Fuel System: 
Capacity: 11,147 liters (2,945 U.S. gal) 
No. of tanks: 2 
Location: Wing 

Speed: 
Max operating speed: 268 knots (308 mph) 
Max cruising speed: 268 knots (308 mph) 
Optimal cruising speed: 268 knots (308 mph) 

Altitude/Range: 
Cruising altitude: 7,315 m (24,000 ft) 
Service ceiling: 7,315 m (24,000 ft) 
Range: 1,068 nm (1,230 miles) 

*GO: General Dynamics; PAC: Pacific Airmotive Corporation. 
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AIRCRAFT PROFILE FOR
 

GOVERNMENT AIRCRAFT FACTORIES: N-22/24 

Year Introduced: 1972 

Fleet Size: 
Total no. in domestic service: 14 
Total no. on order: None 

Engine: 
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Allison 
Engine model: 250-B17B 
Rating: 298 kW (400 hp) 

Passenger Capacity: 
Crew: 1 or 2 
Basic: 13 
Max: 13 

Aircraft Weight: 
Operating weight (empty): 2.377 kg (5.241 lb) 
Max payload: N/A 
Max T-O weight: 4,263 kg (9.400 lb) 
Max fuel weight: 1.066 kg (2.350 lb) 
Max landing weight: 4.263 kg (9.600 lb) 

Fuel System: 
Capacity: 1.018 liters (224 gal) 
No. of tanks: 2-4 
Location: Wing and wing-tip 

Speed: 
Max operating speed: N/A 
Max cruising speed: N/A 
Optimal cruising speed: 168 knots (193 mph) 

Altitude/Range 
Cruising altitude: N/A
Service ceiling: 6,400 m (21,000 ft) 
Range: 730 nm (840 miles) 
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AIRCRAFT PROFILE FOR 

GRUMMAN: G-159 GULFSTREAM 

Year Introduced: 1965 

Fleet Size: 
Total no. in domestic service: 7 
Total no. on order: None 

Engine:
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: Rolls-Royce
Engine model: Spey Mk 511-8 
Rating: 50,623 N (11,400 lbs) 

Passenger Capacity: 
Crew: 1 or 2 
Basic: 19 
Max: '19 

Aircraft Weight: 
Operating weight (empty): N/A 
Max payload: N/A
Max T-O weight: 28,122 kg (62,000 lb) 
Max Zero-fuel weight: 19,050 kg (42,000 lb) 
Max landing weight: 26,535 kg (58,500 lb) 

Fuel System: 
Capacity: 10,205 kg (22,500 lb) 
No. of tanks: 2 
Location: Wing 

Speed: 
Max operating speed: 0.85 Mach 
Max cruising speed: 511 knots (588 mph)
Optimal cruising speed: N/A 

Altitude/Range:
Cruising altitude: N/A
Service ceiling: 13,100 m (43,000 ft) 
Range with max fuel: 3,375 nm (3,886 miles) 
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AIRCRAFT PROFILE FOR 

LOCKHEED: L-IOII-TRISTAR-500 

Year Introduced: 1979 

F"leet Size: 
Totdl no. 1n domestic service: NjA 
Total no. on order: N/A 

Engine: 
No. of engines: 3 
Type of engine: Turbofan 
Engine Mfr: Rolls-Royce 
Engine model: RB.211-228 
Rating: 187 kN (42,000 lb) 

Passenger Capacity: 
C.f'ew: 3 
t),::SlC: 256
 
f~ax: 400
 

Aircraft Weight: 
Operating weight (empty): 111,311 kg (245,400 lb) 
Max payload: 42,006 kg (92,608 lb) 
Mcx T-O weight: 228,610 kg (504,000 lb) 
Max Zero-fuel weight: 153,315 kg (338,000 lb) 
Max landing weight: 166,920 kg (368,000 lb) 

Fuc'1 System:, 
Cdpacity; 119,1'7 11 1 iters (31.6i~2 U.S. gal)
 
No~ of ta~ks: 2 +
 
L!)C 'It 'i on: ;.,1; ns;
 

S;:-<;.'?,d: 
Max operating speed: N/A 
H,D, CY'd is inc.,. sr"eed at 9,14::; m '-, u'nn.... t\J .! f.)25 (605 mDl'12", (')11 'r"t~·., knots 
Cptimal cruising soeed 5t 10,670 m (35,000 ft) ; 680 k00ts (555 mph) 
... ...., ..} 

,~.l t\ t:J je I Ka nCJ e : 
"
~'(" -I

..
'"
' 

1" "'(1- '3'14"i
L, 

'1-,
y'-"

"'/-""
.. ". 

:':/A1\'" "C", , 

Ser"i(>? cC'il'in9: 13~1\)O "1 :,~3,OOCi '~t)
 
~drge wit:h mRx f~Jel: 6,080 nm (6 j 9S6 mi'Jes)
 



AIRCRAFT PROFILE FOR
 

LOCKHEED: L-188A/C 

Year Introduced: 1959 

Fleet Size: 
Total no. in domestic service: 52 
Total no. on order: None 

Engine: 
No. of engines: 4 
Type of engine: Turboprop 
Engine Mfr: Allison 
Engine model: 501-013 
Rating: 2,796 kW (3,750 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 74 
Max: 88 

Aircraft Weight: 
Operating weight (empty): 25,990 kg (57,300 lb) 
Max payload: 12,020 kg (26,500 lb) 
Max T-O weight: 52,664 kg (116,000 lb) 
Max Zero-fuel weight: 39,010 kg (86,000 lb) 
Max landing weight: 43,385 kg (95,650 lb) 

Fuel System: 
Capacity: 20,842 liters (5,520 U.S. gal) 
No. of tanks: 4 
Locat ion: Wi ng 

Speed: 
Max operating speed: 389 knots (448 mph) 
Max cruising speed: 352 knots (405 mph) 
Optimal cruising speed: N/A 

Altitude/Range 
Cruising altitude: N/A 
Service ceiling: 8,655 m (28,400 ft) 
Range with 2-hr reserves: 3,460 miles 
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AIRCRAFT PROFILE FOR
 

MBB: HFB 320 HANSA JET 

Year Introduced: 1966 

Fleet Size: 
Total no. in domestic service: 5 
Total no. on order: None 

Engine: 
No. of eng i nes : 2 
Type of engine: Turbojet 
Engine Mfr: GE 
Engine model: CJ610-9 
Rating: 13,766 N (3,100 lbs) 

Passenger Capacity: 
Crew: 2 
Basic: 12 
Max: 12 

Aircraft Weight:
Operating weight (empty): 5,425 kg (11,960 lb) 
Max payload: 1,775 kg (3,913 lb) 
Max T-O weight: 9,200 kg (20,280 lb) 
Max Zero-fuel weight: 7,450 kg (16,424 lb) 
Max landing weight: 8,800 kg (19,400 lb) 

Fuel System: 
Capacity: 4,410 liters (915 gal) 
No. of tanks: 5 
Locat ion: Wi ng 

Speed: 
Max operating speed: N/A
Max cruising speed: 446 knots 
Optimal cruising speed at 35,000 ft: 365 knots (420 mph) 

Altitude/Range: 
Cruising altitude: 10,670 m (35,000 ft)
Service ceiling: N/A 
Range with 6 passengers, 45 min reserves: 1,278 nm (1,472 miles) 

B-39
 



AIRCRAFT PROFILE FOR 

MCDONNELL-DOUGLAS: DC-8-61,62,63,71,72,73 

Year Introduced: N/A 

Fleet Size: 
Total no. in domestic service: 150 
Total no. on order: None 

Engine:
No. of engines: 4 
Type of engine: Turbofan 
Engine Mfr: Pratt &Whitney, GE/SNECMA 
Engine model: JT3D, JT8D-209, CFM56 
Rating: 98,100 N (22,050 lbs) 

Passenger Capacity: 
Crew: N/A 
Basic: N/A 
Max: N/A 

Aircraft Weight: 
Operating weight (empty): 75,115 kg (165,600 lb) 
Max payload: 30,240 kg (66,665 lb) 
Max T-O weight: 161,025 kg (355,000 lb) 
Max Zero-fuel weight: 104,325 kg (230,000 lb) 
Max landing weight: 124,740 kg (275,000 lb) 

Fuel System: 
Capac ity: N/A 
No. of tanks: N/A 
Location: Wing 

Speed: 
Max operating speed: 521 knots (598 mph) 
Max cruising speed: 0.80 Mach 
Optima1 cruising speed: N/A 

Altitude/Range: 
Cruising altitude: N/A 
Service ceiling: N/A 
Range: N/A 
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AIRCRAFT PROFILE FOR 

MCDONNELL-DOUGLAS: DC-9-20,30,40,50 

Year Introduced: 1968 

Fleet Size: 
Total no. in domestic service: 401 
Total no. on order: 18 

Engine:
No. of eng ines : 2 
Type of engine: Turbofan 
Engine Mfr: Pratt &Whitney
Engine model: JT8D 
Rating: 64,500 N (14,500 lbs) 

Passenger Capacity: 
Crew: 2 
Basic: 119 
Max: 119 

Aircraft Weight: 
Operating weight (empty): 28,068 kg (61,880 lb) 
Max payload: 15,617 kg (34,430 lb) 
Max T-O weight: 54,885 kg (121,000 lb) 
Max Zero-fuel weight: 44,678 kg (98,500 lb) 
Max landing weight: 49,895 kg (110,000 lb) 

Fuel System: 
Capacity: 19 s 074 liters (5 s 039 U.S. gal) 
No. of tanks: N/A
Locat ion: Wi ng 

Speed: 
Max operating speed: 537 knots (618 mph) 
Max cruising speed: 495 knots (569 mph) 
Optimal cruising speed: 443 knots (509 mph) 

Altitude/Range:
Cruising altitude: 9,145-10,675 m (30,000-35,000 ft)
Service ceiling: N/A
 
Range: 1.795 nm (2,067 miles)
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AIRCRAFT PROFILE FOR 

MCDONNELL-DOUGLAS: DC-9 SUPER 80 

Year Introduced: 1980 

Fleet Size: 
Total no. in domestic service: 10 
Total no. on order: 43 

Engine: 
No. of engines: 2 
Type of engine: Turbofan 
Engine Mfr: Pratt &Whitney 
Engine model: JT8D-209 
Rating: 82,300 N (18,500 lbs) 

Passenger Capacity: 
Crew: 2 
Basic: 137 
Max: 172 

Aircraft Weight: 
Operating weight (empty): 36,534 kg (80,543 lb) 
Max payload: N/A 
Max T-O weight: 66,568 kg (147,000 lb) 
Max Zero-fuel weight: 53,524 kg (118,000 lb) 
Max landing weight: 58,060 kg (128,000 lb) 

Fuel System: 
Capacity: 21,876 liters (5,779 U.S. gal) 
No. of tanks: N/A
Location: Wing 

Speed:
Max operating speed: 500 knots (575 mph) 
Max cruising speed: 0.80 Mach 
Optimal cruising speed: 0.76 Mach 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: N/A 
Range: 2,657 nm (3,060 miles) 
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AIRCRAFT PROFILE FOR 

MCDONNELL-DOUGLAS: DC-10 

Year Introduced: 1971 

Fleet Size: 
Total no. in domestic service: 115 
Total no. on order: None 

Engine: 
No. of engines: 3 
Type of engine: Turbofan 
Engine Mfr: GE, Pratt &Whitney 
Engine model: CF6-50 series &JT9D series 
Rating: 233,500 N (52,500 lb) 

Passenger Capacity: 
Crew: 3 
Bas i c: 255/270
Max: 380 

Aircraft Weight: 
Operating Weight (empty): 122,951 kg (271,062 lb) 
Max payload: 48,330 kg (106,550 lb) 
Max T-O weight: 259,744 kg (555,000 lb) 
Max Zero-fuel weight: 166,922 kg (368,000 lb) 
Max landing weight: 182,798 kg (403,000 lb) 

Fuel System: 
Capacity: 138,165 liters (36,500 U.S. gal) 
No. of tanks: 6 
Locat ion: Wi ng 

Speed: 
Max operating speed: 0.95 Mach 
Max cruising speed: 0.88 Mach 
Optimal cruising speed: 489 knots (562 mph) 

Altitude/Range: 
Cruising altitude: 9,145 m (30,000 ft)
Service ceiling: 10,730 m (35,200 ft)

Range: 4,050 nm (4,663 miles)
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AIRCRAFT PROFILE FOR
 

MITSUBISHI: MU-2G/J 

Year Introduced: 1966 

Fleet Size: 
Total no. in domestic service: 2 
Total no. on order: None 

Engine:
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Garrett-AiResearch 
Engine model: TPE331-10-501M 
Rating: 533 kW (715 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 7 
Max: 9 

Aircraft Weight: 
Operating weight (empty): 3,470 kg (7,650 lb) 
Max payload: 1,220 kg (2,690 lb) 
Max T-O weight: 5,250 kg (11,575 lb) 
Max fuel weight: 4,513 kg (9,950 lb) 
Max landing weight: 5,000 kg (11,025 lb) 

Fuel System: 
Capacity: 1,526 liters (403 U.S. gal) 
No. of tanks: 5 
Location: Wing 

Speed: 
Max operating speed: 0.57 Mach 
Max cruising speed: 308 knots (355 mph) 
Optimal cruising speed: 313 knots (360 mph) 

Altitude/Range: 
Cruising altitude: N/A 
Service ceiling: 10,210 m (33,500 ft) 
Range with max fuel, 45 min reserves, at 9,450 m: 1,600 nm (1,842 miles) 
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AIRCRAFT PROFILE FOR
 

NIHON (NACM): YS-11-100/200 

Year Introduced: 1965 

Fleet Size: 
Total no. in domestic service: 24 
Total no. on order: None 

Engine: 
No. of eng i nes : 2 
Type of engine: Turboprop 
Engine Mfr: Rolls-Royce
Engine model: Dart Mka.542-10K 
Rating: 2,282 kW (3,060 hpj 

Passenger Capacity: 
Crew: N/A 
Basic: 60 
Max: N/A 

Aircraft Weight: 
Operating weight (empty): 15,419 kg (33,993 lb) 
Max payload: 6,581 kg (14,508 lb) 
Max T-O weight: 24,500 kg (54,010 lb) 
Max Zero-fuel weight: N/A 
Max landing weight: N/A 

Fuel System: 
Capacity: 7,270 liters (2,090 gal) 
No. of tanks: 4 
Locat i on: Wi ng 

Speed: 
Max operating speed: N/A 
Max cruising speed: 253 knots (291 mph) 
Optimal cruising speed at 6,100 m (20,000 ft): 244 knots (281 mph) 

Altitude/Range: 
Cruising altitude: 6,100 m (20,000 ft)
Service ceiling: N/A 
Range with max payload, reserves: 590 nm (680 miles) 
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AIRCRAFT PROFILE FOR 

SAAB-FAIRCHILO: SF-340 

Year Introduced: 1984 

Fleet Size: 
Total no. in domestic service: None 
Total no. on order: 5 

Engine: 
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: GE 
Engi ne mode 1: cn 
Rating: 1,230 kW (1,650 hp) 

Passenger Capacity: 
Crew: 2 
Bas ic: 34 
Max: 34 

Aircraft Weight:
Operating weight (empty): 6,600 kg (14,550 lb) 
Max payload: 3,400 kg (7,495 lb) 
Max T-O weight: 11,350 kg (25,020 lb) 
Max Zero-fuel weight: 10,000 kg (22,045 lb) 
Max landing weight: 11,110 kg (24,495 lbs) 

Fuel System: 
Capacity: 3,331 liters (733 U.S. gal) 
No. of tanks: 4 (2 integral for each wing) 
Locat ion: 'l'Ji ng 

Speed: 
Max operating speed: 260 knots 
Max cruising speed: N/A 
Optimal cruising speed: N/A 

AIt i tude/Range: 
Cruising altitude: N/A
Service ceiling: N/A 
Range with 34 passengers with IFR reserves: 800 nm (920 miles) 
Range with 23 passengers with IFR reserves: 1.570 nm (1,805 miles) 
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AIRCRAFT PROFILE FOR 

SHORTS: SHORTS 330/60 

Year Introduced: 1976 

Fleet Size: 
Total no. in domestic service: 42 
Total no. on order: 7 

Engine: 
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Pratt &Whitney of Canada 
Engine model: PT6A-45 B 
Rating: 862 kW (1,156 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 30 
Max: 36 

Aircraft Weight: 
Operating weight (empty): 6,690 kg (14,750 lb) 
Max payload: 2,653 kg (5,850 lb) 
Max T-O weight: 10,250 kg (22,600 lb) 
Max Fuel weight: 1,741 kg (3,840 lb) 
Max landing weight: 10,115 kg (22,300 lb) 

Fuel System: 
Capacity: 2,182 liters (680 gal) 
No. of tanks: 3 
Location: Wing and fuselage 

Speed:
Max operating speed: N/A 
Max cruising speed: 190 knots (218 mph) 
Optimal cruising speed: 160 knots (184 mph) 

Altitude/Range: 
Cruising altitude: 3,050 m (10,000 ft)
Service ceiling: 3,500 m (11,500 ft) 
Range with max fuel at 3,050 m, no reserves: 435 nm (500 miles) 
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AIRCRAFT PROFILE FOR
 

SHORTS: SKYVAN SC7 

Year Introduced: 1967 

Fleet Size: 
Total no. in domestic service: 1 
Total no. on order: None 

Engine: 
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Garrett-AiResearch 
Engine model: TPE331-201 
Rating: 533 kW (715 hp) 

Passenger Capacity: 
Crew: 1 (or 2) 
Basic: 19 
Max: 19 

Aircraft Weight: 
Operating weight (empty): 3,356 kg (7,400 lb) 
Max payload: 2,358 kg (5,200 lb) 
Max T-O weight: 6,216 kg (13,700 lb) 
Max Zero-fuel weight: N/A 
Max landing weight: 6,123 kg (13,500 lb) 

Fuel System: 
Capacity: 1,332 liters (293 gal) 
No. of tanks: 4 
Location: Fuselage 

Speed: 
Max operating speed: N/A 
Max cruising speed at 3,050 m (10,000 ft): 169 knots (195 mph) 
Optimal cruising speed at 3,050 m (10,000 ft): 150 knots (173 mph) 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: 6,705 m (22,000 ft) 
Range at long range cruising speed, 45 min reserves: 580 nm (670 miles) 
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AIRCRAFT PROFILE FOR 

SWEARINGEN: SA-226 (METRO & MERLIN) 

Year Introduced: 1966 

Fleet Size: 
Total no. in domestic service: 114 
Total no. on order: 9 

Engine:
No. of engines: 2 
Type of engine: Turboprop 
Engine Mfr: Garrett-AiResearch 
Engine model: TPE331-3UW-304G 
Rating: 701 kW (940 hp) 

Passenger Capacity: 
Crew: 2 
Basic: 19-20 
Max: 20 

Aircraft Weight:
Operating weight (empty): 3,379 kg (7,450 lb) 
Max payload: N/A 
Max T-O weight: 5,670 kg (12,500 lb) 
Max Zero-fuel weight: N/A 
Max landing weight: 5,670 kg (12,500 lb) 

Fuel System: 
Capacity: 2,452 liters (648 U.S. gal) 
No. of tank s : 2 
Location: Wing 

Speed:
Max operating speed: 255 knots (294 mph) 
Max cruising speed: 255 knots (294 mph) 
Optimal cruising speed: 242 knots (197 mph) 

Altitude/Range: 
Cruising altitude: 6,100 m (20,000 ft)
Service ceiling: 8,230 m (27,000 ft) 
Range: 595 nm (685 miles) 
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AIRCRAFT PROFILE FOR
 

WESTLAND: WG30 

Year Introduced: 1982/3 

Fleet Size: 
Total no. in domestic service: None 
Total no. on order: N/A 

Engine: 
No. of engines: 2 
Type of engine: Turboshaft 
Engine Mfr: Rolls-Royce
Engine model: Gem 41-1 
Rating: 835 kW (1,120 hp) 

Passenger Capacity:
Crew: 2 .
 
Basic: 17
 
Max: 22
 

Aircraft Weight: 
Operating weight (empty): 3,030 kg (7,037 lb) 
Max payload: N/A 
Max T-O weight: 5,443 kg (12,000 lb) 
Max Zero-fuel weight: N/A 
Max landing weight: N/A 

Fuel System:
Capacity: 499 kg (1,100 lb) 
No. of tank s : 2 
Location: Cabin 

Speed: 
Max operating speed: N/A 
Max cruising speed at S/L: 130 knots (150 mph) 
Optimal cruising speed: N/A 

Altitude/Range: 
Cruising altitude: N/A
Service ceiling: N/A 
Range with 1,815 kg (4,000 lb) payload: 123 nm (142 miles) 

B-50
 



APPENDIX C
 

AIRCRAFT OPERATIONAL PROFILES: DOMESTIC TRUNK, LOCAL SERVICE,
 
INTRA-STATE, AND OTHER CARRIERS - 1979t
 

CATEGORIES OF AIR CARRIERStt 

*Domestic Trunk 
American 
Braniff 
Continental 
Delta 
Eastern 
Northwest 
Pan American 
Trans World 
United 
Western 

*Local Service 
Frontier 
Ozark 
Piedmont 
Republic
Texas International 
USAir 

*Intra-Alaskan 
Alaska 
Alaska International 
Kodiak-Western Alaska 
Munz Northern 
Reeve Aleutian 
Wien Air Alaska 

*Intra-Hawaiian 
Aloha 
Hawaiian 

All Cargo
Airlift International 
Flying Tiger 

Other
 
Aeromech
 
AirCal
 
Air Florida
 

*Air Midwest 
*Air New England 
Air North 
Air Wisconsin 
Altair 
Apo 110 

*Aspen 
Big Sky 
Capitol Int'l 
Cascade 
Cochise 
Coleman 
Empire
Evergreen Intll 
Golden Gate 
Golden West 
Great American 
Imperi a1 
Mackey Int' 1 
Mid-South 
Midway 
Mississippi Valley 
New Haven 
New York Air 
Pacific Southwest 
Sky West 
Southeast 
Southwest 
Swift 
Transamerica 
World 

*Wright 

**Commuters 
Ransome Airlines 
Rio Airways, Inc. 
Puerto Rico Intll Airlines 
Pennsylvania Commuter Airlines 
Bar Harbor Airways
Henson Aviation, Inc. 
Metro Airlines-Metroflight 
Provincetown-Boston Airline 
Britt Airways, Inc. 
Air Oregon 
Rocky Mountain Airways
Air Illinois 
Fayetteville Flying Service 
Commuter Airlines (Binghamton, NY) 
Royale Airlines, Inc. 
Pilgrim Aviation &Airlines 
Air North, Inc. (Burlington, VT) 
Chautauqua Airlines, Inc. 
Command Airways, Inc. 
Midstate Airlines 
Suburban Airlines 
Sun Aire Lines (Borrego Springs) 
Chaparral Airlines 
Tejas Airlines, Inc. 
Aero Virgin Is. Corp. 
Alaskan Aeronautical Ind. 
Mountain West Airlines 
Pocono Airlines, Inc. 
Comair, Inc. 
S. New Jersey Airways
 
Inland Empire Airlines
 
Ocean Airways, Inc.
 
Precision Valley Aviation
 
Wheeler Flying Service
 
Crown Airways, Inc.
 

*Included in Profiles. Data for other carriers unavailable. 

**35 commuter carriers operating turbine-engined aircraft, based on total 
revenue passenger-miles and enplanements. See Chpater 4 for data. 

tSource: Reference 57. 

ttSource: Reference 58. 
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PERFORMANCE AND 
CHARACTER ISTI CS 
Assigned to Service 

A-300B 
7.5 

DOMESTIC TRUNK PASSENGER SERVICE 
B-707-100B B-707-300 B-707-300B 

70.3 2.0 21.1 
B-707-300C 

16.2 
B-720B 

3.7 

Total Airborne Hours 
(All Revenue Service) 22839 214130 5114 57711 50256 9490 

Average Stage Length (miles) 893 1013 981 1030 1214 678 

Average Airborne Speed 449 461 455 456 473 452 

Total Block Hours 26950 241752 5825 65675 56287 10885 

Gallons of Fuel 
Block Hour 

Per 
1822 1546 2093 1700 1771 1483 

Gallons of Fuel 
Consumed (millions) 49.1 373.8 12.2 111.6 99.7 16.1 

n 
I 

N 
Revenue Passenger 
Miles (million) 1418 8697 215 2576 2408 380 

Revenue Aircraft 
Miles (millions) 10.3 98.7 2.3 26.3 23.8 4.3 

No. of Departures 
(thousands) 11.5 97.4 2.4 25.5 19.6 6.3 

No. of Revenue Passenger 
Enplanements (millions) 1.6 8.6 0.2 2.5 2.0 0.6 

" 

Average Revenue Passenger 
Per Aircraft Mile (Revenue 
Passenger Enplanements Per 
Departure) 138.3 88.1 92.3 97.9 101.3 88.5 

Revenue Passenger 
Enolanements Per 
Ai~craft (thousands) 213.3 122.3 109.5 118.5 123.5 151.3 



PERFORMANCE AND 
CHARACTER ISTI CS 
Average Aircraft 
Assigned to Service 

8-727-100 

248.4 

DOMESTIC TRUNK PASSENGER 
B-727-100C/QC B-727-200 

41.2 557.5 

SERVICE 
8-737-200 

68.0 

8-747 

32.9 

L-1011 

69.4 

Total Airborne Hours 
(All Revenue Service) 700105 125639 1747437 159826 127688 218313 

Averagp. Stage Length (miles) 645 574 574 309 2020 1000 

Average Airborne Speed 437 425 428 369 506 473 

Total Block Hours 816322 148003 2079450 197685 143521 255645 

Gallons of Fuel 
Block Hour 

Per 
1199 1239 1325 834 3238 2329 

(J 

I 
W 

Gallons of Fuel 
Consumed (millions) 

Revenue Passenger 
Miles (million) 

978.8 

20896 

183.4 

3631 

2755.3 

62375 

164.9 

3975 

464.7 

16740 

595.4 

17255 

Revenue Aircraft 
Miles (millions) 305.9 53.4 747.9 59.0 64.6 103.3 

No. of Departures (thousands) 474.3 93.0 1303.0 190.9 32.0 103.3 

No. of Revenue Passenger 
Enplanements (millions) 32.4 6.3 108.7 12.9 8.3 17.3 

Average Revenue Passengers 
Per Aircraft Mile (Revenue 
Passenger Enplanements Per 
Departure) 68.3 68.0 83.4 67.4 259.1 167.1 

Revenue Passesnger 
Enplanement Per 
Aircraft (thousands) 130.4 152.9 194.9 189.2 252.0 248.7 



PERFORMANCE AND 
CHARACTER ISTI CS 
Average Aircraft 
Assigned to Service 

OC-8-50 

24.2 

OC-8-61 

37.6 

DOMESTIC TRUNK 
OC-8-62 

8.8 

PASSENGER 
OC-9-10 

18.1 

SERVICE 
OC-9-30 

104.4 

OC-9-50 

16.9 

Total Airborne Hours 
(All Revenue Service) 62349 116348 28632 43375 286572 53260 

Average Stage Length (miles) 1088 975 1430 346 356 403 

Average Airborne Speed 465 454 480 378 375 386 

Total Block Hours 70018 132869 31724 53655 355636 64551 

Gallons of Fuel 
Block Hout' 

Per 
1699 1884 1683 836 872 981 

c, 
I 

.po 

Gallons of Fuel 
Consumed (millions) 

Revenue Passenger 
Miles (million) 

119.0 

2456 

250.0 

6302 

53.4 

1436 

44.8 

861 

310.1 

6931 

63.3 

1657 

Revenue Aircraft 
~"iles (millions) 29.9 52.8 13.7 16.4 107.5 20.7 

No. of Departures 
(thousands) 26.6 54.2 9.6 47.4 301. 9 51.0 

No. of Revenue Passenger 
Enplanements (millions) 2.3 6.5 1.0 2.5 19.5 4.1 

Average Revenue Passenger 
Per Aircraft Mile (Revenue 
Passenger Enplanements Per 
Departure) 84.7 119.3 104.5 52.5 64.5 81.1 

Revenue Passenger 
Enplanements Per 
Aircraft (thousands) 93.3 172.9 113.6 138.1 186.8 244.8 



PERFORMANCE AND DOMESTIC TRUNK PASSENGER SERVICE
 
CHARACTERISTICS DC-IO-tO DC-IO-40
 
Average Aircraft 
Assigned to Service 

Total Airborne Hours 
(All Revenue Service) 

Average Stage length (miles) 

Average Airborne Speed 

Total Block Hours 

Gallons of Fuel Per 
Block Hour 

Gallons of Fuel 
Consumed (millions) 

n 
Ul 
I Revenue Passenger 

Miles (million) 

Revenue Aircraft Miles (millions) 

No. of Departures (thousands) 

No. of Revenue Passenger
Enplanements (millions) 

Average Revenue Passenger 
Per Aircraft Mile (Revenue 
Passenger Enplanements Per 
Departure) 

Revenue Passenger
Enplanements Per 
Aircraft (thousands) 

76.9 

260554 

1497 

488 

291560 

2191 

639.0 

19136 

127.2 

85.0 

12.8 

150.5 

166.2 

20.8 

47539 

782 

451 

57284 

2315 

132.6 

2393 

21.4 

27.4 

3.1 

111.6 

147.1 



PERFORMANCE AND DOMESTIC LOCAL PASSENGER SERVICE
 
CHARACTER ISTI CS 
Average Aircraft 
Assigned to Service 

8-727-100 

16.8 

8-727-200 

4.3 

B-737 

59.9 

BAC 111-200 

29.7 

DC-9-10 

55.5 

OC-9-30 

135.9 

OC-9-50 

17.7 

Total Airborne Hours 
(All Revenue Service) 46839 12543 170963 75267 157427 380672 47412 

Average Stage Length (miles) 428 552 327 231 315 316 232 

Average Airborne Speed 402 444 378 320 370 374 354 

Total Block Hours 54708 14098 203788 93030 188283 457568 59360 

Gallons of Fuel 
Block Hour 

Per 
1270 1309 855 786 841 867 952 

r: 
I 

cr. 

Gallons of Fuel 
Consumed (millions) 

Revenue Passenger 
Miles (million) 

69.5 

1248 

18.5 

440 

174.2 

3968 

73.1 

1274 

158.3 

2848 

396.7 

8528 

56.5 

1072 

Revenue Aircraft 
Miles (millions) 18.8 5.6 64.6 24.1 58.2 142.4 16.8 

No. of Departures 
(thousands) 43.9 10.1 197.6 104.3 184.9 450.5 72.3 

No. of Revenue Passenger 
Enplanements (millions) 2.9 0.8 12.1 5.5 9.0 27.0 4.6 

Average Revenue Passenger 
Per Aircraft Mile (Revenue 
Passenger Enplanements Per 
Departure) 66.3 78.6 61.4 52.9 48.9 59.9 63.9 

Revenue Passenger 
Enplanements Per 
Aircraft (thousands) 172.6 184.4 202.6 185.7 162.2 198.6 261.4 



PERFORMANCE AND DOMESTIC LOCAL PASSENGER SERVICE
 
CHARACTERISTICS 
Average Aircraft 
Assigned to Service 

CV-580 

47.6 

DHC-6 

3.0 

FH-227 

13.0 

Metro II 

6.9 

MO 298 

2.3 

YSll 

14.6 

Total Airborne Hours 
(All Revenue Service) 99027 7086 17223 12348 3998 35610 

Average Stage Length (miles) 117 106 110 119 136 116 

Average Airborne Speed 235 171 194 214 178 209 

Total Block Hours 122893 8007 21701 14892 4850 43480 

Gallons of Fuel 
Block Hour 

Per 
333 81 275 92 117 317 

n 
I 

" 

Gallons of Fuel 
Consumed (millions) 

Revenue Passenger 
Miles (million) 

40.9 

647 

0.6 

11 

6.0 

91 

1.4 

22 

0.6 

10 

13.8 

228 

Revenue Aircraft 
Miles (millions) 23.3 1.2 3.3 2.6 0.7 7.4 

No. of Departures (thousands) 198.9 11.4 30.4 22.2 5.2 64.2 

No. of Revenue Passenger
Enplanements (millions) 5.5 0.1 0.8 0.2 0.1 2.0 

Average Revenue Passenger 
Per Aircraft Mile (Revenue 
Passenger Enplanements Per 
Departure) 27.8 8.9 27.3 8.3 13.8 30.6 

Revenue Passenger
Enplanements Per 
Aircraft (thousands) 115.5 33.3 61.5 26.7 31.4 137.0 



PERFORMANCE AND INTRA-ALASKAN INTRA-HAWAIIAN
 
CHARACTER ISTI CS 
Average Aircraft 
Assigned to Service 

Total Airborne Hours 
(All Revenue Service) 

Average Stage Length (miles) 

Average Airborne Speed 

Total Block Hours 

Gallons of Fuel Per Block Hour
 

Ga 11 ons of Fue 1
 
Consumed (millions)
 

Revenue Passenger 
n Miles (million)I
 
co 

Revenue Aircraft 
Miles (millions) 

No. of Departures (thousands) 

No. of Revenue Passenger 
Enplanements (millions) 

Average Revenue Passenger 
Per Aircraft Mile (Revenue 
Passenger Enplanements Per 
Departure) 

Revenue Passenger 
Enplanements Per 
Aircraft (thousan~ 

B-727-100C/QC 

8.0 

22097
 

550
 

440
 

25257
 

1222
 

30.9
 

615
 

9.7
 

17.6 

1.1 

63.3 

139.9 

B-727-200 

2.1 

6462
 

626
 

450
 

7341
 

1351
 

9.9 

231
 

2.9 

4.6 

0.4 

79.7 

176.3 

B-737-200C/QC 

7.6 

21653
 

443
 

396
 

24771
 

873
 

21.6 

340
 

8.6 

19.3 

0.8 

39.6 

100.8 

B-737-200 DC-9-50 

8.7 9.4 

14539 16399
 

123 121
 

329 320
 

19642 21663
 

919 1075
 

18.0 23.3 

387 482
 

4.8 5.2 

38.8 43.3 

3.1 4.0 

80.7 92.8 

360.7 428.1 



PERFORMANCE AND OTHER CARRIERS
 
CHARACTER ISTICS 
Average Aircraft 
Assigned to Service 

Total Airborne Hours 
(All Revenue Service) 

Average Stage Length (miles) 

Average Airborne Speed 

Total Block Hours 

Gallons of Fuel Per Block Hour 

Ga 11 ons of Fue 1 
Consumed (millions) 

n Revenue Passenger 
I 

1.0 
Miles (million) 

Revenue Aircraft 
Miles (millions) 

No. of Departures (thousands) 

No. of Revenue Passenger
Enplanements (millions) 

Average Revenue Passenger 
Per Aircraft Mile (Revenue 
Passenger Enplanements Per 
Departure) 

Revenue Passenger 
Enplanements Per 
Aircraft (thousands) 

CV-580 

9.1 

9294 

141 

225 

11292 

307 

3.5 

54 

2.1 

14.8 

0.4 

25.7 

41.9 

CV-600 

3.6 

4819 

135 

191 

5773 

282 

1.6
 

21
 

0.9 

6.8 

0.2 

23.5 

44.5 

DHC-6 

9.8 

18116 

76 

138 

22228 

74 

1.6 

27 

2.5 

32.9 

0.3 

10.7 

35.9 

FH-227 Metro II 

8.0 5.4 

11133 16209 

115 122 

180 220 

14372 18397 

249 90 

3.6 1.6 

50 30 

2.0 3.6 

17.4 29.2 

0.4 0.2 

24.9 8.3 

54.2 44.9 



APPENDIX D 

PRESENT VALUE OF FUTURE COSTS AND ANNUALIZED COST OF CAPITAL 

Whenever an investment project is undertaken, a series of costs (and benefits) 
are generated which accrue into the future. The capital cost will be incurred 
early in the project, but the operating costs will occur at different points 
over the life of the project. However, it is not enough simply to add the costs 
incurred in the future to the inita1 capital costs. The reason is that a dollar 
to be received next year does not represent the same value as a dollar in hand 
today; all future dollars must be discounted to reflect the cost of competing 
investment opportunities which can earn a positive return. 

If future costs (or benefits) are presented in nominal terms the appropriate 
discount rate "d" is composed of an inflation factor Hi" and the real oppor­
tunity cost of capital "r." For example, the present value (PV) of a stream of 
future costs "C" can be calculated as: 

T 
PV(C) = L C{t) (1)

t=o 

where 

1 + d = (1 + i)(l + r) 

T = life of investment project 

and 

C(O) = initial capital costs 

C(t = 1,2, .. ,T) = annual cost of antimisting fuel 

If the future costs C(t) are presented in real terms (i.e. constant dollars),
then the discount factor must only account for the real cost of capital. 

1 + d = 1 + r 

If the future costs are assumed constant in each year, as may be appropriate for 
fuel costs, then we can rewrite Equation (1)* as: 

* Equation (1) presents a geometric series with the first term equal to C 
and	 a constant ratio between terms of 1 Equation 2 is derived
 

1 + d
 
from the formula for the sum of a finite geometric series. 

0-1
 



(2 )
 

The expression in brackets is the reciprocal of the capital recovery factor, 
explained below. Other cost such as increased maintenance costs can be included 
in the present value analysis. However, due to the lack of data at this time, 
these costs have been omitted. 

The benefits of introducing antimisting fuel can be similarly analyzed where: 

T 
PV(B) = r: (3 ) 

t=o 

Where B represents the value of lives saved due to the use of antimisting fuel, 
and any reductions in insurance or damage costs. We have not yet attempted to 
quantify the benefits of introducing antimisting fuel due to the lack of data 
for forecasting expected lives saved. 

An alternative methodology for evaluating the effectiveness of investments is 
the technique of levelized costs. This method can be used to find the series of 
annual payments (AP) over a period of time (T) which is equivalent to a lump sum 
investment (5). 

(4) 

The expression in brackets is comnonly called the capital recovery factor. 

The present value analysis described above discounts the future stream of costs 
to a single point in time; the levelized cost analysis distributes costs at the 
present time over a series of payments in the future. These annual payments 
(AP) are equivalent to the payments on a self-amortizing loan of value (5) where 
each payment is a mix of principal and interest repayment. Table 0-1 presents 
capital recovery factors for a range of interest rates and investment periods. 
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TABLE 0-1. CAPITAL RECOVERY FACTORS 

d 6% 8% 10% 12% 15% 20% 25% 
t 

1 1.06000 1.08000 1.10000 1.12000 1.15000 1.20000 1.25000 
2 0.54544 0.56077 0.57619 0.59170 0.61512 0.65455 0.69444 
3 0.37411 0.38803 0.40211 0.41635 0.43798 0.47473 0.51230 
4 0.28859 0.30192 0.31547 0.32923 0.35027 0.38629 0.42344 
5 0.23740 0.25046 0.26380 0.27741 0.29832 0.33438 0.37184 

6 0.20336 0.21632 0.22961 0.24323 0.26424 0.30071 0.33882 
7 0.17914 0.19207 0.20541 0.21912 0.24036 0.27742 0.31634 
8 0.16101 0.17401 0.18744 0.20130 0.22285 0.26061 0.30040 
9 0.14702 0.16008 0.17364 0.18768 0.20957 0.24808 0.28876 

10 0.13587 0.14903 0.16275 0.17698 0.19925 0.23852 0.28007 

11 0.12679 0.14008 0.15396 0.16842 0.19107 0.23110 0.27349 
12 0.11928 0.13270 0.14676 0.16144 0.18148 0.22526 0.26845 
13 0.11296 0.12652 0.14078 0.15568 0.17911 0.22062 0.26454 
14 0.10758 0.12130 0.13575 0.15087 0.17469 0.21689 0.26150 
15 0.10296 0.11683 0.13147 0.14682 0.17102 0.21388 0.25912 

16 0.09895 0.11298 0.12782 0.14339 0.16795 0.21144 0.25724 
17 0.09544 0.10963 0.12466 0.14046 0.16537 0.20944 0.25578 
18 0.09236 0.10670 0.12193 0.13794 0.16319 0.20781 0.25459 
19 0.08962 0.10413 0.11955 0.13576 0.16134 0.20646 0.25366 
20 0.08718 0.10185 0.11746 0.13388 0.15976 0.20536 0.25292 

25 0.07823 0.09368 0.11017 0.12750 0.15470 0.20212 0.25090 
30 0.07265 0.08883 0.10608 0.12414 0.15230 0.20085 0.25031 
40 0.06646 0.08386 0.10226 0.12130 0.15056 0.20014 0.25003 
50 0.06344 0.08174 0.10086 0.12042 0.15014 0.20002 0.25000 

100 0.06018 0.08004 0.10001 0.12000 0.15000 0.20000 0.25000 

00 0.06000 0.08000 0.10000 0.12000 0.15000 0.20000 0.25000 

t = number of years 

d = discount rate 
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APPENDIX E 

ANNOTATED BIBLIOGRAPHY 

Aerospace Corporation. Examination of Commercial Aviation Operational 
Energy Conservation Strategies. Report to U.S. DOE, DOE/CS-218-2, October 
1978. 

Analysis of fuel components of the operating cost
 
for air carriers.
 

Aircraft Charter and Rental Tariff Information Service of North America, 
Inc. Air Taxi Charter and Rental Directory of North Amercia, 2nd ed., 
Springfield, Ill, July 1980. 

Contains information on all North American Air
 
Taxi Operators· Aircraft Fleet: aircraft make,
 
model, engine type, etc.
 

"Aircraft Operating Data." Air Transport World, monthly. 

Selected aircraft operating cost for various airlines 
for different time periods. 

"Airlines have 1100 airplanes on firm orders; U.S. hold on market is 
slipping." Air Transport World, Vol. 18, No.3, 1981. 

Contains information on firm and planned aircraft 
orders by airlines according to each aircraft type. 

"Airplane and Engine Builders Scramble to Meet Challenge of Shifting 
Airline Markets." Air Transport World, Vol. 17, No.3, February 1980. 

Market assessment for new aircraft in the near term. 

American Airlines, Inc. A New Method for Estimatinq Current and
 
Future Transport Aircraft Operating Economics. for NASA, NASA-CR-145190,
 
1978.
 

Contains a methodology for assessing the operating cost 
associated with variations in aircraft design and tech­
nology characteristics. 

American Airlines, Inc. Economic Effects of Propulsion Systems 
Technology on Existing and Future Transport Aircraft. Report to 
NASA, NASA-CR-13464, 1974. 

Study of the propulsion system operating economics including 
maintenance, fuel, and depreciation. The elements of new 
propulsion technology which would affect the operating costs 
are also included. 
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"Big Airplane Manufacturers Are Pressed to Fill Orders While Developing 
New Programs." Air Transport World, Vol. 17, No.3, February 1980. 

Discusses the planned aircraft production by manufacturers 
to the end of the 1980's. 

Boeing Commercial Airplane Company. "Prediction of Fuel Temperature During
Flight," unpublished document No. 06-42386, (n.d.). 

Brief description of theoretical model for prediction 
of in-flight fuel temperature. 

Exxon. "Turbine-Engined Fleets of the World Airlines - 1981. 11 Air­
World Survey, July 1981 (annual). 

Inventory of aircraft and engines and planned acquisition 
for U.S. trunk and local carriers as of June 31, 1981. 

Fiorentino, A., et.al. An Assessment of the Use of Antimisting Fuel in 
Turbofan Engines. Pratt &Whitney for FAA, FAA-CT-81-58, June 1981. 

Evaluation of the effects of using AMK on the components of 
the engine fuel system and the combustion performance of a 
current JT8D aircraft engine. 

Fleeter, R., et.al. Antimisting Kerosene Atomization and Flammability. 
Draft Report, JPL for FAA, September 1, 1981. 

Contains results of atomization and flammability tests on AMK. 

Form 10K Reports of U.S. Airlines held publicly, in accordance with 
U.S. Securities and Exchange Commission requirements. 

Contains corporate financial and operating data, as well 
as annual reports. 

Fradenburg, Leo G. United States Airlines: Trunk and Regional Carriers, 
Their Operations and Management. Kendall/Hunt, 1980. 

Description of a select number of U.S. trunk and regional
carriers inclUding operating and financial data. 

Gibson, Kathryn K. "U.S. Airline Equipment Spending Committments Total 
$14 Billion. 1I Air Transport World, Vol. 17, No.1, January 1980. 

Contains information on expenditures on particular aircraft 
and equipment by airlines in the immediate future. 
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Grobman, Jack. "Impact of Broadened Specification Fuels on Future Jet 
Aircraft." CTOl Transport Technology - 1978, NASA Conference Publication 
2036, Part I, 1978, pp. 217-233. 

Contains information on impact of changes in fuel 
specification on various components of jet aircraft 
technology. These specification changes include boiling 
point, freezing point, viscosity, etc. 

"Helicopters - Has the Promise Been Fulfilled for Scheduled Service?" 
Air Transport World, Vol. 18, No.3, 1981. 

Discussion of introduction of helicopters into future 
commuter operations and their market potential. 

International Air Transport Association. Aviation Fuel: Costs and 
Conservation 1980. Geneva, January 1980. 

Discussion of escalating fuel costs facing world airlines 
and how it affects their operations. 

Lefer, Henry. "ATA Forum Talks Geriatrics: Learning to Live with an 
Aging Fleet." Air Transport World, Vol. 18, No.3, 1981. 

Discussion of age of U.S. commercial aircraft fleet of 
trunk airlines, its effects on operations of airlines, 
and strategies to cope with it. 

Simulation of the effects of use of AMK on fuel system 
of a full scale aircraft. 

McGuire, Frank G. "Crew Complement Issue Holds Serious Threat for 
Airlines, Manufacturers." Air Transport World, Vol. 17, No.9, 1980. 

Contains data and analysis of U.S. certificated route air 
carriers by aircraft make, model, and number of crew. 
Hours flown and number of departures in that type are 
also given. 

Mannheimer, R.J. Degradation and Characterization of Antimisting Kerosene 
(AMK1. Southwest Research Institute, for FAA, FA-RD-80-153, Sept. 1980. 

Studies the effect of elongational flow on polymer degradation 
by forcing AMK through metal screens and packed tubes at high 
velocity. 
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"Market Development '80: World Airline Fleets." Air Transport World, 
Vol. 18, No.5, 1981. 

Contains information on current operating aircraft fleet 
of airlines by type and make. Aircraft on firm order are 
also included. 

NASA. The Use of Antimisting Kerosene (AMK) in Turbojet Engines. N-81-19063. 

The effect of antimisting kerosene (AMK) flow characteristics 
on fan jet engines and the impact of degradation requirement 
on the fuel system. 

Pasion, A.J. Design and Evaluation of Aircraft Heat Source Systems for 
Use with High-freezing-Point fuels. Boeing Commercial Airplane Company, 
for NASA, NASA-CR-159568, May 1979. 

Design, performance, and economic analysis of practical 
fuel heating system that would permit the use of high 
freezing-point fuel on long-range aircraft. 

Pasion, A.J. and I. Thomas. Preliminary Analysis of Aircraft fuel Systems 
for Use with Broadened Specification Jet Fuels. Boeing Commercial Airplane 
Company, NASA-CR-13S198, May 1976. 

Analytical study of effects of use of broadened specification 
hydrocarbon fuels in present day aircraft; changes in freezing 
point, boiling point, heat transfer characteristics, etc. 

Pasion, A.J. In-Flight fuel Tank Temperature Survey Data. Boeing Commercial 
Airplane Company, NASA-CR-159569, May 1979. 

Contains profiles of in-flight fuel temperatures as functions 
of flight time and altitude. The temperatures are given according 
to the categories of location, climate, route, and aircraft. 

IIS afety Record of Short/Medium-Haul Jets Better than Wide-Bodies. 1I 

Air Transport World, Vol. 17, No.8, 1980. 

Data and analysis of U.S. certificated route carriers by 
aircraft model and hours flown in that type for 1968-1979 
period. 

Simmonds Precisions Products. Commercial Aircraft Fuel Systems Survey 
and Analysis. Final Report to FAA, August 1981. 

Analysis of potential consequences of use of AMK on 
aircraft fuel system. 

E-4
 



Smith, Maxwell. Aviation Fuels. (Henley-on-Thames, U.K.: G.T. Foulisy Co., 
1970). 

Comprehensive treatment of aviation fuels from various 
production and operational aspects. 

Stockemer, F.J. Experimental Study of Low Temperature Behavior of Aviation 
Turbine Fuels in a Wing Tank Model. NASA-CR-15961s, August 1979. 

Study of flowability and pumpability of the fuels by simulation 
of heat transfer and temperature profiles encountered during 
flights in long-range commercial tank wings. 

Taylor, J.W.R., et.al. eds. Jane's All the World's Aircraft - 1980-81. 
London: Jane's Publishing Co., 1980, and earlier editions. 

General description and specifications of existing and 
planned aircraft in all countries. 

Traeger, Irwin E. Aircraft Gas Turbine Engine Technology. 2nd. ed. New 
York: McGraw-Hill, 1979. 

Description of working principles and components of 
various turbine engines in aircraft. 

Tripe, J.C., et.al. Application of General Technology Applications 
Incorporated (GTA) Blending Process to Antimisting Fuel Additives. 
Report to FAA, DOT, FAA-CT-81-51, May 1971. 

Examination of the applicability of a proprietary blending 
process to blending antimisting additives in Jet A aviation 
fuel. 

U.S. Civil Aeronautics Board. Aircraft Operating Cost and Performance 
Report. 14th ed., July 1980. 

Reports annual operating expenses and performance indicators 
for certificated route carriers, by aircraft and carrier. 

U.S. Civil Aeronautics Board. Handbook of Airline Statistics: 1977 and 
1978 years. December 1979. 

Contains traffic, financial, and aircraft fleet data for 
U.S. certified route carriers. 

U.s. Congress, Office of Technology Assessment. Impact of Advanced Air 
Transport Technology; Part I: Advanced Highspeed Aircraft. April 1980. 

Assessment of technology and economics of highspeed 
transport aircraft. 
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u.s. Department of Transportation, Federal Aviation Administration 
(and U.S. CAB). Airport Activity Statistics of Certified Route Air 
Carriers: Calendar Year 1980. u.S. GPO, 1981. 

Data on airport departures and landings by carrier 
and aircraft for certified route carriers. 

U.S. Department of Transportation, Federal Aviation Administration. 
Census of U.S. Civil Aircraft: Calendar Year 1979. 

Account of all existing non-military aircraft in operation 
in the U.S. 

U.S. Department of Transportation, Federal Aviation Administration. 
Aircraft Research and Technology for Antimisting Kerosene Conference: 
February 18-19, 1981. FAA-CT-81-181, June 1981. 

Self-explanatory. 

U.S. Department of Transportation, Federal Aviation Administration. 
FAA Aviation Forecasts: Fiscal Years 1981-1992. September 1980. 

Forecasts of aviation activity including U.S. aircraft 
fleet for various scenarios. 

U.S. Department of Transportation, Federal Aviation Administration. 
FAA Statistical Handbook of Aviation for the Calendar Year 1979. 

Contains statistical information on U.S. aircraft fleet. 

U.S. Department of Transportation, Federal Aviation Administration. 
Type Certificate Data Sheets and Specifications, Vol. II: Small 
Multiengine Airplanes. January 1981. 

Technical specifications for all aircraft certified under 
Title 14, Part 23 of Code of Federal Regulations. 

u.S. Department of Transportation, Federal Aviation Administration. 
Type Certificate Data Sheets and Specifications, Vol. Ill: Large 
Multiengine Airplanes. January 1981. 

Technical specifications for all aircraft certified 
under Title 14, Part 25 of Code of Federal Regulations. 

u.S. Department of Transportation, Federal Aviation Administration. 
Trpe Certificate Data Sheets and Slecifications, Vol. IV: Rotorcraft, 
G iders, and Balloons. January 198 • 

Technical specifications for all aircrafts certified under 
Title 14, Part 29 of Code of Federal Regulations. 
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u.s. National Oceanic and Atmospheric Administration, (also NASA, USAF). 
U.S. Standard Atmosphere-1976. AD/A-035 728, October 1976. 

Contains ambient temperature variations at various 
altitudes. 

United Technology Corp., Pratt & Whitney. The Aircraft Gas Turbine 
Engine and Its Operations. 1974, ed. 

Presents theoretical and operational aspects of aircraft 
turbine engines with emphasis on P&W engines and fuel systems. 

Wat, J. and V. Sarohia. Frictional Characteristics and Heat Transfer 
of Antimisting Fuel in Tubes. Draft Report for FAA, JPL, September 10, 1981. 

Results of the rheological tests on AMK. 

Williams, Louis J. "Short-Haul CTOL Aircraft Research." CTOL Transport 
Technology, NASA Conference Publication 2036, Part II, 1978, pp. 891-908. 

This is a summary of developments in new technology and future 
requirements of short-haul conventional takeoff and landing
(CTOL) aircraft. The discussion includes immediate- and near-term 
technologies and their performance characteristics. 

Woolsey, James P. "Short-Haul Needs are Spawning New Aircraft Design." 
Air Transport World, Vol. 17, No.7, 1981. 

Discusses short-haul requirements for aircraft design along 
with manufacturer plans for production. 

"World Airline Fleet Activity Forecast for 1981." Air Transport World, 
Vol. 18, No.1, January 1981, pp. 33-38. 

Contains information on aircraft to be added to the 
airline fleet in 1981 and beyond, according to aircraft 
type and make. 

World Aviation Directory. Ziff Davis Publishing Company. 1980. 

Contains numerous data including U.S. airlines 
inventory of engines. 

Yavrovian, A.H., et.al. Influence of Li uid Water and Water Va or on 
Antimistin Kerosenes AMK. JPL Draft Report for FAA, September 11, 1981. 

Results of tests on effect of water on AMK. 
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	1. INTRODUCTION. 
	PURPOSE.. 
	The objective of this research is to develop a data base and a methodology for 
	analyzing the feasbility of using antimisting fuel in the U.S. commerical aviation fleet in order to determine (1) whether there are significant advan­tages to segmental introduction of antimisting fuel into the fleet; and (2)which portions of the fleet are the most likely candidates for the early intro­duction of antimisting fuel. 
	RESEARCH METHODOLOGY. 
	The work involved three major tasks: identification of aircraft operations to by surveyed; development of operational profiles; and analysis to determine the most likely candidates for the use of antimisting fuel. The methodology was designed in accordance with the goals defined for each task and includes: the development of a classification scheme for analyzing major portions of the aircraft fleet; review of the available information on antimisting fuel; collection and analysis of data on aircraft operatio
	A basic classification system was developed for analyzing major portions of the commercial fleet. Several alternative classification schemes were reviewed before selection of a two-way classification system based on number of engines and type of service (i.e. domestic trunk and local service). The results of the identification task are presented in the Identification Report (Reference 1) and are incorporated in the analyses performed under subsequent tasks. 
	Data on aircraft operations were collected and analyzed to develop operational profiles for each segment of the fleet. Data was collected on the physical, operational, and economic factors that could facilitate or impede the introduc­tion of antimisting fuel into specific portions of the fleet. These data are presented in Appendices A, B, and C. The analysis to determine the most likely candidates for use of antimisting fuel included: background on fuel-related aircraft and airport systems including perform
	U.S. commercial fleet, the utilization of the aircraft, and the types of service (Chapter 4); and economic data on capital cost, operating expenses, and mainte­nance costs (Chapter 5). 
	The results of the life-cycle cost analysis to determine potential impacts of 
	introducing antimisting fuel are presented in Chapter 6. Chapter 7 summarizes 
	the conclusions drawn from the analysis. 
	1. 
	2. BACKGROUND ON FUEL-RELATED AIRCRAFT AND AIRPORT SYSTEMS. 
	The introduction of antimisting fuel on a wide scale requires an assessment of its compatibility with existing and future proposed aircraft and airport systems including: airframe fuel systems, engine fuel systems, and engine components of aircraft; and fuel delivery mechanisms of airports. To assess this compati­bility, the FAA has sponsored research (Reference 2) to determine the extent, if any, of modifications which may be required to aircraft and airport systems, and the fuel itself. This Chapter addre
	The principal components that may be affected by the introduction and use of 
	antimisting fuel, include: 
	Aircraft 
	•. 
	•. 
	•. 
	•. 
	Airframe Fuel System. -Fuel Tank. 

	Fuel Boost Pump -Fuel Heating System -Emergency Fuel Shut-off Valve -Temperature Sensors -Low Pressure Filter -Fuel Pressure Sensor -Jet Pumps, Fill Valves 

	•. 
	•. 
	Engine Fuel System. -Fuel Control System. -Fuel-Oil Heat Exchanger. -Pressurizing and Dump Valve. 

	•. 
	•. 
	Engi ne System -Fuel Manifold (e.g., Nozzle Assembly) -Burner Section (e.g., Combustor) 


	Airport 
	•. Fue11 ers and Hydrants. -Storage Tanks. -Stationary Pumps. -Transfer Vehicles. -Fuel Pits. -Mobile Dispensers. 
	This list is not exhaustive; rather, it indicates some of the major systems and components for fuel storage, transfer, handling, and use which may require modi­fication as a result of introduction of antimisting fuel. These components are shown in F"igure 1 (Reference 3) for a typical turbofan-engined aircraft. The actual specifications of these components may vary among different aircraft, however, the functions are performed by the same basic hardware. 
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	FIGURE 1. TYPICAL TURBINE-POWERED ENGINE FUEL SYSTEM LAYOUT. 
	3. 
	The fuel is delivered to the aircraft at the airport via either of two mechanisms: fuellers or hydrants. The fueller system consists of storage tanks, stationary pumps, and transfer vehicles. The transfer vehicle is usually equipped with a fuel pump capable of delivering large quantities of fuel into the aircraft at high speed, and a flowmeter and control devices to prevent con­tamination and regulate the flow. The hydrant system includes central storagetanks, stationary pumps, pits located at loading bays,
	To address the impact of the introduction of antimisting fuel and any corresponding modifications, a knowledge of baseline hardware and performance characteristics is necessary. Accordingly, summary aircraft profiles have been compiled. These present basic data including airframe model, engine model, passenger capacity, fuel capacity, speed, altitude, and cruising range for the principal types of aircraft in the U.S. commercial fleet. These summary aircraft profiles appear in Appendix B of this report. 
	Before antimisting fuel is used, at least two areas related to the interaction of the fuel with aircraft and airport systems must be addressed: 
	•. 
	•. 
	•. 
	potential performance deterioration of components due to use of antimisting fuel; and 

	•. 
	•. 
	restoration of fuel (i.e., restoring fuel to its original. form) and unintended deterioration of the antimisting. property of the additive.. 


	The remaining sections of this Chapter provide a generic treatment of the effects of antimisting fuel on hardware components and additional information on the problems of restoration and degradation of antimisting fuel. 
	PERFORMANCE DETERIORATION OF COMPONENTS. 
	It has been established on a preliminary basis (Reference 4) that the use of antimisting fuel with existing hardware can lead to deterioration in performance of several components, principally those related to pumping, spraying, and combustion. The performance of fuel pumps is expected to be affected due to the extra power required to degrade the antimisting fuel and its potential gel­forming tendency (Reference 5). The flow properties of antimisting fuel are different from those of Jet A due to the antimis
	The spray/atomization action usually achieved through the use of a spray nozzle may be affected. The spray nozzle discharges the fuel received from the tank .into the combustor. The polymer additive, due to its ant-imisting properties, counteracts the spray action and reduces the mist formation in the combustor 
	(Reference 6). Some modifications to the existing fuel nozzle may be necessary 
	in order to restore the spray action. 
	4 
	The combustion performance may be affected in several ways including combustion efficiency, emission levels, high altitude relight, deposit formation, and sea level ignition (Reference 7). Comparison of Jet A with antimisting fuel has shown that Jet A has lower emission levels and higher combustion efficiency. The emission and combustion characteristics of antimisting fuel, however, can be improved with higher restoration levels. Antimisting fuel has also exhibited poorer relight and sea level ignition char
	Other possible areas of performance deterioration have been identified as: 
	increased response time because of small fluid passages in automatic shut-off valves; reduction in heat transfer efficiency of heat exchangers; increased response time for temperature sensors; reduced accuracy of flowmeters; and reduced accuracy of capacitance fuel level gauging (Reference 9). 
	RESTORATION AND DEGRADATION. 
	In relation to performance deterioration of aircraft components discussed above, restoration refers to any process or procedure that is used to restore the original performance properties to the fuel or produce the equivalent effect as Jet A. The preliminary investigations on methods of restoration have revealed 
	that shear and elongatlonal flows are effective means of restoring the originalmechanical properties (Reference 10). Shear flow is characterized by a velocity gradient perpendicular to the direction of motion such as that in a long capillary tube. Elongational flow, on the other hand, has a velocity gradient in the direction of motion. Examples of elongational flows occur in the entrance region to a capillary tube, flow through an orifice, and flow in porous media (Reference 11). The major restoration indic
	Both shear and elongational flows can be used to degrade the polymer, and thus restore the mechanical properties of the fuel. It is, however, expected that elongational flows will be more effective in restoring these prop-erties. Laboratory tests by the Southwest Research Institute (Reference 12) on elonga­tional restoration methods, particularly by porous media (metal screens and packed tubes), have produced some experimental results concerning the powerrequirements. Figures 2 and 3 (Reference 13) illustra
	The level of modification necessary to achieve a particular level of restoration is important in assessing the effect of introducing antimisting fuel into the commercial aircraft fleet due to: higher captial costs; higher maintenance costs; and higher operational costs. 
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	FIGURE 3 EFFECT OF SPECIFIC DEGRADER POWER THROUGH METAL SCREENS ON THE FILTRATION RATIO. 
	The objective in adding a polymer to jet fuel is to prevent post-crash fireballs by means of its antimisting property. It is, however, possible that certain operational procedures related to hardware can cause unintentional degradation and render the antimisting property less effective. This could be caused by both airport and aircraft equipment. The degradation occurs primarily by pumping/filtering actions. Simmonds Precision Products (Reference 14) has identified several components that can cause potentia
	8. 
	3. POTENTIAL FUEL PROBLEMS RELATED TO THE OPERATING ENVIRONMENT. 
	Two important issues related to the introduction of antimisting fuel are fuel temperatures during different phases of flight and water content of the aircraft fuel tanks. Extremes of temperature and/or excessive water in the fuel can cause operational problems and may alter the effectiveness of the antimisting additive. Each of these concerns is discussed below in a general way in the context of the current operating environment, and where possible, the implica­tions for the use of antimisting fuel are note
	IN-TANK FUEL TEMPERATURE VARIATIONS DURING PHASES OF FLIGHT. 
	The in-tank fuel temperature variations during flight may be modeled using thermodynamic principles of conservation of mass and energy, assuming quasi­steady state phenomena. The assumption of a steady state will approximatelyhold over a small time interval if the variables change with respect to time, but the parameters (or physical properties) vary less appreciably. The primaryfactors affecting the rate of change of in-tank fuel temperature are ambient altitude temperature, aircraft speed, and fuel-tank h
	A less elaborate method that can yield a reasonable estimate of temperature variation can be obtained by reducing the model to an energy balance equation and transforming it to a one-dimensional time-dependent heat transfer equationby eliminating the less significant terms (Reference 15). This is equivalent to assuming that: there is no fuel transfer or recirculation to the main tank; internal heat sources in the tank have negligible effects; and the net effects of radiation between the external surfaces of
	dTUFA 
	F 
	f 

	W
	= Cpp V(TT) 
	crt 
	R 
	F

	where TF is the temperature of the fuel. 
	Assuming that the overall air-to-fuel heat transfer coefficient (U), the fin factor effect (Ff), the wetted area to fuel volume ratio (Aw/V), the specific heat-density product (CpP), and recovery temperature TR do not vary during the time interval from to to tl, then the above equation may be integrated to yield: 
	UFA TF1 dT
	F

	W CD.PV (to -t 1)=f T-TFo
	R
	F

	Consequently, 
	9. 
	where 
	6t 
	6t 
	6t 
	= tl 
	-to 
	(time interval) 

	TFo 
	TFo 
	= 
	initial 
	temperature of fuel (at to) 

	TFI 
	TFI 
	= temperature of fuel 
	at 
	tl 

	CpPing 
	CpPing 
	and TFo to: 
	are 
	known. 
	TR 
	can 
	be obtained based 
	on 
	altitude temperature accord­


	where M is the mach number (Reference 16). The flight-aircraft variables are U and Aw/V with 
	where 
	HA = aerodynamic skin heat transfer coefficient; 
	C= tank wall conduction heat transfer coefficient; and 
	w 

	HF = fuel film heat transfer coefficient. 
	HA and HF can be calculated based on fluid properties, Reynolds, Prandtl, and Nusselt numbers. Ccan be obtained from the geometry and physical propertiesof the tank wall. 
	w 

	Aw/V is a function of aircraft fuel tank capacity and a particular fuel consump­tion pattern (based on the flight profile). Figure 4 (Reference 17) illustrates the wetted area to fuel volume ratio as a function of fuel volume for several aircraft. 
	Prediction of TFl by the above equation is based on the estimate of U which requires detailed knowledge of fuel tank construction and components. However, the value of Umay be estimated based on the available information on in-tank fuel temperature for some particular flights (Reference 18). Using this approx­imate value, the minimum in-tank fuel temperature can then be estimated. The minimum in-tank fuel temperature is of interest here since phase separation or emulsification of water in antimisting fuel m
	Table 1 presents the results of several calculations for minimum in-tank fuel temperatures based on the above approximation and the following assumptions. First, the minimum in-tank fuel temperature is assumed to occur just prior to the beginning of descent (BOD) when the aircraft is at its highest altitude. Second, based on Figure 4, the ratio of the wetted area to the volume of fuel, Aw/V, is 2.0 ft.-at the BOD. Third, the Mach numbers for the given flight 
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	missions are assumed to be 0.78 for transport and 0.38 for commuter aircraft (See Chapter 4, Flight Profiles.). Fourth, the specific heat-density produc(Cp-P) remains constant with temperature changes and is equal to 21.85 BTU/ft ·F. Fifth, airport and altitude temperatures are based on standard day atmospheric data, and the initial fuel temperature is nominally 10'F lower than the airport temperature. Geographical locations of large U.S. air traffic hubs and their corresponding normal, minimum daily temper
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	TABLE 1.. ESTIMATES OF MINIMUM IN-TANK FUEL TEMPERATURE DURING FLIGHT FOR VARIOUS STAGE LENGTHS AND AIRCRAFT CATEGORIES 
	Table
	TR
	Selected Stage Length (nm) 
	Total Flight Time (hrs.) 
	Time to BOD (hrs.) 
	ALT at B8D (1000 ft 
	TA~T( . F 
	TR ( . F) 
	I~~) 
	I~~) ~ 

	r-LL. 
	r-LL. 
	,UU short range mission 
	0.50 
	0.20 
	21 
	-15.8 
	-17.5 
	50 40 
	46.6 37.2 ! 

	~ u 0:: ...... c:::r: 
	~ u 0:: ...... c:::r: 
	1,000 medium range mission 
	2.37 
	2.00 
	35 
	-65.6 
	-72.7 
	50 40 
	4.6 -1.7 . 

	r­0:: 0 CL V) z c:::r: 0:: r­
	r­0:: 0 CL V) z c:::r: 0:: r­
	1,500 medium-long range mission 
	3.50 
	3.11 
	35 
	--65.6 
	-72.7 
	50 40 
	-12.6! -17.5 r 

	3,000 long range mission 
	3,000 long range mission 
	7.00 
	6.50 
	39 
	-69.7 
	-77 .4 
	50 40 
	-49.3 i -51.5 r-' 

	r-LL. c:::r: 0:: u 0:: ..... c:::r: 0:: LLJ 1-­::::> :E :E 0 u 
	r-LL. c:::r: 0:: u 0:: ..... c:::r: 0:: LLJ 1-­::::> :E :E 0 u 
	5U short range fliqht 
	0.33 
	0.20 
	4 
	44.7 
	47.8 
	50 40 
	50.0 40.0 r 

	150 medium range flight 275 long range flight 
	150 medium range flight 275 long range flight 
	1.00 1.80 
	0.73 1.45 
	8 10 
	30.5 23.3 
	32.6 25.0 
	50 40 50 40 
	4/.3 I 38.8 43.U I 35&.,._ 


	KEY: 
	KEY: 
	KEY: 
	SUBSCRIPTS: 

	nm: hrs: 
	nm: hrs: 
	nautical hours 
	miles 
	R: Fa: 
	recovery initial fuel 

	BOD: ALT: 
	BOD: ALT: 
	beginning of descent altitude 
	Fl: 
	minimum fuel 

	T: 
	T: 
	temperature 
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	J 
	TABLE 
	TABLE 
	TABLE 
	2. 
	NORMAL 
	DAILY 
	MINIMUM TEMPERATURE 
	-LARGE 
	U.S. 
	AIR TRAFFIC 
	HUBS* 

	TR
	State Arizona 
	City (Airport) Phoenix 
	Tem~erature ('.u.7.6 

	TR
	California 
	Los Angeles San DiegoSan Francisco 
	45.4 N/A41.2 

	TR
	Colorado 
	Denver 
	16.2 

	TR
	D.C. Florida 
	WashingtonMi ami 
	27.7 58.7 

	TR
	Georgia Hawai i 
	Orlando TampaAtlanta Honolulu 
	N/AN/A33.4 65.3 

	TR
	111 i no is Louisiana 
	ChicagoNew Orleans 
	14.7 43.5 

	TR
	Massachusetts 
	Boston 
	22.5 

	TR
	MichiganMinnesotta Mi ssoul"i 
	Detroit Mi nneapo 1is-St. Paul Kansas City St. Loui s 
	19.2 3.2 19.3 22.6 

	TR
	Nevada New Jersey New York 
	Las Vegas Newark New York 
	N/A N/A 25.9 

	TR
	Ohio 
	Cleveland 
	20.3 

	TR
	Pennsylvania Texas 
	PhiladelphiaPittsburghDallas-Fort Worth 
	24.4 20.8 33.9 

	TR
	Houston 
	41.5 

	TR
	Washington 
	Seattle-T,1coma 
	33.0 


	*Large U.S. Air Traffic Hubs are defined by FAA as those with 1% or more of total enplanements. The Large Air Traffic Hubs collectively account for 70% of the enplanements. 
	As can be seen from Table I, several patterns may be detected: 
	(a). 
	(a). 
	(a). 
	For a given aircraft category and initial fuel temperature (50·F), the minimum in-tank fuel temperature (TFl) is lower for longer stage lengths. 

	(b). 
	(b). 
	For a given stage length or flight range mission, the minimum in-tank fuel temperature during flight is lower when the ini­tial fuel temperature is lower. However, a cross comparisonof minimum in-tank temperatures (TFl) for various stage lengths within one aircraft type indicates that the initial fuel temperature is more important for shorter stage lengths. For example, with a 200 nautical mile stage length, other factors being equal, a decrease of 10'F in the initial fuel temperature results in a 9.2·F dec


	14 
	temperatures. Therefore, the initial fuel temperature becomes a less important factor in the determination of minimum in-tank fuel temperatues for longer range flights. 
	(c). 
	(c). 
	(c). 
	A comparison of the TFI values in Table 1 for a l50-nautical. mile commuter aircraft and a 200-nautical mile transport.aircraft shows no appreciable difference in minimum in-tank. fuel temperatures between commuter and transport categories. of aircraft for a comparable stage length.. 

	(d). 
	(d). 
	In general, transport aircraft will encounter lower minimum. in-tank fuel temperatures than commuter aircraft due to their. greater exposure to lower ambient atmospheric temperatures.. The lower in-tank temperatures for transport aircraft reflect. the differences in operations; namely, longer flight times at. higher altitudes.. 


	Based on the analysis above, some implications for use of antimisting fuel should be noted. First, physical properties of antimisting fuel may be such that its use below a certain minimum temperature is undesirable due to unwanted physical changes. Some modifications to the airframe fuel system may be necessary and could take three general forms: insulation, auxiliary heating, or c~bination of both depending on the compatibility of other antimisting fuel properties with such modifications. 
	a 

	Overall, assuming that antimisting fuel cannot be used in an operating environ­ment with temperatures below a minimum TM, then it can be expected that aircraft in the transport category are more likely to require some type of action, namely, aircraft modifications, based on their operating environment. 
	WATER AND HUMIDITY. 
	The presence of water in jet fuels has always been a concern since it can lead to malfunction of fuel controls, ice plugging of fuel filters, freezing of fuel boost pump and transfer pumps, and an increased phase separation tendency at low temperatures (below -20·F). In addition, certain microbial and fungal growths thrive on the interface provided by the water environment and the hydrocarbon fuel. These growths can result in a buildup of bacterial slime which can clog small metering orifices and penetrate 
	In general, water in fuel may take two forms: dissolved water and free water. Dissolved water is similar to humidity in the atmosphere, and is a function of the temperature and specifications of the fuel. The amount of dissolved water may reach up to 0.03% by volume of fuel. Figure 6 (Reference 21) shows the potential dissolved water content of various jet fuels as a function of temper­
	ature. Free water, on the other hand, can be in two forms: (1) entrained water! which refers to water suspended in fuel in minute droplets invisible to the naked eye; or (2) water slugs, the visible droplets or pools of water which have separated from fuel. 
	Current storage and handling methods for fuel are designed to minimize the amount of dissolved water in fuel tanks. Free water, however, is continually 
	15. 
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	generated during operation of the aircraft. That is, every time an aircraft 
	ascends to altitude the dissolved water cools and separates from the solution. A general estimate is that 0.5 liters of water per 4,000 liters of fuel is released from the fuel during the ascent-(Reference 22). In addition, each time an aircraft descends to land, moist air is sucked into the tanks and approxi­mately 0.125 liters of water per 4,000 liters of fuel is released (Reference 23)due to condensation on cold surfaces and structural members. As a general rule, it may be expected that an aircraft with 
	On the other hand, preliminary experiments with antimisting fuel have shown that it absorbs more water than Jet A fuel, due to presence of the antimisting polymer FM-9, and the carrier fluids, i.e., glycol and amine (Reference 24). Figure 7 (Reference 25) illustrates water absorption characteristics of anti­misting fuel at two temperatures (12·C and 22·C). The maximum potential water absorption of antimisting fuel at 12·C is approximately 0.13% by volume, which is almost 22 times the maximum potential water
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	Therefore, in relative terms, use of antimisting fuel with larger capacity and higher flying aircraft will generate more free water than for smaller range aircraft. The free water problem has traditionally been alleviated by frequent drainage (Reference 26). There are several questions, however, regarding the effectiveness of this method for antimisting fuel. Preliminary tests indicate a more pronounced and localized phase separation between water and antimisting fuel. These tests have also indicated that, 
	18. 
	4. COMPOSITION AND UTILIZATION OF THE COMMERCIAL FLEET. 
	The U.S. commercial aircraft fleet in 1981 was composed of more than 3,000 turbine­powered aircraft which must conform to the airworthiness standards promulgated by the FAA. This research focused on Commuter, Transport, and Rotorcraft as specifiedin the Code of Federal Regulations (CFR) at Title 14, Parts 23, 25, and 29. 
	Turbine-powered aircraft utilized by domestic trunk air carriers are manufactured primarily by U.S. firms, including the Boeing Commercial Airplane Company,McDonnell-Douglas Corporation, and Lockheed Corporation. Airbus Industrie, a European consortium, is also a supplier of aircraft to these major carriers. The aircraft operated by local service, commuter, and other carriers are manufactured by a more diverse group of U.S. and foreign companies. Overall, manufacturers of the aircraft in the commercial flee
	The major engine manufacturer is the Pratt and Whitney Aircraft Group of United Technologies Corporation, supplying 57.7% of the engines for the aircraft fleet. The U.S.-based Commercial Products Division manufactures the type of jet enginesused for transport category aircraft. Another division of the Aircraft Group, Pratt and Whitney, Canada, manufactures turboprop engines used to power commuter category aircraft. Other major engine manufacturers include General Electric, Rolls-Royce, and Garrett-AiResearc
	DATA SOURCES AND PROBLEMS. 
	Appendix A presents a recent inventory of the U.S. commercial fleet by air carrier. The data presented include both the number of aircraft in the fleet and on order, and power plants for each aircraft, by manufacturer. A summary of the composition of the fleet by major equipment group is presented in Table 3 (Reference 28). 
	TABLE 3. COMPOSITION OF U.S. AIR CARRIER FLEET, 1979 and 1981 
	1979 1981 
	Fixed Wing
	Turbofan/Jet
	4-engine 511 424 
	3-engine 1256 1276 
	2-engine 719 764 
	Sub-total mb m4 
	Turboprop 
	4-engine 80 98 
	2-engine 486 700 
	Sub-total 566 798 
	Rotarfi Win~
	fur ine-owered 1 19 TOTAL FIXED AND ROTARY WING 3053 3281 
	19 
	These data provide a comparison of the 1981 fleet inventory published in the 
	Air World Survey with the 1979 census of aircraft in the commercial fleet 
	published by the FAA in the Statistical Handbook of Aviation. This inventory
	indicates that, as of mid-198!, the commercia'~eet was composed of 3,281 
	turbine-powered aircraft, including 19 rotary-wing aircraft in commercial 
	service. 
	The apparent dramatic growth in the number of helicopters in the commercial fleet between 1979 and 1980 points out a potential problem with the data. 
	Specifically, since the data are not taken from the same sources, they may not be directly comparable. Therefore, care should be taken in drawing inferences from any comparison of these data. The increase in the number of rotary-wing aircraft is due in part to the institution of helicopter service by New York Helicopters. Most other turbine-powered helicopters are engaged in commercial nonpassenger operations such as servicing offshore facilities. The use of a single data source is more appropriate for exam
	Table 4 (Reference 29) shows the composition of the commercial aircraft fleet bymanufacturer, as reported by the FAA for the period 1977-1979. For turbofan/ jet-powered aircraft, these data indicate growth in the size of this fleet segment of about 11% (Reference 30) during the period. The more dramatic increase in turboprop aircraft is attributable in large measure to the inclusion of aircraft operated by commuter carriers, air taxis, and others. 
	It is clear that the most significant portion of the fleet, in terms of the number of aircraft, ;s the turbofan/jet group, which are operated primarily by the trunk and local service air carriers, with some operations by charter and other carriers. While the trunk airlines operate jet-engined aircraft exclu­sively, some local service carriers also operate turboprop aircraft. The composition of the air carrier fleet by manufacturers and airlines is presentedin Tables 5 and 6 (Reference 31) for trunk and loca
	AIRCRAFT USE CHARACTERISTICS. 
	The examination and comparison of measures of aircraft usage is important in determining how the introduction of antimisting fuel may affect the operations of aircraft in the commercial fleet and examining the economic factors related to use of antimisting fuel (See Chapter 5). Aircraft usage is also part of the analysis to determine which portions of the fleet may be given priority in commercial introduction of antimisting fuel (See Chapter 6). In this Section, we examine the principal measures of aircraft
	20 
	TABLE 4. COMPOSITION OF TURnINE-POWERED AIR CARRIER FLEET 
	BY 
	BY 
	BY 
	TYPE, MAKE AND 
	MODEL 
	OF AIRCRAFT 

	TYPE OF AIRCRAFT AND 
	TYPE OF AIRCRAFT AND 
	NUMBER 
	OF 

	MANUFACTURER 
	MANUFACTURER 
	J«lDEL 
	ENGINES 
	1977 
	1978 
	1979 


	Turbojet 
	Airbus. A300 2 2 6 12 
	Boeing.707 4 225 201 175 
	7204 18147 
	·. 

	727 3 865 931 1,029
	737 2 160 173------ZOO 747 4 108 115 131 ~Br:-::i~t~is~h...:A..:.:i.:..rc::.;r..::a.:..ft:...::;Co::.;r.p.:... __-;Bi"A?:C~1r=-1=-1_-;r22 ..::3",,1__.....;:3;,;;0_ 22
	Cessna. C500 
	Convair CV.30 2 --6 
	Dassault. MD 20 2 45 45 44 
	OOuglas. DC 8 4 193 178 188 
	•. DC9 2 362 373 381 
	DC10 3 127 133 140 
	Grunman. G1159 2 5 6 6 
	Hamburger/Flu9zenbau 
	11242 -1 1 Lear Jet LR232 NA NA 5 LR24 2 NA NA 3 LR25 2 NA NA 6 LR 35 2 NA NA4 Lockheed L-1011 3 77 82 87 L-13294 -1 1 Rockwell Int'l NA 265 2 NA NA 2 Sud Aviation SB 210 2 NA NA 2 SN Concorde 4 9 
	· 
	· 

	Figure
	Turbojet Subtotal 
	Turbojet Subtotal 
	Turbojet Subtotal 

	Turboprop 
	Turboprop 

	Beech 
	Beech 
	BE 9 
	2 
	3 

	TR
	BE 99 
	2 
	85 

	Conva1r · 
	Conva1r · 
	BE 200 cV 580 cv 600 
	2 2 2 
	76 8 
	69 8 
	4 105* 15 

	DeHav 111 and 
	DeHav 111 and 
	CV 640 DHC 6 
	2 2 
	14 13 
	14 14 
	-* 7B 

	II 
	II 
	OHC 
	7 
	2 
	8 

	Eiiibraer Fairchild 
	Eiiibraer Fairchild 
	OHC 104 EMa 110 F 27 
	2 2 2 
	4 
	7 
	2 4 6 

	II GAF Nomad Grunman 
	II GAF Nomad Grunman 
	F277 N 24 G159 
	2 2 2 
	23 1 
	22 1 
	22 1 15 

	Handley-Page· Hawker-SidleyLockheed 
	Handley-Page· Hawker-SidleyLockheed 
	HP 137 SAHP 37 HS 748 L 188 
	2 2 2 4 
	1 40 
	1 46 
	13 3 1 52 

	II Nihon Nord 
	II Nihon Nord 
	L 382 Y5 11 NO 262 
	4 2 2 
	20 23 5 
	21 14 9 
	20 18 20 

	shorts 
	shorts 
	STC 262 SO 3 
	2 2 
	4 
	4 

	Sw;aringen 
	Sw;aringen 
	SO 330 sA 26 SA 226 
	2 2 2 
	6 
	1 8 
	21 1 65 


	Turboprop Subtotal 
	Turboprop Subtotal 
	Turboprop Subtotal 
	237 
	242 
	567 

	Rotary Wing 
	Rotary Wing 

	Kawasaki 
	Kawasaki 
	K" 
	107 
	1 

	Sikorsky 
	Sikorsky 
	s 61 
	3 
	3 

	Turbine-Powered Total 
	Turbine-Powered Total 
	2,458 
	2,538 
	3,052 


	NA: Data Not Ava11a61e 
	.. : None 
	*CV 580 total for 1979 includes. CV 640. 21 
	TABLE 5. TURBINE-POWERED AIRCRAFT FLEET OF DOMESTIC TRUNK. 
	AIRLINES 1980*. 
	MANUFACTURERS 7'T"'_~_"""'_""" __I_.:..:Arn-IR;.=L.=.,:IN.:,::E=;Sr.--'I'rT""--mr-.......,.--~r.-
	-

	AIRBUS AND MODELS 
	AIRBUS AND MODELS 
	AIRBUS AND MODELS 
	AA 
	BN 
	CO 
	D~ 
	EA 
	NW 
	PA 
	tW 
	UA 
	W 
	fotAL 

	INDUSTRIE 
	INDUSTRIE 

	A300 BOEING 
	A300 BOEING 
	19(6) 
	19(6) 

	B-767 B-767-200 B-757 B-757-253 B-747 
	B-767 B-767-200 B-757 B-757-253 B-747 
	(30) (15) 8 
	(20) (60) 
	(27) 
	29 
	18 (45) 
	18 (69) 
	(6) 
	(150) (20)(42) (60)73 

	B-757F 
	B-757F 
	6 
	5 
	6 
	17 

	B-747-100 
	B-747-100 
	2 
	12 
	14 

	B-747-200 
	B-747-200 
	3 
	12 
	15 

	B-747-SP 
	B-747-SP 
	2 
	10 
	12 

	B-737-200 
	B-737-200 
	48 
	15 
	63 

	B-727 \ 
	B-727 \ 
	90 
	(0 

	B-727 -023 
	B-727 -023 
	56 
	56 

	B-727-200 
	B-727-200 
	63 
	41(4) 
	126 80(12) 50(2) 24(8) 
	44 
	428(26)


	B-727-223 B-727-100 
	B-727-223 B-727-100 
	B-727-223 B-727-100 
	102(23) 
	5 
	U 

	B-727-100C 
	B-727-100C 
	12 
	i 

	B-707-323B 
	B-707-323B 
	7 

	B-707-323C 
	B-707-323C 
	18 

	B-707-323F 
	B-707-323F 
	9 

	B-707LOCKHEED 
	B-707LOCKHEED 

	L-1101 
	L-1101 

	L-1101-1 
	L-1101-1 

	L-1101-200 
	L-1101-200 

	L-llOl-500 
	L-llOl-500 

	M 
	M 
	NN 

	DOUGLAS 
	DOUGLAS 

	DC-8-61 
	DC-8-61 


	104 206(23) 
	621633 69 202 12 7 18 9 70 70 
	1 
	1 
	1 
	29 
	32(5) 
	61(5) 31 

	1 
	1 
	1 

	3 
	3 
	7 6 
	10 6 


	3 29 42 
	DC-8-62 
	DC-8-62 
	DC-8-62 
	10 
	I 
	10 

	DC-8F 
	DC-8F 
	14 
	14 

	DC-9-30 
	DC-9-30 
	38 
	38 

	DC-9-31 
	DC-9-31 
	58 
	58 

	OC-9-50 
	OC-9-50 
	(4) 
	(4) 

	DC-9-51 
	DC-9-51 
	17 
	17 

	DC-10 DC-10-30 
	DC-10 DC-10-30 
	34 
	2 
	22 
	5 
	42(10) 
	12 
	110(10) 7 

	DC-10-10 TOTAL 
	DC-10-10 TOTAL 
	240 
	97 
	12 72 
	212 
	265 
	117 
	125 11 
	210 
	324 
	71 
	23 1616 

	TR
	(68) 
	(14j 
	(80) 
	(49) 
	(2) 
	(14) 
	(50) 
	(79) 
	(6) 
	(352) 


	*Numbers in parentheses indicate aircraft on order. 
	~er,can A,rl,nes NW = Northwest Or,ent Airl,nes BN = Braniff International PA = Pan-American (National Airlines) CO = Continental Airlines TW = Trans World Airlines DC = Delta Airlines UA = United Airlines EA = Eastern Airlines W-Western Airlines 
	22. 
	TABLE 
	TABLE 
	TABLE 
	6. 
	TURBmE-pm;ERED AIRCRAFT 
	FLEET 
	OF 
	LOCAL 
	SERVICE 
	CARRIERS 
	1980* 

	MANUFACTURERS AND MODELS 8RITISH AEROS-PACt BAC-111 BOEING 8-737 8-737-100 8-737-200 8-737 -200A 8-737-30D B-727-IOO B-727-200 B-727-200.l\ 
	MANUFACTURERS AND MODELS 8RITISH AEROS-PACt BAC-111 BOEING 8-737 8-737-100 8-737-200 8-737 -200A 8-737-30D B-727-IOO B-727-200 B-727-200.l\ 
	2 14 DC 
	QH 4 8 8(6) 
	zv 
	3 1 NE--:rJ 
	AP 
	ZY 
	43(6) AIRLINES FL MI ML 
	ot 
	3 23 PS 
	(3 ) 36 6 PI 
	24(6) (10) 10(3) 6 RC ~NV-
	-

	27 11 2(3) ~----rw 
	30 1(3)49(6) 82(6)8(6)(10)20 35(6) 6 TOTAL 


	Table
	TR
	22010 4 1 EMBRAER Bandierante GENERAL DYNAMICS Convair 580 Convair 500 
	22 
	4 55 5 5 

	1,.1 l0 
	1,.1 l0 
	8 7 31 2 3 4 MCDONNr[L-DOULGA~ OC-8 DC-9 DC-9-10 OC-9-15 DC-9-10/15 OC-9-30 DC-9-30LR DC-9-80 (4) OC-10-30 1 6 S-WEARINGE:N DE HAV ILLAND DHC-6 6 DCH-7 5(4) FAIRCHILD-HILLER FH-277 
	125 10 31 14 1(19) 
	3 8 18 . 150 4 10 14(20) 55(16) 131(36) 16 1(23) 1 6 6 5(4) 

	TR
	13 NIHON <fAIRCHILD-SAAB SF-340 (5) Metro 15 
	28 (5) 

	TR
	rr-25 15 13 8 ---r018 63 5 8 40 (6) (5) (4) (6) I(lTAL VS-ll 
	6 27 48 171 47 (19) (3) (3) 
	6 24 32 95 5 670 (16) (20) (19) (150) 

	TR
	OC=AIR CALlrORNIA QH=AIR FLORIDA ZV=AIR MIDWEST NE=AIR NEW ENGLAND ~J=ATR PACIFIC ---MI=MACKEY INTERNATIONAL AP=ASPEN ML=M1DWAY ZW=AIR WISCONSIN OZ=OZARK FL=FRONTIER PS=PSA 
	PI=PIEDMONT RC=REPUBLIC RW=REPUBLIC WEST NV=$OUTHWEST 
	TI=TEXAS INTERNATIONAL AL=US AIR FW=WRIGHT 


	The extent to which the use of antimisting fuel affects the utilization of aircraft in revenue passenger service will be reflected in changes in the number of hours flown and the number of passengers carried. There are several alter­native measures of number of hours including: total flight hours; total revenue flight hours; block hours; and average daily utilization. 
	Total flight hours include all accumulated flight time in both revenue and nonrevenue service. For most major air carriers, flight hours in nonrevenue service (e.g. training activity or shipment of aircraft to maintenance base) are a small percentage of total flight time. Total revenue flight hours, therefore, represent a good approximation to total flight hours. Revenue flight hours indicate which segments of the fleet are utilized most in revenue service, and hence provide a basis for the relative ranking
	Total revenue flight time could be affected by the introduction of antimisting fuel. For example, the conversion of existing aircraft to an antimisting fuel­compatible state could temporarily reduce the number of aircraft assigned to carrier operations, if the conversion process cannot be completed within normal maintenance cycles. Such a reduction in the number of aircraft in service could affect the annual cumulative flight time through either an increase in the average annual flight time for available ai
	Total flight time logged in turbine-powered aircraft of the domestic commercial fleet exceeded 7.3 million hours in 1979, according to the FAA. Of this total, certificated route carriers accounted for 6.7 million flight hours, or about 92% of total flight hours. According to data published by the CAB, the domestic operations of the trunk carriers in 1979 involved approximately 4.1 million airborne hours in revenue service. Approximately 1 million hours were also logged in the international and territorial o
	Table 7 (Reference 32) details airborne hours in revenue utilization by type of aircraft for the trunk and local service carriers. These data indicate that the 
	most extensively used aircraft is the Boeing 727. In 1979, the domestic trunk 
	airlines logged over 60% of the total revenue airborne hours in the various versions of this aircraft. 
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	TABLE 7. REVENUE UTILIZATION BY AIRCRAFT (1979). 
	Trunk Carrier Aircraft B-727-200 B 727-100 OC-9-30 
	OC-I0-1O 
	L-I011 B-707-100B 
	B-737-200 
	B-747 B-727-100C/QC 
	OC-8-61 
	OC-8-50 
	B-707-300B 
	OC-9-50 B-707-300C 
	OC-I0-40 
	OC-9-10 
	OC-8-62 
	A-300B 
	Local Service 
	OC-9-30 
	B-737-200 
	OC-9-10 
	CV-580 
	BAC-111-200 
	OC-9-50 
	YS-11 
	FH-227 
	B-727-200 
	Metro II 
	DHC-6 
	MO-298 
	Total Revenue lliqht Hours D~7,437 
	700,105 286,572 260,554 218,313 214,130 159,826 127,688 125,639 116,348 62,349 57,711 53,620 50,256 47,534 43,375 28,632 22,839 
	380,672 170,963 157,427 99,027 75,267 47,412 35,610 17,223 12,543 12,348 7,086 3,998 
	Hours Per Oay
	8.59 
	7.72 
	7.52 
	9.28 
	8.62 
	8.35 
	6.44 
	0.64 
	8.36 
	8.48 
	7.05 
	7.49 
	8.62 
	8.51 
	6.28 
	8.37 
	8.88 
	8.37 
	7.68 
	7.82 
	7.77 
	5.70 
	6.95 
	7.36 
	6.66 
	3.63 
	7.95 
	4.87 
	6.49 
	4.74 
	While the 727 is clearly the aircraft most extensively used, it is the Boeing 747 which is utilized the most hours per day. As shown in Table 7, the 747 is, on average, engaged in revenue service over 10.5 hours per day. This is consistent with the design characteristics for the aircraft. The 747 was conceived and designed for long-range heavy transport. While the 747 is typically airborne longer than other aircraft, its use in long-haul transport and average daily utilization implies that the aircraft make
	landings than aircraft which are operated less hours, but over shorter stage 
	lengths. 
	Consideration of distance flown is important to the development of flight profiles for aircraft operations. Oistance is generally described in terms of a stage length, which is defined as the number of miles between takeoff and subsequent landing. Important elements of flight operations, including cruising altitude and cruising speed, are determined on the basis of the stage length over which operations will occur. In addition, other factors such as environ­mental conditions (e.g. temperature) which may aff
	25 
	are influenced by the operational-decisions which are in turn determined by the length of the flight stage. Table 8 (Reference 33) compares stage lengths across aircraft use in trunk and local service operations. 
	TABLE 8. AVERAGE STAGE LENGTH BY AIRCRAFT (1979) 
	Stage 
	Stage 
	Stage 
	Length (mil es) 

	Aircraft 
	Aircraft 
	Trunk 

	B-747 
	B-747 
	2,020 

	OC-I0-1O 
	OC-I0-1O 
	1,497 

	OC-8-62 
	OC-8-62 
	1,430 

	B 707-300C 
	B 707-300C 
	1,214 

	DC-8-50 
	DC-8-50 
	1,088 

	B-707-300B 
	B-707-300B 
	1,030 

	B-707-100B 
	B-707-100B 
	1,013 

	L-I011 
	L-I011 
	1,000 

	OC-8-61 
	OC-8-61 
	975 

	A 300B 
	A 300B 
	893 

	OC-1O-40 
	OC-1O-40 
	782 

	B-727-100 
	B-727-100 
	645 

	B-727-200 
	B-727-200 
	574 
	552 

	DC-9-50 
	DC-9-50 
	403 
	232 

	OC-9-30 
	OC-9-30 
	356 
	316 

	OC-9-1O 
	OC-9-1O 
	346 
	315 

	B-737-200 
	B-737-200 
	309 
	327 

	BAC 111 
	BAC 111 
	231 

	CV 580 
	CV 580 
	117 

	YS 11 
	YS 11 
	116 

	FH 227 
	FH 227 
	110 

	OHC 6 
	OHC 6 
	106 


	Table 9 (Reference 34) compares the total annual departures and average depar­tures per aircraft for the domestic trunk and local service carriers. These data confirm that the local service carriers generally execute more departures on a per aircraft basis than their trunk counterparts. For example, comparison of aircraft which are in the fleets of both the trunk and local service carriers (especially the B-737 and DC-g) indicate that the local service carriers perform between 15% and 34% more departures pe
	While the operations of local service carriers result in a higher average number of departures per aircraft, the domestic trunk carriers performed a far greater number of departures because of a higher traffic volume and greater number of aircraft in service. Since antimisting fuel has the potential to reduce fire fatalities resulting from accidents during takeoff and landing, the number of departures is an important consideration. 
	Another consideration with respect to the impact of antimisting fuel on both safety and air carrier economic performance is how heavily aircraft are utilized in providing revenue passenger service. The principal measures of passenger traffic include the total number of revenue passengers enplaned, the number of revenue passenger-miles generated, and the average number of revenue passengers per aircraft mile. Enplanements measure the total number of passengers using 
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	TABLE 9. 
	Domestic Trunk 
	A300 B B-707-100B B-707-300 B-707-300B B-707-300C B-727-100 B-727-100C/QC B-727-200 B-737-200 B-747 
	--_~ __ 
	L-1101 

	DC-8-50 DC-8-61 DC-8-62 DC-9-10 DC-9-30 DC-9-50 DC-10-10 DC-1O-40 
	Local Service 
	Turbofan 
	B-727-100. B-727-200. B-737. BAC-111-200. DC-9-10. DC-9-30. DC-9-50. 
	Turboprop 
	CV 580. 
	DHC-6. 
	FH-227. 
	Metro II. MO 298. 
	YS 11. 
	ANNUAL DEPARTURES 
	Total Annual Departures (000) 
	11.5 
	97.4 
	2.3 
	25.5 
	19.6 
	474.3 
	93.0 
	855.7 
	190.0 
	32.0 
	103.3 
	27.5 
	54.2 
	9.6 
	47.4 
	301.3 
	51.4 
	85.0 
	27.4 
	43.9 
	10.1 
	196.5 
	104.3 
	184.9 
	450.5 
	72.3 
	198.9 
	11.4 
	30.4 
	22.2 
	5.2 
	64.2 
	BY AIRCRAFT (1979) 
	Average Departures Per Aircraft 
	1909. 1385. 1180. 1209. 1210. 1909. 2258. 1535. 2794. 973. 1488. 
	. 1136---. 
	1441. 1091. 2618. 2892. 3041. 1105. 1317. 
	2613. 2349. 3280. 3510. 3332. 3315. 4085. 
	4179. 3800. 2338. 3217. 2260. 4397. 
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	air travel services. Consideration of this variable is critical in examining 
	the potential benefits of antimisting fuel introduction, as well as providing a unit basis for assessing cost impacts. Alternatively, cost impacts could be normalized based on revenue passenger-miles. 
	Annual revenue passenger traffic is highest for the 727, for which over 113.8 million enplanements and 85 billion revenue passenger miles were recorded in jet~, with significantly larger capacities, account for fewer revenue passenger miles because there are fewer of such aircraft in service. The Boeing 747, for example, generated 16.7 billion revenue passengermiles with 8.3 million enplanements in 1979. The McDonnell-Douglas DC-10-10 generated 19 billion revenue passenger miles with 15.4 million enplanemen
	1979. The wide-bodied 

	Figure 8 shows the trend in revenue passenger enplanements during the 1970's. Passenger enplanements have exhibited an upward trend and reached an all time high in 1979 with approximately 293 million passengers carried in domestic travel. The number of enplanements is largely determined by the general level of economic activity and prices, which influences business and discretionary
	leisure travel. 
	TYPES OF SERVICE. 
	While the aviation industry currently offers a broad range of air travel services, a basic distinction can be drawn between passenger (including combi­nation passenger/cargo) and all-cargo services. Although the use of antimisting fuel may also reduce damage to property, its most significant potential impactwill be in reducing the probability of fatalities in aviation accidents. Hence, passenger services are a logical focus of the analysis. 
	Within the category of passenger services, a distinction can be drawn be­tween the scheduled and nonscheduled services. Scheduled services include the operations of the trunk airlines (including the major and national airlines) and local service carriers (i .e. small and medium regionals). In addition, intra­state airlines and commuters which operate on the basis of a published schedule are also included in the scheduled services. Carriers offering nonscheduled services include the supplemental carriers, (e
	While the domestic trunk and local service carriers also offer nonscheduled services, such ser'vices constitute a relatively insignificant portion of their total business. For all the domestic trunk carriers, nonscheduled services represented only about 1% of total revenue passenger-miles generated in 1980. Such services represented about 2% of total revenue passenger-miles for local service carriers (Reference 35). 
	Industry deregulation has already begun to blur the distinctions between these carrier groups. For example, members of the supplemental carrier group, 
	including Capitol International and World Airways, have expanded their activi­
	ties to offer more scheduled services. 
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	A category of service which has demonstrated substantial growth in recent years 
	has been commuter services. Annual growth in the number of passengers enplaned for this group of carriers averaged 10.4% per year from 1970 to 1980. For the 12 months ending June 1980, commuter air carriers reported about 11 million origin and destination passengers, accumulating about 1.4 billion passenger mil es. 
	As with other air carrier groups, the commuter group is also in a state of flux. The number of carriers reporting to the CAB increased by 9.0%. While a number of new carriers entered the commuter market, other carriers which had formerly been designated commuters joined the ranks of the certificated carriers. Table 10 (Reference 36) summarizes commuter operations. 
	TABLE 10. COMMUTER AIR CARRIER PROFILE 
	1980 1979 
	Number of Carriers 2M 2b! Passenger 253 N/A All-cargo 38 N/A 
	Passengers (thousands) 11322 10516 Passenger-miles (millions) 1359 1207 
	Airports Served 822 819 Total Passenger Markets 2126 1888 
	Average Trip (miles) 120 115 
	N/A: Not Available 
	Table 11 (Reference 37) presents data on the top ten commuter carriers, ranked in terms of total number of passengers and revenue passenger miles. 
	TABLE 11. MAJOR COMMUTER AIR CARRIERS, 1980 
	TABLE 11. MAJOR COMMUTER AIR CARRIERS, 1980 
	TABLE 11. MAJOR COMMUTER AIR CARRIERS, 1980 

	Carrier 
	Carrier 
	No. of Turbine­Powered Aircraft 
	PassengersNo. Rank 
	Passenger-Miles NO.~ooo) Rank 

	Prinair* 
	Prinair* 
	2 
	761447 
	1 
	613 6 
	3 

	Ransome Airlines 
	Ransome Airlines 
	19 
	752913 
	2 
	89614 
	1 

	Rio Airways Metro Airlines 
	Rio Airways Metro Airlines 
	24 21 
	472783 420090 
	3 4 
	66192 35013 
	2 9 

	Pennsylvania Commuter Henson Aviation 
	Pennsylvania Commuter Henson Aviation 
	16 12 
	410979 385052 
	5 6 
	47636 36924 
	5 8 

	Provincetown-Boston** 
	Provincetown-Boston** 
	5 
	308493 
	7 
	33038 
	10 

	Cascade Airways Rocky Mountain Swift Aire 
	Cascade Airways Rocky Mountain Swift Aire 
	13 4 8 
	297355 255900 155509 
	8 9 10 
	49804 26311 39628 
	4 14 7 

	Bar Harbor 
	Bar Harbor 
	16 
	201522 
	13 
	41115 
	6 


	* Fleet includes 24 Piston engine aircraft. ** Fleet includes 33 Piston engine aircraft. 
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	The top ten commuter carriers (based on revenue passenger miles) generated about 37% of total commuter carrier revenue passenger-miles. The top twenty commuters generated more than 50% of the revenue passenger-miles and more than 50% of the enplaned passengers. While a few commuter carriers may thus be considered to be dominant, the market for commuter services is quite fragmented, as evidenced by the large number of carriers and passenger markets. A majority of these markets, however, are quite small. Abou
	Many of the smaller commuter carriers operate only piston-engined aircraft, and hence would not be directly affected by a requirement to use antimisting fuel. However, many commuter carriers do operate turbine-powered aircraft, and may be required to use antimisting fuel. It is significant to note that the commuter carriers reporting the most enp1anements and revenue passenger miles accounted for less than 25% of turboprop aircraft in the commercial fleet. An undeter­mined proportion of the remaining turbop
	FLIGHT PROFILES. 
	The flight profiles are important elements of the analysis of fleet operations, since they describe the various phases of flight and the operational and environmental factors appropriate to a flight over a specified stage length. The flight profiles presented below are based on typical flight plans for selected aircraft. Figure 9 (Reference 38) illustrates the phases of flight which the flight plan must anticipate including: takeoff; climb; acceleration; cruise; descent; approach; and landing. 
	The sequence from climb to cruise at altitude may include intermediate steps to initial cruise altitude and a series of step climbs to final cruise altitude. The flight plan typically includes, as a contingency, a plan for flight to an alternate airport. An important part of the flight plan for both the destina­tion and alternative airport is the calculation of total fuel requirements. This calculation is based on factors including wind speed, cruise speed and altitude, and gross weight of the aircraft. In 
	Three flight profiles for the 727 developed for stage lengths of 1500, 1000, and 200 nautical miles and representing long, medium, and short flights, are presented in Tables 12 through 14. Each profile presents estimated values for critical external and operating parameters at various phases of flight. Three additional flight plans for the De Havilland DH6-6 Twin Otter are presented in Tables 15 through 17. 
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	ORIGIN DESTINATION ALTERNATE 
	FIGURE 9. STANDARD FLIGMT PROFILE 
	TABLE 12. SAMPLE LONG-RANGE FLIGHT PLAN 727-200*: 1500 NAUTICAL MILES. 
	Figure
	To: I (lOOft) ( . C) Wind ()() ()() () ( ) ( )( TOC , 280 -40 0 375 158 158 25 25 7500 7500 37000 PtA I 280 -40 0 460 152 310 20 45 3300 10800 33700 PtB I 310 -46 0 458 458 768 60 105 9200 20000 24500 BOD I 350 -54 0 450 617 1385 82 187 11400 31400 13100 Dest I 0 0 324 115 1500 22 209 1600 33000 11500 
	3:29 (hr:min) 
	w w 
	w w 
	w w 
	AIt : Altitude BOO: Beginning of descent Dest: Destination Dist: Distance hr : Hours kts : Knots min: Minutes nm : Nautical miles PtA : Enroute point to PtB : Climb to most efficient altitude Temp: Temperature TIO : Take-off TOC : Top of climb 
	Fuel to destination Alternate Reserve Total required fuel 
	(lbs) 
	33000 5700 5800 ~ 

	TR
	* Assumptions: No wind, i.e., averaging east-and west-bound flight plans;standard temperature day; gross weight at TIO 177,900 lbs max; 0.78 Mach cruise. 

	TR
	** Altitude and altitude temperature will approximately hold for transport aircraft flying over the given stage length. 
	most 


	Ground Segment Total Segment Total SegmentSpeed Distance Dist Time Time Fuel To: I (lOOft) (·C) Wind (kts) (nm) (nm) (min) (min) (lbs) 
	TOe I 310. -46 0 382 140 140 22 22 6700 
	PtA I 350. -46 0 458 168 308 22 42 3300 
	BOD I 350. -54 0 450 577 885 78 120 10900 
	Dest I0 0 324 115 1000 22 142 1600 2':"22 (hr:min) 
	A1t : Altitude Fuel to destination BOD : Beginning of descent Alternate Dest: Destination Reserve Dist: Distance Total Fuel required (lbs) 
	w 
	~. hr : Hours kts : Knots min : Minutes nm : Nautical miles PtA : Enroute point to Temp: TemperatureTIO : Take-off TOC : Top of climb 
	*. Assumptions: No wino, i.e., averaging east-west-bound flight plans; standard temperature day; gross weight at TIO 160,000 lbs; 
	0.78 Mach cruise. 
	**. Aititude and altitude temperature will approximately hold for most transport aircraft flying over the given stage length. 
	TABLE 13. SAMPLE MEDIUM-RANGE FLIGHT PLAN 727-200*: 1000 NAUTICAL 
	TABLE 13. SAMPLE MEDIUM-RANGE FLIGHT PLAN 727-200*: 1000 NAUTICAL 
	TABLE 13. SAMPLE MEDIUM-RANGE FLIGHT PLAN 727-200*: 1000 NAUTICAL 

	MILES 
	MILES 

	Total 
	Total 
	Fuel 

	Fuel (1 bs) 
	Fuel (1 bs) 
	Remaining (lbs) 

	6700 
	6700 
	27300 

	10000 
	10000 
	24000 

	20900 
	20900 
	13100 

	22500 
	22500 
	11500 

	22500 
	22500 

	5700 
	5700 

	5800 
	5800 

	34000 
	34000 


	TABLE 14. SAMPLE SHORT-RANGE FLIGHT PLAN 727-200*: 200 NAUTICAL MILES. 
	To: I (lOOft) ( •C) Wind
	210 -27 0 332 66 66 12 12 4400 4400 14800.
	I 

	TOC. Dest 210 -27 0 477 134 200 17 29 3300 7700 11500. 
	Alt : Altitude Fuel to destination 7700. Dest: Destination Reserve 45 min 5800. Dist: Distance Alternate 5700. hr : Hours Tota1 fue1 (1bs) 'I92'OO. kts : Knots. min : Minutes. nm : Nautical miles. Temp: Temperature. TOC : Top of climb. 
	w. * Assumptions: Standard temperature day; gross weight 150 OOO 1bs;. 
	U1 
	t 

	0.78 Mach cruise; alternate fuel includes missed approach at. dest, climb cruise to alternate.. 
	**. Altitude and altitude temperature will approximately hold for most. transport aircraft flying over the given stage length.. 
	Figure
	( ) ( ) ( ) ( ) ( ) ( ) ( ) ( 
	TABLE 15. SAMPLE LONG-RANGE FLIGHT PLAN DHC-6-100 OR 200*: 275 NAUTICAL MILES. 
	TABLE 15. SAMPLE LONG-RANGE FLIGHT PLAN DHC-6-100 OR 200*: 275 NAUTICAL MILES. 
	TABLE 15. SAMPLE LONG-RANGE FLIGHT PLAN DHC-6-100 OR 200*: 275 NAUTICAL MILES. 

	To: 
	To: 
	I 
	(100ft) 
	Temp**( .C) 
	Wind 
	Ground Speed (kts) 
	Segment Distance (nm) 
	Total Dist (nm) 
	Segment Time (min) 
	Total Time (min) 
	Segment Fuel pbs) 
	Total Fuel (lbs) 
	Fuel Remaining (lbs) 

	TOC 
	TOC 
	100 
	-5 
	0 
	90 
	15 
	15 
	10 
	10 
	100 
	100 
	1644 

	BOD 
	BOD 
	100 
	-5 
	0 
	158 
	203 
	218 
	77 
	87 
	642 
	742 
	1002 

	Dest 
	Dest 
	0 
	15 
	a 
	171 
	57 
	275 
	20 
	107 180 1:47 (hr:min) 
	922 
	822 

	W 0'\ 
	W 0'\ 
	Alt BOD Oest: Dist: hr kts : min : nm Temp: T/O : TOC : 
	Altitude Beginning of descent Destination Distance Hours Knots Minutes Naut i ca 1 mil es Temperature Take-off Top of cl imb 
	Fuel for taxi and runupFuel to destination Fuel to alternate Fuel for reserve Total required (lbs) (Approx 2550 lbs payload 
	100 922 330 392 I744 available) 

	TR
	* Assumptions: No wind; standard temperature day; gross weight 11,579 lbs at T/O; 100 lbs fuel for taxi and runup; 30 minutes to alternate @5,000; maximum power used for T/O and climb; 45 minutes reserve fuel at normal cruise; SaO/min rate of descent for unpressurized aircraft. 

	TR
	** 
	Altitude and altitude temperature will approximately hold for commuter aircraft flying over the given stage length. 
	most 


	TABLE 16. SAMPLE MEDIUM-RANGE FLIGHT PLAN DHC-6-100 OR 200*: 150 NAUTICAL MILES. 
	To: Wind 
	TOC 800 -10 94 11 11 07 07 75 75 1267 
	BOD 800 -1 0 155 93 104 37 44 300 375 967 
	0 15 0 172 46 150 16 60 145 520 822
	Dest 
	Dest 
	Alt : Altitude Fuel for taxi and runup 100 BOD : Beginning of descent Fuel to destination 520 Dest: Destination Fuel to alternate 330 Dist: Distance Fuel for reserve 392 kts : Knots Total required (lbs) 1342 min: Minutes (Approx 2,950 lbs payload available) 

	nm : Nautical miles 
	w. 

	--...J 
	Temp: Temperature. T/0 : Take-off. TOC : Top of climb. 
	*. Assumptions: No wind; standard temperature day; gross weight 11,579 lbs @T/O;100 lbs fuel for taxi and runup; max power used for T/O and climb; 45 min reserve fuel at normal cruise; 500/min rate of descent for unpressurized aircraft. 
	** Altitude and altitude temperature will approximately hold for most. commuter aircraft flying over the given stage length.. 
	TABLE 17. SAMPLE SHORT-RANGE FLIGHT PLAN DHC-6-100 OR 200*: 50 NAUTICAL MILES. 
	Figure
	To: I 
	Wind 
	(lOOft) C·C) 

	TOC 40 70100 5 5 03 03 40 401002 
	BOD 40 70 149 73 28 09 12 105 145 897 
	Dest 0 150 164 22 50 08 20 75 220 822 
	Alt : Altitude Fuel for taxi and runup 100 BOD : Beginning of descent Fuel to destination 220 Dest: Destination Fuel to alternate 330 Dist: Distance Fuel for reserve 392 hr : Hours Total required (lbs) ~ kts : Knots (Approx 3250 lbs payload available) min : Minutes 
	(.,..1 
	co. nm : Nautical miles Temp: Temperature T/O : Take-off TOC : Top of climb 
	*. Assumptions: No wind; standard temperature day; gross weight 11,579 lbs. @T/O; 100 lbs fuel burn for taxi and runup; 30 min to alternate @5000;. max power used for T/O and climb; 45 min reserve fuel at normal cruise;. 500/min rate of descent for unpressurized aircraft.. 
	**. Altitude and altitude temperature will approximately hold for most. commuter aircraft flying over the given stage length.. 
	Some basic assumptions are built into these flight plans. These assumptions 
	include the following: 
	• 
	• 
	• 
	standard temperature day; 

	• 
	• 
	• 
	zero wind speed; 

	• optimal cruise speed at altitude; and 

	• 
	• 
	full payload, including specific fuel complement. 


	For flight planning purposes, a standard temperature day is one where sea level temperature is approximately 59·F. Variations from the standard are measured and may influence the pilot's decisions with respect to cruise altitude or other operational considerations. In practice, actual flying conditions are likely to vary from the standard. The assumption of zero wind is made in order to simplify the calculations and reflect the differences between east-and west­bound traffic. Head (or tail) winds may necess
	TABLE 18. VARIABLES FOR A TYPICAL FLIGHT PLAN 
	1.. 
	1.. 
	1.. 
	Gross weight of aircraft including payload and fuel 

	2.. 
	2.. 
	Temperature-ground, aloft 

	3.. 
	3.. 
	Restricted altitude, unable to use most efficient. route due to traffic. 

	4.. 
	4.. 
	Winds aloft 

	5.. 
	5.. 
	Forecast turbulence at altitude 

	6.. 
	6.. 
	Choice of, and distance to, alternate 

	7.. 
	7.. 
	Enroute weather deviations 

	8.. 
	8.. 
	Expected traffic delays 


	An emergency procedure which may be of concern with respect to aircraft uti­lizing antimisting fuel is fuel dump at altitude in the case of emergency landings. For flights aborted shortly after take off, a standard procedure involves the jettisoning of unburned fuel. With Jet A, the dumped fuel is vaporized and dispersed in the atmosphere. Further examination of how the properties of antimisting fuel would effect this emergency procedure may be warranted. 
	39. 
	5. ECONOMIC FACTORS. 
	The economic factors which are of concern with respect to the introduction and use of antimisting fuel may be viewed from several different perspectives. For example, innovation and change in fuel and aircraft technology may profoundly affect aircraft manufacturers and other suppliers. One economic effect of technological change may be the entry of new firms supplying antimisting additives, carrier fluids, or devices to restore physical properties of the fuel. FroITI the viewpoint of aircraft operators, the
	From among these various perspectives, the principal concern is with how the use of antimisting fuel in the commercial aircraft fleet may affect the operations of domestic airlines. In order to understand and address this concern, we examined specific costs of airline operations which may be affected by the introduction and use of antimisting fuel. While the economic factors related to industry suppliers, consumers, and the government are also important, the focus in this Section will be on the aircraft ope
	The introduction of antimisting fuel may significantly affect several elements of costs for air transportation including capital, operating, servicing, and maintenance costs. Increased capital cost may result from increases in the price of new aircraft, retrofit expenditures for existing aircraft, or retrofit expenditures for the modification or addition of ground facilities. The major operating cost element will be the cost of antimisting fuel. Aircraft servicing and maintenance costs may also be increased
	CAPITAL COSTS. 
	The introduction of antimisting fuel could require significant additional capital expenditure by ·aircraft operators and aircraft manufacturers. These capital expenditures are discussed below for four major categories of expend­iture including: aircraft currently in use in the commercial fleet; aircraft in production; new, proposed aircraft, not yet in production; and ground facil­iti es. 
	The introduction of antimisting fuel could affect the capital expenditure programs of aircraft operators by requiring the retrofit of existing aircraft to accomodate use of the new fuel. This retrofit of aircraft currently in the commercial fleet may be necessary to provide performance characteristics comparable to those attained with existing fuel types. A retrofit program would result in modification of existing aircraft systems (i.e., the airframe fuel and engine systems) through the redesign, replacemen
	The necessity of such a retrofit program would involve 
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	the fleet are retired early due to the costs of retrofitting existing aircraft. Clearly, the extent and direction of such trade-offs would be determined primarily by the costs of a major retrofit program. 
	the fleet are retired early due to the costs of retrofitting existing aircraft. Clearly, the extent and direction of such trade-offs would be determined primarily by the costs of a major retrofit program. 
	Modification programs have, in the recent past, involved a significant capital commitment by aircraft operators. Examples of such modification programs are the re-engining of the McDonnell-Douglas DC-8, and the engine noise reduction program for the Boeing 707. A recent proposal for another major modification program involves a reconfiguration of the Boeing 727 from a 3-engine to a 2-engine aircraft to improve fuel efficiency. A program such as this is attractive to aircraft operators since it allows for th
	The extent to which such competition will occur will depend on the current utilization of capacity by aircraft operators, and the anticipated growth in demand for air travel. In the past, the industry has faced situations of overcapacity which have necessitated the disposal of aircraft well before the end of the typical 20-year useful life of modern aircraft. The response of the industry to mandated introduction of antimisting fuel in a situation of over­capacity might be to reduce capacity through early re
	At this stage, precise information on the extent of these costs is not avail­able. While detailed information on the costs of retrofit are uncertain, there is information available on other capital commitments of the airlines. Consideration of these financial commitments is useful, particularly since a major component of capital expenditure is the acquisition of new aircraft. 
	Capital requirements for new aircraft acquisition are composed of two principal elements. These include the need to replace aircraft rendered obsolete by advances in aviation technology and other factors, and the need to expand capacity through the addition of aircraft to the fleet. For the period 
	1977-1989, the capital requirements of the domestic trunk airlines have been estimated at about $83.8 billion (Reference 39). Of this, $33.4 billion are required for replacement purposes, and $50.4 billion are estimated to be 
	necessary to meet the expected growth in demand. 
	At the end of the third quarter of 1979, the airlines had reported financial commitments to equipment suppl'iers in excess of $24 billion, including aircraft on order, modifications, spare parts, and ground property and equipment. Of 
	this total, $10.6 billion was committed for the acquisition of new aircraft 
	(Reference 40). Included in these acquisitions were 21 Boeing 757 and an estimated 91 Boeing 767 aircraft. By mid-1981, about 100 orders for the 757 were expected to be placed, with about 170 orders for the 767 (Reference 41). 
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	Commitments for the purchase of these aircraft represent a major fleet modern­ization and/or expansion effort by the large trunk air carriers. Many of these new aircraft will enter revenue service by the mid-1980's. Hence, the intro­duction of antimisting fuel will affect many of these aircraft in a manner similar to aircraft already in operation. That is, existing commitments to design, production tooling, and delivery schedules will mean that retrofit will be required for aircraft delivered before commerc
	A different set of capital costs will be encountered for existing aircraft designs and those developed after the introduction of antimisting fuel. For the latter group, aircraft manufacturers may initially bear a portion of the total capital cost, since incorporating antimisting fuel-compatible design into production aircraft may entail changes in production equipment and tooling. However, any such changes in the manufacturers' fixed costs are likely to be reflected in the pricing structure. Similarly, any 
	FUEL COSTS. 
	The component of operating costs most likely to be affected by the introduction of antimisting fuel is fuel costs. Fuel costs may be affected in three princi­pal ways. First, the unit cost of antimisting fuel will be higher than that of Jet A, primarily due to the additional material, processing, and blending costs of the polymeric additive and carrier fluid. Second, differences in the BTU content of antimisting fuel as compared to that of Jet A could mean that the total amount of fuel required to provide a
	In recent years, fuel has come to represent an increasingly significant cost element for aircraft operations. For example, between 1970 and 1980 domestic trunk and local service carriers experienced a compound rate of increase in total fuel costs (in nominal terms) of approximately 24% per year. Over this period, fuel costs for carriers increased from $1.1 billion to $9.2 billion 
	(Reference 42). By 1980, at least one carrier was forecasting fuel costs for 
	its operations alone to reach $1 billion before 1982 (Reference 43). 
	While fuel costs were rising so dramatically, the efficiency of fuel use by air carriers also increased significantly. One measure of the efficiency of fuel consumption in commercial aviation operations is the number of available seat­miles generated per gallon of fuel. In 1970, the scheduled carriers produced
	27.6 available seat-miles per gallon. In 1980, over 42 available seat-miles per gallon were produced. It is of interest to note that during this period fuel consumption increased at a rate of only 0.6% per year. The low rate of increase in fuel consumption reflects the more conservative use of fuel, given higher and rising prices. This increase in efficiency was due in large measure to the increasing use of more fuel-efficient power plants. Another trend associated with the rise in fuel efficiency has been 
	In spite of these trends indicating slow growth in fuel consumption and improve­ment in fuel efficiency, the airlines are faced with a growing burden of fuel costs. In 1970, fuel costs represented about 13% of operating expenses for trunk and local service airlines. By 1980, the proportion of fuel costs in total operating expenses had increased to over 30%. Fuel costs represent an even higher percentage of expenses for flying operations (Reference 44). For example, for the Boeing 747, fuel costs (including 
	In the face of such increasing costs, the response of the carriers has been to control fuel costs through increased efficiency of operations. For example, more careful flight planning and operational decisions by flight personnel can significantly reduce fuel consumption. More frequent maintenance of the airframe and engines are also important in improving fuel efficiency. Since such operational and maintenance decisions are to an extent discretionary, there is variation among the airlines in the success ac
	TABLE 
	TABLE 
	TABLE 
	19. 
	FUEL 
	COSTS 
	AS 
	A PERCENTAGE 
	OF 
	OPERATING COSTS 

	TR
	Total 
	Aircraft 

	TR
	Flying Operations* 
	Operating Expenses** 


	1979 1978 TY'unk Carriers A-30GB 67.0 60.7 B-707-100B 68.7 63.0 B-707-300 63.2 66.5 6-707-300B 70.0 64.1 6-707-300C 66.8 61.0 B-720B 61.1 59.1 B-727-100 62.2 58.6 B-727-100C/QC 68.1 60.5 B-727-200 68.0 61.8 B-737-200 53.1 48.2 6-747 77 .3 72.9 L-1011 73.4 67.2 OC-8-50 67.3 62.3 OC-8-61 68.1 64.0 
	OC-8-62 66.0 60.0 OC-9-10 58.6 52.0 OC-9-30 63.1 56.7 OC-9-50 65.0 56.8 OC-10-1O 68.9 66.0 OC-10-30 N/A 68.3 OC-10-40 75.5 67.1 
	Local Service Aerospatiale MO 298 28.8 37.7 BAC 111 59.9 54.7 B-727-200 62.2 52.2 B-737-200 64.9 58.0 OHC-6 31.3 22.0 FH-227 45.8 47.1 F-27 N/A36.9 CV-580 51.4 44.2 CV-600 N/A 43.0 OC-9-10 66.2 60.1 OC-9-30 64.3 54.6 OC-9-50 67.5 58.4 NAMC-YS-11 52.4 47.0 Swearingen Metro II 37.0 40.0 
	Includes fuel, flight crew, insurance, and other
	* 
	to flying operations. 
	1979 
	45.6 
	47.7 
	52.7 
	49.2 49.4 41.5 46.1 50.2 42.9 36.7 51.7 45.1 49.0 48.3 46.4 42.0 46.7 47.9 42.9 N/A 
	50.0 
	10.0 41.3 46.6 45.6 20.0 22.9 N/A 
	30.3 N/A
	46.9 
	44.8 
	52.3 
	29.3 
	11.3 
	costs 
	1978 
	41.3 
	41.0 
	49.6 
	43.0 
	43.6 
	36.5 
	40.2 
	41.7 
	43.5 
	33.8 
	42.9 
	37.0 
	43.5 
	43.0 
	37.0 
	34.8 
	39.1 
	39.2 
	39.4 
	44.4 
	37.9 
	13.2 
	34.8 
	39.0 
	38.0 
	14.0 
	23.5 
	17.5 
	23.7 
	26.9 
	41.1 
	39.5 
	42.6 
	25.1 
	17.1 
	directly related 
	**. Includes in addition to flying operations: maintenance depreciation, and amortization costs. 
	N/A: Not Available 
	N/A: Not Available 
	The efforts of operators to optimize consumption through controlling physical and operational variables have succeeded in slowing the growth rate of fuel consumption. As shown in Table 20 (Reference 46), the aggregate level of jetfuel consumption for certificated route carriers was relatively stable through­out the 1970's. The wide variation in fuel consumption characteristics of turbine-powered aircraft of domestic carriers is shown in Tables 21 (Reference 47) and 22 (Reference 48). 

	TABLE 20. CERTIFICATED CARRIER JET FUEL CONSUMPTION (million gal.) 
	TABLE 20. CERTIFICATED CARRIER JET FUEL CONSUMPTION (million gal.) 
	TABLE 20. CERTIFICATED CARRIER JET FUEL CONSUMPTION (million gal.) 

	Year 1969 
	Year 1969 
	Trunk 7272 
	Local Service 542 
	Other* 70 
	Total 7884 

	1970 
	1970 
	7105 
	609 
	68 
	7782. 

	1971 
	1971 
	7050 
	610 
	68 
	7728 

	1972 
	1972 
	7172 
	642 
	72 
	7886 

	1973 
	1973 
	7451 
	728 
	85 
	8264 

	1974 
	1974 
	6612 
	720 
	90 
	7422 

	1975 
	1975 
	6650 
	726 
	100 
	7476 

	1976 
	1976 
	6945 
	786 
	108 
	7839 

	1977 1978 1979 1980 
	1977 1978 1979 1980 
	7240 7500 7900 7400 
	860 900 100 110 
	N/AN/A N/A N/A 
	8100 8400 8900 8500 


	*Includes Intra-Alaskan, Intra-Hawaiian, etc. 
	Note: Totals may not sum due to rounding. 
	N/A: Not Available 
	Table 21 compares fuel consumption characteristics of selected aircraft under three different operating regimes: maximum cruising speed, cost-economical operations, and long-range operations. These data show differences in fuel con­sumption between various types of aircraft, as well as indicating such differen­ces for the same aircraft operating under different conditions. In addition, for certain aircraft, the effect of the power plant option on fuel consumption is also indicated. 
	Table 22 presents data on fuel consumption characteristics of various aircraft in certificated route service based on operational data for 1979. For all trunk aircraft during that year, the range of fuel consumption varied between 834 gallons/block hour (for the Boeing 737-200) and 3,238 gallons/block hour (forBoeing 747). The average rate of fuel consumption for the trunk operations of the Boeing 727-200, for example, was 1,325 gallons/hour in 1979. The range of fuel consumption for this aircraft among tru
	The degree of success in minimizing fuel consumption is indicated by the fact that between 1978 and 1979, the rate of fuel consumption in the commercial fleet decreased at an average rate of about 0.6% for the trunk carriers in domestic operations (Reference 49). For local service operations, fuel consumption rates for jet aircraft were decreased by an average of about 1.6%, although the rate 
	The degree of success in minimizing fuel consumption is indicated by the fact that between 1978 and 1979, the rate of fuel consumption in the commercial fleet decreased at an average rate of about 0.6% for the trunk carriers in domestic operations (Reference 49). For local service operations, fuel consumption rates for jet aircraft were decreased by an average of about 1.6%, although the rate 
	N/A: Not Available. 

	Aircraft Mfr Model AIRBUS INDUSTRIE 
	A300B2-200 A300B2-300 A300B4-100 A300B4-200 A310-200 BOEING 
	A300B2-200 A300B2-300 A300B4-100 A300B4-200 A310-200 BOEING 
	A300B2-200 A300B2-300 A300B4-100 A300B4-200 A310-200 BOEING 
	16,905 16,210 14,350 14,770 13,870 
	(7,665) (7,350)(6,510) (6,700) (6,290) 
	12,600 12,858 13,285 13,800 10,330 
	(5,715) (5,705)(6,025) (6,260) (4,685) 
	12,070 (5,475) 12,035 (5,460) 12,900 (5,850) 13,580 (6,160) 9J 650 (4,375) 

	727-200 737-200 747-100B SR 747-200B (PW JT9D07J) 747-200B (PW JT90-7R4G) 747-200B (GE CF-50) 747-200C (RR RB.211) 747-200F 747SP 767-200 (P&W JT80) 767-200 (GE CF6-80A) 767-200 (P&W JT90) 757-200 Basic BRITISH AEROSPACE CORP. 
	727-200 737-200 747-100B SR 747-200B (PW JT9D07J) 747-200B (PW JT90-7R4G) 747-200B (GE CF-50) 747-200C (RR RB.211) 747-200F 747SP 767-200 (P&W JT80) 767-200 (GE CF6-80A) 767-200 (P&W JT90) 757-200 Basic BRITISH AEROSPACE CORP. 
	15,000 (6,804) 9,880 (4,481) 28,200 (12,790) 28,200 (12,790) 30,300 (13,740) 29,500 (13,380) 30,300 (13,740) 30,300 (13,740) 26,100 (11,840) 15,900 (7,212) 14,700 (6,663) 15,500 (7,212) 11 ,630 (5,275) 
	10,000 5,815 23,000 23,000 23,700 24,500 23,700 23,700 20,800 9,500 9,400 9,700 N/A 
	(4,536) (2,638) (10,430) (10,430) (10,750) (11,260) (10,750)(10,750)(9,435) (4,309) (4,264) (4,400) N/A 
	9,500 (4,309) 5,295 (2,048) 23,000 (10,430) 23,000 (10,430) 24,300 (10,980) 25,100 (11,390) 24,200 (10,980) 24,200 (10,980) 21,000 (9,525)9,500 (4,309) 9,400 (4,264) 9,700 (4,409) 8,144 (3,892) 

	One-Eleven One-Eleven 146-100 146-200 FOKKER 
	One-Eleven One-Eleven 146-100 146-200 FOKKER 
	6,059 (2,746) 6,111 (2,772) 5,140 (2,331) 5J 531 (2,509) 
	N/A N/A 3,960 42443 
	N/A N/A (1,796) (2,015) 
	4,300 4,993 3,778 4.386 
	(1,850) (2,247) (1,714) (1.989) 

	F.28 Mk 3000 F.28 Mk 4000 LOCKHEED 
	F.28 Mk 3000 F.28 Mk 4000 LOCKHEED 
	14,700 4,980 
	(6,663)(2.260) 
	9,400 4,784 
	(4,264)(2 2180) 
	9,400 (4,264) 3,252 (12475) 

	L-1011-1 TriStar L-1011-100 L-1011-200 L-1011-500 MCDONNEl-DOUGLAS 
	L-1011-1 TriStar L-1011-100 L-1011-200 L-1011-500 MCDONNEl-DOUGLAS 
	18,000 17,500 17,500 17 2300 
	(8.165)(7,938) (7,938) (7,847) 
	15,700 15,200 15,500 15 2300 
	(7,121) (6,895) (7,031) (6.940) 
	15,400 (6,985) 15,200 (6.895) 15,800 (7,167) 16,000 (72258) 

	OC-8-71 OC-8-72 OC-8-73 OC-9-30 OC-9-40 OC-9-50 DC-9 Super 80 DC-9 Super 81 DC-10-10 DC-10-15 DC-lO-30 DE~10-40 
	OC-8-71 OC-8-72 OC-8-73 OC-9-30 OC-9-40 OC-9-50 DC-9 Super 80 DC-9 Super 81 DC-10-10 DC-10-15 DC-lO-30 DE~10-40 
	15,500 (7,030) 15,180 (6,890) 15.580 (7,070) 8,770 (3,980) 8,770 (3,980)9,980 (4,525) 8.990 (4.077) 9.030 (4,O96) 20.882 (9,445)20,699 (9,389)21,480 (9,743) 25,819 (11.711) 
	10,200 9,870 10,110 6,250 6,250 6,650 6.240 6,240 15,623 16,196 16,447 18.296 
	(4,630) (4,480) (4,590) (2,835) (2,835)(3,015) (2.830)(2,830) (7,086 ) (7,346 ) (7,460 :: (8 2299) 
	9,610 (4.360) 9,350 (4.240) 9,590 (4,350) 5,040 (2,280)­5,040 (2,280) 6.850 (2.650) 4.910 (2.227)9,193 (2,357) 15,257 (6,920) 15,976 (7,202) 16,121 (7,313) 18,456 (8,372) 


	Trunk 
	A-300B B-707-100B B-707-300 B-707-300B B-707-300C B-720B B-727-100 B-727-100C/QC B-727 -200 B-737-200 B-747 L-1011 DC-8-50 DC-8-61 DC-8-62 DC-9-10 DC-9-30 DC-9-50 DC-10-10 DC-10-40 
	Local Service 
	Aerospatiale MO 298. BAC111. B-727-200. B-737-200. BHC-6. FH-227. CV-580. DC-9-10. DC-9-30. DC-9-50. NAMC-YS-11. Swearingen Metro II. 
	*Revenue Passenger Miles 
	Gal/Block Hour 
	1822. 1546. 2093. 1700. 1771. 1483. 1199. 1239. 1325. 834. 3238. 1329. 1699. 1884. 1683. 836. 872. 981. 2191. 2315. 
	117. 286. 1309. 855. 
	81. 275. 333. 841. 867. 952. 317. 
	92. 
	RPM*/Gal 
	28.9 
	24.1 
	17.6 
	23.1 
	24.2 
	23.6 
	21.3 
	19.8 
	23.0 
	24.1 
	36.0 
	29.0 
	20.6 
	25.2 
	26.9 
	19.2 
	22.3 
	26.3 
	30.0 
	19.2 
	17.6 
	17.4 
	23.7 
	22.8 
	17.0 
	15.2 
	15.8 
	18.0 
	21.5 
	19.0 
	16.5 
	16.1 
	of turboprop fuel use increased by about 6%. It is likely that as aircraft operators seek to control costs, incremental improvements in fuel efficiency will continue to be found. 
	With the introduction of antimisting fuel, fuel cost may become an even more important factor in airline operating expenses. Although antimisting fuel is expected to have an energy value similar to other jet fuels, additional powerwill in all likelihood be required to restore to antimisting fuel the charac­teristics of Jet A in the engine. This requirement suggests that the efficiencyof conversion of the energy content of antimisting fuel into motive thrust will be less than that for Jet A. Consequently, a 
	Another source of higher fuel costs is associated with the composition of anti­misting fuel itself. The addition of the antimisting additive (FM-9 or other additives imparting similar properties) and carrier fluids to jet fuel will increase fuel cost. The extent of the increase in unit fuel cost will depend on factors such as the additive raw material costs and economies of scale possible in production of the additive. The combined effects of potentially higher fuel consumption and higher unit fuel costs du
	fuel could reinforce the trend toward the increasing share of fuel costs in operating costs. High fuel costs, combined with highly competitive pricing policies which inhibit the passing through of increased costs to consumers, are among the reasons cited by the airlines for poor financial performance(Reference 50). It is clear that the potential impact of antimisting fuel on operating costs through the fuel component could be of significant magnitude. The magnitude of the impact, in the absence of additiona
	(as illustrated in Chapter 6). 
	MAINTENANCE COSTS. 
	Other potential increases in operating costs resulting from the introduction of antimisting fuel involve service and maintenance costs for flight equipment.The effect of antimisting fuel on maintenance costs will depend upon the extent to which the behavior of antimisting fuel in the fuel tank and engine systems differs from that of other fuels. Aircraft maintenance consists of two majorelements: routine servicing, which occurs during the ground stop at the conclu­sion of each flight stage; and scheduled ma
	One of the routine servlclng procedures which may be modified as a result of the introduction of antimisting fuel is the fuel tank refilling procedure. Present fuel tank filling procedures involve the use of a pumper-tanker fuel truck or in-ground hydrant system. With present fuel filling systems and fuel types, fuel tank refilling time depends on factors such as the type of aircraft, the 
	One of the routine servlclng procedures which may be modified as a result of the introduction of antimisting fuel is the fuel tank refilling procedure. Present fuel tank filling procedures involve the use of a pumper-tanker fuel truck or in-ground hydrant system. With present fuel filling systems and fuel types, fuel tank refilling time depends on factors such as the type of aircraft, the 
	amount of fuel required (including emergency and reserve fuel supplies), and the type of pumping equipment used. The efficiency of aircraft operations through maximization of revenue capacity on an available seat-mile basis is contingent on minimizing the cost of nonrevenue-generating aircraft operations. In particular, minimizing ground stop time in a manner consistent with safety considerations is an important element in overall operational efficiency.Activities which prolong ground stop time can exert an

	If fuel tank filling procedures for antimisting fuel require significantly more time than existing procedures, it is clear that airlines will experience a cost 
	impact. These costs, which will be determined in part by the method used to blend the additive with the fuel, will be in addition to other fuel-related costs associated with antimisting fuel. Three blending scenarios have been proposed. The first, a one-step blending at the refinery, would have the least impact on aircraft refueling procedures. Unfortunately, this scenario is unlikely since frequent pumping and filtering from the refinery to the aircraft could result in uninten-tional degradation of the fue
	6. IDENTIFICATION OF CANDIDATES FOR USE OF ANTIMISTING FUEL. 
	The. most likely candidates for the use of antimisting fuel can be identified 
	based on the physical, operational, and economic constraints identified in the 
	development of operational profiles, and the potential for reducing fatalities 
	in each segment of the fleet. Since the benefits (and costs) of using anti­
	misting fuels will continue over the life of the aircraft, new equipment will 
	generally have a higher benefit/cost ratio. Benefits are also expected to be 
	greater for aircraft carrying large numbers of passengers or making frequent 
	stops at airports with the most adverse take-off and landing conditions. 
	It would be premature to do a detailed cost analysis at this time, since specific data on fuel cost increases and retrofit costs are not available. However, a preliminary parametric analysis of possible antimisting fuel-related cost increases is presented below to determine the sensitivity of the impact to economic considerations. The primary benefit of introducing antimisting fuel into the fleet is the potential for reducing injuries and fatalities and fire damage to aircraft. Since the data on post-crash 
	Two related issues which will affect the introduction of antimisting fuel into the U.S. commercial aviation fleet were addressed: 
	1.. 
	1.. 
	1.. 
	Are there significant advantages to segmentally. introducing antimisting fuel into the fleet?. 

	2.. 
	2.. 
	Which portions of the fleet are the most likely candidates for the early introduction of antimisting fuel? 


	The introduction of antimisting fuel presents several potential problems related to the fuel, its compatability with existing aircraft, and its compatability with existing fuel systems. The differences between the physical properties of curl~ent aviation fuels may require some modifications to the aircraft, airframe fuel system, engine fuel system, engine components, and/or the airport fuel delivery mechanisms. 
	antimisting fuel and 

	The extent of these modifications is not yet determined. If the modifications require major changes to the airframe or engine fuel systems or airport opera­tions which are incompatible with the use of currently used aviation fuels. then segmental introduction of antimisting fuel may be necessary to allow sufficient time to retrofit the aircraft and/or airports. 
	FLEET-WIDE INTRODUCTION OF ANTIMISTING FUEL. 
	The major advantage to simultaneously introducing antimisting fuel in all segments of the U.S. commercial fleet is that the number of potential lives saved will be maximized. The major disadvantages are that, even with d reason­able 1ead time, there may be capacity constraints on the number of aircraft 
	50 
	which can be modified for the use of antimisting fuel, the number of airports which can be adapted to antimisting fuel use, or the amount of antimisting fuel which can be produced. A further constraint exists if the modifications are not compatible with the use of standard jet fuels (i.e. once an aircraft is modified it cannot switch back and forth between antimisting fuel and Jet A). 
	The FAA (Reference 52) forecasts an increase in domestic revenue passenger enplanements of 26% by 1984 (6% per year) with a 28% increase in domestic revenue passenger miles. The larger increase in domestic revenue passenger miles reflects a small increase in average trip length from 695 to 709 miles. Similar increases are expected in cargo and international passenger services. Total aircraft in service, including passenger and cargo on domestic and international flights, are also expected to increase but at
	1980 1984 %Change 
	290.5 365.7 +25.9 
	25.1 30.6 +21.9 
	315.6 396.3 +25.6 
	13.8 20.4 +47.8 
	201.9 259.3 +28.4 
	55.2 67.9 +23.0 
	257.1 327.2 +27.3 
	Commuter 1.7 2.5 +47.0 Aircraft in Service Carrier 
	Turboprop 
	-

	2-engine 175 183 +4.6 
	4-engine 76 68 -10.5 
	-Turbojet/Turboprop 
	2-engine 665 829 +24.7 
	3-engine 1262 1349 +6.9 
	4-engine 501 369 -26.3 
	-Helicopter 0 0 0 Total ID9 2798 +4.4 l Consum tion 
	Jet Fue

	millions of allons 
	Domestlc lr Carrier 10370 11097 +7.0 
	International 2835 2906 +2.5 
	Total 13205 1,1003 +6.0 
	Figure
	TABLE 23. SUMMARY OF FAA FORECAST 
	TABLE 23. SUMMARY OF FAA FORECAST 


	The FAA forecast predicts a shift from 4-engine to 2-engine aircraft in both the turboprop and turbofan fleet. The total number of turboprop aircraft is expected to remain constant, while the number of turbofan aircraft increases by 4.9%. The number of 2-engine aircraft is expected to increase by 20.4%, with a 6.9% increase in 3-engine aircraft, and the number of 4-engine aircraft decreasing by 24.3%. Our review of the 1980 fleet and the number of aircraft on order, as summarized in Table 24 (Reference 54),
	TABLE 24. 1980 PASSENGER FLEET AND AIRCRAFT ON ORDER 
	1980 Aircraft Orders as Fleet On Order %of Fleet 
	Turbojet/Turbofan 
	4-engine 
	Trunk 301 0 0 
	Local Service 3 0 0 
	Total 304 0 0 
	3-engine 
	Trunk 1237 70 5.7 
	Local Service 65 6 9.2 
	Total 1302 76 5.8 
	2-engine 
	Trunk 195 282 144.6 
	Local Service 490 90 18.4 
	Total 685 372 54.3 Turboprop 
	4-engine 
	Trunk 00 0 
	Local Service 5 4 80.0 
	Total 5 "4 80.0 
	2-engine. Trunk 00 0. Local Service 110 9 8.2.
	-9­
	Total ITO 8.2 
	Based on these projections for 1984 and the assumptions used by the Aerospace Corporation (Reference 55) for fuel and retrofit costs (6.9¢ per gallon for fuel and $100,000 for each aircraft retrofit), the annual fuel cost impact of intro­ducing antimisting fuel into the total U.S. fleet. including cargo and inter­national flights, would be $766 million. The aircraft retrofit cost would be $279.8 million. These results are presented to illustrate the methodology used in the analysis to determine the most lik
	Since the retrofit cost is an initial capi~al expense which will result in benefits over the lifetime of the aircraft. it should be amortized over the physical life of the aircraft. (Appendix 0 presents a brief summary of the principles of discounted cash flow analysis used to calculate the annualized cost of capital expenditures and the present value of the stream of future fuel costs.) Assuming a real interest rate of 10% and an aircraft life of 20 years. 
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	the annualized retrofit cost would be $11,746 per aircraft or $32.85 million for the fleet. The annualized retrofit cost is significantly lower than the annual fuel cost increase of $766 million. (The real interest rate is the cost of borrowing. The current interest rate reflects the rate of inflation as well as the cost of borrowing.) 
	Alternatively, we can compare the present value of the future stream of fuel costs over a 20-year period with the retrofit costs. The present value of the additional fuel cost discounted at 10% is $6.52 billion for 20 years. Retrofit costs of $279.8 million are approximately 4% of increased fuel costs. Combining the capital costs and the present value of future fuel costs over a 20-year life yields a present value of total cost of 6.8 billion or $17.16 pej revenue passenger enpl anement,If19 17 • ",,,,,,,,"
	Table 25 shows the cost of introducing antimisting fuel into the total U.S. fleet in 1984 under a range of assumptions. These include a high and low forecast for commercial aviation activity. The high forecast is based on the FAA forecast for 1984 presented in Table 23. The low forecast assumes no growthin commercial aviation activity from the 1980 level and uses the FAA estimates for 1980. The major differences between the two forecasts are that the higher growth scenario results in a 7% increase in fuel c
	The most important parameter is clearly the additional cost of fuel. We have selected a high-cost scenario of an additional 6.9¢ per gallon for antimisting fuel and a low-cost scenario of an additional 1.0¢ per gallon. Additional first year fuel costs (Column 2) are calculated by multiplying additional fuel cost per gallon and forecasted fuel consumption for 1984. The present value of additional fuel costs (Column 3) is then computed by dividing Column 2 by the capital recovery factor for the scenario's air
	Another important parameter is the average retrofit cost for adapting existingaircraft to use of antimisting fuel. We have selected a low retrofit cost of $100,000 per aircraft and a high retrofit cost of $500,000 per aircraft. The capital cost (Column 1) is the product of the retrofit cost per aircraft and the number of aircraft forecasted for the 1984 fleet. The present value of total cost (Column 4) is the sum of capital cost and the present value of additional fuel costs (i.e. Columns 1 and 3). Column 5
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	SENSITIVITY ANALYSIS. 
	The cost impact of introducing ant"imisting fuel into the entire U.S. corrrnercial 
	fleet is clearly more sensitive to additional fuel cost which extends over the 
	life of the aircraft than to the initial retrofit cost. The trade-off between 
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	PARAMETRIC ANALYSIS OF IMPACT OF FLEETWIDE INTRODUCTION OF ANTIMISTING FUEL. 
	SCENARIOS (1) (2) (3) 
	Pres. Val. 
	Figure

	of Addt'l 
	Fuel Cost 
	millions$ 
	7756.7 7756.7 1123.8 1123.8 8225.8 8225.8 1192.8 1192.8 
	c:;s; ()v~""l )u Y~"'JA..f /,/O,-z"'A(./~"'f"~ "'~~~~i
	13 /1 [" I: 0 ~I\ /t. /( 1/~-(/1" /'11 fJ~ ,.... c 11'" 
	EN~'/l;, ..o7H~~r ,!?,;7.,rL4'S( /~f,) /::-,)~ 
	). l> ""'" ~ 1f1l-.~ 7 hi f ,,/9 r ~/ "cII/l ,1//J /.,1 0ttJ"vpd 
	(4) 
	Present Value of Total Cost mi11ions$ 
	9096.2 8024.6 2463.3 1391.7 9624.8 8505.6 2591.8 1472.6 
	(5) 
	Pres. Val. of Total Cost Per Rev. Passenger En lanement ($) t 
	28.82 
	25.43 
	7.81 
	4.41 
	24.29 
	21.46 
	6.54 
	3.72 
	Growth of Aviation Activity
	1. 
	1. 
	1. 
	Low 

	2. 
	2. 
	Low 


	3. Lm~ 
	4. 
	4. 
	4. 
	Low 

	5. 
	5. 
	High 


	U"1 
	6. High 
	~ 

	7. 
	7. 
	7. 
	High 

	8. 
	8. 
	High 


	TABLE 25. 
	Retrofit Cost (dollars 500000 100000 500000 100000 500000 100000 500000 100000 
	1-T()T/~l 
	() A., 
	7///{ 
	fuel, retrofit, and operational and maintenance (0 &M) costs varies with the 
	assumed discount rate and aircraft life as well as the forecast for fleet size, 
	revenue passenger enplanements, and fuel consumption. 
	Assuming a 20-year aircraft life and a 10% discount rate for a fleet of 2,679 
	aircraft consuming 13.2 billion gallons of fuel per year with 315.6 million 
	revenue pass:nger enplanements per year, thjlcost impact per/revenue passenger enplanement 1S: d-~Yffl" A~IV,;4 (. 
	$0.85 for each $100,000 of retrofit cost per aircraft;. $3.56 for each $O.Ol/gallon of additional fuel cost; and. $0.72 for each $10,000 increase in annual 0 &Mcosts per aircraft.. 
	The tradeoff for this scenario is shown in Figure 10. Each $120,000 of retrofit costs has the same impact ($1.00/revenue passenger enplanement) as 2.8¢ additional fuel cost or $14,000 additional 0 &Mcost. The impact analysis of segmental introduction (discussed below) is even more sensitive to additional fuel cost due to differences across fleet segments in fuel consumption and aircraft utilization. Retrofit and 0 &Mcosts are also likely to vary across fleet segments depending on the type of aircraft used f
	Figures 11 through 13 graphically depict the cost impact per revenue passenger enplanement for a range of retrofit, additional fuel, and additional 0 &Mcosts. 
	SEGMENTAL INTRODUCTION OF ANTIMISTING FUEL. 
	There are two approaches to segmenting the fleet for the analysis of antimisting fuel use in specific portions of the fleet. The first is based on aircraft type.The fleet can be divided into three major portions and subdivided by the number of engines: 
	1. 
	1. 
	1. 
	Rotorcraft 

	2.. 
	2.. 
	Turboprop. 2-engine. 4-engine. 

	3.. 
	3.. 
	Turbojet/Turbofan. 2-engine. 3-engine. 4-engine. 


	The second approach is to divide the fleet based on operations: 
	1. 
	1. 
	1. 
	International 

	2.. 
	2.. 
	Domestic. Trunk. Local Service. Helicopter Carrier. Intra-Alaskan. Intra-Hawaiian. Other Carri er. Regional. All-Cargo (not included in this project). 
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	We began by segmenting the fleet by aircraft type to identify for each segment: 
	•. 
	•. 
	•. 
	the number of aircraft affected; 

	•. 
	•. 
	the amount of fuel required; and 

	•. 
	•. 
	the number of passengers affected (as measured by. number of revenue passengers enplaned).. 


	This information is presented in Table 26, compiles from data presented in Reference 56. We can then estimate which segments of the fleet will have the most negative impacts in terms of number of aircraft which may require modifications and increased fuel costs, and the most positive impacts in terms of potential lives saved. Since we did not collect data on the probability of post-crash fire fatali­ties, we have not calculated the expected value of lives saved. Instead, revenue passenger enplanements was s
	TABLE 26. SUMMARY OF OPERATIONAL DATA FOR SEGMENTS OF THE 1980 PASSENGER FLEET 
	Total Revenue Fleet Segment Mi 11. of Passengerby Aircraft and No. of Gal. of Total EnplanementsService Type Aircraft Fuel/Year Departures (Mi11ions~ 
	Turbofan/Turbojet
	4-engine. wide body -Domestic Trunk 34.9 472.1 34367 8.51. regular body -Domestic Trunk 181.9 1023.7 239339 23.35. 
	3-engine. wide body-Domestic Trunk 167.1 1366.3 215616 33.10. regular body -Domestic Trunk 847.0 917.7 1870327 147.39. regular body -Non-Trunk 21.2 7.9 54083 3.71. regular body -Alaskan 10.0 40.8 22323 1.49. 
	2-engine.wide body -Domestic Trunk 7.5 49.1 11483 1.59. regular body -Domestic Trunk 207.4 583.1 591127 38.99. regular body -Non-Trunk 298.6 858.9 1009693 58.30. regular body -Hawaiian 18.1 41.3 82258 7.14. 
	Turboproe 
	2-engine. regular body -Non-Trunk 87.5 63.2 334577 8.69. regular body -Other* 36.5 5.9 101199 1.56. 
	*Other includes Aspen, Wright, Air New England, and Air Midwest. 
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	The capital cost of retrofit and the annual fuel cost of antimisting fuel were then combined using present value analysis to generate the present value of antimistingfuel-related costs per revenue passenger enplaned. Table 27 compares these costs over several segments of the fleet for one scenario; name1Yt no growth in commercial airline activitYt 10% discount rate t 20-year aircraft 1ifet retrofit cost equal to 1% of initial aircraft cost t and 6.9¢ per gallon additional fuel cost. 
	Under this scenario the antimisting fuel-related cost impacts are higher for 4-engine aircraft than for 3-engine aircraft t with 2-engine aircraft having the lowest cost. This is due to the greater fuel efficiency of 2-engine aircraft as measured by gallons per revenue passenger enp1anement. Within each engine groUPt wide-bodied aircraft also have higher cost impacts due to their greater fuel consumption levels. The lower cost impacts for non-trunk service reflect the differences in fleet consumption. Withi
	t 

	SELECTION OF CANDIDATES FOR USE OF ANTIMISTING FUEL. 
	The analysis presented above demonstrates th~ methodology used for the selection of candidates for early introduction of antimisting fuel for a single scenario. In this scenario t retrofit cost per aircraft was assumed to be 1% of the initial cost of the aircraft t and additional antimisting fuel-related fuel cost was assumed to be 6.9¢ per gallon. Table 28 presents cost data for this and a few other scenarios with lower retrofit cost and/or lower additional fuel cost. 
	For each combination of retrofit and fuel costs we calculated the present value of total cost per departure and per revenue passenger enp1anement. These results are presented in Tables 29 and 30 respectively. The conclusions are similar across these various scenarios. The cost impacts are highest for 4-engine aircraft and lowest for 2-engine aircraft. Within each engine group wide-bodied aircraft have higher cost impacts than regular-bodied aircraft. The cost impacts per revenue passenger enp1anement for si
	t 

	The introduction of antimisting fuel into the 2-engine turboprop fleet (the 
	t 

	lowest cost impact segment) would contribute to increased safety levels on only 
	9% of the total departures and cover only 3% of total revenue passenger enp1ane­ments. The next lowest cost impact segment is 2-engine regular-bodied turbo­fans. The introduction of antimisting fuel to this fleet segment includes an additional 37% of all departures and an additional 32% of all revenue passenger enp1anements. The importance of 2-engine regular-bodied turbofan aircraft in the fleet combined with the relatively low antimisting fuel-related cost impacts
	t 
	t 

	in this segment suggests that these aircraft may be the best candidates for early introduction of antimisting fuel. 
	TABLE 27. COMPARISON OF ANTIMISTING FUEL-RELATED COST BY 1980 FLEET SEGMENT 
	1 2345 6 
	Present Present Present Present Value of Fleet Segment by CapitalIst Year Value of Value of Value of Total Cost/Revenue Aircraft and Costt Fuel Costtt Costttt Total Cost Total Cost/ Passenger Service TYE___ _ lt1Ul. $Ju (Mill. $) tMin. $) (Mill. U Departure Enj)lanement 
	Turbofan/Turbojet 
	4-engine* wide body -Domestic Trunk 19.20 32.57 277.29 296.49 8627.17 34.84 
	3-engine wide body -Domestic Trunk 58.49 94.27 802.61 861.10 3993.67 26.02 
	regular body -Domestic Trunk 127.05 270.32 2301.39 2428.44 1298.4 16.48 regular body -Non-Trunk 3.18 6.07 51.64 54.82 1013 .63 14.78 regular body -Alaskan 1.50 2.82 23.97 25.47 1140.98 17.09 
	0"\ 
	2-engine wide body -Domestic Trunk 2.25 3.39 28.84 31.09 2707.48 19.55 
	1',) 

	regular body -Domestic Trunk 29.04 40.23 342.53 371. 57 628.58 9.53 regular body -Non-Trunk 41.80 59.26 504.55 546.35 541.11 9.37 regular body -Hawaiian 2.53 2.85 24.26 26.79 325.68 3.75 
	Turboprop 
	2-engine regular body -Non-Trunk 2.80 4.36 37.13 39.93 119.34 4.59 regular body -Other** 1.17 0.41 3.47 4.64 45.85 2.97 
	t Calculated as 1% of initial aircraft cost times number of aircraft in fleet seament. 
	tt Calculated at 6.9¢ per gallon times the number of gallons consumed by the fleet segment. 
	ttt Present value calculations are based on a twenty-year life with a 10% discount rate. 
	* Comparative data on capital cost for 4-engined, regular-bodies aircraft are not avai1abie.. ** Other includes Aspen, Wright, Ai: New England, and Air Midwest.. 
	TABLE 28. COST DATA FOR ALTERNATIVE SCENARIOS. 
	TABLE 28. COST DATA FOR ALTERNATIVE SCENARIOS. 
	TABLE 28. COST DATA FOR ALTERNATIVE SCENARIOS. 

	Fleet Segment by Aircraft and Service Types 
	Fleet Segment by Aircraft and Service Types 
	Capital Cost Scenarios %of Aircraft Cost X No. of Aircraft = Mi 11 ions of $ 1% ~% J:i% 
	Fuel Cost Scenarios 6.9¢ 3¢ 1¢ (Millions of $) PV of PV of PV of Fuel Cost Fuel Cost Fuel Cost 

	Turbofan/Turbojet 
	Turbofan/Turbojet 

	4-engine wide body 
	4-engine wide body 
	-Domestic Trunk 
	19.20 
	9.60 
	4.80 
	277 •29 
	120.56 
	40.19 

	regular body 
	regular body 
	-Domestic Trunk 
	N/A 
	N/A 
	N/A 
	601.40 
	261.46 
	87.15 

	3-engine wide body 
	3-engine wide body 
	-Domestic Trunk 
	58.49 
	29.24 
	14.62 
	802.61 
	348.96 
	116.32 

	<J') w 
	<J') w 
	regular body regular body regular body 
	-Domestic Trunk -Non-Trunk -Alaskan 
	127.05 3.18 1.50 
	63.53 1.59 0.75 
	31.76 0.80 0.38 
	2301.39 51.64 23.97 
	1000.60 22.45 10.42 
	333.53 7.48 3.47 

	TR
	2-engine wide body 
	-Domestic Trunk 
	2.25 
	1.13 
	0.56 
	28.84 
	12.54 
	4.18 

	TR
	regular body regular bodyregular body 
	-Domestic Trunk -Non-Trunk -Hawaiian 
	29.04 41.80 2.53 
	14.52 20.90 1.27 
	7.26 10.45 0.63 
	342.53 504.55 24.26 
	148.93 219.37 10.55 
	49.64 73.12 3.52 

	TR
	Turboprop 

	TR
	2-engine regular bodyregular body 
	-Non-Trunk -Other* 
	2.80 1.17 
	1.40 0.58 
	0.70 0.29 
	37.13 3.47 
	16.14 1.51 
	5.38 0.50 

	TR
	N/A: 
	Comparable cost 
	data for 4-engined, regular-bodied 
	aircraft 
	are 
	not 
	available 


	since these aircraft are being phased out of the fleet. *Other includes Aspen, Wright, Air New England, and Air Midwest. 
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	TABLE 29. PRESENT VALUE OF TOTAL COST/DEPARTURE. 
	TABLE 29. PRESENT VALUE OF TOTAL COST/DEPARTURE. 
	TABLE 29. PRESENT VALUE OF TOTAL COST/DEPARTURE. 

	Fleet Segment by Aircraft and Serv ice Tvoe 
	Fleet Segment by Aircraft and Serv ice Tvoe 
	1% Retrofit Cost With Additional Fuel Cost Of: 6.9ct 3¢ 1¢ 
	~% Retrofit Cost With Additional Fuel Cost Of: 6.9¢ 3et let 
	~ Retrofit Cost With Additional Fuel Cost Of: 6.9et 3¢ lit 

	Turbofan/Turbojet 
	Turbofan/Turbojet 

	4-engine* wide body 
	4-engine* wide body 
	-Domestic Trunk 
	8627.17 
	4066.69 
	1728.11 
	8347.83 
	3787.35 
	1448.77 
	8208.16 
	3647.69 
	1309.10 

	3-engine wide body -Domestic Trunk regular body -Domestic Trun~ regular body -Non-Trunk regular body -Alaskan 
	3-engine wide body -Domestic Trunk regular body -Domestic Trun~ regular body -Non-Trunk regular body -Alaskan 
	3993.67 1298.40 1013.63 1140.98 
	1889.70 602.92 473.90 533.98 
	810.75 246.26 197.10 222.64 
	3858.02 1264.44 984.23 1107.38 
	1754.04 568.95 444.50 500.38 
	675.09 212.29 167.70 189.04 
	3790.21 1247.46 969.62 1090.80 
	1686.24 551. 97 429.89 483.81 
	607.28 195.31 153.10 172.47 

	2-engine wide body -Domestic Trunk regular body -Domestic Trun~ regular body -Non-Trunk regular body -Hawaiian 
	2-engine wide body -Domestic Trunk regular body -Domestic Trun~ regular body -Non-Trunk regular body -Hawaiian 
	2707.48 628.58 541.11 325.68 
	1287.99 301.07 258.66 159.01 
	559.96 133.10 113.82 73.55 
	2609.95 604.02 520.41 310.36 
	1190.46 276.51 237.96 143.69 
	462.42 108.54 93.12 58.23 
	2560.31 591.73 510.06 302.58 
	1140.82 264.22 227.61 135.91 
	412.78 96.26 82.77 50.45 

	Turboprop 
	Turboprop 

	2-engine 2-engine 
	2-engine 2-engine 
	-Non-Trunk -Other** 
	119.34 45.85 
	56.61 26.48 
	24.45 16.50 
	115.16 40.02 
	52.42 20.65 
	20.26 10.67 
	113.07 37.15 
	50.33 17.79 
	20.32 7.81 


	* Comparable data on capital cost for 4-engined, regular-body aircraft are not available. **Other includes Aspen, Wright, Air New England, and Air Midwest. 
	TABLE 30. PRESENT VALUE OF TOTAL COST/REVENUE PASSENGER ENPLANEMENT ($). Fleet Segment 1% Retrofit Cost With ~% Retrofit Cost With ~ Retrofit Cost With. 
	by Aircraft and Additional Fuel Cost Of: Additional Fuel Cost Of: Additional Fuel Cost Of: Service Type 6.9¢ 3¢ 1¢ 6.9¢ 3$ 1¢ 6.9¢ 3¢ 1¢ 
	Turbofan/Turbojet 
	4-engine* wide body -Domestic Trunk 34.84 16.42 6.98 33.71 15.29 5.85 33.15 14.73 5.29 
	3-engine wide body -Domestic Trunk 26.02 12.31 5.28 25.13 11.43 4.40 24.69 10.98 3.98 
	regular body -Domestic Trunk 16.48 7.65 3.12 16.05 7.22 2.69 15.83 7.00 2.48 regular body -Non-Trunk 14.78 6.91 2.87 14.35 6.48 2.44 14.13 6.27 2.23 regular body -Alaskan 17 .09 8.00 3.34 16.59 7.50 2.83 16.34 7.25 2.58 
	2-engine wide body -Domestic Trunk 19.55 9.30 4.04 18.85 8.60 3.34 18.49 8.29 2.98 
	O"l 11l 
	regular body -Domestic Trunk 9.53 4.56 2.02 9.16 4.19 1.65 8.97 4.01 1.46 regular body -Non-Trunk 9.37 4.48 1.97 9.01 4.12 1.61 8.83 3.94 1.43 regular body -Hawaiian 3.75 1.83 0.85 3.58 1.66 0.67 3.49 1.57 0.58 
	Turbo.P.!:.2.P.. 
	regular body -Non-Trunk 4.59 2.18 0.94 4.43 2.02 0.78 4.35 1.94 0.78 regular body -Other** 2.97 1.72 1.07 2.60 1.34 0.69 2.41 1.15 0.51 
	*Comparable data on capital cost for 4-engined, regular-bodied aircraft are not available. 
	**Other includes Aspen, Wright, Air New England, and Air Midwest. 
	7. CONCLUSIONS. 
	The data and analysis presented in the previous chapters lead to the following conclusions: 
	• 
	• 
	• 
	Fleetwide introduction of antimisting fueJ. would maXlmlze the benefit in terms of increased safety•. However, segmental introduction may be preferable in terms of lower costs and potential capacity constraints on the amount of antimisting fuel which can be produced or the number of aircraft and air­ports which can be retrofit for use of antimisting fuel. 

	• 
	• 
	Segemental. introduction of antimisting fuel will result in higher benefit/cost ratios in the fleet segments with newer equipment. The higher utilization of newer aircraft increases the benefits in terms of potential lives saved. The longer expected aircraft life of newer-aircraft also pro­vides a longer period for the amortization of retrofit costs. More importantly, since newer aircraft are more fuel effi­cient, the additional annual fuel cost of antimisting fuel . will be lower. 

	• 
	• 
	Four-engined. aircraft and three-engined aircraft will have higher fuel cost impacts than the more efficient two-engined aircraft. Similiarly, wide-bodied aircraft have higher cost impacts than regular-bodied aircraft. 

	• 
	• 
	• 
	Cost impacts per. revenue passenger enplanement for similar types of aircraft are also similar across types of service 

	(i.e. domestic trunk vs. nontrunk). 

	•. 
	•. 
	Introduction of antimisting fuel into the two-engined, tur­boprop fleet would have the lowest cost impact, but would not cover a significant number of total depatures or revenue passenger enplanements. • 

	•. 
	•. 
	The impact of introducing antimisting fuel in the two­engined, regular-body turbofans would increase safety on a larger proportion of departures and revenue passenger enpla­nements. 


	o. The importance of two-engined, regular-bodied turbofan aircraft in the fleet combined with the relatively low anti­cipated cost impacts in this segment suggest that these aircraft may be the best candidates for early introduction of antimisting fuel. 
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	APPENDIX A 
	APPENDIX A 
	APPENDIX A 

	U.S. 
	U.S. 
	COMMERCIAL 
	FLEET AIRCRAFT AND 
	ENGINE 
	INVENTORY* 

	TR
	In 
	On 

	TR
	Service 
	Order 

	Airline 
	Airline 
	Aicraft 
	Engine 
	6/30/81 6/30/81 

	Aeroamerica 
	Aeroamerica 
	Boeing 707-138B 
	4x P&W JT3D-1 
	1 

	TR
	Boeing 707-227 Boeing 707-321 Boeing 707-331 Boeing 720-022 Boe ing 720-027 
	4x 4x 4x 4x 4x 
	P&W P&W P&W P&W P&W 
	JT4A-3 JT4A-12 JT4A-12 JT3C-7 JT3C-7 
	1 1 1 1 3 

	TR
	Boeing 720-048 Boe i ng 720-062 
	4x 4x 
	P&W P&W 
	JT3C-7 JT3C-7 
	1 1 

	Aeromech 
	Aeromech 
	Beech 99A 
	2x P&WC 
	PT6A-27 
	3 

	TR
	Beech B99 
	2x 
	P&WC 
	PT6A-27 
	2 

	TR
	Embraer EMB-110P1 
	2x P&WC 
	PT6A-34 
	3 
	6 

	TR
	Embraer EMB-110P2 
	2x 
	P&WC 
	PT6A-34 
	2 

	TR
	Embraer EMB-120 
	2x P&WC 
	PW1002A 
	6 

	Airborne Express 
	Airborne Express 
	Aerospatiale Caravelle VIR Aerospatiale Corvette 100 Cessna 500 ·Citation 1 
	2x RR Avon 533R 2x P&WC JT15D-4 2x P&WC JT15D-1 
	5 1 6 

	TR
	Convair 600 
	2x RR Dart 542-4 
	2 

	TR
	Douglas DC-9-32 Gates Learjet 23 MBB HFB-320 Hansa Jet 
	2x P&W JT8D-7A 2x GE CJ610-4 2x GE CJ610-9 
	1 3 5 

	TR
	NAMC YS-llA-200 
	2x RR Dart 542-1OK 
	1 

	TR
	NAMC YS-llA-500 
	2x RR Dart 542-10K 
	6 

	Air California-Aircal 
	Air California-Aircal 
	Boeing 737-159 Boeing 737-2H4 Boeing 737-222 Boeing 737-247 Boeing 737-293 
	2x P&W JT8D-7 2x P&W JT8D-7 2x P&W JT8D-7A 2x P&W JT8D-9 2x P&W JT8D-7 
	2 1 3 2 8 

	TR
	Douglas DC-9-81 
	2x P&W JT8D-209 
	6 

	Air Fleets 
	Air Fleets 
	Intll 
	Douglas DC-8-33 
	4x P&W 
	JT4A-ll 
	1 

	Air Florida 
	Air Florida 
	Boeing 737-122 Boeing 737-222 
	2x 2x 
	P&W P&W 
	JT8D-9 JT8D-7A 
	4 7 

	TR
	Boeing 737-2Q9 Advanced Boeing 737-2T4 Advanced Douglas DC-9-15F Douglas DC-10-30CF 
	2x P&W ...1T8D-15 2x P&W JT8D-15 2x P&W JT8D-7 3x GE CF6-50C2 
	1 7 5 3 
	5 


	*Source:. Exxon, "Turbine Powered Fleets of World's Airlines: 1981," Air World Survey, July 1981. 
	A-I 
	In On Service Order Airline Aircraft Engine 6/30/81 6/30/81 
	Air III i no is. BAe HP-137 Jetstream 2x P&WC PT6A-34 2 BAe HS-748 Series 2A 2x RR Dart 532-2L 1 BAe HS-748 Series 2B 2x RR Dart 536-2 1 DH Canada DHC-6-200 2x P&WC PT6A-20 2 DH Canada DHC-6-300 2x P&WC PT6A-27 2 
	Air Kentucky. Beech 99A 2X P&WC PT6A-27 2 Beech B99 2x P&WC PT6A-27 1 
	Airlift Int'l. Douglas DC-8-33F 4x P&W JT4A-9 2 Douglas DC-8-54F 4x P&W JT3D-3B 3 Douglas DC-8-63F 4x P&W JT3D-7 3 
	Air Miami. CASA C-212-5 2x AiR TPE331-5-251C 1 CASA C-212-200 2x AiR TPE331-10-501C 2 2 
	Air Midwest. Saab-Fairchild 340 2x GE CT7-5 5 Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 15 
	Air Nebraska. Embraer EMB-110P1 2x P&WC PT6A-34 1 1 
	Air New England. Convair 580 2x Asn 501-D13D 1 DH Canada DHC-6-100 2x P&WC PT6A-20 2 DH Canada DHC-6-200 2x P&WC PT6A-20 2 OH Canada DHC-6-300 2x P&WC PT6A-27 6 Fairchild FH-227B 2x RR Dart 532-7 2 Fairchild FH-227C 2x RR Dart 532-7 4 
	Air North. Cessna 500 Citation 1 2x P&WC JT5D-1 1 DH Canada DHC-6-100 2x P&WC PT6A-20 2 Grumman G-159 Gulfstream I-C 2x RR Dart 529-8 1 Shorts 330 2x P&WC PT6A-45B 4 
	Air Oregon. Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 6 
	Air US. BAe HP-137 Jetstream 2x AiR TPE331-3UW-303G 3 Grumman G-159 Gulfstream I-C 2x RR Dart 529-8 1 
	Air Virginia. BAe HS-748 Series 2B 2x RR Dart 536-2 1 Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 4 2 
	Air Wisconsin. DH Canada DHC-7-102 4x P&WC PT6A-50 5 Swearingen SA-226TC Metro 2x AiR TPE331-3UW-303G 7 Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 6 
	Alaska Aero-DH Canada DCH-6-100 2x P&WC PT6A-20 4 nautical Ind. DH Canada DHC-6-200 2x P&WC PT6A-20 1 
	A-2. 
	In 
	In 
	In 
	On 

	Service 
	Service 
	Order 

	Airline 
	Airline 
	Aircraft 
	Engine 
	6/30/81 6/30/81 

	Alaska Airlines 
	Alaska Airlines 
	Boei ng 727-121 Boeing 727-127 Boeing 727-190C Boeing 727-290 Advanced 
	3x P&W 3x P&W 3x P&W 3x P&W 
	JT8D-7A JT8D-7A JT8D-7A JT8D-17 
	1 1 3 2 
	2 

	Alaska Central 
	Alaska Central 
	Boeing 737-200C 
	2x 
	P&W 
	JT8D-17 
	1 

	Airways 
	Airways 
	Govt Acft Factories N024A 
	2x Asn 
	250-B17B 
	1 

	Alaska Intll Air 
	Alaska Intll Air 
	Boeing 767-200 Lockheed L-382G 
	2x P&W 4x Asn 
	JT9D-7R4D 501-D22A 
	5 
	2 

	Aloha Airlines 
	Aloha Airlines 
	Boeing 737-297 Boeing 737-284 Advanced 
	2x 2x 
	P&W P&W 
	JT8D-9 JT8D-9 
	3 2 

	TR
	Boeing 737-297 Advanced 
	2x 
	P&W 
	JT8D-9 
	4 
	3 

	Altair Airlines 
	Altair Airlines 
	Aerospatiale (Nord) Beech 99 
	262A 
	2x Tbm Bastan VIC 2x P&WC PT6A-20 
	7 3 

	TR
	Beech 99A 
	2x P&WC 
	PT6A-27 
	2 

	TR
	Fokker F-28-4000 
	2x RR 
	Spey 555-15H 
	6 
	3 

	Ambassadair 
	Ambassadair 
	Boeing 707-123B Boei ng 720-025 
	4x P&W 4x P&W 
	JT3D-I-MC7 JT3C-12 
	1 1 

	TR
	Boeing 720-048 
	4x P&W 
	JT3C-7 
	1 

	American Airlines 
	American Airlines 
	Boeing 707-323B Boeing 707-323C Boeing 727-123 Boeing 727-135 
	4x P&W 4x P&W 3x P&W 3x P&W 
	JT3D-3 Jt3D-3 JT8D-1 JT8D-1 
	7 27 51 3 

	TR
	Boeing 727-195 Boeing 727-1A7C Boeing 727-2A7 Boeing 727-223 Soeing 727-223 Advanced Boeing 727-227 Advanced 
	3x P&W 3x P&W 3x P&W 3x P&W 3x P&W 3x P&W 
	JT8D-1 JT8D-9 JT8D-9 JT8D-9 JT8D-15 JT8D-9 
	1 1 1 87 10 15 
	12 

	TR
	Boeing 747-123 Boeing 747-123F Boeing 757-232 Boeing 767-223 Douglas DC-10-10 
	4x P&W JT9D-3A 4x P&W JT9D-3A * 2x GE CF6-80A 3x GE CF6-6D 
	8 6 34 
	15 30 

	Apo 11 0 
	Apo 11 0 
	Airways 
	BAe 
	HP-137 
	Jetstream 
	2x Tbm Astazou XV1Fl 
	6 

	Arctic Circle 
	Arctic Circle 

	Air Service 
	Air Service 
	Embraer EMB-110P1 
	2x 
	P&W 
	PT6A-34 
	1 


	*The Exxon data base reports that the Boeing 757-232 aircraft on order are equippedwith 2x P&W PW2037 engines. The data available from Jane's indicates that the engines ordered for this aircraft are Rolls-Royce RB.2!1 or GE CF6-32. 
	A-3. 
	ASAP Air. Govt Acft Factories N-22B 2x Asn 250-B17B 1 Govt Acft Factories N-24A 2x Asn 250-B17B 3 
	Aspen Airways. Convair 580 2x Asn 501-D13H 10 
	Atlantic South. DH Canada DHC-6-100 2x P&WC PT6A-20 1 
	East Airlines. DH Canada DHC-6-200 2x P&WC PT6A-20 2 DH Canada DHC-6-300 2x P&WC PT6A-27 1 Embraer EMB-II0PI 2x P&WC PT6A-34 2 
	Atlantis Airlines DH Canada DHC-6-300 2x P&WC PT6A-27 3 
	Bar Harbor Beech 99 2x P&WC PT6A-20 12 Airways CASA C-212-200 2x AiR TPE331-10-501C 2 Convair 600 2x RR Dart 542-4 4 
	Bass Aviation. BAe Viscount 7450 4x RR Dart 510 4 
	Big Sky BAe HP-137 Jetstream 2x Tbm Astazou XVIFI 3 Airlines Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 2 
	Blue Bell Canadair CL-44D-6 4x RR Tyne 515-10 1 Aviation Mitsubishi MU-2B-30(MU-2G) 2x AiR TPE331-10-501 1 Mitsubishi MU-2B-35(MU-2J) 2x AiR TPE331-10-501 1 
	Braniff Airways. Boeing 727-127 3x P&W JT8D-7A 1 Boeing 727-191 3x P&W JT8D-7A 4 Boeing 727-127C 3x P&W JT8D-7A 7 Boeing 727-130C 3x P&W JT8D-7A 2 Boeing 727-162C 3x P&W JT8D-7A 2 Boeing 727-172C 3x P&W JT8D-7A 1 -Boeing 727-2B7 3x P&W JT8D-9 2 Boei ng 727-214 3x P&W JT8D-9 1 Boeing 727-227 3x P&W JT8D-9 2 Boei ng 727-291 3x P&W JT8D-9 3 Boeing 727-227 Advanced 3x P&W JT8D-9 40 5 Boeing 727-227 Advanced 3x P&W JT8D-17R 14 5 Boeing 747-127 4x P&W JT9D-7A 1 
	Boeing 747-130 4x P&W JT9D-7A 1 Boeing 747-227B 4x P&W JT9D-7Q 1 2 Boeing 747-230B 4x P&W JT9D-7A 1 Boeing 747SP-27 4x P&W \.lT9D-7J 1 Douglas DC-8-62 4x P&W JT3D-3B 9 Douglas DC-8-62F 4x P&W \.lT3D-3B 1 
	Britt Airways. Beech 99 2x P&WC PT6A-20 12 Fairchild FH-227C 2x RR Dart 532-7 2 Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 7 
	A-4 
	Cape Smythe Air DH Canada DHC-6-100 2x P&WC PT6A-20 1. Service DH Canada DHC-6-200 2x P&WC PT6A-20 1. 
	Capitol Airlines. DH Canada DHC-6-300 2x P&WC PT6A-27 1 
	Capitol Intll Douglas DC-8-61 4x P&W JT3D-3B 5 Airlines Douglas OC-8-63F 4x P&W JT3D-3B 2 Gates Learjet 23 2x GE CJ610-4 1 
	Cascade Airways. BAe HS-748 Series 2B 2x RR Dart 536-2 4 Beech 99 2x P&WC PT6A-20 7 Beech 99A 2x P&WC PT6A-27 3 Embraer EMB-110P1 2x P&WC PT6A-34 3 
	Catalina Sikorsky S-58ET Ix P&WC PT6T-6 2 Airlines Sikorsky S-62A Ix GE CT58-100,...1 1 
	Century Airlines. Govt Acft Factories N-24A 2x Asn 250-B17B 2 
	Chaparral Beech 99 2x P&WC PT6A-20 1 Airlines Beech 99A 2x P&WC PT6A-27 3 CASA C-212-200 2x AiR TPE331-10-501C 2 
	Chautauqua. Beech 99 2x P&WC PT6A-20 1 
	Airlines. Beech 99A 2x P&WC PT6A-27 1 Beech 699 2)( P&WC PT6A-27 2 Shorts 330 2x P&WC PT6A-45 2 Shorts 360 2x P&WC PT6A-65R 2 
	Cochise Airlines Swearingen SA-226TC Metro!! 2x AiR TPE331-3UW-303G 3 
	Coleman Air Douglas OC-9-15C 2x P&W JT8D-7A 1 Transport Grumman G-159 Gulfstream I 2x RR Dart 529-8E 1 
	Colgan Airways. Beech 99 2x P&WC PT6A-20 1 Beech 99A 2x P&WC PT6A-27 1 
	Comair. Embraer EMB-1101P 2x P&WC PT6A-34 2 
	Combs Airways/. Cessna 500 Citation 1 2x P&WC JTl50-1 1 
	Freightair. Gates Learjet 24D 2x GE CJ610-6 1 Gates Learjet 25 2x GE CJ610-6 1 Gates Learjet 35A 2x AiR TFE731-2-2B 1 Grumman G-159 Gulfstream 1 2x RR Dart 529-8E 1 Lockheed L-188A 4x Asn 501-D13 1 Lockheed L-188A(F) 4x Asn 501-D13 1 
	A-5 
	In 
	In 
	In 
	On 

	Service 
	Service 
	Order 

	Airline 
	Airline 
	Aircraft 
	Engines 
	6/30/81 6/30/81 

	Combs Airways/ Freightair(cont. ) 
	Combs Airways/ Freightair(cont. ) 
	Lockheed L-1329 Jetstar 6 Lockheed L-1329 Jetstar 731 
	4x P&W JT12A-6 4x AiR TfE731-3-1F 
	1 1 

	COll1Tland Airways 
	COll1Tland Airways 
	Shorts 330 
	2x 
	P&WC 
	PT6A-45 
	5 

	COll1Tluter 
	COll1Tluter 
	Convair 600 
	2x Asn 
	501-0130 
	2 

	Airlines 
	Airlines 
	Swearingen SA-226TC MetroII 
	2x AiR 
	TPE331-3UW-303G 
	4 

	Concord Int'l Airlines 
	Concord Int'l Airlines 
	Douglas DC-8-21 Douglas OC-8-31F 
	4x P&W 4x P&W 
	JT4A-9 JT4A-9 
	1 1 

	Continental Airlines 
	Continental Airlines 
	Boeing 727-122 Boeing 727-130 Boeing 727-151 Boeing 727-176 
	3x P&W 3x P&W 3x P&W 3x P&W 
	JT8D-9 JT80-9 JT8D-9 JT8D-9 
	3 2 2 1 

	TR
	Boeing 727-122C Boeing 727-214 Advanced Boei ng 727 -224 Boeing 727-224 Advanced Boeing 727-224 Advanced Douglas DC-10-10 Douglas DC-10-10F Douglas DC-10-30 
	3x P&W JT80-9 3x P&W JT8D-9 3x P&W JT8D-9 3x P&W JT8D-9 3x P&W JT8D-15 3x GE CF6-6D 3x GE CF6-60 3x GE CF6-50C2 
	6 1 21 15 4 7 5 2 
	5 

	Coral Air 
	Coral Air 
	Govt Acft Factories N-22B 
	2x 
	Asn 
	250-B17B 
	1 

	TR
	Govt Acft Factories N-24A 
	2x Asn 
	250-B17B 
	4 

	TR
	Shorts 330 
	2x 
	P&WC 
	PT6A-45B 
	1 
	1 

	Crown Airways 
	Crown Airways 
	DH DH 
	Canada DHC-6-200 Canada DHC-6-300 
	2x P&WC 2x P&WC 
	PT6A-20 PT6A-27 
	1 1 

	TR
	Shorts 330 
	2x P&WC 
	PT6A-45 
	2 

	Cumberland 
	Cumberland 

	Airlines 
	Airlines 
	Beech 99 
	2x P&WC 
	PT6A-20 
	1 

	Danbury Airways 
	Danbury Airways 
	DH 
	Canada DHC-6-100 
	2x P&WC 
	PT6A-20 
	1 

	TR
	Gates 
	Learjet 24A 
	2x GE 
	CJ610-4 
	1 

	Delta Air Lines 
	Delta Air Lines 
	Boeing 727-291 Boeing 727-295 Boeing 727-232 Advanced Boeing 757-232 Boeing 767-232 Douglas DC-8-51 
	3x P&W JT8D-15 3x P&W JT80-15 3x P&W JT8D-15 * 2x GE CF6-80A 4x P&W JT3D-1 
	2 11 113 4 
	3 60 42 


	*Per Exxon data as noted earlier. 
	A-6 
	In On Service Order Airline Aircraft Engines 6/30/81 6/30/81 
	Delta Air Lines. Douglas DC-8-61 4x P&W JT3D-3B 13 
	(cont.). Douglas DC-9-32 2x P&W JT8D-7A 36 Lockheed L-I0ll-l 3x RR RB.211-22B 30 8 Lockheed L-I011-200 3x RR RB.211-524 1 Lockheed L-I011-500 3x RR RB.211-524B 3 
	Dorado Wings. BAe HP-137 Jetstream 2x AiR TPE331-3U-303G 3 
	Duncan Aviation. OH Canada DHC-6-300 2x P&WC PT6A-27 2 Swearingen SA-226T(B) Merl in I11B 2x AiR TPE331-10U-501G 1 
	Eastern Air. Airbus A300B2-201 2x GE CF6-50C 2 
	Lines. Airbus A300B4-103 2x GE CF6-50C2 17 15 Boeing 727-125 3x P&W JT8D-7B 44 Boeing 727-125C 3x P&W JT8D-7B 13 Boeing 727-214 3x P&W JT8D-7 4 Boeing 727-225 3x P&W JT8D-7 25 Boeing 727-225 Advanced 3x P&W JT8D-15 41 21 Boeing 757-225 2x RR RB.211-535C 27 Douglas DC-9-31 2x P&W JT8D-7B 59 Douglas DC-9-51 2x P&W JT8D-15 21 Lockheed L-I0ll-l 3x RR RB.211-22B 26 
	Eastern Orient Airlines Boeing 720-027 4x P&W I.lT3C-7 1 
	Emerald Airlines. Fairchild F-27 2x RR Dart 514-7 1 Fairchild F-27B 2x RR Dart 514-7 1 Fairchild FH-227C 2x RR Dart 532-7 2 Grumman G-159 Gulfstream 1 2x RR Dart 529-8E 1 
	Empire Airlines. Fokker F-28-4000 2x RR Spey 555-15H 1 1 Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 5 
	Era Helicopters. Convair 580 2x Asn 501-D13H 2 DH Canada DHC-6-100 2x P&WC PT6A-20 5 DH Canada DHC-6-200 2x P&WC PT6A-20 3 Gates Learjet 24B 2x GE CJ610-6 1 Gates Learjet 24D 2x GE CJ610-6 2 Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 1 
	Evergreen. Aerospatiale SA-318C Ix Tbm Astazou llA 4 
	Helicopters. Be 11 212 Ix P&WC PT6T-3 Twin-Pac 3 DH Canada DHC-6-30 2x P&WC PT6A-27 8 Gates Learjet 24D 2x GE CJ610-6 1 Sikorsky S-64E 2x P&W JFTD12-4A 1 
	Evergreen Int'l Boeing 727-130C 3x P&W JT8D-7A 1 Airlines Douglas DC-8-52 4x P&W JT3D-3B 1 Douglas DC-8-61F 4x P&W JT3D-3B 1 Douglas DC-8-63F 4x P&W JT3D-7 1 Douglas DC-9-32F 2x P&W JT8D-7 3 Lockheed L-188A 4x Asn-501-D13 3 Lockheed L-188A(F) 4x Asn 501-013 2 Lockheed L-188C 4x Asn 501-013 1 
	Fairways. Beech 99 2x P&WC PT6A-20 1 DH Canada DHC-6-200 2x P&WC PT6A-20 1 Grumman G-159 Gu1fstream 1 2x RR Dart 529-8E 1 
	Federal Express. Boeing 727-022C 3x P&W JT8D-7 13 Boeing 727-024C 3x P&W JT8D-7 1 Boeing 727-025C 3x P&W JT8D-7 7 Boeing 727-116C 3x P&W JT8D-7 1 Boeing 737-252C Advanced 2x P&W JT8D-17 1 Dassau1t Falcon 20 2x GE CF700-2D 8 Dassau1t Falcon 200 2x GE CF700-2D 23 Dassau1t Falcon 20E 2x GE CF700-2D 1 Douglas DC-10-10CF 3x GE CF6-6D 3 
	Fischer Brothers Aviation CASA C-212-200 2x AiR TPE331-10-501C 3 
	Fleming Int 11 Douglas DC-8-33F 4x P&W JT4A-9 1 Airways Lockheed L-188A(F) 4x Asn 501-013 1 Lockheed L-188C 4x Asn 501-013 3 Lockheed L-188C(F) 4x Asn 501-013 4 
	Flying Tiger Boeing 747-123F 4x P&W JT9D-7A 3 Line Boeing 747-132F 4x P&W JT9D-7A 3 Boeing 747-245F 4x P&W JT9D-70A 6 Boeing 747-249F 4x P&W JT9D-7Q 4 Douglas DC-8-61F 4x P&W JT3D-3B 7 Douglas DC-8-63F 4x P&W JT3D-7 19 
	Freedom Airlines Convair 580 2x Asn 501-0130 3 
	Frontier Boeing 737-200 2x P&W JT8D-9 5 Airlines Boeing 737-214 2x P&W JT8D-9 1 Boeing 737-214 2x P&W JT8D-9 4 Boeing 737-222 2x P&W JT8D-9 3 Boeing 737-247 2x P&W JT8D-9 2 Boeing 737-291 2x P&W JT8D-9 5 Boeing 737-2A1 Advanced 2x P&W JT8D-17 2 
	A-8 
	In On Service Order Airline Aircraft Engines 6/30/81 6/30/81 
	Frontier Airlines (cont. ) 
	Frontier Airlines (cont. ) 
	Frontier Airlines (cont. ) 
	Boeing 737-212 Advanced Boeing 737-291 Advanced Boeing 737-291 Advanced Convair 580 DH Canada DHC-6-300 Douglas DC-9-82 
	2x P&W JT8D-9 2x P&W JT8D-9 2x P&W JT8D-17 2x Asn 501-0130 2x P&WC PT6A-27 2x P&W JT8D-217 
	1 9 12 20 1 
	1 3 

	Gibbs Lease Air 
	Gibbs Lease Air 
	DH Canada oHC-6-100 
	2x P&WC PT6A-20 
	2 

	Gifford Aviation Shorts SC-7 Skyvan Srs 3 
	Gifford Aviation Shorts SC-7 Skyvan Srs 3 
	2x AiR TPE331-201 
	2 

	Global Int'l Airways 
	Global Int'l Airways 
	Boeing 707-323B Boeing 707-331C 
	4x 4x 
	P&W P&W 
	I.lT3D-3B JT3D-3B 
	1 3 

	Golden Gate Airlines 
	Golden Gate Airlines 
	Convair 580 DH Canada DHC-7-102 Swearingen SA-226TC MetroII 
	2x Asn 501-0130 4x P&WC PT6A-50 2x AiR TPE331-3UW-303G 
	5 4 8 
	8 3 

	Golden West Airlines 
	Golden West Airlines 
	DH Canada DHC-6-100 oH Canada DHC-6-200 oH Canada oHC-7-102 Shorts 330 
	2x P&WC PT6A-20 2x P&WC PT6A-20 4x P&WC PT6A-50 2x P&WC PT6A-45 
	2 10 3 4 
	2 

	Great Western Airlines 
	Great Western Airlines 
	Convair 580 
	2x Asn 501-0130 
	2 

	Hammonds Air Service 
	Hammonds Air Service 
	Embraer EMB-llOPl 
	2x P&WC PT6A-34 
	1 

	Hawai i an Airlines 
	Hawai i an Airlines 
	DH Canada DHC-7-100 Douglas DC-9-32CF Douglas DC-9-51 Douglas OC-9-81 
	4x P&WC PT6A-50 2x P&W JT8D-9A 2x P&W JT8D-17 2x P&W JT8D-209 
	1 8 
	3 6 

	Henson Aviation 
	Henson Aviation 
	Beech 99A Beech B99 DH Canada oHC-7-102 Shorts 330 
	2x P&WC PT6A-27 2x P&WC PT6A-27 4x P&WC PT6A-50 2x P&WC PT6A-45 
	3 2 3 4 

	Imperial Airlines 
	Imperial Airlines 
	Embraer EMB-110PI 
	2x P&WC PT6A-34 
	5 

	Inland Empire Airlines 
	Inland Empire Airlines 
	Swearingen SA-226TC MetroII Swearingen SA-227AC MetroIII 
	2x AiR TPE33I-3UW-303G 2x AiR TPE331-IIU-60IG 
	4 
	2 

	Intercontinental Airways 
	Intercontinental Airways 
	Douglas DC-8-33 Douglas DC-8-33(F) 
	4x P&W JT4A-12 4x P&W JT4A-12 
	2 1 


	Airline 
	Airline 
	Airline 
	Aircraft 
	Engines 
	In On Service Order 6/30/81 6/30/81 

	Interstate Airways 
	Interstate Airways 
	Convair 580 
	2x Asn 
	501-D13D 
	11 

	Jamaire 
	Jamaire 
	Embraer EMB-110P1 
	2x P&WC 
	PT6A-34· 
	1 


	Mall Airways Beech 99 2x P&WC PT6A-20
	1. 
	Mesaba Airlines 
	Mesaba Airlines 
	Mesaba Airlines 
	Beech 99 
	2x P&WC 
	PT6A-20 
	2 

	Metro Airlines 
	Metro Airlines 
	DH 
	Canada DHC-6-100 
	2x P&WC 
	PT6A-20 
	2 

	TR
	DH 
	Canada DHC-6-200 
	2x P&WC 
	PT6A-20 
	8 

	TR
	DH 
	Canada DHC-6-300 
	2x P&WC 
	PT6A-27 
	6 

	TR
	Shorts 330 
	2x P&WC 
	PT6A-45 
	5 

	Metro 
	Metro 
	Intll 

	Airways 
	Airways 
	Boeing 747-212B 
	4x P&W 
	JT9D-7A 
	3 

	Mid Pacific 
	Mid Pacific 

	Airlines 
	Airlines 
	NAMC 
	YS-11A-600 
	2x RR 
	Dart 542-10K 
	2 


	Mid-South Com-Embraer EMB-110P1 2x P&WC PT6A-34
	1. 
	muter Airlines Embraer EMB-110P2 2x P&WC PT6A-34 1 
	Midstate Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 4 Airlines Swearingen SA-226TC MetroIIA 2x AiR TPE331-3UW-303G 2 Swearingen SA-227AC MetroIII 2x AiR TPE331-11U-601G
	1. 
	Midway Douglas DC-9-14 2x P&W JT8D-7. Airlines Douglas DC-9-15 2x P&W JT8D-7. 
	17. 
	Mississippi Beech 99 2x P&WC PT6A-20 6 Valley Airlines Fokker F-27-500 2x RR Dart 532-7 1 Shorts 330 2x P&WC PT6A-45 6 
	Montauk Carribean 
	Airways/Ocean Bell 206A 1x Asn 250-C18. Reef Airways DH Canada DHC-6-100 2x P&WC PT6A-20. 
	Mountain. West Airlines Embraer EMB-110P1 2x P&WC PT6A-34·. 
	11. 
	4. 
	New Air 
	New Air 
	New Air 
	Embraer EMB-110P1 
	2x P&WC 
	PT6A-34 
	2 

	New 
	New 
	York Air 
	Douglas DC-9-32 
	2x P&W 
	JT8D-9A 
	6 
	2 

	N.Y. 
	N.Y. 
	He1icopter 
	Aerospatiale SA-360C 
	1x Tbm Astazou XVIIIA 
	7 


	A-10. 
	In 
	In 
	In 
	On 

	Service 
	Service 
	Order 

	Airline 
	Airline 
	Aircraft 
	Engines 
	6/30/81 6/30/81 

	Northwest Airlines 
	Northwest Airlines 
	Boeing 727-151 Boeing 727-151C Boeing 727-251 Boeing 727-251 Advanced Boeing 747-135 Boeing 747-151 Boeing 747-251B Boeing 747-251F Douglas DC-I0-40 
	3x P&W 3x P&W 3x P&W 3x P&W 4x P&W 4x P&W 4x P&W 4x P&W 3x P&W 
	JT8D-7B JT8D-7B JT8D-7B JT8D-15 JT9D-7 JT9D-7 JT9D-7Q JT9D-7Q JT9D-20 
	4 10 23 29 2 10 12 5 22 

	Ocean Airways 
	Ocean Airways 
	Beech 99 
	2x P&WC 
	PT6A-20 
	1 

	Overseas Nat'l Airways 
	Overseas Nat'l Airways 
	Douglas DC-8-31 Douglas DC-8-33 Douglas DC-8-55F 
	4x P&W 4x P&W 4x P&W 
	JT4A-ll JT4A-11 JT3D-3B 
	1 1 1 

	Ozark Air Lines 
	Ozark Air Lines 
	Douglas DC-9-15 Douglas DC-9-31 Douglas DC-9-32 Douglas DC-9-33F Douglas OC-9-34 
	2x P&W 2x P&W 2x P&W 2x P&W 2x P&W 
	JT8D-7 \.lTBD-9 JT8D-9 \.lT80-9 JT80-17 
	7 19 11 1 2 

	Pacific Alaska Airlines 
	Pacific Alaska Airlines 
	Fairchild F-27F 
	2x RR 
	Dart 514-7 
	1 

	Pacific South­west Airlines 
	Pacific South­west Airlines 
	Boei ng 727-151 Boeing 727-214 Boeing 727-254 Boeing 727-2Q8 Advanced Boeing 727-214 Advanced Douglas OC-9-81 
	3x P&W 3x P&W 3x P&W 3x P&W 3x P&W 2x P&W 
	JT80-7 JT80-7 JT8D-7 JTBD-7 JT8D-7 JT8D-209 
	1 10 4 1 7 4 
	16 

	Pan American World Airways 
	Pan American World Airways 
	Boeing 707-3218 Boeing 727-121 Boeing 727-135 Boeing 727-151 Boeing 727-121C Boeing 727-235 Boeing 727-204 Advanced Boeing 727-221 Advanced Boeing 747-121 Boeing 747-132 Boeing 747-121 Comb; Boeing 747-123 Combi Boeing 747-221F Boeing 747SP-21 Douglas DC-I0-1O 
	4xP&W JT30-3B 3x P&W JT8D-l 3x P&W JT8D-7B 3x P&W JT8D-7B 3x P&W JT8D-l 3x P&W JT80-7B 3x P&W JT8D-17R 3x P&W JT8D-17R 4x P&W JT9D-7A 4x P&W JT90-7A 4x P&W JT9D-l 4x P&W JT90-1 4x P&W JT9D-7A 4x P&W JT9D-7A 3x GE CF6-60 
	9 10 13 6 2 24 2 28 1 3 1 2 10 11 
	8 


	A-ll 
	Pan American World Airways Douglas DC-10-30 3x GE CF6-50C 4 (cont. ) Lockheed L-1101-500 3x RR RB.211-524B 7 5 
	Pennsylvania. Beech 99 2x P&WC PT6A-20 2 
	Airlines. Beech 99A 2x P&WC PT6A-27 3 Beech B99 2x P&WC PT6A-27 1 DH Canada DHC-6-300 2x P&WC PT6A-27 3 Mohawk (Nord) 298 2x P&WC PT6A-45 4 Shorts 330 2x P&WC PT6A-45 3 
	People Express Airlines Boeing 737-130 2x P&W JT8D-7 4 10 
	Piedmont. Boeing 727-122 3x P&W JTBD-7B 1 
	Airlines. Boeing 727-130 3x P&W JTBD-7B 1 Boeing 727-151 3x P&W JT8D-7B 2 Boeing 727-195 3x P&W JT8D-7B 2 
	Boeing 737-2H5 2x P&W JT80-9A 2 Boeing 737-201 2x P&W JT8D-9A 12 Boeing 737-222 2x P&W JT8D-9A 5 Boeing 737-247 2x P&W JTBD-9A 1 Boeing 737-281 2x P&W JT8D-9A 1 Boeing 737-2A1 Advanced 2x P&W JT8D-9A 1 Boeing 737-2Q9 Advanced 2x P&W JT8D-9A 2 Boeing 737-201 Advanced 2x P&W JT8D-9A 14 13 NAMC YS-llA-500 2x RR Dart 542-10J 6 
	Pilgrim Aviation. Beech 99 2x P&WC PT6A-20 2 
	and Airlines. DH Canada DHC-6-100 2x P&WC PT6A-20 6 Fokker F-27-100 2x RR Dart 514-7 2 Fbkker F-27-700 2x RR Dart 514-7 1 
	Pinehurst NAMC YS-llA-500 2x RR Dart 542-10K 4 Airlines NAMC YS-llA-600 2x RR Dart 542-10S 2 
	Pioneer Beech 99 2x P&WC PT6A-20 3 Airways Beech 99A 2x P&WC PT6A-27 1 
	Pocono Airlines. Beech 99 2x P&WC PT6A-20 1 Beech B99 2x P&WC PT6A-27 2 Swearingen SA-226TC MetroI! 2x AiR TPE331-3UW-303G 2 Swearingen SA-227AC Metro!!! 2x AiR TPE331-11U-601G 1 
	Precision. Convair 600 2x RR Dart 542-4 2 DH Canada DHC-6-200 2x P&WC PT6A-20 1 DH Canada DHC-6-300 2x P&WC PT6A-27 1 
	A-12 
	In On Service Order Airline Aircraft Engines 6/30/81 6/30/81 
	Prinair. Convair 580 2x Asn 501-D13D 2 
	Princeton Av.. Govt Acft Factories N-24A 2x Asn 250-B17B 1 
	Princeville Airways DH Canada DHC-6-300 2x P&WC PT6A-27 2 1 
	Provincetown-Boston Airline Embraer EMB-110-1 2x P&WC PT6A-34 5 1 
	Ransome Airlines Aerospatiale (Nord) 262A 2x Tbm Bastan VI C-1 8 DH Canada DHC-7-102 4x P&WC PT6A-50 5 Mohawk (Nord) 298 2x P&WC PT6A-45 4 
	Reeve Aleutian Lockheed L-188A(F) 4x Asn 501-D13 1 Airways Lockheed L-188C 4x Asn 501-D13 2 NAMC YS-llA-600 2x RR Dart 542-10K 3 
	Republic. Boeing 727-2M7 Advanced 3x P&W JT8D-17R 7 
	Airlines. Boeing 727-2S7 Advanced 3x P&W JT8D-17 7 Convair 580 2x Asn 501-D13D 20 Douglas DC-9-14 2x P&W JT8D-7 21 Douglas DC-9-15 2x P&W JT8D-7 8 Douglas DC-9-15F 2x P&W JT8D-7 9 Douglas DC-9-31 2x P&W JT8D-9 52 Douglas DC-9-32 2x P&W JT8D-9 6 Douglas DC-9-32F 2x P&W JT8D-9 1 Douglas DC-9-51 2x P&W JT8D-17 28 Douglas DC-9-82 2x P&W JT8D-217 4 10 
	Rio Airways. Beech 99A 2x P&WC PT6A-27 2 Beech 200 2x P&WC PT6A-41 2 DH Canada DHC-6-300 2x P&WC PT6A-27 10 Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 8 Swearingen SA-226TC MetrollA 2x AiR TPE331-3UW-303G 2 
	Rocky Mountain DH Canada DHC-6-300 2x P&WC PT6A-27 2 Airways DH Canada DHC-7-102 4x P&WC PT6A-50 2 
	Royale Airlines. Beech 99A 2x P&WC PT6A-27 1 Beech 899 2x P&WC PT6A-27 3 Embraer EMB-110P1 2x P&WC PT6A-34 5 Shorts 330 2x P&WC PT6A-45 1 
	Ryan Aviation. Cessna 500 Citation 1 2x P&WC JTl5D-1 9 Gates Learjet 25B 2x GE CJ6I0-6 2 Gates Learjet 35 2x AiR TFE731-2-2B 1 
	In On Service Order Airplane Aircraft Engines 6/30/81 6/30/81 
	Scheduled Beech 99 2x P&WC PT6A-20 2 Skyways Beech B99 2x P&WC PT6A-27 1 Swearingen SA-226TC Metro II 2x AiR TPE331-3UW-303G 7 
	Sea Airmotive-.Beech E90 2x P&WC PT6A-27 1 
	Seair. Beech 200 2x P&WC PT6A-41 1 Convair 580 2x Asn 501-0130 3 OH Canada OHC-2 MK.III Ix P&WC PT6A-20 5 OH Canada OHC-6-100 2x P&WC PT6A-20 2 
	OH Canada OHC-6-300 2x P&WC PT6A-27 8 
	Sierra Pacific Convair 580 2x Asn 501-0130 3 Airlines OH Canada OHC-6-300 2x P&WC PT6A-27 3 
	Silver State Airlines Embraer EMB-llOPl 2x P&WC PT6A-34 1 
	Sinmons Airlines. Embraer EMB-llOPl 2x P&WC PT6A-34 1 
	Sky West Aviation Swearingen SA-226TC Metroll 2x AiR TPE331-3UW-303G 3 
	5MB Stage Lines. Convair 600 2x RR Dart 542-4 9 
	Soonair Lines. Swearingen SA-226TC Metro 2x AiR TPE331-3UW-303G 1 
	Southeast Fairchild F-27 2x RR Dart 514-7 1 Airlines Grumman G-159 Gulfstream I 2x RR Dart 529-8E 1 
	Southern Lockheed L-382E 4x Asn 501-022A 1 Air Transport Lockheed L-382F 4x Asn 501-022A 1 
	Southern Jersey OH Canada OHC-6-300 2x P&WC PT6A-27 5 Airways OH Canada OHC-8 2x P&WC PWI08A 4 
	Southwest Boeing 737-2H4 Advanced 2x P&W JT80-9A 23 4 Airlines Boeing 737-3H4 Advanced 2x G/S CFM56-3 10 
	Suburban. OH Canada OHC-6-300 2x P&WC PT6A-27 1 
	Airlines. OH Canada OHC-8 2x P&WC PWI08A 3 Shorts 330 2x P&WC PT6A-45 5 Shorts 360 2x P&WC PT6A-65R 4 
	Summit Airl ines. Convair 580 2x Asn 501-0130 5 
	Sun Aire Lines. Swearingen SA-226TC Metro 2x AiR TPE331-3UW-303G 1 Swearingen SA-226TC Metroll 2x AiR TPE331-3UW-303G 4 
	In On Service Order Airplane Aircraft Engines 6/30/81 6/30/81 
	Sunbird Airlines. Beech 99A 2x P&WC PT6A-27 1. Beech C99 2x P&WC PT6A-34 10. 
	Swift Aire Lines Aerospatiale (Nord) 262A 2x Tbm Bastan VIC 4. Fokker F-27-500 2x RR Dart 536-7B 1 1. Fokker F-27-600 2x RR Dart 536-7R 3. 
	Tejas Airlines. Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 3 
	Tennessee Embraer EMB-110P1 2x P&WC PT6A-34 3 1 Airways Embraer EMB-120 2x P&WC PW102A 2 
	Texas Intll. Douglas DC-9-14 2x P&W JT8D-7A 15 
	Airlines. Douglas DC-9-15 2x P&W JT8D-7A 1 Douglas DC-9-15F 2x P&W JT8D-9A 2 Douglas DC-9-32 2x P&W JT8D-9A 16 
	TigerAir. BAe HS-125 Series 400A/731 2x AiR TPE731-3R 1 BAe One-Eleven Srs 401AK 2x RR Spey 511-14 1 Boeing 707-123B 4x P&W JT3D-1-MC-6 5 Boeing 707-1388 4x P&W JT3D-3B 1 Boeing 747-212B 4x P&W JT9D-7A 3 Douglas DC-10-30F 3x GE CF6-50C1 1 Gates Learjet 35 2x AiR TPE731-2-2B 1 1 
	Transamerica. Boeing 747-271C 4x GE CF6-50E 2 3 
	Airlines. Douglas DC-8-63F 4x P&W JT3D-7 9 Douglas DC-10-30F 3x GE CF6-50C 3 Lockheed L-188C 4x Asn 501-D13 8 Lockheed L-382G 4x Asn 501-D22A 12 
	Trans Central Airlines Swearingen SA-226TC MetroII 2x AiR TPE331-3UW-303G 4 
	Trans World. Boeing 707-131B 4x P&W JT3D-3B 39 
	Airlines. Boeing 707-331B 4x P&W JT3D-3B 30 Boeing 707-331C 4x P&W JT3D-3B 1 Boeing 727-131 3x P&W JT8D-1 26 Boeing 727-231 3x P&W JT8D-9 36 Boeing 727-231 Advanced 3x P&W JT8D-9 10 Boeing 727-231 Advanced 3x P&W JT8D-15 10 Boeing 727-131C 3x P&W JT8D-l 6 Boeing 727-180C 3x P&W JT8D-l 2 Boeing 747-131 4x P&W JT9D-3A 11 Boeing 747-156 4x P&W JT9D-7 2 Boeing 747SP-31 4x P&W JT9D-7A 3 Boeing 767-231 2x P&W JT9D-7R4D 10 Lockheed L-I101-1 3x RR RB. 211-22B 22 
	A-15 
	Trans World Airlines (cont. ) 
	Trans World Airlines (cont. ) 
	Trans World Airlines (cont. ) 
	Lockheed L-I0II-I00 Lockheed L-II01-200 
	3x RR 3x RR 
	RB.211-22B RB.211-524 
	5 1 
	2 

	United Airlines 
	United Airlines 
	Boeing 727-122 Boeing 727-222 Boeing 727-222 Advanced Boeing 727-122C Boeing 737-222 Boeing 767-222 Douglas DC-8-54F Douglas DC-8-61 
	3x P&W 3x P&W 3x P&W 3x P&W 2x P&W 2x P&W 4x P&W 4x P&W 
	JT8D-7A JT8D-7A JT8D-15 JT8D-7B JT8D-7A JT9D-7R JT3D-3B JT3D-3B 
	59 28 76 1 49 14 30 
	30 

	USAir 
	USAir 
	BAe One-Eleven Srs 203AE BAe One-Eleven Srs 204AF BAe One-Eleven Srs 215AU Boeing 727-122 Boeing 727-122C . Boeing 727-2B7 Advanced Boeing 737-2B7 Advanced Boeing 737-3B7 Douglas DC-9-31 Douglas DC-9-32 
	2x RR Spey 506-14 2x RR Spey 506-14 2x RR Spey 506-14 3x P&W JT8D-7 3x P&W JT8D-7 3x P&W JT8D-17 2x P&W JT8D-15A 2x G/S CFM56-3 2x P&W JT8D-7A 2x P&W JT8D-7A 
	10 15 3 10 1 3 52 3 
	2 15 10 16 

	Viking Intll Airlines 
	Viking Intll Airlines 
	Convair 600 
	2x RR Dart 542-4 
	2 

	Walker's Cay Airlines 
	Walker's Cay Airlines 
	DH Canada DHC-6-100 
	2x P&WC PT6A-20 
	1 

	Western Airlines Boeing 727-247 Boeing 727-2Q8 Advanced Boeing 727-247 Advanced Boeing 737-247 Boeing 767-247 Douglas DC-I0-10 
	Western Airlines Boeing 727-247 Boeing 727-2Q8 Advanced Boeing 727-247 Advanced Boeing 737-247 Boeing 767-247 Douglas DC-I0-10 
	3x P&W JT8D-9 3x P&W JT8D-9 3x P&W JT8D-9 2x P&W JT8D-9 2x P&W JT9D-7R4D 3x GE CF6-6D 
	6 1 37 12 12 
	3 6 

	Wheeler Airlines 
	Wheeler Airlines 
	Beech 99 Fokker F-27 
	2x P&WC PT6A-20 2x RR Dart 514-7 
	2 1 

	Wien Air Alaska 
	Wien Air Alaska 
	Boeing 737-222 Boeing 737-210 Advanced Boeing 737-291 Advanced Boeing 737-202C Boeing 737-210C Boeing 737-210C Advanced 
	2x P&W JT8D-7A 2x P&W JT8D-17 2x P&W JT8D-9 2x P&W JT8D-17 2x P&W JT80-17 2x P&W JT8D-17 
	2 1 1 1 3 4 

	A-16 
	A-16 


	A-I?. 
	AIRCRAFT PROFILES* 
	AIRCRAFT INCLUDED IN AIRCRAFT PROFILES** 
	AEROSPATIAL: CARAVELLE, MOHAWK 298 (NORD 262), SA-36 DAUPHIN AIRBUS INDUSTRIES: A300 BEECH AIRCRAFT: BEECH 99A,B,C BELL HELICOPTER: 212 BOEING: B-707/720, B-727, B-737, B-747, B-757, B-767 BOEING VERTOL: SIKORSKY S-58 to 64 BRITISH AEROSPACE CORPORATION: BAC-111, HP-137, HS-125, 748 CASA: C212 CESSNA: CITATION COMMUTER AIRCRAFT CORPORATION: CAC-100 DE HAVILLAND: DHC-2, DHC-6, DHC-7, DHC-8 EMBRAER: EMB-110, EMB-120 FAIRCHILD: F-27 (FH-227)FOKKER: F-27, F-28 GATES LEARJET: LEARJET 23 to 26, 35 GENERAL DYNAMIC
	WESTLAND: WG30 
	*The primary source for this Appendix is: J.W.R. Taylor, et.al., Jane's All the World's Aircraft, 1980-1981, and earlier editions, (London: Jane's PuBlishing Co.). ThlS data was supplemented by information obtained from: "Regiona-I/Conmuter: Aircraft InventorY,1I Air Transrort World, November 198!. 
	Aircraft were selected for inclusion in the Profl es based on Exxon, IITurbine-Engined Fleets of the World's Airlines: 1981," Air World Survey, Ju'ly 1981. 
	**Profiles include the characteristics of the baseline model. 
	AIRCRAFT PROFILE FOR. 
	AEROSPATIALE: CARAVELLE 
	Year Introduced: 1956 
	Fleet Size: Total no. in domestic service: 5 Total no. on order: None 
	Engine:No. of engines: 2 Type of engine: Turbofan Engine Mfr: Pratt &Whitney Engine model: JT8D-9 Rating: 14,500 lb 
	Passenger Capacity: Crew: 2 (3) Basic: 128 Max: 128 
	Aircraft Weight: Operating weight (empty): 31,800 kg (70,100 lb) Max payload: 13,200 kg (29,100 lb) Max T-O weight: 58,000 kg (127,870 lb) Max Zero-fuel weight: 45,000 kg (99,200 lb) Max landing weight: 49,500 kg (109,130 lb) 
	Fuel System: Capacity: 19,000 liters (4,180 gal) No. of tanks: 4 Locat ion: Wi ng 
	Speed: Max operating speed: N/AMax cruising speed at 7,670 m (25,000 ft): 445 knots (512 mph) Optimal cruising speed: N/A 
	Altitude/Range: Cruising altitude: N/AService ceiling: N/A Range with max fuel and 11,240 kg payload: 1,710 nm (1,970 miles) 
	N/A = Not available. 
	AEROSPATIALE: MOHAWK 298* 
	Year Introduced: N/A 
	Fleet Size: Total no. in domestic service: 27 Total no. on order: None 
	Engine:No. of engines: 2 Type of engine: Turboprop Engine Mfr: LycomingEngine model: T53-L-15 Rating: 820 kW (1,100 hp) 
	Passenger Capacity: Crew: 2 Basic: N/AMax: N/A 
	Aircraft Weight: Operating weight (empty): 5,020 kg (11,067 lb) Max payload: 8,722 kg (19,230 lb) Max T-O weight: 6,197 kg (13,650 lb) Max Zero-fuel weight: N/AMax landing weight: N/A 
	Fuel System: Capacity: 1,125 liters (297 U.S. gal) No. of tanks: 2 Location: Fuselage 
	Speed: Max operating speed: 354 knots (308 mph) Max cruising speed: 352 knots (306 mph) Optimal cruising speed: 207 mph 
	AltitudeiRange:Cruising altitude: N/AService ceiling: 9,235 m (30,300 ft)Range with fuel tank and 10% reserve: 1,410 miles 
	*Same as N262, Nord. 
	AEROSPATIALE: SA360 DAUPHIN 
	Year Introduced: 1972 
	Fleet Size: Total no. in domestic service: 11 Total no. on order: None 
	Engine:No. of engines: 1 Type of engine: Turboshaft Engine Mfr: Turbomeca Astazou Engine model: XVIIIA Rating: 783 kW (1,050 hp) 
	Passenger Capacity: Crew: 2 Basic: 13 Max: 13 
	Aircraft Weight:Operating weight (empty): 1,560 kg (3,428 lb) Max payload: N/A Max T-O weight: 3,000 kg (6,613 lb) Max Zero-fuel weight: N/A 
	Maxlandingweight: N/A 
	Fuel System: Capacity: N/A No. of tanks: N/ALocation: N/A 
	Speed:Max operating speed: 170 knots (196 mph)Max cruising speed: 147 knots (169 mph) Optimal cruising speed: N/A 
	Altitude/Range: Cruising altitude: N/AService ceiling: 3,850 m (12,630 ft) Range: 367 nm (422 miles) 
	AIRBUS INDUSTRIES: A300 
	Year Introduced: 1974 
	Fleet Size: Total no. in domestic service: 19 Total no. on order: 15 
	Engine: No. of engines: 2 Type of engine: Turbofan Engine Mfr: GE, Pratt &Whitney, Rolls-Royce Engine Model: CF6-50C(C2), JT9D-59A(B), CF6-80C1, JT9D7R4H, RB.211-524D4 Rating: 50,000 lbs-53,000 lbs 
	Passenger Capacity: Crew: 3 Basic: 220/320Max: 320 
	Aircraft Weight: Operating weight (empty): 89,700 kg (197,755 lb) Max payload: 34,590 kg (76,258 lb) Max T-O weight: 165,000 kg (363,760 lb) Max Zero-fuel weight: 124,000 kg (273,375 lb) Max landing weight: 136,000 kg (295,420 lb) 
	Fuel System: Capacity: 59,700 liters (13,133 U.S. gal) No. of tanks: 4-5 Location: Wing 
	Speed: Max operating speed: 345 knots (0.86 Mach) Max cruising speed: 492 knots (at 25,000 ft) Optimal cruising speed: N/A 
	Altitude/Range: Cruising altitude: 7,620 m (25,000 ft) -10,675 m (35,000 ft)Service ceiling: N/A Range with 269 passengers, max fuel: 1,800-2,750 nm (2,074-3,165 miles) 
	BEECH AIRCRAFT: BEECH A-99, B-99, C-99 
	Year Introduced: 1968 (1981 model C) 
	Fleet Size: Total no. in domestic service: 101 Total no. on order: 10 
	Engine:No. of engines: 2 Type of engine: Turboprop Engine Mfr: Pratt &Whitney of Canada Engine model: PT6A-28 Rating: 507 kW (680 hp) 
	Passenger Capacity: Crew: 2 Basic: 15 Max: 15 
	Aircraft Weight: Operating weight (empty): 2,620 kg (5,777 lb) Max payload: N/A Max T-O weight: 4,944 kg (10,900 lb) Max Zero-fuel weight: N/A Max landing weight: N/A 
	Fuel System: Capacity: 1,393 liters (368 U.S. gal) No. of tanks: 2 Location: Wing 
	Speed: Max operating speed: N/A Max cruising speed: 247 knots (285 mph) Optimal cruising speed: N/A 
	Altitude/Range: Cruising altitude: N/AService ceiling: 8,020 m (26,313 ft) Range with 1,393 liters and 45 min reserves: 723 nm (832 miles) 
	BELL HELICOPTER: BELL 212 
	Year Introduced: 1971 
	Fleet Size: Total no. in domestic service: 3 Total no. on order: None 
	Engine: No. of engines: 2 Type of engine: Turboshaft Engine Mfr: Pratt &Whitney of Canada Engine model: PT6T-3 Twin Pac Rating: 962 kW (1,290 hp) 
	Passenger Capacity:Crew: 1 Basic: 14 
	Max: 14 
	Aircraft Weight:Operating weight (empty): 2,787 kg (6,143 lb) Max payload: N/A Max T-O weight: 5,080 kg (11,200 lb) Max Zero-fuel weight: N/A Max landing weight: N/A 
	Fuel System: Capacity: 814 liters (215 U.S. gal) No. of tanks: 5 Location: Fuel cells 
	Speed:Max operating speed: 140 knots (161 mph) Max cruising speed: 124 knots (142 mph) Optimal cruising speed: N/A 
	Altitude/Range: Cruising altitude: N/AService ceiling: 4,330 m (14,200 ft) Range: 227 nm (261 miles) 
	BOEING: 707/720 
	Year Introduced: 1955 
	Fleet Size: Total no. in domestic service: 137 Total no. on order: None 
	Engine:No. of engines: 4 Type of engine: Turbofan Engine Mfr: Pratt &WhitneyEngine model: JT3D-7 t 500 N (19 t OOO lbs) 
	Rating: 84 

	Passenger Capacity: Crew: N/A Basic: 219 Max: 219 
	Aircraft Weight: 406 kg (146 t 400 lb) 324 kg (88 t 900 lb) t 315 kg (333 t 600 lb)t 330 kg (230 t OOO lb)037 kg (247 OOO lb) 
	Operating weight (empty): 66 
	t 
	Max payload: 40 
	t 
	Max T-O weight: 151 
	Max Zero-fuel weight: 104 
	Max landing weight: 112 
	t 
	t 

	Fuel System: t 299 liters (23 t 855 U.S. gal) No. of tanks: 7 Location: Wing and center section 
	Capacity: 90 

	Speed: Max operating speed: 545 knots (627 mph) Max cruising speed: 525 knots (605 mph) Optimal cruising speed: 478 knots (550 mph) 
	Altitude/Range: Cruising altitude: N/At 885 m (39 t OOO ft)OOO nm (5 755 miles) 
	Altitude/Range: Cruising altitude: N/At 885 m (39 t OOO ft)OOO nm (5 755 miles) 
	Service ceiling: 11 
	Range with max fuel: 5
	t 
	t 

	BOEING: B-727-200 

	Year Introduced: 1972 
	Fleet Size: Total no. in domestic service: 1066 Total no. on order: 66 

	Engine: No. of engines: 3 Type of engine: Turbofan Engine Mfr: Pratt &Whitney Engine model: JT8D-9A, JT8D-15, JT8D-17, JT8D-12R Rating: 14,000-17,400 1bs 
	Engine: No. of engines: 3 Type of engine: Turbofan Engine Mfr: Pratt &Whitney Engine model: JT8D-9A, JT8D-15, JT8D-17, JT8D-12R Rating: 14,000-17,400 1bs 
	Passenger Capacity: Crew: 3 on flight deck Basic: 145 Max: 189 
	Aircraft Weight:Operating weight (empty): 45,132 kg (99,500 1b) Max payload: 18,144 kg (40,000 1b) Max T-O weight: 86,405 kg (190,800 1b) Max zero-fuel weight: 63,800 kg (140,000 lb) Max landing weight: 70,800 kg (154,500 lb) 
	Fuel System: Capacity: 30,623 liters (8,090 U.S. gal) standard With optimal fuselage tanks: 39,000 liters (10,182 U.S. gal)No. of tanks: 3 + options Location: Wing (fuselage optional) 
	Speed: Max operating speed: 0.90 Mach Max cruising speed at 7,530 m: 520 knots (599 mph) Optimal cruising speed at 9,145 m: 495 knots (570 mph) 
	Altitude/Range:Cruising altitude: 10,060 m (33,000 ft) Service ceiling: N/A Range at full payload w/8,090 gal fuel: 1,450 nm (1,670 mile) Range at 2/3 payload with 8,090 gal fuel: 2,000 nm (2,303 mile) 
	AIRCRAFT PROFILE FOR 
	BOEING: B-737 
	Year Introduced: 1967 
	Fleet Size: Total no. in domestic service: 224 Total no. on order: 49 
	Engine: No. of engines: 2 Type of engine: Turbofan Engine Mfr: Pratt &WhitneyEngine model: JT8D Rating: 64,000 N (15,500 lbs)-75,600 N (17,000 lbs) 
	Passenger Capacity: Crew: 2 Basic: 115-130 Max: 130 
	Aircraft Weight: Operating weight (empty): 27,760 kg (61,200 lb) Max payload: 15,331 kg (33,800 lb) Max T-O weight: 56,472 kg (124,500 lb) Max Zero-fuel weight: 44,906 kg (99,000 lb) Max landing weight: 48,534 kg (107,000 lb) 
	Fuel System: Capacity: 19,532 liters (5,160 U.S. gal) No. of tanks: 5 Location: Wing and wing center section 
	Speed: Max operating speed: 0.34 Mach Max cruising speed: 500 knots Optimal cruising speed: 0.73 Mach 
	Altitude/Range: Cruising altitude: 22,600 ft Service ceiling: 23,500 ft Range at 116,000 lb with reserve fuel: 1,900 nm (2,188 miles) Range at 128,600 lb with reserve fuel: 2,400 nm (2,648 miles) 
	BOEING: B-747* 
	Year Introduced: 1970 
	Fleet Size: Total no. in domestic service: 137 Total no. on order: 5 
	Engine:No. of engines: 4 Type of engine: Turbofan Engine Mfrs: Pratt &Whitney, GE, Rolls-RoyceEngine model: JT9D, CF6-50E, RB.211-5243 Rating: 213,500 N (48,000 lbs) 
	Passenger Capacity: Crew: 3 Basic: 442 Max: 516 
	Aircraft Weight: Operating weight (empty): 175,995 kg (388,000 lbs) Max payload: 87,090 kg (192,000 lb) Max T-O weight: 377,840 kg (833,000 lb) Max Zero-fuel weight: 267,620 kg (590,000 lb) Max landing weight: 285,760 kg (630,000 lb) 
	Fuel System: Capacity: 198,385 liters (52,409 U.S. gal) No. of tanks: 7 Location: Wing 
	Speed: Max operating speed: 522 knots Max cruising speed: N/A Optimal cruising speed: N/A 
	Altitude/Range:Cruising altitude: 30,000 ft Service ceiling: 13,715 m (45,000 ft) Range 100B at 340,195 kg T-O weight: 4,700 nm (5,417 miles) Range 200B at 365,140 kg T-O weight: 5,300 nm (6,103 miles) Range 200B at 377,840 kg T-O weight: 5,700 nm (6,563 miles) 
	*The data given here characterizes the baseline B-747. 
	BOEING: B-757 
	Year Introduced: 1983-4 
	Fleet Size: Total no. in domestic service: None Total no. on order: 92 
	Engine: No. of engines: 2 Type of engine: Turbofan Engine Mfr: Rolls-Royce, GE Engine model: RB.211-535, CF6-32 Rating: 160,000 N (36,000 lbs) 
	Passenger Capacity:Crew: N/A Basic: 196 Max: 196 
	Aircraft Weight: Operating weight (empty): 59,430 kg (131,020 lb) Max payload: N/A Max T-Oweight: 108,860 kg (240,000 lb) Max Zero-fuel weight: 83,460 kg (184,000 lb) Max landing weight: 89,810 kg (198,000 lb) 
	Fuel System: Capacity: 41,185 liters (10,880 U.S. gal) No. of tanks: 5 Location: Wing 
	Speed:Max operating speed: 0.8 Mach Max cruising speed: 0.8 Mach Optimal cruising speed: N/A 
	Altitude/Range: Cruisinq altitude: N/AService-ceiling: N/A Range: 2,340 nm (2,695 miles) 
	BOEING: B-767 
	Year Introduced: 1984 
	Fleet Size: Total no. in domestic service: None Total no. on order: 120 
	Engine: No. of engines: 2 Type of engine: Turbofan Engine Mfr: Pratt &Whitney, GE, Rolls-Royce Engine model: JT9D-7R4D, JT9D-7R4A, CF6-80A, RB.211 Rating: N/A 
	Passenger Capacity: Crew: 2to 3 Basic: 211 Max: 289 
	Aircraft Weight: Operating weight (empty): 81,890 kg (180,540 lb) Max payload: N/A Max T-O weight: 140,615 kg (310,000 lb) Max Zero-fuel weight: 112,490 kg (242,000 lb) Max landing weight: 122,470 kg (257,000 lb) 
	Fuel System: Capacity: 58,900 liters (15,560 U.S. gal) No. of tanks: 2 Location: Wi ng 
	Speed: Max operating speed: 0.80 Mach Max cruising speed: 0.80 Mach Optimal cruising speed: N/A 
	Altitude/Range:Crui si ng altitude: N/At 100 m (39,700 ft) t 200 nm (3,685 miles) 
	Service ceiling: 12 
	Range at full payload: 3

	AIRCRAFT PROFILE FOR. 
	Table
	TR
	BOEING VERTOL: 
	SIKORSKY 
	S-58 to 
	64 

	Year 
	Year 
	Introduced: 
	1971 

	Fleet Size: Total no. Total no. 
	Fleet Size: Total no. Total no. 
	in domestic service: on order: None 
	4 

	Engine:No. of engines: 2 Type of engine: Turboshaft Engine Mfr: Pratt &Whitney of Canada Engine model: PT6T-3 Twin Pac Rating: 1,342 kW (1,800 hp) 
	Engine:No. of engines: 2 Type of engine: Turboshaft Engine Mfr: Pratt &Whitney of Canada Engine model: PT6T-3 Twin Pac Rating: 1,342 kW (1,800 hp) 

	Passenger Capacity: Crew: 2 Basic: 10 Max: 16 
	Passenger Capacity: Crew: 2 Basic: 10 Max: 16 

	Aircraft Weight:Operating weight (empty): 3,437 kg (7,577 lb) Max payload: N/A Max T-O weight: 5,896 kg (13,000 lb) Max Zero-fuel weight: N/A Max landing weight: 5,896 kg (13,000 lb) 
	Aircraft Weight:Operating weight (empty): 3,437 kg (7,577 lb) Max payload: N/A Max T-O weight: 5,896 kg (13,000 lb) Max Zero-fuel weight: N/A Max landing weight: 5,896 kg (13,000 lb) 

	Fuel System: Capacity: 1,109 liters No. of tanks: 12 Location: Metal cells 
	Fuel System: Capacity: 1,109 liters No. of tanks: 12 Location: Metal cells 
	(293 U.S. 
	gal) 

	Speed: Max operating speed: 120 knots (138 mph)Max cruising speed: 110 knots (127 mph) Optimal cruising speed: N/A 
	Speed: Max operating speed: 120 knots (138 mph)Max cruising speed: 110 knots (127 mph) Optimal cruising speed: N/A 

	Altitude/Range: Cruising altitude: 1,980 m (6,500 ft)Service ceiling: 1,280 m (4,200 ft) Range with 1,071 liters including 20 min 
	Altitude/Range: Cruising altitude: 1,980 m (6,500 ft)Service ceiling: 1,280 m (4,200 ft) Range with 1,071 liters including 20 min 
	reserves: 
	242 
	nm 
	(278 miles) 


	AIRCRAFT PROFILE FOR. 
	BRITISH AEROSPACE CORPORATION: BAC-111 
	Int~oduced: 1971 
	Year 

	Fleet Size: Total no. in domestic service: 29 Total no. on order: None 
	Engine: No. of engines: 2 Type of engine: Turbofan Engine Mfr: Rolls-RoyceEngine model: Spey Mk 512 OW Rating: 55,800 N (12,550 1bs) 
	Passenger Capacity: Crew: 2 Basic: 65-89 Max: 89-119 
	Aircraft Weight: Operating weight (empty): 24,454 kg (53,911 lb) Max Payload: 12,286 kg (27,089 lb) Max T-O weight: 47,400 kg (104,500 lb) Max Zero-fuel weight: 36,741 kg (81,000 lb) Max landing weight: 39,462 kg (87,000 lb) 
	Fuel System:Capacity: 14,024 liters (3,085 gal) No. of tanks: 4 Location: Wing 
	Speed: Max operating speed: 410 knots Max operating speed: 470 knots Optimal cruising speed: 400 knots 
	Altitude/Range:Cruising altitude: 6,400 m (21,000 ft)Service ceiling: N/A Range with 98,500 lb with reserves: 1,619 nm (1,865 miles) Range with 104,500 lb with reserves: 1,480 nm (1,705 miles) 
	AIRCRAFT PROFILE FOR. 
	BRITISH AEROSPACE CORPORATION: BAe-HP-137 
	Year Introduced: 1966 
	Fleet Size: Total no. in domestic service: 17 Total no. on order: None 
	Engine:No. of engines: 2 Type of engine: Turboprop Engine Mfr: Turbomeca Engine model: Astazou XIV Rating: 634 kW (850 hp) 
	Passenger Capacity: Crew: 2 Basic: 4 Max: 18 
	Aircraft Weight: Operating weight (empty): 3,833 kg (8,450 lb) Max payload: 1,510 kg (3,330 lb) Max T-O weight: 5,670 kg (12,500 lb) Max Zero-fuel weight: N/AMax landing weight: 5,670 kg (12,500 lb) 
	Fuel System: Capacity: 1,727 liters (380 gal) No. of tanks: 2 Location: Wing 
	Speed: Max operating speed: N/A Max cruising speed: 306 mph Optimal cruising speed: 250 mph (at 30,000 ft) 
	AItitude/Range: Cruising altitude: N/AService ceiling: 9,160 m (30,000 ft) Range with max payload, 45 min reserves: 240 miles 
	BRITISH AEROSPACE CORPORATION: BAe-HS-125 
	Year Introduced: N/A 
	Fleet Size: Total no. in domestic service: 1 Total no. on order: None 
	Engine: No. of engines: 2 Type of engine: Turbofan Engine Mfr: Garrett-AiResearch Engine model: TFE731-3-1H Rating: 16.46 kN (3,700 lb) 
	Passenger Capacity: Crew: 2 Basic: 8 Max: 14 
	Aircraft Weight: Operating weight (empty): 5,826 kg (12,845 lb) Max payload: 1,010 kg (2,228 lb) Max T-O weight: 11,566 kg (25,000 lb) Max Zero-fuel weight: 7,280 kg (16,050 lb) Max landing weight: 9,979 kg (22,000 lb) 
	Fuel System: Capacity: 4~628 liters (1,018 gal) No. of tanks: Integral Location: Wing 
	Speed: Max operating speed: N/A Max cruising speed at 8,380 m (27,500 ft): 436 knots (502 mph) Optimal cruising speed at 12,500 m (41,000 ft): 390 knots (449 mph) 
	Altitude/Range: Cruising altitude: N/AService ceiling: 12,500 m (41,000 ft) Range with max fuel: 2,420 nm (2,785 miles) 
	AIRCRAFT PROFILE FOR. 
	BRITISH AEROSPACE CORPORATION: BAe-HS-748 
	Year Introduced: 1976 (new engine 1979) 
	Fleet Size: Total no. in domestic service: 2 Total no. on order: 5 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: Rolls-Royce Engine model: Dart RDa.7 Mk 536-2 Rating: 1,700 kW (2,280 hp) 
	Passenger Capacity: Crew: 2 Basic: 40 Max: 58 
	Aircraft Weight: Operating weight (empty): 11,577 kg (25,524 lb) Max payload: 5,886 kg (12,976 lb) Max T-O weight: 21,092 kg (46,500 lb) Max Zero-fuel weight: 17,463 kg (38,500 lb) Max landing weight: 19,504 kg (43,000 lb) 
	Fuel System: Capacity: 6,550 liters (1,440 gal) No. of tanks: 2 Location: Wi ng 
	Speed: Max operating speed: N/A Max cruising speed: 244 knots (281 mph) Optimal cruising speed: N/A 
	Altitude/Range: Cruising altitude: N/A Service ceiling: 6,620 m (25,000 ft) Range with max payload: 925 nm (1,066 miles) 
	CASA: C212 
	Year Introduced: 1978 
	Fleet Size: Total no. in domestic service: 8 Total no. on order: 4 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: Garrett-AiResearch Engine model: TPE331-10-501C Rating: 671 kW (900 hp) 
	Passenger Capacity: Crew: 2 Basic: 24 Max: 26 
	Aircraft Weight:Operating weight (empty): 3,915 kg (8,631 lb) Max payload: 2,250 kg (4,960 lb) Max T-O weight: 7,300 kg (16,093 lb) Max Zero-fuel weight: 6,550 kg (14,440 lb) Max landing weight: 7,000 kg (15,432 lb) 
	Fuel System: Capacity: 2,100 liters (462 gal) No. of tanks: 4 Location: Wing 
	Speed:Max operating speed: N/A Max cruising speed: 208 knots (240 mph)Optimal cruising speed: N/A 
	Altitude/Range:Cruising altitude: N/AService ceiling: 8,535 m (28,000 ft) Range with max payload, no reserves: 410 nm (472 miles) 
	CESSNA: CITATION III 
	Year Introduced: N/A 
	Fleet Size: Total no. in domestic service: None Total no. on order: N/A 
	Engine: No. of engines: 2 Type of engine: Turbofan Engine Mfr: Garrett-AiResearch Engine model: TFE731-3B-1005 Rating: 16.24 kN (3,650 lb) 
	Passenger Capacity: Crew: 2 Basic: 8 Max: 8 
	Aircraft Weight: Operating weight (empty): 4,968 kg (10,951 lb) Max payload: N/A Max T-O weight: 9,072 kg (20,000 lb) Max Zero-fuel weight: N/A Max landing weight: 7,486 kg (16,500 lb) 
	Fuel System: Capacity: 2,826 kg (6,230 lb) No. of tanks: 2 Locat i on: Wi ng 
	Speed: Max operating speed: N/A Max cruising speed at 10,060 m (33,000 ft): 469 knots Optimal cruising speed: N/A 
	Altitude/Range: Cruising altitude: N/A Service ceiling: 15,545 m (51,000 ft) Range with 45 min reserves: 2,500 nm (2,877 miles) 
	COMMUTER AIRCRAFT CORPORATION: CAC-100 
	Year Introduced: 1983 
	Fleet Size: Total no. in domestic service: None Total no. on order: N/A 
	Engine:No. of engines: 4 Type of engine: Turbofan Engine Mfr: Pratt &Whitney of Canada Engine model: PT6A-45A Rating: 875 kW (1,173 hp) 
	Passenger Capacity: Crew: 2 Basic: 50 Max: 60 
	Aircraft Weight: Operating weight (empty): 8,901 kg (19,623 lb) Max payload: 5,443 kg (12,000 lb) Max T-O weight: 15,422 kg (34,000 lb) Max Zero-fuel weight: 13,437 kg (29,623 lb) Max landing weight: 14,969 kg (33,000 lb) 
	Fuel System: Capacity: 4,353 liters (1,150 U.S. gal) No. of tanks: 4 Location: Wing 
	Speed: Max operating speed: N/A Max cruising speed at 4,570 m (15,OOO ft): 300 knots (365 mph) Optimal cruising speed: N/A 
	Altitude/Range:Cruising altitude: N/AService ceiling: N/A Range with max fuel: 1,250 nm (1,439 miles) 
	DE HAVILLAND: DHC-2 
	Year Introduced: N/A 
	Fleet Size: Total no. in domestic service: 1 Total no. on order: None 
	Engine: No. of engines: 1 Type of engine: Turboprop Engine Mfr: Pratt &Whitney Engine model: PT6A-6 Rating: 578 hp 
	Passenger Capacity: Crew: 1 (2) Basic: 7 Max: 7 
	Aircraft Weight: Operating weight (empty): 1,252 kg (2,760 lb) Max payload: N/A Max T-O weight: 2,435 kg (5,370 lb) Max Zero-fuel weight: N/A Max landing weight: 2,313 kg (5,100 lb) 
	Fuel System: Capacity: 723 liters (159 gal) No. of tanks: 3 Location: Fuselage, cabin 
	Speed: Max operating speed: 170 mph Max cruising speed: 157 mph Optimal cruising speed: 160 mph 
	Altitude/Range: Cruising altitude: N/A Service ceiling: 6,250 m (20,500 ft) Range with max fuel: 677 miles 
	DE HAVILLAND: DHC-6 
	Year Introduced: 1965 
	Fleet Size: Total no. in domestic service: 129 Total no. on order: 2 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: Pratt &Whitney of Canada Engine model: PT6A-27 Rating: 486 kW (652 hp) 
	Passenger Capacity: Crew: 2 Bas i c: 13/20Max: 20 
	Aircraft Weight:Operating weight (empty): 3,363 kg (7,415 lb) Max payload: 1,941 kg (4,289 lb) Max T-O weight: 5,670 kg (12,500 lb) Max Zero-fuel weight: N/AMax landing weight: 5,577 kg (12,300 lb) 
	Fuel System: Capacity: 1,446 liters (382 gal) No. of tanks: 2 Location: Under floor 
	Speed: Max operating speed: N/A Max cruising speed: 182 knots (210 mph) Optimal cruising speed: N/A 
	Altitude/Range:Cruising altitude: N/AService ceiling: 8,140 m (26,700 ft)Range at 2,500 lb payload: 700 nm (806 miles) Range at 1,900 lb payload: 920 nm (1,059 miles) 
	DE HAVILLAND: DHC-7. 
	Year Introduced: 1978 
	Fleet Size: Total no. in domestic service: 22 Total no. on order: 13 
	Engine:No. of engines: 4 Type of engine: Turboprop Engine Mfr: Pratt &Whitney of Canada Engine model: PT6A-50 Rating: 835 kW (1,120 hp) 
	Passenger Capacity: Crew: 2 Basic: 50 Max: 50 
	Aircraft Weight: Operating weight (empty): 12,542 kg (27,650 lb) Max payload: 5,148 kg (11,350 lb) Max T-O weight: 19,958 kg (44,000 lb) Max Zero-fuel weight: 17,690 kg (39,000 lb) Max landing weight: 19,050 kg (42,000 lb) 
	Fuel System: Capacity: 5,602 liters (1,480 U.S. gal) No. of tanks: 2 Location: Wi ng 
	Speed: Max operating speed: N/A Max cruising speed at 2,440 m (15,000 ft): 231 knots (266 mph) Optimal cruising speed: N/A 
	Altitude/Range: Cruising altitude: N/A Service ceiling: 6,400 m (21,000 ft) Range at 4,570 m with standard fuel and 3,040 kg (6,700 lb): 1,160 nm 
	(1,335 miles) 
	DE HAVILLAND: DHC-8 
	Year Introduced: 1983 
	Fleet Size: Total no. in domestic service: None Total no. on order: 7 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: Pratt &Whitney of Canada Engine model: PT7A-2R Rating: 1,342 kW (1,800 hp) 
	Passenger Capacity: Crew: 2 Bas i c: 32 Max: 36 
	Aircraft Weight: Operating weight (empty): N/A Max payload: N/A Max T-O weight: N/A Max Zero-fuel weight: N/A Max landing weight: N/A 
	Fuel System: Capacity: N/A No. of tanks: N/A Location: N/A 
	Speed: Max operating speed: 260 knots (300 mph) Max cruising speed: NiA Optimal cruising speed: N/A 
	Altitude/Range: Cruising altitude: 7,620 m (25,000 ft)Service ceiling: N/A Range: N/A 
	Altitude/Range: Cruising altitude: 7,620 m (25,000 ft)Service ceiling: N/A Range: N/A 
	Year Introduced: 1973 

	Fleet Size: Total no. in domestic service: 44 Total no. on order: 9 
	Engine:No. of engines: 2 Type of engine: Turboprop Engine Mfr: Pratt &Whitney of Canada Engine model: PT6A-34 Rating: 559 kW (750 hp) 
	Passenger Capacity: Cl~ew: 2 Basic: 21 Max: 21 
	Aircraft Weight: Operating weight (empty): 3,516 kg (7,751 lb) Max payload: 1,681 kg (3,706 lb) Max T-O weight: 5,679 kg (12,500 lb) Max Zero-fuel weight: 5,450 kg (12,015 lb) Max landing weight: N/A 
	Fuel System: Capacity: 1,720 liters (378 gal) No. of tanks: 4 Location: Wi ng 
	Speed: Max operating speed: N/A Max cruising speed at 10,000 ft: 225 knots (259 mph) Optimal cruising speed at 10,000 ft: 176 knots (203 mph) 
	Altitude/Range: Cruising altitude: Service ceiling: 7,350 m (24,100 ft) Range at 10,000 ft, 45 min reserves, with max fuel: 1,025 nm (1,180 miles) 
	EMBRAER: EMB-120 BRASILIA 
	Year Introduced: 1984 
	Fleet Size: Total no. in domestic service: None Total no. on order: 8 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: Pratt &Whitney of Canada Engine model: PT7A-1 Rating: 1,118 kW (1,500 hp) 
	Passenger Capacity: Crew: 2 Basic: 30 Max: 30 
	Aircraft Weight: Operating weight (empty): 5,576 kg (12,295 lb) Max payload: 3,024 kg (6,666 lb) Max T-O weight: 9,600 kg (21,165 lb) Max Zero-fuel weight: 8,600 kg (18,960 lb) Max landing weight: 9,600 kg (21,165 lb) 
	Fuel System: Capacity: 3,348 liters (368 gal) No. of tanks: 2 Location: Wing 
	Speed:Max operating speed: N/A Max cruising speed at 6,400 m (21,000 ft): 294 knots (338 mph) Optimal cruising speed: 250 knots (288 mph) 
	Altitude/Range: Cruising altitude: N/AService ceiling: 9,750 m (32,000 ft) Range with max payload: 545 nm 
	AIRCRAFT PROFILE FOR. FAIRCHILD: F-27*. 
	Year Introduced: N/A 
	Fleet Size: Total no. in domestic service: 23 Total no. on order: None 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: Rolls-RoyceEngine model: Dart ROa.7 Rating: N/A 
	Passenger Capacity: Crew: 2 Bas ic: 40 Max: 52 
	Aircraft Weight: Operating weight (empty): 10,313 kg (22,736 lb) Max payload: 5,080 kg (11,200 lb) Max T-O weight: 19,730 kg (43,500 lb) Max Zero-fuel weight: 17,640 kg (39,000 lb) Max landing weight: 19,500 kg (43,000 lb) 
	Fuel System: Capacity: 7,810 liters (2,063 U.S. gal) No. of tanks: 2 Location: Wing 
	Speed: Max operating speed: 249 knots (287 mph) Max cruising speed at 20,000 ft: 237 knots (273 mph) Optimal cruising speed at 25,000 ft: 224 knots (258 mph) 
	Altitude/Range: Cruising altitude: N/AService ceiling: 8,535 m (28,000 ft) Range with max payload, 45 min reserves, at 10,000 ft: 533 nm (614 miles) 
	*Same basic aircraft as FH-227. 
	FOKKER: F-27-100 to 700 
	Year Introduced: 1955 
	Fleet Size: Total no. in domestic service: 9 Total no. on order: 4 
	Engine:No. of engines: 2 Type of engine: Turboprop Engine Mfr: Rolls-Royce Engine model: Dart M536-7R Rating: 1,596 kW (2,140 hp) 
	Passenger Capacity: Crew: 2 Bas ic: 44 Max: 48 
	Aircraft Weight:Operating weight (empty): 11,164 kg (24,612 lb) Max payload: 6,148 kg (13,553 lb) Max T-O weight: 20,410 kg (45,000 lb) Max fuel weight: 5,870 kg (12,941 lb) Max landing weight: 19,731 kg (43,500 lb) 
	Fuel System: Capacity: 5,136 liters (1,130 gal) No. of tanks: 4 Location: Wi ng 
	Speed:Max operating speed: 259 knots (278 mph) Max cruising speed: N/A Optimal cruising speed: N/A 
	Altitude/Range: Cruising altitude: N/AService ceiling: 8,990 m (29,500 ft) Range: 1,020 nm (1,082 miles) 
	AIRCRAFT PROFILE FOR 
	FOKKER: F-28 
	Year Introduced: 1969 
	Fleet Size: Total no. in domestic service: 7 Total no. on order: 4 
	Engine: No. of engines: 2 Type of engine: Turbofan Engine Mfr: Rolls-Royce Engine model: RB.1822 Spey M555-15H Rating: 44,000 N (9,900 lbs) 
	Passenger Capacity: Crew: 2or 3 Basic: 55/60/65 Max: 85 
	Aircraft Wei"ght: Operating weight (empty): 17,359 kg (38,269 lb) Max payload: 8,963 kg (19,760 lb) Max T-O weight: 33,110 kg (73,000 lb) Max Zero-fuel weight: 28,118 kg (62,000 lb) Max landing weight: 30,160 kg (66,500 lb) 
	Fuel System: Capacity: 9,740 liters (2,143 gal) No. of tanks: 2 Location: Wing 
	Speed: Max operating speed: 0.75 Mach Max cruising speed: 455 knots (523 mph) Optimal cruising speed: 366 knots (421 mph) 
	Altitude/Range: Cruising altitude: 10,675 m (35,000 ft) Service ceiling: N/A Range with 85 passengers and reserves: 1,000 nm (1,151 miles) 
	Altitude/Range: Cruising altitude: 10,675 m (35,000 ft) Service ceiling: N/A Range with 85 passengers and reserves: 1,000 nm (1,151 miles) 
	Year Introduced: 1963 

	Fleet Size: Total no. in domestic service: 13 Total no. on order: None 
	Engine:No. of engines: 2 Type of engine: Turbojet Engine Mfr: GE Engine model: CJ610-8A Rating: 13,100 N (2,950 lbs) 
	Passenger Capacity: Crew: 2 Basic: 10 Max: 10 
	Aircraft Weight: Operating weight (empty): 3,204 kg (7,064 lb) Max payload: 1,134 kg (2,500 lb) Max T-O weight: 6,123 kg (13,470 lb) Max fuel weight: 2,553 kg (5,628 lb) Max landing weight: 5,388 kg (11,880 lb) 
	Fuel System: Capacity: 3,180 liters (840 U.S. gal) No. of tanks: 3 Location: Wing and fuselage 
	Speed: Max operating speed: 475 knots (547 mph) Max cruising speed: 451 knots (519 mph) Optimal cruising speed: 428 knots (493 mph) 
	Altitude/Range:Cruising altitude: N/AService ceiling: 15,545 m (51,000 ft) Range with 4 passengers, max fuel, 45 min reserves: 1,474 nm (1,697 miles) 
	AIRCRAFT PROFILE FOR. 
	GATES LEARJET: LEARJET 35 
	Year Introduced: 1974 
	Fleet Size: Total no. in domestic service: 1 Total no. on order: None 
	Engine: No. of engines: 2 Type of engine: Turbofan Engine Mfr: Garrett-AiResearch Engine model: TFE731-2-2B Rating: 15.6 kN (3,500 lb) 
	Passenger Capacity:Crew: 2 Basic: 8 Max: 8 
	Aircraft Weight:Operating weight (empty): 4,342 kg (9,571 lb) Max payload: 1,587 kg (3,500 lb) Max T-O weight: 7,711 kg (17,000 lb) Max Zero-fuel weight: N/A Max landing weight: 6,960 kg (15,300 lb) 
	Fuel System: Capacity: 4,201 liters (1,110 U.S. gal) No. of tanks: N/ALocation: Wing, fuselage 
	Speed: Max operating speed: N/A Max cruising speed at 12,500 m (41,000 ft): 460 knots (529 mph) Optimal cruising speed at 13,700 m (45,000 ft): 418 knots (481 mph) 
	Altitude/Range: Cruising altitude: N/A Service ceiling: 13,715 m (45,000 ft) Range with 4 passengers, max fuel: 2,289 nm (2,636 miles) 
	GOs PACs * ALLISON: CONVAIR 580 
	Year Introduced: 1959 (conversions) 
	Fleet Size: Total no. in domestic service: 87 Total no. on order: None 
	Engine:No. of engines: 2 Type of engine: Turboprop Engine Mfr: Allison Engine model: 501-013 Rating: N/A 
	Passenger Capacity: Cre'l': 2 Bas i c: 56 Max: 56 
	Aircraft Weight: Operating weight (empty): N/A Max payload: N/A Max T-O weight: N/A Max landing weight: 23 s586 kg (52 000 lb) 
	s

	Fuel System:Capacity: 7s874 liters (2 s080 U.S. gal) No. of tanks: 2 Location: Wi ng 
	Speed: Max operating speed: 297 knots (342 mph) Max cruising speed: 297 knots (342 mph) Optimal cruising speed: 297 knots (342 mph) 
	AIti tude/Range: Cruising altitude: 6s100 m (20s000 ft)Service ceiling: N/ARange: 2s866 miles 
	* GO: General Dynamics; PAC: Pacific Airmotive Corporation. 
	AIRCRAFT PROFILE FOR. 
	GD, PAC*: CONVAIR 600/640 
	Year Introduced: 1965 (Conversions) 
	Fleet Size: Total no. in domestic service: 35 Total no. on order: None 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: Rolls-Royce Engine model: Dart RDa.l0 M542-4 Rating: 2,050 kW (2,750 hp) 
	Passenger Capacity: Crew: 2 Basic: 40 Max: 40 
	Aircraft Weight: Operating weight (empty): 13,732 kg (30,275 lb) Max payload: N/A Max T-O weight: 24,950 kg (55,000 lb) Max Zero-fuel weight: 22,680 kg (50,000 lb) Max landing weight: 23,815 kg (52,500 lb) 
	Fuel System: Capacity: 11,147 liters (2,945 U.S. gal) No. of tanks: 2 Location: Wing 
	Speed: Max operating speed: 268 knots (308 mph) Max cruising speed: 268 knots (308 mph) Optimal cruising speed: 268 knots (308 mph) 
	Altitude/Range: Cruising altitude: 7,315 m (24,000 ft) Service ceiling: 7,315 m (24,000 ft) Range: 1,068 nm (1,230 miles) 
	*GO: General Dynamics; PAC: Pacific Airmotive Corporation. 
	GOVERNMENT AIRCRAFT FACTORIES: N-22/24 
	Year Introduced: 1972 
	Fleet Size: Total no. in domestic service: 14 Total no. on order: None 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: Allison Engine model: 250-B17B Rating: 298 kW (400 hp) 
	Passenger Capacity: Crew: 1or 2 Basic: 13 Max: 13 
	Aircraft Weight: Operating weight (empty): 2.377 kg (5.241 lb) Max payload: N/A Max T-O weight: 4,263 kg (9.400 lb) Max fuel weight: 1.066 kg (2.350 lb) Max landing weight: 4.263 kg (9.600 lb) 
	Fuel System: Capacity: 1.018 liters (224 gal) No. of tanks: 2-4 Location: Wing and wing-tip 
	Speed: Max operating speed: N/A Max cruising speed: N/A Optimal cruising speed: 168 knots (193 mph) 
	Altitude/Range Cruising altitude: N/AService ceiling: 6,400 m (21,000 ft) Range: 730 nm (840 miles) 
	AIRCRAFT PROFILE FOR 
	GRUMMAN: G-159 GULFSTREAM 
	Year Introduced: 1965 
	Fleet Size: Total no. in domestic service: 7 Total no. on order: None 
	Engine:No. of engines: 2 Type of engine: Turbofan Engine Mfr: Rolls-RoyceEngine model: Spey Mk 511-8 Rating: 50,623 N (11,400 lbs) 
	Passenger Capacity: Crew: 1or 2 Basic: 19 Max: '19 
	Aircraft Weight: Operating weight (empty): N/A Max payload: N/AMax T-O weight: 28,122 kg (62,000 lb) Max Zero-fuel weight: 19,050 kg (42,000 lb) Max landing weight: 26,535 kg (58,500 lb) 
	Fuel System: Capacity: 10,205 kg (22,500 lb) No. of tanks: 2 
	Location: Wing 
	Speed: Max operating speed: 0.85 Mach Max cruising speed: 511 knots (588 mph)Optimal cruising speed: N/A 
	Altitude/Range:Cruising altitude: N/AService ceiling: 13,100 m (43,000 ft) Range with max fuel: 3,375 nm (3,886 miles) 
	AIRCRAFT PROFILE FOR 
	LOCKHEED: L-IOII-TRISTAR-500 
	Year Introduced: 1979 
	F"leet Size: 1n domestic service: NjA Total no. on order: N/A 
	Totdl no. 

	Engine: No. of engines: 3 Type of engine: Turbofan Engine Mfr: Rolls-Royce Engine model: RB.211-228 Rating: 187 kN (42,000 lb) 
	Passenger Capacity: 
	C.f'ew: 3 
	t),::SlC: 256. f~ax: 400. 
	Aircraft Weight: Operating weight (empty): 111,311 kg (245,400 lb) Max payload: 42,006 kg (92,608 lb) Mcx T-O weight: 228,610 kg (504,000 lb) Max Zero-fuel weight: 153,315 kg (338,000 lb) Max landing weight: 166,920 kg (368,000 lb) 
	Fuc'1 System:, 
	Cdpacity; 119,1'7 11 1 iters (31.6i~2 U.S. gal). No~ of ta~ks: 2+. L!)C 'It 'i on: ;.,1; ns;. 
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	AIRCRAFT PROFILE FOR. 
	LOCKHEED: L-188A/C 
	Year Introduced: 1959 
	Fleet Size: Total no. in domestic service: 52 Total no. on order: None 
	Engine: No. of engines: 4 Type of engine: Turboprop Engine Mfr: Allison Engine model: 501-013 Rating: 2,796 kW (3,750 hp) 
	Passenger Capacity: Crew: 2 Basic: 74 Max: 88 
	Aircraft Weight: Operating weight (empty): 25,990 kg (57,300 lb) Max payload: 12,020 kg (26,500 lb) Max T-O weight: 52,664 kg (116,000 lb) Max Zero-fuel weight: 39,010 kg (86,000 lb) Max landing weight: 43,385 kg (95,650 lb) 
	Fuel System: Capacity: 20,842 liters (5,520 U.S. gal) No. of tanks: 4 Locat ion: Wi ng 
	Speed: Max operating speed: 389 knots (448 mph) Max cruising speed: 352 knots (405 mph) Optimal cruising speed: N/A 
	Altitude/Range Cruising altitude: N/A Service ceiling: 8,655 m (28,400 ft) Range with 2-hr reserves: 3,460 miles 
	MBB: HFB 320 HANSA JET 
	Year Introduced: 1966 
	Fleet Size: Total no. in domestic service: 5 Total no. on order: None 
	Engine: No. of engines: 2 Type of engine: Turbojet Engine Mfr: GE Engine model: CJ610-9 Rating: 13,766 N (3,100 lbs) 
	Passenger Capacity: Crew: 2 Basic: 12 Max: 12 
	Aircraft Weight:Operating weight (empty): 5,425 kg (11,960 lb) Max payload: 1,775 kg (3,913 lb) Max T-O weight: 9,200 kg (20,280 lb) Max Zero-fuel weight: 7,450 kg (16,424 lb) Max landing weight: 8,800 kg (19,400 lb) 
	Fuel System: Capacity: 4,410 liters (915 gal) No. of tanks: 5 Location: Wi ng 
	Speed: Max operating speed: N/AMax cruising speed: 446 knots Optimal cruising speed at 35,000 ft: 365 knots (420 mph) 
	Altitude/Range: Cruising altitude: 10,670 m (35,000 ft)Service ceiling: N/A Range with 6 passengers, 45 min reserves: 1,278 nm (1,472 miles) 
	Altitude/Range: Cruising altitude: 10,670 m (35,000 ft)Service ceiling: N/A Range with 6 passengers, 45 min reserves: 1,278 nm (1,472 miles) 
	MCDONNELL-DOUGLAS: DC-8-61,62,63,71,72,73 

	Year Introduced: N/A 
	Fleet Size: Total no. in domestic service: 150 Total no. on order: None 
	Engine:No. of engines: 4 Type of engine: Turbofan Engine Mfr: Pratt &Whitney, GE/SNECMA Engine model: JT3D, JT8D-209, CFM56 Rating: 98,100 N (22,050 lbs) 
	Passenger Capacity: Crew: N/A Basic: N/A Max: N/A 
	Aircraft Weight: Operating weight (empty): 75,115 kg (165,600 lb) Max payload: 30,240 kg (66,665 lb) Max T-O weight: 161,025 kg (355,000 lb) Max Zero-fuel weight: 104,325 kg (230,000 lb) Max landing weight: 124,740 kg (275,000 lb) 
	Fuel System: Capacity: N/A No. of tanks: N/A Location: Wing 
	Speed: Max operating speed: 521 knots (598 mph) Max cruising speed: 0.80 Mach Optima1 cruising speed: N/A 
	Altitude/Range: Cruising altitude: N/A Service ceiling: N/A Range: N/A 
	MCDONNELL-DOUGLAS: DC-9-20,30,40,50 
	Year Introduced: 1968 
	Fleet Size: Total no. in domestic service: 401 Total no. on order: 18 
	Engine:No. of engines: 2 Type of engine: Turbofan Engine Mfr: Pratt &WhitneyEngine model: JT8D Rating: 64,500 N (14,500 lbs) 
	Passenger Capacity: Crew: 2 Basic: 119 Max: 119 
	Aircraft Weight: Operating weight (empty): 28,068 kg (61,880 lb) Max payload: 15,617 kg (34,430 lb) Max T-O weight: 54,885 kg (121,000 lb) Max Zero-fuel weight: 44,678 kg (98,500 lb) Max landing weight: 49,895 kg (110,000 lb) 
	Fuel System: Capacity: 19 s 074 liters (5 039 U.S. gal) No. of tanks: N/ALocation: Wi ng 
	s 

	Speed: Max operating speed: 537 knots (618 mph) Max cruising speed: 495 knots (569 mph) Optimal cruising speed: 443 knots (509 mph) 
	Altitude/Range:Cruising altitude: 9,145-10,675 m (30,000-35,000 ft)
	Service ceiling: N/A. Range: 1.795 nm (2,067 miles). 
	AIRCRAFT PROFILE FOR 
	MCDONNELL-DOUGLAS: DC-9 SUPER 80 
	Year Introduced: 1980 
	Fleet Size: Total no. in domestic service: 10 Total no. on order: 43 
	Engine: No. of engines: 2 Type of engine: Turbofan Engine Mfr: Pratt &Whitney Engine model: JT8D-209 Rating: 82,300 N (18,500 lbs) 
	Passenger Capacity: Crew: 2 Basic: 137 Max: 172 
	Aircraft Weight: Operating weight (empty): 36,534 kg (80,543 lb) Max payload: N/A Max T-O weight: 66,568 kg (147,000 lb) Max Zero-fuel weight: 53,524 kg (118,000 lb) Max landing weight: 58,060 kg (128,000 lb) 
	Fuel System: Capacity: 21,876 liters (5,779 U.S. gal) No. of tanks: N/ALocation: Wing 
	Speed:Max operating speed: 500 knots (575 mph) Max cruising speed: 0.80 Mach Optimal cruising speed: 0.76 Mach 
	Altitude/Range: Cruising altitude: N/AService ceiling: N/A Range: 2,657 nm (3,060 miles) 
	MCDONNELL-DOUGLAS: DC-10 
	Year Introduced: 1971 
	Fleet Size: Total no. in domestic service: 115 Total no. on order: None 
	Engine: No. of engines: 3 Type of engine: Turbofan Engine Mfr: GE, Pratt &Whitney Engine model: CF6-50 series &JT9D series Rating: 233,500 N (52,500 lb) 
	Passenger Capacity: Crew: 3 Basic: 255/270Max: 380 
	Aircraft Weight: Operating Weight (empty): 122,951 kg (271,062 lb) Max payload: 48,330 kg (106,550 lb) Max T-O weight: 259,744 kg (555,000 lb) Max Zero-fuel weight: 166,922 kg (368,000 lb) Max landing weight: 182,798 kg (403,000 lb) 
	Fuel System: Capacity: 138,165 liters (36,500 U.S. gal) No. of tanks: 6 Location: Wi ng 
	Speed: Max operating speed: 0.95 Mach Max cruising speed: 0.88 Mach Optimal cruising speed: 489 knots (562 mph) 
	Altitude/Range: Cruising altitude: 9,145 m (30,000 ft)
	Service ceiling: 10,730 m (35,200 ft).Range: 4,050 nm (4,663 miles). 
	MITSUBISHI: MU-2G/J 
	Year Introduced: 1966 
	Fleet Size: Total no. in domestic service: 2 Total no. on order: None 
	Engine:No. of engines: 2 Type of engine: Turboprop Engine Mfr: Garrett-AiResearch Engine model: TPE331-10-501M Rating: 533 kW (715 hp) 
	Passenger Capacity: Crew: 2 Basic: 7 Max: 9 
	Aircraft Weight: Operating weight (empty): 3,470 kg (7,650 lb) Max payload: 1,220 kg (2,690 lb) Max T-O weight: 5,250 kg (11,575 lb) Max fuel weight: 4,513 kg (9,950 lb) Max landing weight: 5,000 kg (11,025 lb) 
	Fuel System: Capacity: 1,526 liters (403 U.S. gal) No. of tanks: 5 Location: Wing 
	Speed: Max operating speed: 0.57 Mach Max cruising speed: 308 knots (355 mph) Optimal cruising speed: 313 knots (360 mph) 
	Altitude/Range: Cruising altitude: N/A Service ceiling: 10,210 m (33,500 ft) Range with max fuel, 45 min reserves, at 9,450 m: 1,600 nm (1,842 miles) 
	NIHON (NACM): YS-11-100/200 
	Year Introduced: 1965 
	Fleet Size: Total no. in domestic service: 24 Total no. on order: None 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: Rolls-RoyceEngine model: Dart Mka.542-10K Rating: 2,282 kW (3,060 hpj 
	Passenger Capacity: Crew: N/A Basic: 60 Max: N/A 
	Aircraft Weight: Operating weight (empty): 15,419 kg (33,993 lb) Max payload: 6,581 kg (14,508 lb) Max T-O weight: 24,500 kg (54,010 lb) Max Zero-fuel weight: N/A Max landing weight: N/A 
	Fuel System: Capacity: 7,270 liters (2,090 gal) No. of tanks: 4 Locat i on: Wi ng 
	Speed: Max operating speed: N/A Max cruising speed: 253 knots (291 mph) Optimal cruising speed at 6,100 m (20,000 ft): 244 knots (281 mph) 
	Altitude/Range: Cruising altitude: 6,100 m (20,000 ft)Service ceiling: N/A Range with max payload, reserves: 590 nm (680 miles) 
	SAAB-FAIRCHILO: SF-340 
	Year Introduced: 1984 
	Fleet Size: Total no. in domestic service: None Total no. on order: 5 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: GE Engi ne mode 1: cn Rating: 1,230 kW (1,650 hp) 
	Passenger Capacity: Crew: 2 Bas ic: 34 Max: 34 
	Aircraft Weight:Operating weight (empty): 6,600 kg (14,550 lb) Max payload: 3,400 kg (7,495 lb) Max T-O weight: 11,350 kg (25,020 lb) Max Zero-fuel weight: 10,000 kg (22,045 lb) Max landing weight: 11,110 kg (24,495 lbs) 
	Fuel System: Capacity: 3,331 liters (733 U.S. gal) No. of tanks: 4 (2 integral for each wing) Location: 'l'Jing 
	Speed: Max operating speed: 260 knots Max cruising speed: N/A Optimal cruising speed: N/A 
	AIti tude/Range: Cruising altitude: N/AService ceiling: N/A Range with 34 passengers with IFR reserves: 800 nm (920 miles) Range with 23 passengers with IFR reserves: 1.570 nm (1,805 miles) 
	AIRCRAFT PROFILE FOR 
	SHORTS: SHORTS 330/60 
	Year Introduced: 1976 
	Fleet Size: Total no. in domestic service: 42 Total no. on order: 7 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: Pratt &Whitney of Canada Engine model: PT6A-45 B Rating: 862 kW (1,156 hp) 
	Passenger Capacity: Crew: 2 Basic: 30 Max: 36 
	Aircraft Weight: Operating weight (empty): 6,690 kg (14,750 lb) Max payload: 2,653 kg (5,850 lb) Max T-O weight: 10,250 kg (22,600 lb) Max Fuel weight: 1,741 kg (3,840 lb) Max landing weight: 10,115 kg (22,300 lb) 
	Fuel System: Capacity: 2,182 liters (680 gal) No. of tanks: 3 Location: Wing and fuselage 
	Speed:Max operating speed: N/A Max cruising speed: 190 knots (218 mph) Optimal cruising speed: 160 knots (184 mph) 
	Altitude/Range: Cruising altitude: 3,050 m (10,000 ft)Service ceiling: 3,500 m (11,500 ft) Range with max fuel at 3,050 m, no reserves: 435 nm (500 miles) 
	SHORTS: SKYVAN SC7 
	Year Introduced: 1967 
	Fleet Size: Total no. in domestic service: 1 Total no. on order: None 
	Engine: No. of engines: 2 Type of engine: Turboprop Engine Mfr: Garrett-AiResearch Engine model: TPE331-201 Rating: 533 kW (715 hp) 
	Passenger Capacity: Crew: 1 (or 2) Basic: 19 Max: 19 
	Aircraft Weight: Operating weight (empty): 3,356 kg (7,400 lb) Max payload: 2,358 kg (5,200 lb) Max T-O weight: 6,216 kg (13,700 lb) Max Zero-fuel weight: N/A Max landing weight: 6,123 kg (13,500 lb) 
	Fuel System: Capacity: 1,332 liters (293 gal) No. of tanks: 4 Location: Fuselage 
	Speed: Max operating speed: N/A Max cruising speed at 3,050 m (10,000 ft): 169 knots (195 mph) Optimal cruising speed at 3,050 m (10,000 ft): 150 knots (173 mph) 
	Altitude/Range: Cruising altitude: N/AService ceiling: 6,705 m (22,000 ft) Range at long range cruising speed, 45 min reserves: 580 nm (670 miles) 
	SWEARINGEN: SA-226 (METRO & MERLIN) 
	Year Introduced: 1966 
	Fleet Size: Total no. in domestic service: 114 Total no. on order: 9 
	Engine:No. of engines: 2 Type of engine: Turboprop Engine Mfr: Garrett-AiResearch Engine model: TPE331-3UW-304G Rating: 701 kW (940 hp) 
	Passenger Capacity: Crew: 2 Basic: 19-20 Max: 20 
	Aircraft Weight:Operating weight (empty): 3,379 kg (7,450 lb) Max payload: N/A Max T-O weight: 5,670 kg (12,500 lb) Max Zero-fuel weight: N/A Max landing weight: 5,670 kg (12,500 lb) 
	Fuel System: Capacity: 2,452 liters (648 U.S. gal) No. of tanks: 2 Location: Wing 
	Speed:Max operating speed: 255 knots (294 mph) Max cruising speed: 255 knots (294 mph) Optimal cruising speed: 242 knots (197 mph) 
	Altitude/Range: Cruising altitude: 6,100 m (20,000 ft)Service ceiling: 8,230 m (27,000 ft) Range: 595 nm (685 miles) 
	WESTLAND: WG30 
	Year Introduced: 1982/3 
	Fleet Size: Total no. in domestic service: None Total no. on order: N/A 
	Engine: No. of engines: 2 Type of engine: Turboshaft Engine Mfr: Rolls-RoyceEngine model: Gem 41-1 Rating: 835 kW (1,120 hp) 
	Passenger Capacity:
	Crew: 2 .. Basic: 17. Max: 22. 
	Aircraft Weight: Operating weight (empty): 3,030 kg (7,037 lb) Max payload: N/A Max T-O weight: 5,443 kg (12,000 lb) Max Zero-fuel weight: N/A Max landing weight: N/A 
	Fuel System:Capacity: 499 kg (1,100 lb) No. of tanks: 2 Location: Cabin 
	Speed: Max operating speed: N/A Max cruising speed at S/L: 130 knots (150 mph) Optimal cruising speed: N/A 
	Altitude/Range: Cruising altitude: N/AService ceiling: N/A Range with 1,815 kg (4,000 lb) payload: 123 nm (142 miles) 
	AIRCRAFT OPERATIONAL PROFILES: DOMESTIC TRUNK, LOCAL SERVICE,. INTRA-STATE, AND OTHER CARRIERS -1979t. 
	CATEGORIES OF AIR CARRIERStt 
	*Domestic Trunk American Braniff Continental Delta Eastern Northwest Pan American Trans World United Western 
	*Local Service Frontier Ozark Piedmont RepublicTexas International USAir 
	*Intra-Alaskan Alaska Alaska International Kodiak-Western Alaska Munz Northern Reeve Aleutian Wien Air Alaska 
	*Intra-Hawaiian Aloha Hawaiian 
	All CargoAirlift International Flying Tiger 
	Other. Aeromech. AirCal. Air Florida. 
	*Air Midwest 
	*Air New England Air North Air Wisconsin Altair Apo 110 
	*Aspen Big Sky Capitol Int'l Cascade Cochise Coleman EmpireEvergreen Intll Golden Gate Golden West Great American Imperi a1 Mackey Int' 1 Mid-South Midway Mississippi Valley New Haven New York Air Pacific Southwest Sky West Southeast Southwest Swift Transamerica World 
	*Wright 
	**Commuters Ransome Airlines Rio Airways, Inc. Puerto Rico Intll Airlines Pennsylvania Commuter Airlines Bar Harbor AirwaysHenson Aviation, Inc. Metro Airlines-Metroflight Provincetown-Boston Airline Britt Airways, Inc. Air Oregon Rocky Mountain AirwaysAir Illinois Fayetteville Flying Service Commuter Airlines (Binghamton, NY) Royale Airlines, Inc. Pilgrim Aviation &Airlines Air North, Inc. (Burlington, VT) Chautauqua Airlines, Inc. Command Airways, Inc. Midstate Airlines Suburban Airlines Sun Aire Lines (B
	S. New Jersey Airways. Inland Empire Airlines. Ocean Airways, Inc.. Precision Valley Aviation. Wheeler Flying Service. Crown Airways, Inc.. 
	*Included in Profiles. Data for other carriers unavailable. **35 commuter carriers operating turbine-engined aircraft, based on total 
	revenue 
	revenue 
	revenue 
	passenger-miles and 
	enplanements. 
	See Chpater 4 for 
	data. 

	tSource: 
	tSource: 
	Reference 57. 

	ttSource: 
	ttSource: 
	Reference 58. 


	PERFORMANCE AND CHARACTER ISTI CS Assigned to Service 
	PERFORMANCE AND CHARACTER ISTI CS Assigned to Service 
	PERFORMANCE AND CHARACTER ISTI CS Assigned to Service 
	A-300B 7.5 
	DOMESTIC TRUNK PASSENGER SERVICE B-707-100B B-707-300 B-707-300B 70.3 2.0 21.1 
	B-707-300C 16.2 
	B-720B 3.7 

	Total Airborne Hours (All Revenue Service) 
	Total Airborne Hours (All Revenue Service) 
	22839 
	214130 
	5114 
	57711 
	50256 
	9490 

	Average Stage Length (miles) 
	Average Stage Length (miles) 
	893 
	1013 
	981 
	1030 
	1214 
	678 

	Average Airborne Speed 
	Average Airborne Speed 
	449 
	461 
	455 
	456 
	473 
	452 

	Total 
	Total 
	Block 
	Hours 
	26950 
	241752 
	5825 
	65675 
	56287 
	10885 

	Gallons of Fuel Block Hour 
	Gallons of Fuel Block Hour 
	Per 
	1822 
	1546 
	2093 
	1700 
	1771 
	1483 

	Gallons of Fuel Consumed (millions) 
	Gallons of Fuel Consumed (millions) 
	49.1 
	373.8 
	12.2 
	111.6 
	99.7 
	16.1 

	n I N 
	n I N 
	Revenue Passenger Miles (million) 
	1418 
	8697 
	215 
	2576 
	2408 
	380 

	TR
	Revenue Aircraft Miles (millions) 
	10.3 
	98.7 
	2.3 
	26.3 
	23.8 
	4.3 

	TR
	No. of Departures (thousands) 
	11.5 
	97.4 
	2.4 
	25.5 
	19.6 
	6.3 

	TR
	No. of Revenue Passenger Enplanements (millions) 
	1.6 
	8.6 
	0.2 
	2.5 
	2.0 
	0.6 

	" 
	" 
	Average Revenue Passenger Per Aircraft Mile (Revenue Passenger Enplanements Per Departure) 
	138.3 
	88.1 
	92.3 
	97.9 
	101.3 
	88.5 

	TR
	Revenue Passenger Enolanements Per Ai~craft (thousands) 
	213.3 
	122.3 
	109.5 
	118.5 
	123.5 
	151.3 


	PERFORMANCE AND CHARACTER ISTI CS Average Aircraft Assigned to Service 
	PERFORMANCE AND CHARACTER ISTI CS Average Aircraft Assigned to Service 
	PERFORMANCE AND CHARACTER ISTI CS Average Aircraft Assigned to Service 
	8-727-100 248.4 
	DOMESTIC TRUNK PASSENGER B-727-100C/QC B-727-200 41.2 557.5 
	SERVICE 8-737-200 68.0 
	8-747 32.9 
	L-1011 69.4 

	Total Airborne Hours (All Revenue Service) 
	Total Airborne Hours (All Revenue Service) 
	700105 
	125639 
	1747437 
	159826 
	127688 
	218313 

	Averagp. Stage Length (miles) 
	Averagp. Stage Length (miles) 
	645 
	574 
	574 
	309 
	2020 
	1000 

	Average Airborne Speed 
	Average Airborne Speed 
	437 
	425 
	428 
	369 
	506 
	473 

	Total 
	Total 
	Block Hours 
	816322 
	148003 
	2079450 
	197685 
	143521 
	255645 

	Gallons of Fuel Block Hour 
	Gallons of Fuel Block Hour 
	Per 
	1199 
	1239 
	1325 
	834 
	3238 
	2329 

	(J I W 
	(J I W 
	Gallons of Fuel Consumed (millions) Revenue Passenger Miles (million) 
	978.8 20896 
	183.4 3631 
	2755.3 62375 
	164.9 3975 
	464.7 16740 
	595.4 17255 

	TR
	Revenue Aircraft Miles (millions) 
	305.9 
	53.4 
	747.9 
	59.0 
	64.6 
	103.3 

	TR
	No. 
	of Departures (thousands) 
	474.3 
	93.0 
	1303.0 
	190.9 
	32.0 
	103.3 

	TR
	No. of Revenue Passenger Enplanements (millions) 
	32.4 
	6.3 
	108.7 
	12.9 
	8.3 
	17.3 

	TR
	Average Revenue Passengers Per Aircraft Mile (Revenue Passenger Enplanements Per Departure) 
	68.3 
	68.0 
	83.4 
	67.4 
	259.1 
	167.1 

	TR
	Revenue Passesnger Enplanement Per Aircraft (thousands) 
	130.4 
	152.9 
	194.9 
	189.2 
	252.0 
	248.7 


	PERFORMANCE AND CHARACTER ISTI CS Average Aircraft Assigned to Service 
	PERFORMANCE AND CHARACTER ISTI CS Average Aircraft Assigned to Service 
	PERFORMANCE AND CHARACTER ISTI CS Average Aircraft Assigned to Service 
	OC-8-50 24.2 
	OC-8-61 37.6 
	DOMESTIC TRUNK OC-8-62 8.8 
	PASSENGER OC-9-10 18.1 
	SERVICE OC-9-30 104.4 
	OC-9-50 16.9 

	Total Airborne Hours (All Revenue Service) 
	Total Airborne Hours (All Revenue Service) 
	62349 
	116348 
	28632 
	43375 
	286572 
	53260 

	Average Stage Length (miles) 
	Average Stage Length (miles) 
	1088 
	975 
	1430 
	346 
	356 
	403 

	Average Airborne Speed 
	Average Airborne Speed 
	465 
	454 
	480 
	378 
	375 
	386 

	Total 
	Total 
	Block Hours 
	70018 
	132869 
	31724 
	53655 
	355636 
	64551 

	Gallons of Fuel Block Hout' 
	Gallons of Fuel Block Hout' 
	Per 
	1699 
	1884 
	1683 
	836 
	872 
	981 

	c, I .po 
	c, I .po 
	Gallons of Fuel Consumed (millions) Revenue Passenger Miles (million) 
	119.0 2456 
	250.0 6302 
	53.4 1436 
	44.8 861 
	310.1 6931 
	63.3 1657 

	TR
	Revenue Aircraft ~"iles (millions) 
	29.9 
	52.8 
	13.7 
	16.4 
	107.5 
	20.7 

	TR
	No. of Departures (thousands) 
	26.6 
	54.2 
	9.6 
	47.4 
	301. 9 
	51.0 

	TR
	No. of Revenue Passenger Enplanements (millions) 
	2.3 
	6.5 
	1.0 
	2.5 
	19.5 
	4.1 

	TR
	Average Revenue Passenger Per Aircraft Mile (Revenue Passenger Enplanements Per Departure) 
	84.7 
	119.3 
	104.5 
	52.5 
	64.5 
	81.1 

	TR
	Revenue Passenger Enplanements Per Aircraft (thousands) 
	93.3 
	172.9 
	113.6 
	138.1 
	186.8 
	244.8 


	Average Aircraft Assigned to Service 
	Total Airborne Hours (All Revenue Service) 
	Average Stage length (miles) 
	Average Airborne Speed 
	Total Block Hours 
	Gallons of Fuel Per Block Hour 
	Gallons of Fuel Consumed (millions) 
	n 
	Ul 
	Revenue Passenger 
	I 

	Miles (million) 
	Revenue Aircraft Miles (millions) 
	No. of Departures (thousands) 
	No. of Revenue PassengerEnplanements (millions) 
	Average Revenue Passenger 
	Per Aircraft Mile (Revenue 
	Passenger Enplanements Per 
	Departure) 
	Revenue Passenger
	Enplanements Per 
	Aircraft (thousands) 
	76.9 
	260554 1497 488 291560 
	2191 639.0 19136 
	127.2 
	85.0 
	12.8 
	150.5 
	166.2 
	166.2 
	20.8 

	47539 782 451 
	57284 2315 132.6 2393 
	21.4 
	27.4 
	3.1 
	111.6 
	147.1 
	PERFORMANCE AND 
	DOMESTIC LOCAL PASSENGER SERVICE. 

	CHARACTER ISTI CS Average Aircraft Assigned to Service 
	CHARACTER ISTI CS Average Aircraft Assigned to Service 
	CHARACTER ISTI CS Average Aircraft Assigned to Service 
	8-727-100 16.8 
	8-727-200 4.3 
	B-737 59.9 
	BAC 
	111-200 29.7 
	DC-9-10 55.5 
	OC-9-30 135.9 
	OC-9-50 17.7 

	Total Airborne Hours (All Revenue Service) 
	Total Airborne Hours (All Revenue Service) 
	46839 
	12543 
	170963 
	75267 
	157427 
	380672 
	47412 

	Average Stage Length (miles) 
	Average Stage Length (miles) 
	428 
	552 
	327 
	231 
	315 
	316 
	232 

	Average Airborne Speed 
	Average Airborne Speed 
	402 
	444 
	378 
	320 
	370 
	374 
	354 

	Total 
	Total 
	Block Hours 
	54708 
	14098 
	203788 
	93030 
	188283 
	457568 
	59360 

	Gallons of Fuel Block Hour 
	Gallons of Fuel Block Hour 
	Per 
	1270 
	1309 
	855 
	786 
	841 
	867 
	952 

	r: I cr. 
	r: I cr. 
	Gallons of Fuel Consumed (millions) Revenue Passenger Miles (million) 
	69.5 1248 
	18.5 440 
	174.2 3968 
	73.1 1274 
	158.3 2848 
	396.7 8528 
	56.5 1072 

	TR
	Revenue Aircraft Miles (millions) 
	18.8 
	5.6 
	64.6 
	24.1 
	58.2 
	142.4 
	16.8 

	TR
	No. of Departures (thousands) 
	43.9 
	10.1 
	197.6 
	104.3 
	184.9 
	450.5 
	72.3 

	TR
	No. of Revenue Passenger Enplanements (millions) 
	2.9 
	0.8 
	12.1 
	5.5 
	9.0 
	27.0 
	4.6 

	TR
	Average Revenue Passenger Per Aircraft Mile (Revenue Passenger Enplanements Per Departure) 
	66.3 
	78.6 
	61.4 
	52.9 
	48.9 
	59.9 
	63.9 

	TR
	Revenue Passenger Enplanements Per Aircraft (thousands) 
	172.6 
	184.4 
	202.6 
	185.7 
	162.2 
	198.6 
	261.4 


	CHARACTERISTICS Average Aircraft Assigned to Service 
	CHARACTERISTICS Average Aircraft Assigned to Service 
	CHARACTERISTICS Average Aircraft Assigned to Service 
	CV-580 47.6 
	DHC-6 3.0 
	FH-227 13.0 
	Metro II 6.9 
	MO 298 2.3 
	YSll 14.6 

	Total Airborne Hours (All Revenue Service) 
	Total Airborne Hours (All Revenue Service) 
	99027 
	7086 
	17223 
	12348 
	3998 
	35610 

	Average Stage Length (miles) 
	Average Stage Length (miles) 
	117 
	106 
	110 
	119 
	136 
	116 

	Average Airborne Speed 
	Average Airborne Speed 
	235 
	171 
	194 
	214 
	178 
	209 

	Total 
	Total 
	Block Hours 
	122893 
	8007 
	21701 
	14892 
	4850 
	43480 

	Gallons of Fuel Block Hour 
	Gallons of Fuel Block Hour 
	Per 
	333 
	81 
	275 
	92 
	117 
	317 

	n I " 
	n I " 
	Gallons of Fuel Consumed (millions) Revenue Passenger Miles (million) 
	40.9 647 
	0.6 11 
	6.0 91 
	1.4 22 
	0.6 10 
	13.8 228 

	TR
	Revenue Aircraft Miles (millions) 
	23.3 
	1.2 
	3.3 
	2.6 
	0.7 
	7.4 

	TR
	No. 
	of Departures (thousands) 
	198.9 
	11.4 
	30.4 
	22.2 
	5.2 
	64.2 

	TR
	No. of Revenue PassengerEnplanements (millions) 
	5.5 
	0.1 
	0.8 
	0.2 
	0.1 
	2.0 

	TR
	Average Revenue Passenger Per Aircraft Mile (Revenue Passenger Enplanements Per Departure) 
	27.8 
	8.9 
	27.3 
	8.3 
	13.8 
	30.6 

	TR
	Revenue PassengerEnplanements Per Aircraft (thousands) 
	115.5 
	33.3 
	61.5 
	26.7 
	31.4 
	137.0 


	PERFORMANCE AND INTRA-ALASKAN INTRA-HAWAIIAN. 
	CHARACTERISTI CS Average Aircraft Assigned to Service 
	Total Airborne Hours (All Revenue Service) Average Stage Length (miles) Average Airborne Speed Total Block Hours 
	Gallons of Fuel Per Block Hour. Ga 11 ons of Fue 1. Consumed (millions). 
	Revenue Passenger 
	n 
	Miles (million)
	I. 
	co 
	Revenue Aircraft Miles (millions) 
	No. of Departures (thousands) 
	No. of Revenue Passenger Enplanements (millions) 
	Average Revenue Passenger 
	Per Aircraft Mile (Revenue 
	Passenger Enplanements Per 
	Departure) 
	Revenue Passenger 
	Enplanements Per 
	Aircraft (thousan~ 
	B-727-100C/QC 
	8.0 
	22097. 550. 440. 
	25257. 1222. 
	30.9. 615. 9.7. 
	17.6 
	1.1 
	63.3 
	139.9 
	139.9 
	B-727-200 

	2.1 
	6462. 626. 450. 
	7341. 
	1351. 
	9.9 
	231. 
	2.9 
	4.6 
	0.4 
	79.7 
	176.3 
	B-737-200C/QC 
	7.6 
	21653. 443. 396. 
	24771. 873. 
	21.6 
	340. 
	8.6 
	19.3 
	0.8 
	39.6 
	100.8 
	B-737-200 DC-9-50 
	8.7 9.4 
	14539 16399. 123 121. 329 320. 
	19642 21663. 919 1075. 
	18.0 23.3 
	387 482. 
	4.8 5.2 
	38.8 43.3 
	3.1 4.0 
	80.7 92.8 
	360.7 428.1 
	PERFORMANCE AND OTHER CARRIERS. 
	CHARACTER ISTICS 
	Average Aircraft 
	Assigned to Service 
	Total Airborne Hours (All Revenue Service) 
	Average Stage Length (miles) 
	Average Airborne Speed 
	Total Block Hours 
	Gallons of Fuel Per Block Hour 
	Ga11ons of Fue1 Consumed (millions) 
	Revenue Passenger 
	n 

	I 
	Miles (million) 
	1.0 

	Revenue Aircraft Miles (millions) 
	No. of Departures (thousands) 
	No. of Revenue PassengerEnplanements (millions) 
	Average Revenue Passenger Per Aircraft Mile (Revenue Passenger Enplanements Per 
	Departure) 
	Revenue Passenger Enplanements Per 
	Aircraft (thousands) 
	CV-580 
	9.1 
	9294 141 225 
	11292 307 
	3.5 54 2.1 
	14.8 
	0.4 
	25.7 
	41.9 
	CV-600 
	3.6 
	4819 135 191 
	5773 282 
	1.6. 21. 
	0.9 
	6.8 
	0.2 
	23.5 
	44.5 
	DHC-6 
	9.8 
	18116 76 138 22228 74 
	1.6 27 2.5 
	32.9 
	0.3 
	10.7 
	35.9 
	FH-227 
	FH-227 
	FH-227 
	Metro 
	II 

	8.0 
	8.0 
	5.4 

	11133 
	11133 
	16209 

	115 
	115 
	122 

	180 
	180 
	220 

	14372 
	14372 
	18397 

	249 
	249 
	90 

	3.6 
	3.6 
	1.6 

	50 
	50 
	30 

	2.0 
	2.0 
	3.6 

	17.4 
	17.4 
	29.2 

	0.4 
	0.4 
	0.2 

	24.9 
	24.9 
	8.3 

	54.2 
	54.2 
	44.9 


	PRESENT VALUE OF FUTURE COSTS AND ANNUALIZED COST OF CAPITAL 
	Whenever an investment project is undertaken, a series of costs (and benefits) are generated which accrue into the future. The capital cost will be incurred early in the project, but the operating costs will occur at different points over the life of the project. However, it is not enough simply to add the costs incurred in the future to the inita1 capital costs. The reason is that a dollar to be received next year does not represent the same value as a dollar in hand today; all future dollars must be disco
	If future costs (or benefits) are presented in nominal terms the appropriate discount rate "d" is composed of an inflation factor Hi" and the real oppor­tunity cost of capital "r." For example, the present value (PV) of a stream of future costs "C" can be calculated as: 
	T PV(C) = L (1)
	C{t) 

	t=o 
	where 
	1 + d = (1 + i)(l + r) 
	T = life of investment project 
	and 
	C(O) = initial capital costs 
	C(t = 1,2, .. ,T) = annual cost of antimisting fuel 
	If the future costs C(t) are presented in real terms (i.e. constant dollars),then the discount factor must only account for the real cost of capital. 
	1+d= 1+ r 
	If the future costs are assumed constant in each year, as may be appropriate for fuel costs, then we can rewrite Equation (1)* as: 
	* Equation (1) presents a geometric series with the first term equal to C 
	and. a constant ratio between terms of 1 Equation 2 is derived. 1+d. 
	from the formula for the sum of a finite geometric series. 
	0-1. 
	(2 ). 
	The expression in brackets is the reciprocal of the capital recovery factor, explained below. Other cost such as increased maintenance costs can be included in the present value analysis. However, due to the lack of data at this time, these costs have been omitted. 
	The benefits of introducing antimisting fuel can be similarly analyzed where: 
	T PV(B) = r: (3 ) 
	t=o 
	Where B represents the value of lives saved due to the use of antimisting fuel, and any reductions in insurance or damage costs. We have not yet attempted to quantify the benefits of introducing antimisting fuel due to the lack of data for forecasting expected lives saved. 
	An alternative methodology for evaluating the effectiveness of investments is the technique of levelized costs. This method can be used to find the series of annual payments (AP) over a period of time (T) which is equivalent to a lump sum investment (5). 
	(4) 
	The expression in brackets is comnonly called the capital recovery factor. 
	The present value analysis described above discounts the future stream of costs to a single point in time; the levelized cost analysis distributes costs at the present time over a series of payments in the future. These annual payments (AP) are equivalent to the payments on a self-amortizing loan of value (5) where each payment is a mix of principal and interest repayment. Table 0-1 presents capital recovery factors for a range of interest rates and investment periods. 
	D-2. 
	Table
	TR
	TABLE 
	0-1. 
	CAPITAL 
	RECOVERY 
	FACTORS 

	d 
	d 
	6% 
	8% 
	10% 
	12% 
	15% 
	20% 
	25% 

	t 
	t 

	1 
	1 
	1.06000 
	1.08000 
	1.10000 
	1.12000 
	1.15000 
	1.20000 
	1.25000 

	2 
	2 
	0.54544 
	0.56077 
	0.57619 
	0.59170 
	0.61512 
	0.65455 
	0.69444 

	3 
	3 
	0.37411 
	0.38803 
	0.40211 
	0.41635 
	0.43798 
	0.47473 
	0.51230 

	4 
	4 
	0.28859 
	0.30192 
	0.31547 
	0.32923 
	0.35027 
	0.38629 
	0.42344 

	5 
	5 
	0.23740 
	0.25046 
	0.26380 
	0.27741 
	0.29832 
	0.33438 
	0.37184 

	6 
	6 
	0.20336 
	0.21632 
	0.22961 
	0.24323 
	0.26424 
	0.30071 
	0.33882 

	7 
	7 
	0.17914 
	0.19207 
	0.20541 
	0.21912 
	0.24036 
	0.27742 
	0.31634 

	8 
	8 
	0.16101 
	0.17401 
	0.18744 
	0.20130 
	0.22285 
	0.26061 
	0.30040 

	9 
	9 
	0.14702 
	0.16008 
	0.17364 
	0.18768 
	0.20957 
	0.24808 
	0.28876 

	10 
	10 
	0.13587 
	0.14903 
	0.16275 
	0.17698 
	0.19925 
	0.23852 
	0.28007 

	11 
	11 
	0.12679 
	0.14008 
	0.15396 
	0.16842 
	0.19107 
	0.23110 
	0.27349 

	12 
	12 
	0.11928 
	0.13270 
	0.14676 
	0.16144 
	0.18148 
	0.22526 
	0.26845 

	13 
	13 
	0.11296 
	0.12652 
	0.14078 
	0.15568 
	0.17911 
	0.22062 
	0.26454 

	14 
	14 
	0.10758 
	0.12130 
	0.13575 
	0.15087 
	0.17469 
	0.21689 
	0.26150 

	15 
	15 
	0.10296 
	0.11683 
	0.13147 
	0.14682 
	0.17102 
	0.21388 
	0.25912 

	16 
	16 
	0.09895 
	0.11298 
	0.12782 
	0.14339 
	0.16795 
	0.21144 
	0.25724 

	17 
	17 
	0.09544 
	0.10963 
	0.12466 
	0.14046 
	0.16537 
	0.20944 
	0.25578 

	18 
	18 
	0.09236 
	0.10670 
	0.12193 
	0.13794 
	0.16319 
	0.20781 
	0.25459 

	19 
	19 
	0.08962 
	0.10413 
	0.11955 
	0.13576 
	0.16134 
	0.20646 
	0.25366 

	20 
	20 
	0.08718 
	0.10185 
	0.11746 
	0.13388 
	0.15976 
	0.20536 
	0.25292 

	25 
	25 
	0.07823 
	0.09368 
	0.11017 
	0.12750 
	0.15470 
	0.20212 
	0.25090 

	30 
	30 
	0.07265 
	0.08883 
	0.10608 
	0.12414 
	0.15230 
	0.20085 
	0.25031 

	40 
	40 
	0.06646 
	0.08386 
	0.10226 
	0.12130 
	0.15056 
	0.20014 
	0.25003 

	50 
	50 
	0.06344 
	0.08174 
	0.10086 
	0.12042 
	0.15014 
	0.20002 
	0.25000 

	100 
	100 
	0.06018 
	0.08004 
	0.10001 
	0.12000 
	0.15000 
	0.20000 
	0.25000 

	00 
	00 
	0.06000 
	0.08000 
	0.10000 
	0.12000 
	0.15000 
	0.20000 
	0.25000 

	t 
	t 
	= number of years 

	d = discount 
	d = discount 
	rate 


	ANNOTATED BIBLIOGRAPHY 
	Aerospace Corporation. Examination of Commercial Aviation Operational Energy Conservation Strategies. Report to U.S. DOE, DOE/CS-218-2, October 1978. 
	Analysis of fuel components of the operating cost. for air carriers.. 
	Aircraft Charter and Rental Tariff Information Service of North America, Inc. Air Taxi Charter and Rental Directory of North Amercia, 2nd ed., Springfield, Ill, July 1980. 
	Contains information on all North American Air. Taxi Operators· Aircraft Fleet: aircraft make,. model, engine type, etc.. 
	"Aircraft Operating Data." Air Transport World, monthly. 
	Selected aircraft operating cost for various airlines for different time periods. 
	"Airlines have 1100 airplanes on firm orders; U.S. hold on market is slipping." Air Transport World, Vol. 18, No.3, 1981. 
	Contains information on firm and planned aircraft orders by airlines according to each aircraft type. 
	"Airplane and Engine Builders Scramble to Meet Challenge of Shifting Airline Markets." Air Transport World, Vol. 17, No.3, February 1980. 
	Market assessment for new aircraft in the near term. 
	American Airlines, Inc. A New Method for Estimatinq Current and. Future Transport Aircraft Operating Economics. for NASA, NASA-CR-145190,. 1978.. 
	Contains a methodology for assessing the operating cost associated with variations in aircraft design and tech­nology characteristics. 
	American Airlines, Inc. Economic Effects of Propulsion Systems Technology on Existing and Future Transport Aircraft. Report to NASA, NASA-CR-13464, 1974. 
	Study of the propulsion system operating economics including maintenance, fuel, and depreciation. The elements of new propulsion technology which would affect the operating costs are also included. 
	E-l 
	Discusses the planned aircraft production by manufacturers to the end of the 1980's. 
	Boeing Commercial Airplane Company. "Prediction of Fuel Temperature DuringFlight," unpublished document No. 06-42386, (n.d.). 
	Brief description of theoretical model for prediction of in-flight fuel temperature. 
	Air­World Survey, July 1981 (annual). 
	Exxon. "Turbine-Engined Fleets of the World Airlines -1981. 
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	Inventory of aircraft and engines and planned acquisition for U.S. trunk and local carriers as of June 31, 1981. 
	Fiorentino, A., et.al. An Assessment of the Use of Antimisting Fuel in Turbofan Engines. Pratt &Whitney for FAA, FAA-CT-81-58, June 1981. 
	Evaluation of the effects of using AMK on the components of the engine fuel system and the combustion performance of a current JT8D aircraft engine. 
	Fleeter, R., et.al. Antimisting Kerosene Atomization and Flammability. Draft Report, JPL for FAA, September 1, 1981. 
	Contains results of atomization and flammability tests on AMK. 
	Form 10K Reports of U.S. Airlines held publicly, in accordance with 
	U.S. Securities and Exchange Commission requirements. 
	Contains corporate financial and operating data, as well as annual reports. 
	Fradenburg, Leo G. United States Airlines: Trunk and Regional Carriers, Their Operations and Management. Kendall/Hunt, 1980. 
	Description of a select number of U.S. trunk and regionalcarriers inclUding operating and financial data. 
	Gibson, Kathryn K. "U.S. Airline Equipment Spending Committments Total Air Transport World, Vol. 17, No.1, January 1980. 
	$14 Billion. 
	1I 

	Contains information on expenditures on particular aircraft and equipment by airlines in the immediate future. 
	E-2. 
	Grobman, Jack. "Impact of Broadened Specification Fuels on Future Jet Aircraft." CTOl Transport Technology -1978, NASA Conference Publication 2036, Part I, 1978, pp. 217-233. 
	Contains information on impact of changes in fuel specification on various components of jet aircraft technology. These specification changes include boiling point, freezing point, viscosity, etc. 
	"Helicopters -Has the Promise Been Fulfilled for Scheduled Service?" Air Transport World, Vol. 18, No.3, 1981. 
	Discussion of introduction of helicopters into future commuter operations and their market potential. 
	International Air Transport Association. Aviation Fuel: Costs and Conservation 1980. Geneva, January 1980. 
	Discussion of escalating fuel costs facing world airlines and how it affects their operations. 
	Lefer, Henry. "ATA Forum Talks Geriatrics: Learning to Live with an Aging Fleet." Air Transport World, Vol. 18, No.3, 1981. 
	Discussion of age of U.S. commercial aircraft fleet of trunk airlines, its effects on operations of airlines, and strategies to cope with it. 
	Simulation of the effects of use of AMK on fuel system of a full scale aircraft. 
	McGuire, Frank G. "Crew Complement Issue Holds Serious Threat for Airlines, Manufacturers." Air Transport World, Vol. 17, No.9, 1980. 
	Contains data and analysis of U.S. certificated route air carriers by aircraft make, model, and number of crew. Hours flown and number of departures in that type are also given. 
	Mannheimer, R.J. Degradation and Characterization of Antimisting Kerosene (AMK1. Southwest Research Institute, for FAA, FA-RD-80-153, Sept. 1980. 
	Studies the effect of elongational flow on polymer degradation by forcing AMK through metal screens and packed tubes at high velocity. 
	E-3. 
	"Market Development '80: World Airline Fleets." Air Transport World, Vol. 18, No.5, 1981. 
	Contains information on current operating aircraft fleet of airlines by type and make. Aircraft on firm order are also included. 
	NASA. The Use of Antimisting Kerosene (AMK) in Turbojet Engines. N-81-19063. 
	The effect of antimisting kerosene (AMK) flow characteristics on fan jet engines and the impact of degradation requirement on the fuel system. 
	Pasion, A.J. Design and Evaluation of Aircraft Heat Source Systems for Use with High-freezing-Point fuels. Boeing Commercial Airplane Company, for NASA, NASA-CR-159568, May 1979. 
	Design, performance, and economic analysis of practical fuel heating system that would permit the use of high freezing-point fuel on long-range aircraft. 
	Pasion, A.J. and I. Thomas. Preliminary Analysis of Aircraft fuel Systems for Use with Broadened Specification Jet Fuels. Boeing Commercial Airplane Company, NASA-CR-13S198, May 1976. 
	Analytical study of effects of use of broadened specification hydrocarbon fuels in present day aircraft; changes in freezing point, boiling point, heat transfer characteristics, etc. 
	Pasion, A.J. In-Flight fuel Tank Temperature Survey Data. Boeing Commercial Airplane Company, NASA-CR-159569, May 1979. 
	Contains profiles of in-flight fuel temperatures as functions of flight time and altitude. The temperatures are given according to the categories of location, climate, route, and aircraft. 
	Air Transport World, Vol. 17, No.8, 1980. 
	IISafety Record of Short/Medium-Haul Jets Better than Wide-Bodies. 
	1I 

	Data and analysis of U.S. certificated route carriers by aircraft model and hours flown in that type for 1968-1979 period. 
	Simmonds Precisions Products. Commercial Aircraft Fuel Systems Survey and Analysis. Final Report to FAA, August 1981. 
	Analysis of potential consequences of use of AMK on aircraft fuel system. 
	E-4. 
	Comprehensive treatment of aviation fuels from various production and operational aspects. 
	Stockemer, F.J. Experimental Study of Low Temperature Behavior of Aviation Turbine Fuels in a Wing Tank Model. NASA-CR-15961s, August 1979. 
	Study of flowability and pumpability of the fuels by simulation of heat transfer and temperature profiles encountered during flights in long-range commercial tank wings. 
	Taylor, J.W.R., et.al. eds. Jane's All the World's Aircraft -1980-81. London: Jane's Publishing Co., 1980, and earlier editions. 
	General description and specifications of existing and planned aircraft in all countries. 
	Traeger, Irwin E. Aircraft Gas Turbine Engine Technology. 2nd. ed. New York: McGraw-Hill, 1979. 
	Description of working principles and components of various turbine engines in aircraft. 
	Tripe, J.C., et.al. Application of General Technology Applications Incorporated (GTA) Blending Process to Antimisting Fuel Additives. Report to FAA, DOT, FAA-CT-81-51, May 1971. 
	Examination of the applicability of a proprietary blending process to blending antimisting additives in Jet A aviation fuel. 
	U.S. 
	U.S. 
	U.S. 
	U.S. 
	Civil Aeronautics Board. Aircraft Operating Cost and Performance Report. 14th ed., July 1980. 

	Reports annual operating expenses and performance indicators for certificated route carriers, by aircraft and carrier. 

	U.S. 
	U.S. 
	Civil Aeronautics Board. Handbook of Airline Statistics: 1977 and 1978 years. December 1979. 


	Contains traffic, financial, and aircraft fleet data for 
	U.S. certified route carriers. 
	U.s. Congress, Office of Technology Assessment. Impact of Advanced Air Transport Technology; Part I: Advanced Highspeed Aircraft. April 1980. 
	Assessment of technology and economics of highspeed transport aircraft. 
	E-5. 
	u.s. Department of Transportation, Federal Aviation Administration (and U.S. CAB). Airport Activity Statistics of Certified Route Air Carriers: Calendar Year 1980. u.S. GPO, 1981. 
	Data on airport departures and landings by carrier 
	and aircraft for certified route carriers. 
	U.S. Department of Transportation, Federal Aviation Administration. Census of U.S. Civil Aircraft: Calendar Year 1979. 
	Account of all existing non-military aircraft in operation in the U.S. 
	U.S. 
	U.S. 
	U.S. 
	U.S. 
	Department of Transportation, Federal Aviation Administration. Aircraft Research and Technology for Antimisting Kerosene Conference: February 18-19, 1981. FAA-CT-81-181, June 1981. 

	Self-explanatory. 

	U.S. 
	U.S. 
	U.S. 
	Department of Transportation, Federal Aviation Administration. FAA Aviation Forecasts: Fiscal Years 1981-1992. September 1980. 

	Forecasts of aviation activity including U.S. aircraft fleet for various scenarios. 

	U.S. 
	U.S. 
	U.S. 
	Department of Transportation, Federal Aviation Administration. FAA Statistical Handbook of Aviation for the Calendar Year 1979. 

	Contains statistical information on U.S. aircraft fleet. 

	U.S. 
	U.S. 
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