NASA CONTRACTOR
REPORT

NASA CR-2424

NASA CR-2424

AN ECONOMIC ASSESSMENT

OF STOL AIRCRAFT POTENTIAL
INCLUDING TERMINAL AREA
ENVIRONMENTAL CONSIDERATIONS

Volume 1
by H. L. Solomon and S. Sokolsky

Prepared by
THE AEROSPACE CORPORATION

El Segundo, Calif. %,
g ]
for Ames Research Center : ‘%@ Fi
. %, A

7, g‘le

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION - WASHINGTON, D. C. « MAY 1974



1. Repori No. 2. Government Accession No. 3. Recipient’s Catalog No.
NASA CR -2u2h

4. Title and Subtitle ) ’ 5. Report Date
"An Economic Assessment of STOL Aircraft Potential Including MAY 197k
Terminal Area Environmental Considerations' Volume I 6. Performing Organization Code
7. Auihor(si ' ’ o B 8. Performing Organization Report No.

H. L. Solomon and S. Sokolsky

10. Work Unit No. .

9, Pérforming‘ Organization Name and Address

The Aerospace Corporation ‘ 11. Contract or Grant No.
El Segundo;» California ) NAS 2- 6473

13. Type of Report and Perlod Covered

Contractor Report

12. Sponsoring Agency Name and Address ' . Final Report
National Aeronautics and Space Administration i
Washington, D.C. . ’ 14. Sponsoring Agency Code

15.. Supplementary- Notes

16.. Abstract

‘This report presents the results of an economic and environmental.study of short haul airline
systems using short takeoff and landing (STOL) aircraft. The STOL system characteristics were
.optimized for maximum patronage at a specified return on investment, while maintaining noise
-impact compatibility with the terminal area. Supporting studies of aircraft air pollution and
Jhub airport.congestion relief were also performed. The STOL concept specified for this study
was an Augmentor Wing turbofan aircraft having a field length capability of 2,000 ft. and an
effective perceived noise level of 95 EPNdB.at.500. ft. sideline distance. Commercial operation
was simulated between major city pairs of the California.Corridor, Midwest Triangle and Northeast
Corridor in the 1980 time frame. Results are published in 2 volumes. Volume I presents an
economic and environmental assessment of the defined STOL system and a summary of the methodology,
STOL system characteristics and arena characteristics. -Volume II amplifies the description of
the methodology, STOL system characteristics and arena characteristics, and presents supplemental
results of economic simulations at the city-pair level. Results show that economic viability
can be achieved with vehicle capacities between 100 and 200 passengers with essentially the

same level of patronage. A patronage drop of 35% was realized for 50 passenger vehicles.
Significant increases in air travel were obtained in the Midwest Triangle and Northeast Corridor,
but not in the California Corridor which currently has lower intrastate air fares. .At 95 EPNdB,

 the STOL aircraft had no difficulty maintaining noise compatibility with land adjacent to the

air fields. The improved engine technology yielded significantly lower air pollution than is
realized with current aircraft.

17. Key Words (Suggested by Author(s}))
Short-Haul Air Transportatlon .
‘STOL Aircraft o K
STOL Economics S
STOL Environmental Impact .

18. Distribution Statement

C v

UNCLASSIFIED-UNLIMITED

.

“at “ - % 2N

ct CAT.02

19. Security Classif. (of this report} 20. Security Classif. (of this page) 21. No. of Pages 22, Price”
UNCLASSIFIED UNCLASSIFIED 124 4,50

* For sale by the National Technical Information Service, Springfield, Virginia 22'151




AN ECONOMIC ASSESSMENT OF STOL AIRCRAFT
POTENTIAL INCLUDING TERMINAL AREA
ENVIRONMENTAL CONSIDERATIONS

VOLUME I



Page Intentionally Left Blank



FOREWORD

This report is published in two volumes. Volume I presents the

.findings in seven sections:
Summary
Introduction
Approach
STOL System Characteristics
Arena Descriptions
Results
.Conc‘lusions

Volume II contains appendices with supporting reference data and

methodology as follows:
Appéndix A: STOL System Characterization
Appendix B: Arena Characterizationb
~ Appendix C: Transportation System Simulation.

Appendix D: Supplementary Results
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I. SUMMARY

This report presents the results of an economic and environmental study
of 1980 short haul airline systems using short takeoff and landing (STOL) air-
craft. The purpose of the study was to evaluate the ability of STOL aircraft
to produce economically viable and environmentally compatible systems in
order to provide guidance to appropriate National Aeronautics and Space
Administration (NASA) aircraft research and development programs. The
candidate STOL aircraft concept chosen by NASA for the study was an Aug-
mentor Wing turbofan aircraft having a hot day balanced field length capability
of 2000 feet. Assessing the impact of an effective perceived noise level of
95 EPNdB at a 500-foot sideline distance was a significant factor in the study
approach. Commercial operation of the aircraft was simulated between major
city pairs of the California Corridor, Midwest Triangle, and Northeast

Corridor.

For the most part, the STOL system utilized either existing general
aviation airports or dedicated STOLports. This feature, coupled with the high
maneuverability of the aircraft, allowed the operation of STOL to take place in
"dedicated airspace" where interactions with other air systems were minimal.
Adverse community noise impact was precluded in the STOL system by chang-
ing land use as necessary in the affected area. The costs of creating such
buffer zones, as well as any new airfields or terminals required to support the
service, were fully borﬁe by the STOL system and ultimately passed on the
travelers in the form of higher fares. Projected 1980 conventional takeoff
and landing (CTOL) service was assumed to operate with current block times
(i.e., with existing levels of congestion). Rail service in the Northeast Cor-
ridor was upgraded to the Interim High-Speed Rail System-Option 1 defined

by the Northeast Corridor Trahsporta.tion Project.

Maximum STOL patronage was attracted when using the largest vehicle

examined (200 passengers). Less than a 10-percent reduction in demand was



observed when operating with vehicle capacities as low as 100 passengers, but

this grew to a 35-percent reduction for the smallest vehicle (50 passengers).

‘A STOL system based upon the use of 150-passenger vehicles and attain-
ing an 8-percent return on'investment (ROI) produced a 6-percent increase.in -
short haul origin and destination air travelers (STOL plus CTOL) within the: &
California Corridor, a 66-percent increase in the Midwest Triangle, -and an' :*
88-percent increase in the Northeast Corridor.. -The STOL. system attracted
over 95 percent of the origin and destination air travelers between the major
city pairs of the Northeast Corridor and Midwest Triangle and 50 percernt of
the air travelers between the three economically viaiaie city-.l‘i;é.i"rjs‘ in the
California Corridor. These differences stem principally from the more com-

petitive time and cost attributes of the California intrastate CTOL air service.

Extending the range of the STOL aircraft by increasing fuel capacity and-
compensating for the increased fuel and tankage weight by carrying fewer '
passengers appears to be commercially attractive and could offer a significant
addition to what otherwise might be a marginal production base. - '

At its defined noise level, the STOL aircraft had no difficultjmaiﬁta.iﬁ-{
ing compatibility with the noise limitations predicated on the land use adjacent
to its airfields. - Reflecting the improved engine technology imbedded in the
design, the aircraft produce significantly lower quantities of air pollutants )
than do current CTOL. aircraft. .Operations out of local4airport<§, in addition .
to offering decidedly better access to the air traveler, also reduce CTOL con-

gestion and would permit delays in facility expansion at major hub airports.



- IO, INTRODUCTION

The National Aeronautics and Space Administration (NASA) has conducted
a series of studies of advanced aircraft concepts to better serve the short
haul, high-density air carrier markets of the United States. These studies

have been responsive to: .

o The growing restriction to air travel being imposed by congestion
both in the air.and on the ground at terminal areas.

e .The adverse environmental impact of aircraft operations on the |
surrounding community.
One element of this program was an examination of STOL aircraft utilizing
quiet propulsive-lift concepts. STOL aircraft concepts investigated include
the Mechanical Flap, Over-the-Wing, Externally Blown Flap, and Augmentor
Wing configuratibns covering a range of hot day balanced field length capa-

bilities from 4000 to 1500 feet.

In parallel with investigations of the technology, design, and cost of
these concepts by airframe and engine manufacturers, Aerospace conducted
an independent economic and environmental assessment of candidate STOL
aircraft concepts in scheduled air carrier service along high-density, short
haul routes. The first-year activities of this effort encompassed three con-
cepts operating in two arenas (the California Corridor and Midwest Triangle),
" and included only economic assessments. The results of the initial effort
were published in an interim study report given limited distribution in July

1972 (Refs. 1 and 2). These initial efforts included:

° Development of necessary demographic and travel data.
] Definition of economic characteristics of baseline design concepts.

. Development of design tradeoff information to enable evaluation of
economic impact of design variations.

This document reflects a broadening of the analysis to include an exami-
nation of aircraft noise and a determination of the resulting impact on STOL

system economic viability. Also included were supporting studies of aircraft



air pollution and hub airport congestion relief. Furthermore, the three . ;.
candidate STOL aircraft concepts were narrowed tog'. single concept whose i,
characteristics reflect more current design and cost characteristics .obtained .

through NASA's airframe and engine design studies.

CLOURT s

The objectives of the present study were to: - e
e - Examiné the impact of technological, econéomic, and‘operational ::
_characteristics of STOL transportation systems in-selected arenas.:

. ®  Determine the economic viability of STOL airline systems required.
" to absorb the full cost of achieving env1ronmenta.1 n01se
~“compatibility.

e Provide guidancé to NASA on STOL research and developitient pro- ’
- grams by evaluating, in realistic operating scenarios, the ssignifi- ..
cance of technological advances in noise suppression as well as
propulsive efficiencies embodied in the representative STOL air’=
craft concept. -

The STOL aircraft concept furnished by NASA for this study was an
Augmentor Wing turbofan-powered aircraft having a hot day balanced field
length capability of 2000 feet. The engines were based on characteristics
developed in the quiet, clean STOL engine technology program. An overall
noise goal of 95 EPNdB at a 500-foot sideline was set for the aircraft. In
order to maximize congestion relief at hub airports, as well as to evaluate
the quiet-engine technology in its most severe environment, the study avoided
the use of hub airports to the greatest extent possible and maximized the use
of general aviation community airports located close to centers of demand.
New STOLports were constructed only where they were essential to support
high-density routes and where the full cost of their development and operation
could be underwritten by the revenue potential of the STOL system. The
latter was assumed to be implemented completely as a free-enterprise ven-
ture. No cost sharing was assumed for the development of facilities reciuired
to support STOL operations [except for Federal Aviation Administration (FAA)-
furnished air traffic control facilities necessary for flight safety], but neither
" was the STOL system required to support unprofitable low-density service

with the revenues obtained from the more profitable routes. To provide



additional variations in régulatory environments and demographic, economic,
and travel patterns, as well as in competing transportation modes, the North-
east Corridor was added to the California Corridor and Midwest Triangle

arenas.

_ Results of this study are published in two volumes. Volume I presents
the results _of the economic and environmental assessment of the defined
STOL airliﬁe system, together with a summary of the methodology, STOL
system characteristics, and arena chara_icteristicé used as the'basis of the
study. Volume II (Réf. 3) coﬁtains appendixes amplifyiﬁg the description of
the methodology, STOL system characteristics, and arena:‘chara.cterisb'tics.
It also p:resents supplemental results on a city pair level along with additional
.parametric syst'eArn>descri‘ptioris corresponding to other combinations of

return on investment (ROI) and vehicle size.
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III. APPROACH

The approach adopted for this study optimized STOL system
characteristics for maximum patronage at a specified return on investment
(ROI), while maintaining noise impact compatibility with the terminal area.
This was accomplished through use of the Aerospace Corpora.ion's Transpor-
tation System Simulation (TSS), which not only takes into account performance,
noise, and cost characteristics of the study aircraft but also the environment
in which the air service is to operate (i.e., land use in the terminal area,
characteristics of the competing modes, and demographic and income distri-
butions within the arena). The costs of airport expansion required by the
STOL air carrier--be they airfield, terminal, or noise buffer zone--were
passed back to the air carrier in the form of higher landing fees or terminal

rentals.

Examples of inputs to and outputs from the TSS are summarized in
Figure 1. Of the five input quantities, three were varied parametrically in

this study. STOL service was evaluated in three arenas; vehicle sizes were

INPUT OPTIMIZATION VARIABLES " OUTPUT
o VALUES OF OPTIMIZATION
VARIABLES

& ECONOMICALLY VIABLE CITY
PAIRS

® ARENA CHARACTERISTICS
. e FLEET SIZE

e TOTAL TRAVEL DEMAND
* COMPETING MODES
* DEMOGRAPHIC DATA

e AJRCRAFT PERFORMANCE
AND COSTS

o AIRCRAFT SIZE

©® AIRCRAFT NOISE CHARACTERISTICS
® RETURN ON INVESTMENT STIPULATED

FOR ECONOMIC VIABILITY

P

® DEPARTURE SCHEDULES
® FARE LEVELS

® SERVICE PATHS AND PORT LOCATIONS

® PATRONAGE

® MODAL SPLIT

® OPERATING REVENUES

©® NOISE IMPACTED AREA

® NOISE BUFFER ZONE COSTS

® STOL INDUCED PORT CAPITAL
COSTS

® OPERATING COSTS
® AIRCRAFT INVESTMENT COSTS
® TOTAL INVESTMENT COSTS

Figure.l. Transportation System Simulation Application to STOL System

Definition, Summary of Inputs and Outputs



varied from 50 to 200 passengers in 10- -passenger 1ncrements, and four valdes

of ROI were examined. o
Multiple arenas were incorpora‘ted into the study to provide a diverse
set of operatihg envifdhments Vehicle capacity'énd ROI were varied to
derive sensitivities of the STOL service potential with respect to each of
those parameters. In all, 192 sets of STOL system characteristics wetre
defined, each specifically optimized for the given set of 1nput ‘variabies. To
focus the analysis on the study objectives and to better bound the scope of

work, a number of guidelines and ground rules were adopted.

A. STUDY GUIDELINES AND GROUND RULES

Time Period. The 1980 time period was selected to be consistent with

the minimum lead time required for the development and subsequent certifica-
tion of a number of candidate STOL concepts, Market growth potential beyond

1980 was not incorporated into this étudy.

Arenas, The study examined STOL operations in three arenas defined
as follows:
] California Corridor including Los Angeles, San Francisco,
San Diego, and Sacramento. _ :
. Midwest Triangle made up of Chicago, Detroit, and Cleveland.

° Northeast Corridor encompassing New York, Washmgton,, D C.
Boston, and Philadelphia,

STOL Aircraft Concept. The Augmentor Wing concept, which has been

widely analyzed through other NASA studies and experimental programs, was
chosen as being operationally representative of STOL capabilities. The con-
' figu'ration selected had a design i-ange of 500 statute miles and a hot day

balanced fieldblen'gth cépability of 2000 feet. The derivation of parametric

*The upper limit in the Midwest Triangle and Northwest Corridor was 12 per-
cent; the upper limit in the California Corridor was 12.5 percent.



weight and performance characteristics as a function of vehicle capacity was

based on point design data supplied by the NASA Ames Research Center,

STOLport Siting. Maximizing STOL patronage was the initial criterion

for STOLport siting. The option was retained to relocate, if required to attain
noise compatibility. Most STOLports were sited at existing general aviation
airports. New STOLports were sited only when a potential existed for sub-

stantial increases in STOL travel demand.

Dedicated Airspace. The ability of STOL aircraft to approach and

depart the airport along steeply inclined paths, coupled with the fact that

) 3
STOLports were not colocated with CTOL hub,airports,> led to the ground
rule that STOL aircraft could operate in dedicated airspace independent of

any congestion in the CTOL system.

Noise Impact Criteria. The Noise Exposure Forecast (NEF) techmque

was chosen to measure land use compatibility; NEF levels =30, 35 and 40
were considered acceptable for residential, commercial, or manufacturing

land uses,: respectively (Ref. 4).

Dollar Basis. All costs were converted to and are expressed in 1970

dollars.

Criteria for Economic Viability. The operators annual ROI, calculated

in accordance with the Civil Aeronautics Board (CAB) formula, was used as

the measure of economic viability,

Competitive Mode Characterization. The projected characteristics of

the 1980 competitive modes of transportation were assumed to be equivalent
to those of current systems, with anticipated growth in demand accommodated

by increased veh1cle capac1t1es or add1t1ona1 h1ghways for the pubhc and car

‘pLogan International was used as the primary Boston STOLport at the request
of local planning agencies. A dedicated STOL runway at that fac111ty may
permit operations independent of the CTOL systems. ’



modes, respectively. Two exceptions were the increased operating
frequencies on what are currently low-density CTOL service paths, and the
assumed introduction of a new high-speed rail system (Interim High-Speed
>Rai1-O[->tion 1) inAthe Northeast Corridor (Ref. 5).. These characteristics,
having once been established, were not varied in'. rve's'pé‘nse,to_' i':r:nplementation

of the STOL service.

Maximum Average Load Factor. While the effects of diurnal demand

distributions are considered in the system simulation, the effects of daily,
weekly, or seasonal variations in demand were not incorporated in the
apbioach. To offset the possibility of obtaining unreélisticaliy :high load
factors, an average load factor upper limit of 65 percent was appli€d.to each

STOL service path.

Schedules, STOL schedules were uniform over the oﬁerating day, with
first departure no earlier than 7:00 A, M. and last dé'parture nominally occur-
ring not later than 9:00 P, M. - A minimum of four round trips per day was

required on each service path,

Fares. STOL fares were permitted to seek levels that produced a
specified ROl unencumbered by regulatory constré.i_nts. Fares-on all STOL

service paths serving the same city pair were constrained to a common value,

B. METHODOLOGY

After each arena was characterized, STOL aircraft cha'ré.c"teristics
determined, and desired ROI stipulated, schedules, fafes, and service path .
combinations that optimized the STOL system were progressively determined.
The interaction of elements used in this process is described in the following

overview,

10



1. OVERVIEW

These steps are directly keyed to the flow diagram in Figure 2.

"(@ The total demand and modal split programs are used in combination
with arena characteristics to define STOL patronage, schedules,
and fleet size requirements for each combination of service paths
‘and fares. Schedules are adjusted to comply with a limit on the
average daily load factor of 65 percent, which was selected to
accommodate daily, weekly, and seasonal demand variations.

@

The stipulated ROI is used to determine a one-wé,y STOL fare for
each candidate service path set postulated for each city pair.

. The candidate STOL service path sets, which have been carried
| parametncally for each city pair, are compared and the set that
" maximizes patronage at the desired ROI is selected.

f@_

’ @ The arena aggregation process totals the number of STOL
operations and STOL passengers at each port, including those
common to more than one service path or city pair. - This
provides the basis for calculatmg a port-related indirect

" operating cost (AIOC), which is applied equally to each
departure between all city pairs in an arena.

(® Port-related IOCs are computed for each STOLport as a
' " function of aircraft size, number of STOL operations, and STOL
passengers. The IOCs include STOL-induced port capital
costs converted to either landing fees or terminal rentals, plus
station operating costs. These data, together with STOL traffic
levels at each STOLport, from Step (@) , are used to denve a
system-wide, port-related IOC per departure.

, @ An estimated port-related IOC is inherent in and influences the

computations of Step . An iterative procedure is used from
Step @ through Step until convergence between the estimated
and derived values of port-related IOC is realized at the specified
ROI

o @ The reéulting STOL system characteristics (Figure 1) are identified
- - and used in support of subsequent air pollution and hub airport con-
gestion studies. o , ‘

“ A summary of each of the key TSS programs is presented in the follow-

ing paragraphs.
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2. TOTAL INTERCITY TRAVEL DEMAND

The approach assumes that changes in intercity travel demand from
that found for a base year can be measured by changes in the product of the
populations of the or1g1n and destination regions. The credibility of this
method is enhanced by the fact that the statistics utilized .to determiﬁe
actual :intercity travel demand for a base year reflect all factors influencing
'demand between a city pair. This technique avoids the problems inherent
1n most grav1ty models, which typically consider only populatmn product
and dlstance while ignoring such important factors as the prox1m1ty of other
_:c1t1es and the induced travel influence of educational and governmental

?institutions, military facilities, and recreational attractions.
3. MODAL SPLIT

The division of total travel demanc.l‘ among the competing modes is
_?determined by the modal split simulation. - Travelers are individually simu-
"'Ia.ted with a Monte Carlo technique which selects exact origin and destination
~?':_loc':a.ltion within a region, trip purpose, desired departure time, sensitivity to
\ffrequency of service, car owners'hip,- trip duration, party size, time value,
-’and modal pr'eference factors. The latter factors account :for the nonquantifi-
able (in terms of time or cost) elements of the modal cho1ce dec1s1on process
and are used to calibrate the model to the travel stat1st1cs for a known point
‘in time, } D1str1but1ons from which most of the traveler attrlbutes are drawn
are der1ved by utilizing projections of metropolitan area demographm and
._econon_mecharactenstms on a zonal basis, in comb1nat1on with reg1ona1 '
‘travel hahit patterns 'e:"ctra‘cted from the 1967 Census of Transportatwn
Public U‘ée' Tape. For each simulated traveler, an: "effectlve tr1p cost" 1s :
computed, for all possible combinations of local (door-—to port and port to-
door) and 1nterc1ty (port -to-port) transportatmn modes Effectwe trip cost
reflects total out -of - pocket expenses, door-to door tr1p t1me modal prefer-
ences, and traveler time values. The traveler is ass1gned to that combina-

tion of local and intercity modes which produces the minimum effectwe trip-

13



cost. The resulting allocation of all simulated travelers to their respective

minimum effective-trip-cost modes produces the modal split.

Accuracy of the modal split results is directly related to the degree of
realism achieved when characterizing the arena, its travelers, and the trans-
portation system alternatives. Considerable effort was directed toward iden-~
tifying and quantifying characteristics that will have an impact on a traveler's
mode choice. These include port location, port processing time, port parking
time and cost, local travel time and cost, and the inte‘rcity travel time, cost,

and frequency of service as a function of mode and service path.

Random samples from probability distributions, rather than averages,
are employed to establish traveler attributes. This technique results in a
realistic representation of intercity travelers, including not only character-

istics identifying "typical" travelers, but also simulating ."atypical" travelers,

such as: ‘
° Large families (party size) that are motivated to use private cars
rather than pay the multiple fares required for use of the common
carriers.

] Individuals who just won't fly regardless of the poss1b1e tlme a.nd
cost benefits associated with an air mode.

° Rail buffs who will take the train at almost any cost.
° Travelers who don't own or have access to a car and are therefore
' forced to use a common carrier.
Such characteristics are included in an attempt to reflect "real world" con-
ditions. The modal split procedure is not masked by complex mathematical

expressions and is, therefore, easily accessible for detailed analysis,
4, NOISE BUFFER ZONE REQUIREMENTS AND COSTS

The creation of a noise buffer zone involving changes in'land use is one
method of 'er.lsuring that noise levels attributable to STOL system operations
are compatible with the environment. Figure 3 illustrates the methodology

used to determine the necessity and cost to create such a zone,

14
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A computer model depicting the geometry and value of land parcels in
the vicinity of airports was utilized to assign numbers and. values to noise-
impacted land areas. The model directly interfaces wifﬁ ;.n Aerospace-
modified Department of Transportation (DOT)/Transportation Systems Center
program used to derive the coordinates of NEF contours. In essence, these
NEF contours are "overlaid" onto the stored land-use model, and intersec-
tions between the NEF contours and corresponding coordinates on land parcels
are determined. Thus, the adversely impacted areas, (i.e., those-areas of
each affected lahd parcel contained with'inﬁ_f_ﬁé”prescribed NEF contoﬁr) are
computed and their dollar value determined from the cost-perracre, data
stored for each land parcel. The results are port dependenfz;: since no two
ports have similar boundaries or surrounding land uses or i&enticél; levels of
‘aircraft operations. Total costs A_are based on impacted property vélt_.les as
well as relocation expense, envirolrllmental impact studies costs, a‘md"project
administration costs. The resulting investment is amortized in the 'fgrm of
higher landing fees and/or terminal rentals charged to the STOL syst'e':}'h

operator,
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IV. STOL SYSTEM CHARACTERISTICS

A, STOL AIRCRAFT DESCRIPTION

The STOL systems defined in this study utilized a quiet powered-lift

Augmentor Wing aircraft. NASA defined a family of such 4-engine aircraft -

in four sizes from 50 to 200 passengers.

pe'rtinent physical characteristics of these aircraft are shown in Figure 4.

The general arrangement and

NUMBER OF PASSENGERS 50 100 150 200
FUSELAGE LENGTH, ft 70 105 132 159
FUSEL AGE WIDTH, ft 12 14 14 14
WING SPAN, ft 69 94 112 128
OPERATING EMPTY WEIGHT, [b | 34,710 61,927 87,324 113,408
PAYLOAD (w/o fuel), Ib 11,000 22,000 33,000 44,000
TAKE-OFF GROSS WEIGHT, b 54: 801 100, 000 142,782 186,169
THRUST/ENGINE, Ib 5,875 10,715 15,300 19,950

Figure 4. General Arrangement, Two-Stream

Augmentor Wing Aircraft

17



Aerospace. intérpolated the NASA-supplied data to define-a family of
aircraft sizes from 50 to 200 passengers in steps of 10 passengers. -The hot
day balanced field length was 2000 feet and the design range was: 500 statute-
miles plus reserves. * Computations of performance characterlstlcs for this
family of aircraft assumed the use of we1ght reducing’ composite: —matenals in

the wings and fuselage, and horizontal and vertical stabilizers...The materi-
" als consisted of 85-percent aluminum and 15-percent low—we’iéh”t:"'rcomposites.
Engine and nacelle acoustic treatment technology levels were; a','si:,'rreedé"d to
limit sideline noise to 95 EPNdAB at 500 feet. These eh'a.racteri,sitfilcs are
similar to designs developed by Boeing under contrac;c to N'A'S#A.;(Ref. 6). A
major difference between the Boeing and NASA designs, however, is that the
latter uses the Allison PD287-43 two-stream eﬂéi‘ne in place of 'é.“Pratt &
Whitney advanced engine concept. The NASA des1gn requ1res less thrust per
engine and results in a reduction in total aircraft welght for a g1ven passenger

B

capacity. Cruise Mach number is 0.8 at 30, 000 feet ' e
1. DESIGN FEATURES AND PERFORMANCE CHARACTERISTICS

The NASA design studles were perforrned usmg a versmn of the
VASCOMP II V/STOL Aircraft Slzlng and Performance Computer Program

(Ref. 7). Studies of sensitivities of Augmentor Wing aircraft designs to such

parameters as wirlg aspect ratio_, sweep, and thickness/c_hordl ra_.tiohad b;een
performed in earlier studies and were adopteri with little modificati‘on..‘:: The
computer effort concentrated on sizing aircraft to meet deSign range and
cruise re‘quir'ements with the Allison engines All aircraft were 81zed for
an 80- pound per- square -foot wing loadlng and a 0 42 takeoff thrust- to—

weight ratio.’ ' ‘ ' ' ' ; A .

pon :

Reserves are defined as the additional fuel needed'to fly 230 statute miles
at 20, 000 feet at cruise speed plus that needed to fly 15 mmutes at

10, 000 feet at 250 knots equivalent airspeed (EAS).

18



The VASCOMP II computer program also produced a set of mission
profiles which were modified to account for the foliowing properties of a
real flight profile:

] Initial climb speed from takeoff to 10, 000 - foot altitude is equal to

less than half the 250 knots (EAS) used. i

° Maneuvermg after takeoff is required to intercept the enroute
airway.

° Speed on descent through 10, 000 feet should be reduced to
250 knots (EAS).

. Further reductlon in speed is required fn the terminal area to per-
) mit intercept of final approach course and to prepare for landing.

] Some air traffic delays, occasioned by other traffic in.the terminal
_ area, are inevitable. A value of three minutes was selected pred-
1cated on dedlcated STOL alrspace
Approprlate changes to block time and block fuel were made to account for ’
these effects and for taxiing-in/taxiing-out and takeoff/landmg roll ‘ The

resulting block time and fuel consumption are shown in Table 1.

Table 1. Aijrcraft Block Performance

Fuel Requirements
(1b)
Stage Length | Cruise Altitude | Block N .
. Time [Aircraft Size (No. of Passengers)’
© (mi) (ft) _ D12 Pa,
(hr) '
50 | 100 | 150 | 200
50 7, 500 0.364 | 1,928 | 3,451 4,843| 6,244
100 : 14,000 0.459 | 2, 855 5, 158 7,119 9,084
200 26,000 | 0.650|3,932| 7,085 9,998] 12,925
300 30, 000 0.840 | 4,737 | 8,394 11,690 14,988
500 . 30, 000 1.220| 6,701 | 11,825} 16,403 ] 20,980

19



2. EXTENDED RANGE DESIGN

The basic Augmentor Wing STOL aircraft descr1bed in Flgure 4 had 1ts
passenger capac1ty reduced to compensate for the increased fuel requlred to
convert it to an extended range aircraft capable of serving the New York/

Chicago nonstop market The tradeoff was made on the bas1s of the follow1ng

assumptlons
) Rate of fuel consumptlon durmg cruise is. equal to that of the basic
aircraft. :
. One passenger and his baggage is equlvalent to 220 pounds
° Fuel system weight increases in proportlon to fuel welght
- requirements. :
e - Additional fuel is carried within the volume and balance lirmnits of **
- the basic aircraft. »
e . . Allowance for food service is necessary due to extended time of
ﬂlght

Table 2 lists the modified a1rcraft design parameters used in the extended

range analys1_s_.. .

Tabl‘eYZ. Extended Range Aircraft ‘Pa‘..rametersﬁ \_ .

No. of Passengers ' ' : o |
(Basic Aircraft) >0 100 150 _ ZO,O

Takeoff Gross Weight, 1b = | 54,801 .{.100,000 | 142,782 |- 186,169
Adjusted Operating We1ght 34,9707 62,400 87,946 114,206
Empty, 1b™ e , R
Adjusted Passenger Capacity |~ - 33 | " - ~"72 110 © 148

(750 -mile trip) . - . S

>sAdd:itional_ tankage’ weight based on 1150-h’1ﬂe'capability

20



3. NOISE CHARACTERISTICS

STOL a1rcraft noise curves were developed using data supphed by
NASA Spec1f1cally, Boemg data (Ref. 6) were modified to reflect the use of
the Alhson PD287 43 engme, instead of the Pratt & Whitney STF-395D o
engme used by Boemg The source noise, in terms of perceived noise level
in decibels (PNdB), was converted to effective perceived noise level (EPNdB)
by adding an overflight duration correction. The effective perceived noise
levél‘'was then propagated to the ground by incliding attenuation due to spher-
ical divergence appropriately corrected for atmospheric attenﬁation. Strong
tones were e11mma.ted by the sonic inlet de31gn It was found that curves for
equivalent engme power levels could not be dlstmgmshed from one another
for flap.settings from 20 to 35.degrees. Furthermore, because operation of
tuned -acoustic linings was more efficient in the augmenfor ducting at high
flap settings,” 65 degrees of flap actually produced slightly less noise than did
lower flap settings. Figure 5 indicates the effect of slant fange from observer
to aircraft on the noise produced by a 150-passenger Augmentor Wing STOL
aircraft. The curves in Figure 5 were based on information obtained from Ref- -
erences 6 & 8. Typical departure and approach noise levels are shown. Not
included in these data are either spat1a1 effects due to focusing noise in cer-
tain directions or excess ground attenuation effects. ~These are, however,

accounted for in noise impact computations.
4, AR POLLUTION

The aircraft emissions con81dered in this study are carbon monoxide’
(CO), hydrocarbons (HC), and oxides of nitrogen (NO, ). Recent studies
(Refs. 9, 10, 11) show that advanced state-of-the-art multistage turbofan
engines incorporating high bypass ratios and advanced combustor and fuel~
injection systems can be operated with only 27, 16, and 41 percent of the CO;:

HC, and NO_ emissions, respectiyely, of current technology engines at. com-

parable thrust levels. These re&ﬁcti,ons are based on a ccmparison of
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Figure 5. Noise Characteristics, 150-Passenger ‘
' Augmentor Wing Aircraft

erni;‘s’io.ris' from the Allison PD287-43 engine with those projected for t;he:
Pratt & Whitney JT8D-15 turbofan engine as both engines operate through
identical landing/takeoff cycles (Refs. 12, 13). ‘

The rate of formation for each poilution constituent varies th‘réughout
the landing/takeoff cycle. At the high thrust levels experienced during take-
‘off and. climbout, combustor air inlet and exhaust temperatures are high,

resulting in the formation of large amounts of NO_. Conversely, these high
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temperatures promote oxidation reactions of HC and CO, re.:slulting 1n ‘low
emission ievels for these two constituents. At the lower throttle vselttings,
NOx; emissions decrease while CO and HC emissigns'iri.crease. . Thus, a
major portion of the CO and HC emissions are created while the aircraft is
taxiing and waiting for t;keoff. Figure 6 indicates that’ a'ten-minute delay in
departure with engines running will substantially iﬁcre ase the amount of these
constituents produced over the lénding /takeoff cycle. Any traffic ‘coﬁtrol-
a.n'port or operatlonal 1mprovements capable of reducing the amount of
ground time spent w1th englnes running can therefore yield s1gn1f1cant

reductmns in emissions.

P

_CARBON MONOXIDE . HYDROCARBONS NITROGEN OXIDES

60— - 7[— 40—
‘ ' S¥SEENTA CURRENT - CURRENT
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5___ ..
40} - 3
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Figure 6, Comparative Emissions for 150-Passenger STOL ~
' and CTOL Aircraft
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Nominal STOL takeoff ground time is 3 minutes, while that for CTOL,. _
at major domestic ports has been estimated to be as high as 19 minutes by .

the Environmental Protection Agency (Refs. 9 and 10).

Accountmg for d1fferences in installed thrust between STOL and CTOL,
Flgure 6 shows that when both 1ncorpora.te advanced eng1ne technology, the
CTOL aircraft produces less emissions as long as its ground time before take-

off does not exceed that of STOL aircraft by more than five to six minutes.

B. STOLPORT REQUIREMENTS

Total airport terminal area requirements are determined by the -size .
and configuration of aircraft used and the annual number of passengers -
expected. In this study, land, facilities, and improvements explicitly"
required to support commercial STOL service are charged against the STOL

system.
1.. AIRFIELD

Required runway and taxiway lengths of 2000 feet were defined by the -
design péfameters of the Augmentor Wing STOL aircraft. ' Runway width was
taken as 100 feet (Ref. 14) and taxiway width as 60 feet (Ref. - 15). Pave-
ment thicknesseé are taken from Ref. 16, assuming aircraft with'a dual-
tandem landing gear arrangement, All airfield requirements were com- 3.
puted on the basis of flexible pavements (e.g., asphalt). For a STOLport
located at an existing airport, the existiné ‘pavement thickness was subtracted

from the required thickness to establish the increase needed.
2. TERMINAL

The required terminal size was found by modifying FAA guidelines for

terminal area floor space (Ref. 17) to account for differences between long .
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and short haul operating systems. The floor space elements considered

included areas for passenger service, airline operations, baggage claims,
passenger waiting, dining, and other concessions. Results showed that a
linear fit of total area as a function of peak-hour passengers was possible,
r.esgll'ting in required STOLport terminal floor space of 80 square feet per

peak-hour passenger.

In addition to floor space requirements, the gate-position area adjacent
to the terminal building was also derived on the basis of peak-hour operations;
using apron areas obtained from Ref. 18. The number of gates required at
each.port was derived based on the aircraft turnaround time and size plus
the number of peak-hour passengers accommodated. Aircraft turnaround

times assumed a single door for enplaning and deplaning passengers.
3.  NOISE BUFFER ZONES

The objective of creating noise buffer zones is to indemnify property
owners in the vicinity of STOLports from adverse effects of noise generated
by STOL aircraft. In addition to the purchase of land parcels at fair market
value, the acquisition of a noise buffer zone includes the costs of an environ-
mental impact study, housing cost differentials, moving expenses, a reloca-
tion assistance office, small business interruption, and appraisal and

acquisition management.

Determining the size of a noise buffer zone required at a STOLport

depends on three items:

° Noise contours produced bjr aircraft operations at the port;
. Existing boundaries of the port.

. Land uses in areas surrounding the port's existing boundaries.

In this study, the complete cost of creating STOL-induced noise buffer zones,
without any benefits being assumed for resale or converted use of the prop-

erty, was chargedto the STOL system. This was doneto ensure a conservative
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estimate of economic viability of the STOL system. As a practical matter,.
however, the noise level predicted for the Augmentor Wing aircraft was so low
that noise buffer zone costs did not significantly affect system economics.

The impact of noise on the corimunity immediately adj acent to an ai'r'-'
port boundary was studied with the aid of a figure of mer1t called ’che No1se
Exposure Forecast (NEF) It was developed (Ref 19) to comblne s1ngle-
event aircraft flyby noise effects on observers with the growing annoyance "“
they feel as the number of flyby events increases. The noise analys1s per-A
fo_r;med_ in ,thils ;study,was ‘d'u‘-ected at determining t}}e extent of adverse air-
craft_nolse_ impact on land adjacent to _eelected STQLport‘s. Noise exposure.
forecasts of 30, 35, and 40 were utilized to judge noise acceptability in '
residem;ial, commercial, and manufacturing land use zones, respectively..
An adverse noise impact was said to exist when a parcel of land, or a portion

thereof, was contained within an unacceptably high NEF contour.

C. ECONOMICS

The economic methodology determined the costs of flight and ground
equipment, airline operations, STOLport facilities, and noise buffer zones.

i

1.  AIRCRAFT INVESTMENT

Flyaway cost was based on development of productlon quantities of ' r
STOL aircraft as a function of capacity in the- manner described in an earlier
study of V/STOL aircraft implementation (Ref. 20). These production quan=
ti.ties- were utilized to introduce a variation in development costs with changes -
in aircraft size. Engme productlon quant1t1es were assumed on the basis of
five engines per airframe. Airframe development costs were estimated by
study’ing the costs to develop CTOL airframes. Airframe manufacturing

costs were also based on analyses of CTOL airframe manufacturing costs as

functions of production quantities, design range, weight, and other factors.
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Unit airfrarie manufacturing costs were combined with the amdrtized
airframe development costs to find total aii'frame unit costs. Engine devel-‘
opment and manufacturing costs were combined in data provided by the'
Alhson Division of General Motors Corporation (Ref. 21). The combined
engme development and manufacturlng un1t costs were obtamed by extractlng
Allison engine unit cost data for the appropr1ate thrust level and production
quantlty Table 3 1nd1cates the production quantltles assumed and the various

costs determmed

" In addition to flight equipment investment costs, allowances were added
for 'ground facilities and equipment. Flight equipment investment is defined
as aircraft flyawdy cost plus spares, multiplied by fleet size. Spares consti-
tute 10 percent'of the airframe value and 30 percent of the engine value.

Total investment is the sum of flight equipment, ground facility, and ground
equipment costs, where the costs of’the latter two are determined by taking

a constant percentage of the value of the flight equipment.

, '_I‘aabLe 3.

STOL Aircraft Production Base and Unit Costs
) Planned Airframe Unit Costs ($ thousands)
Aircraft Production
C . Development
apacity, Bese, Cost
Pessengers (No. Al_rcreft) ($ millions) Airframe En(%f)nes. Flyaway
- 50 980 200 2647 1112 3759
100" 490 300 4586 1748 6334
150 330 400 6635 2124 8759
200 240 500 8792 2424 11216 -

27



2.  OPERATING COSTS -

Direct operating costs (DOCs) relate to flight equipment-(including
.spare parts) depreciation, hull fl_nsurence,‘ flight crew, fuel, oil, and;mainte_
nance (including maintenance burden). Excluded are ‘ai-rc_.,x_'aft—x)e_l;ated. variable
costs such as 1»a'nﬂgi_ing' ff.ee‘s and cabin crew costs. This is the general industry

definition of DOCs and was the definition used for this study. PR

The Boeing 11971 DOC ‘forrnula (Ref. 22)'w.as ﬁsed with modifications to
reﬂect STOL operatlons Items modified for. this study were fuél cost, hull
insurance, ma,lntenance, ﬂlght crew size, airframe spares, depreciation,
and utilization. Descriptions of specific modifications are contained. in -
Volume II, Appendix A (Ref. 3).

~ 2

All operating costs not classified as DOCs are included m 'irlié}ifxect
operé.ting costs (I0Cs). Interest expense is classified as a nonopéfai:fhg cost

and is considered a part of return on investment (ROI).

IOC models based entirely on CTOL cost experlence necessanly
reflect average system IOC levels, in which effects of operating from a mix
of airports, (with varying levels of user charges reﬂ»ec'tmg the costs of exist-
ing terminals and airfields) are aggregated into a cemp,osige 10C level for the
airline. For a STOL systemn to be operated from epti_reiy new ports or .
impfoved general aviation ports, basing all IOC. coef'f,icviexvq‘t’s; oﬁ historical
CTOL experience would be a serious deficiency. In thlslstudy, s.Il_ I0C ele-
ments which are - determined by port user charges and ﬁert-peculiar oberafing
costs were modeled explicitly and combined as AIOC, That is',v“STOL'port
terminals and airfields are costed directly,’ien& the arhortized capita.f:eehs:t:s
and opera.tlng expenses are allocated to the STOL system. " The AIOC term is
the ba51s for ensuring that the STOL system generates sufficient revenue to

flnance essential STOLport facilities.
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In total, the AIOC term covers the following_port and port-related

items:

STOL airfield capital construction and operating costs.
" STOL terminal capital construction and operating costs, ™

"Noise buffer zone acquisition costs.

"Port or airline station operating costs for the functlons of passen—
ger, baggage, and aircraft handling. S i

] Maintenance and deprec1at1on costs of airline ground property and
equipment. : . ..
N‘on-port-related' IOC elements (including passenger service, reservations’
and ticket sales, advertising, and general and administrative expénse) were
derived and allocated in two separate IOC models. For the intrastate’
California Corridor arena, the experience of Pacific Southwest Airlines
(PSA) was, used For the interstate Northeast Corridor and Midwest Triangle
arenas, U S domestlc trunk airline experlence was used The variation of
direct and 1nd1rect operatlng costs w1th respect to block distance and vehicle

size is illustrated in Figure 7.
3,  RETURN ON INVESTMENT

Retiirn on investment is used as a comparauve measure of economic
“viability., It is an ‘appropriate measure for a system at a s1ng1e time period’
and does not require ‘time'- dlscountlng of future returns a.nd costs. A positive
ROI is required to provide for the cost of capital and thus ensure the v1ab111ty

of a commerc1a.l enterpr1se.

" The CAB formula for ROI includes interest payments in the same
context as profit The s1ze of the interest payment is dependent on both the
debt-to- equ1ty ratlo of the a1r11ne and the interest rate. For the spec1f1c

va.lues of these parameters used in this study, the CAB 8-percent ROI is

Typical concessions, such as restaurants or parking lots, were assumed
to be self-supporting.
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equivalent to an 11-percent return on stockholder equity. The latter approxi-
mates the current averagé refurn on stockholder equity {10.4 percent)
experienced in the U. S. economy during 1969/71 (Ref. 23). The CAB

8 -percent ROl was chosen as thé""crite_rion' for economic viability of the

selected systems considered in this study.
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V. ARENA DESCRIPTIONS

The characteristics of an arena can be categorized into three groups.
The first includes the geographic, demographic, and socioeconomic factors
of each region” within the arena. The second identifies the total intercity

travel demand. The last portrays the projected transportation systems.

One point of clarification should be noted. It is customary to refer to
the travel characteristics between two regions as ''city pair'' characteristics.
In this context, the word ''city'' is not the city itself as defined by the city
limits, but actually includes the suburban areas and contiguous cities in
the region surrounding the city as well. All references to ''city pairs' *
should thus be interpreted as being regional pairs, e.g., (greater) New

York City-(greater) Boston areas.

A. REGION DESCRIPTIONS

Figures 8, 9, and 10 show the regions defined in the study: Los
Angeles, Sacramento, San Diego, and San Francisco in the California
Corridor; Chicago, Cleveland, and Detroit in the Midwest Triangle; and
Boston, New York, Philadelphia, and Washington in the Northeast Corridor.
The regional boundaries, which were defined by the cognizant regional plan-
ning agency, included all existing major transportation ports in addition to
large population and employment centers. These same agencies also pro-
vided the bulk of the population and income data on a zonal basis. A summary
of regional socioeconomic characteristics and data sources is presented in

Table 4.

’FThroughout this study, each region carries the name of its major city and
the terms city and region are synonymous.
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B. INTERCITY TRAVEL DEMAND

Travel demand data were required for two basic purposes. ’i‘he first
was to calibrate the Aerospace modal split program, which required complete

data on daily travel by all competing modes between each city pair for a

RSN

specific calibration year. The second was to complete the data base needed

fre

to project the total travel for a future year.

T

=

The base year modal demand and total demand, and the projected 1980 =
total demand are shown in Table 5 for the California Corridor and Midwést s
Triangle city pairs. Similar data for the Northeast Corridor, using the DOT
Northeast Corridor Transportation Project (NECTP) (Ref. 5) are shown‘ in
Table 6. Since the latter source provided trips disaggregated by business/
nonbusiness trip purposes, this was used in the modal split calibratién

process for further refining preference-factor estimates., -

C. INTERCITY TRANSPORTATION CHARACTERISTICS

The projected 1980 characteristics of existing transportationjm‘odes
are substantially unaltered from their current values. All fares are expressed
in 1970 dollars. This assumption is equivalent to assuming that the faré
increases up to the 1980 time period would be equal to those due to inflation.
Similarly, it was assumed the transportation equipment for nén-STOL modes
would not change significantly during this period, so that travel times would
not change. One exception to this was the rail mode for the Northeast Corri-
dor wherein the characteristics reflect the Interim High-Speed Réil System -~ |

Option 1 recommended by the Department of Transportation (Ref. 5).

Alternative modes considered for the 1980 time period were car,
CTOL, bus, and rail.. Fbr certain city pairs, there was neither a current
rail service nor any indicafi"ons that service would be instituted in the near
future. Typical intercity mode characteristics are shown in Table 7. Com-
mon carrier costs and times are based on major port-to-major port opera-

tions. Speeds and costs per mile were calculated using air mile distances;
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’

Table 7. 1980 Mode Characteristics

Mode¢ Characteristics
Intercity
Arena City Pair P-xstar.\cu Mode Time Cost Freq. Co:t.( ) Speed(”

(air miles) (hr) ($) (dep. per per mile ( h)

hour) (¢ /ini) mph

California Los An;;elcs/ 355 CAR 6.206 13,80 - 3.9 57
Corridor San Francisco CTOL 1.0 16,50 2.43 4.0 355
BUS 9.0 13.50 1.35 3.8 39

RAIL 10, 67 16.00 0.07 4.5 33

Los Angeles/ 380 CAR 6.2 14,24 - 3.7 [

Sacramento CTOL 1.0 18. 00 1.07 4.7 3890

BUS 9.58 12.50 0.77 3.3 40

Los Angeles/ 101 CAR 1.4 3.52 - 3.5 72

San Diego CcTOL 0.5 8.29 1.8 8.2 202

BUS 2.5 4.36 1.38 4.3 40

RAIL 2.75 4.75 0.20 4.7 37

San Diego/ 456 CAR 8.68 19. 68 - 4,3 53

San Francisco CTOL 1.29 24,50 0. 61 © 5.4 353

BUS 13.0 17.40 0. 69 3.8 35

San Diego/ 181 CAR 8.62 20,12 - 4.2 T 56

Sacramento CTOL 1.67 25.00 0.133 5.2 288

BUS 13.0 16,80 0.467 3.5 37

San Francisco/ 79 CAR 1.07 2.30 - 2.9 74

Sacramento CTOL 0.55 8.00 0,428 10,1 144

BUS 2.2 3.84 1.78 4.9 36

Midwest Chicago/ 238 CAR 3.77 9. 56 - 4.0 63
Triangle Detroit CTOL 0.917 27.00 1.17 11.0 260
BUS 5.55 12.70 0. 64 5.3 43

RAIL 5.50 16,25 0,143 6.4 43

Chicago/ 312 CAR 4,67 17.00 - 5.4 67

Cleveland CTOL 1.11 33.00 0.894 10. 6 281

BUS 7.5 15.55 0.785 5.0 42

RAIL 6.6 19.75 0.072 6.3 47

Cleveland/ 94 CAR 1.76 5,48 - 5.8 53

Detroit CTOL 0.58 18.00 0.822 19.1 162

BUS 3.15 B.25 0.715 8.8 30

Northeast | New York/ 215 CAR 3.21 10.17 - 4.7 .67
Corridor Washington CTOL 1.02 24.10 2.34 11.2 211
BUS 4,05 10.95 2.62 5.1 53

RAIL 2.35 15.95 2.10 7.4 91

New York/ 191 CAR 3,26 8.22 - 4.3 59

Boston CTOL 0.83 22.25 2.20 11.6 230

BUS 4.5 9.25 2.84 4,8 42

RAIL 2.95 15.95 1,35 8.4 65

Boston/ 406 CAR 8.47 23.79 - 5.9 48

Washington CTOL 1,28 35.23 1,78 8.7 317

BUS 9.5 20.90 1.08 5.1 43

RAIL 5.4 30.20 1.35 7.4 75

Washington/ 133 CAR 1.79 5.80 - 4.4 74

Philadelphia CTOL 0.67 19.47 1. 14 14,6 199

BUS 3.3 6.40 .0 4.8 40

RAIL 1.48 10.20 1.55 7.7 90

Philadelphia/ 274 CAR 6.0 15.79 - 5.8 tu

Boston CTOL 1.0, 28.74 1.71 10.5 274
BUS 7.5 14,37 1.0 5.2 37"

RAIL 4,0 21.92 0.92 8.0 68

“’Based on air miles




they thus tend to be low and high, respectively, for the nonair modes. Costs
and times listed for car are intercity values between ports simulated at the
periphery of a region and are, therefore, lower than would be the case for
city center-to-city center values. In the modal split pfogram, these differ-
ences are accounted for by using city-peculiar local travel functions. The
per-mile car costs and speéds in the table were also estimated using nominal

intercity air mile distances. Car costs also include tolls where applicable.

In addition to the intercity data listed, modal port characteristics were
defined for each region. These included location, processing time, and cost

'""and the increments of time and cost

predicated on a ''curbside delivery,
(function of trip duration) associated with the drive-and-park form of local
transportation. The port locations for all modes, including candidate STOL
ports, are shown on the maps for each region (Figures 11 through 21)‘.
County and state boundaries, ma jor cities and towns, and central business

district (CBD) locations are also indicated.
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Vi. RESULTS .

The preceding sections of this réport have identified the means and
supporting data that enable the definition of an optimum STOL system for
a given combination of vehicle capacity, return on investment (ROI), and
operating arena. In this section, this procedure was applied to different
combinations of these parameters and resulted in the identification of a
corresponding set of optimum STOL systems. From this information, the
sensitivity of demanc’i, fares, and the réquired fleet size to variations in
vehicle capacity and ROI in each of the three arenas was evaluated. These
parametric dafa were then used to help determine a ''selected' STOL sys-
tem in each arena by establishing the preferred range of vehicle capacities.
Next, the influence of each arena's CTOL 'service_: on STOL system viability
and the impact of the selected STOL systems on alternative travel modes
and environmental factors were assessed. Finally, the potential for using
STOL aircraft (designed for short haul service) over longer nonstop dis-

tances was examined.’

A, PARAMETRIC SENSITIVITIES

The imi:;_ortance of vehicle size and ROI was assessed by detefminihg
the senéitivity of demand for STOL service (i.e., patronage) and the resulting -
fleet size as functions of these variables for each of the three arenas. The.
results of this analysis, 'togefher with an expla.nafi‘on of the observed trends,

are presented in the following 'paragraphs.

1.. "STOL SYSTEM DEMAND

Variations in the planned ROI levels directly affect STOL patronage

and also influence the selection of candidate city pairs for inclusion in the
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. STOL system. - As indicated in Table 8 all of the 14 c1ty pairs examined
were able to produce in ROI 0 for certam STOL alrcraft sizes. However;
3 of the 14 city pairs could not achieve an ROI 12 percent regardle’ss of

aircraft size, and 4 others were alrcraft-sme constrained.‘

The var1at1on in the number of economxcally viable c1ty palrs (c1ty
paxrs able to- produce the spec1f1ed ROI). contrlbutmg to the total Cahforma'
‘Corridor demand -account for some of the dlscontmuxues in STOL patronage '
as shown in Flgure 22. ‘The remaining discontinuities can be attributed -
to variations in the optimum number' of service paths selected for each‘
city paif. The 1mpact of the number of Los Angeles San Francisco -
‘service paths on the California Corridor demand is illustrated by the three

discontinuities of the ROI = 5.25 percent contour in F1gure 22. The maximum V_

Table 8. STOL System Economic Viability Comparison

Range of STOL Aircraft Sizes Able to Produce Specified Levels * -
City' Pair » of Return on Investment
: ROI = 0% ROI = 5,25% ° ROI = 8% ROI = IZ%‘
LA-SF All All All 80 to 200
LA-SAC AlL All All 80 to 200
LA-SD 70 to 190 NV’ NV © NV
/ . SF-SD All - Al All AlL
SF-SAC 50 to 170 50 to 110 ‘NV NV .

' SD-5AC 50 o 110 All 50 to 90 NV .
CHI-CLV All Al _ Al Al
CHI-DET Al) Al Al . All
DET-CLV 50 to 180 . 50 to 150 " 50 to 130 50 to 110

" NY-BOS All Al CoAlL All
NY-WASH All All CAR All
WASH-BOS Al Al Al - an’
WASH-PHIL All All All 50 to 180
BOS-PHIL All All All All -
All ~ All sizes examined {50 to 200) produced the specified ROI
NV —~ Nonviable, none of.the sizes examined produced the specified ROI

. 12.5% in California corridor )
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Figure 22. STOL Patronage, California Corridor

. number of servicé paths that could produce a 5.25 percent ROI for-STOL
operafibns between the Los Angeles and San Francisco regions wa‘s 6,' with

. the exception of vehicle sizes bve.tween 50 and 75-* passengers where the num-
ber of service paths drépped to 3, and between vehicle sizes of 105 and 125
passengers where the number of service paths increased to 8. The preferred
number of sefvice paths in each city pair of the California Corridor, as deter-
‘mined for sei_ected combinations of vehicle sizes and ROI, is presentéd in
Table 9. ' ' ' V

.

Discontinuities were assumed to take place at the midpoint between the com=-
puted data points. Since only vehicle sizes that were multiples of 10 (passen-
. gers) were simulated, the midpoint always occurred at an odd multiple of 5.
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Unlike the city pairs of the California Corridor, two of the Midwest
Triangle city pairs, Chicago-Detroit and Chicago-Cleveland, supported STOL
service to such an extent that, as shown in Table 8, an ROI of at least 12 per-
cent could be achieved over the entire range of vehicle capacities. The
remaining city pair, Detroit-Cleveland, was viable only when using the
smaller vehicle sizes. The discontinuity in the STOL patronage demand
shown in Figure 23 was due to the elimination of the Detroit-Cleveland demand
component for the larger vehicle sizes and provides an interesting illustration
of the impact of ROI on ‘city, pair viability. At an ROI of 12 percent, STOL

service between Detroit-Cleveland becomes nonviable when using vehicles

VEHICLE CAPACITY : '

130 140 150 160 170 180

190 200

RETURN ON.
INVESTMENT

NN

STOL DEMAND - DALLY PERSON TRIPS (000)

i

Figurek23'.v STOL Patronage, Midwest Triangle
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larger than 115 passengers. When the ROl requirement is lowgre‘d to

0 percent, Detroit-Cleveland STOL service can maintain viabili':.ty with
vehicles as large as 185 passengers. The preferred number éf se;r'vice paths
for each of the Midwest Triangle city pairs is defined in Table 10 fas a func-

tion of vehicle size and ROI.

As defined for this study, the Northeast Corridor arena consisted of
five city pairs (New York-Washington, D.C., New York-Boston, Boston-
Wa.hington, D.C., Philadelphia-Boston, and Philadelphia-Washington, D.C. )
Only one city pair, Philadelphia-Washington, D.C., could nét support STOL =
service using large vehicles at high ROIs. This accounts for the drop in
demand in this region of the plot displayed in Figure 24. The preferred STOL
service paths between the city pairs of the Northeast Corridor ar‘_e defined in

Table 11 for selected combinations of vehicle capacity and ROI,

42— VEHICLE CAPACITY ’

430 140 130160 170 180 190 200 ,
40— 20 o
RETURN ON
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Figure 24. STOL Patronage, Northeast Corridor
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2. STOL SYSTEM FARES

The one-way fares determined for each :qity pair, weighted by revenue
passenger miles, were used to compute an a'vera_ge fare rate in cents per
mile for each of the three arenas. The variations of these fare rates with
vehicle capacity and ROl are illustrated in Figures 25 through 27. These fare
rate values are influenced pr‘irharily by the operating costs and block distances
of the routes comprising a given arena and, to;g..lesser degree, the fares of
the competitive modes. -‘Thus, in the Gélifornié Corridor, where indirect
operating costs were lbwer (Séction IV..C. ZI)A, blbck distances lo‘nge.r,, and
competitive travel costs lower, the STOL,s_ys'tefn fare structure \'a_va;sufrom two
to three cents per mile lower than the STOL fares of either the Midwest Tri-
angle or the Northeast Corridor for corripé.rable vehicle capacity-ROI

combinations.

The higher seat-mile operating costs inherent in the smaller vehicles
(Figure 7) resulted in relatively higher fare rates. The added flexibility of
50- to 100-passenger vehicles, conceptually encouraging operations .over

12—
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Figure 25, Fare Structure, California Corridor
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FARE RATE, cents/mile

Figure 26. Fare Structure, Midwest Triangle
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more service paths and higher frequency of service, apparently did not,
however, enhance STOL service attributes to the degree necessary to com-

pensate for the higher fares.
3. ARENA COMPARISON

A measure of the potential for STOL success in each arena can be
obtained by comparing STOL demand with 1980 patronage predicted for CTOL
in the absence of STOL compét_itiqn. This C‘TOL patronage is the sum of that
demand derived :féf,‘_:éach@f the cél.ndida_,tqé city pairé comprising-an arena and,
unlike the STOL slysAte’m, includes all Caﬁdi&até city pairs regardless of their
ability to provide a reasonable ROI for the CTOL operator. The projected
average daily 1980 CTOL demand levels were 26, 400, 4,180, and 18,510 per- "
son trips for the California Corridor, Midwest Triangle, and Northeast Cor-
ridor, respectively. A comparison of CTOL (no STOL) with STOL demand
levels is illustrated in Figure 28 which displays the outer contours of arena
demand plots of Figures 22 through 24. STOL demand levels are seen to
exceed CTOL (no STOL) patronage over the entire spectrum of STOL vehicle
capacities and ROIs in both the Midwest Triangle and the Northeast Corridor.
The reverse was true in the California Corridor with CTOL (no STOL) demand
exceeding the maximum STOL demand levels. It s.hould be noted that these
relatively low California Corridor STOL demand levels occ:'urred' in spite of
the fact that the STOL fare rates were lower than those in either of the other
two arenas studied. Notwithstanding thé'différencg in fare rates determined
for each_‘arveﬁé., . !:.hfeAsprea.d in-fare xjateé over the entire spectrum of vehicle -
capacities ah‘d' ROIs for any -<‘>nevérena wa;s reasonably consistent. The mini-
mum fare (200-passenger vehiéle capacity, 0 percent ROI) was roughly one-
half of the maximum fare (50-passenger vehicle capacity, 12 percent ROI).
The sensitivity of STOL demand to this fare variation was an order of magni-
tude greater in the California Corridor than that observed in either of the

other two arenas.

This difference in fare sensitivity can be attributed to the differences
in the competitive CTOL systems. In the Midwest Triangle and Northeast

pE
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Corridor, the CTOL sy.s_tems paid for congestion with longer block times and
correspondingly higher fares. This c-ongestion was not as prevalent in the
California Corridor CTOL sys:t'em. As a result, in the California Corridor
the CTOL system was h1gh1y compet1t1ve and, depending on the STOL f{are,
could retain virtually all or none of its 1980 'no STOL" demand potential.

This shifting of air travelers hetween the CTOL and STOL systems accounts
for the large variation in STOL demand as a function of vehicle capacity and
ROI. In:both the Midwest Triangle':an’d the Northeast Corridor, the STOL sys-
tem was sufficiently attractivei, even at high fares, to capture most of the air
(CTOL) travelers. The increase in total air demand at the lower fares in
those arenas was primarily due to the diversion of nonair (i.e., car, bus, and
rail) travelers to STOL. : A more detailed discussion of this phenomenon is
presented in Section VI. B. The sensitivity of origin and destination patronage

for individual city ipairs is presented in Volume I, Appendix D (Ref. 3).
4. STOL FLEET SIZE REQUIREMENTS

Thé intera;ct}'on of demand, vehicle capacity,‘ block time, gate time, and
airc¢raft ﬁtilizatipn [discussed in Volume II, Appendix A (Ref, 3)] dictated the
fleet sizé requirements :illu'strated in Figures 29 through 31 for the California
Corridor, Midwé‘st Triangle, and Northeast Corridor, respectively. Where.
demand levels varled only nloderately over the range of vehicle capacities (not
greater than 25 percent relative to the demand levels of the 100- -passenger
vehicle) for a given ROIL, such as in the Midwest Triangle and the Northeast
Corridor, fleet s;iz:ve requirements increased with smaller vehicle sizes and
produced the curvés illustrated in Figures 30 and 31. In the Cdlifornia Cor-
ridor, however, ‘the demand levels associated with the 50-passenger vehicle
ranged bétween 33 to 50 percent of the 100-passenger configuration patronage.
This demand drop-off. rate more than compensated for the reduction in the
vehicle capacity, resullti'ng in lower fleet requirements identified for the
smaller vehicles:, and the,slope reversal of the ROL contours displayed in

4

Figure 29,
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B, SELECTED SYSTEM DEFINITION

In the preceding section the results were presented parametrically as a
function of both vehicle size and ROI. To facilitate the presentation of more
detailed results, a specified STOL system was .d.eﬁned by selecting a single -
combination of these two variables. While results of this study indicated the
greatest STOL patronage occurred when operating wifh a fleet of 200-passenger
aircraft, the potential viability of short haul high-density STOL service would
not be rﬁarkedly altered by the use of aircraft whose size was within the 100-
to 200-passenger range. Hence, to permit comparison with the results of
other STOL studies that have focused on the 150-passenger size, that size was
also selected for a more detailed examination in this study. An 8-percent
ROI was: selected as a representative levgl,./since that value. corresponds to

an ll-percent return on stockholder-equity, which in turn approximates the
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10. 4 percent average experienced in the U.S. economy during the

1969/1967 period (Ref. 23). - . o o S R N L
1. SYSTEM CHARACTERISTICS L,

a. California Corridor

Because of the relat1ve attractlveness of the mtrastate CTOL system in
the California Corridor, the selected STOL systern could achleve the des1red
ROI (eight percent) in only three of the 51x Cand1date city palrs When u51ng ‘

a 150-passenger vehlcle, the system generated maximum ROIs of between one
and two percent for the two contlguous city pairs of Los Angeles San Dlego and ‘
San Francisco-Sacramento. STOL operations servmg the c1ty palr w1th the
lowest total intercity travel demand (1094 daily person trlps, San D1ego-
Sacramento) produced a negative ROL. The selected STOL system is, there-
fore, structured to serve only the three economically viable city pairs:

Los Angeles-San Francisco, San Francisco-San Diego, and Los Angeles-

Sacramento.

The system utilizes two STOLports in each of the Los Angeles and
San Francisco regions and one each in the San Dtego and Sacramento regions.
Sufficient STOL demand was generated between Los Angeles and San Francisco
to support operations over three service paths, while the San Francisco-
San Diego and Los Angeles-Sacramento city pairs utilized two paths and one

service path, respectively.

An estimated $156 million investment would be required te purchase the
fleet of fourteen 150-passenger aircraft and the supporting eduipment needed to
provide STOL service in the California Corridor. Operation of these aircraft
would produce 118 flights per day over the six-service-path route structure, -
carrying an average of 6302 daily passengers.  Fares averaging 5.07 cents |
per mile, obtained by weighting revenue passenger miles, would result in an
annual profit before taxes of $10 million, yielding the.desired return on invest-

ment of 8 percent.

70



Table 12 identifies a number of operational and economic character-
istics for each of the California Corridor service paths., The relalively high
demand observed on the Fullerton-India Basin service path can be attributed
to the higher fares associated with competitive CTOL service operating out

of the closest Los Angeles Region CTOLport, Orange County.

Table 13 1dent1f1es the annual STOL system aircraft departures and
or1g1n and destination passengers forecast for each port. STOLport capxtal
unprovements necessary to support the specified level of STOL serv1ce is
also defined for each port The total STOL- induced port developments
requlred for Cal1forn1a are estlrna.ted to cost $18 m1111on. The $50 000 associ-
ated with Sacramento Executwe Alrport is for an environmental 1mpact report

required pnor to 1na.ugurat10n of commerc1a1 scheduled serv1ce.

Table 12. Selected STOL System Service Characteristics,
California Corridor

Service Demand, |Percent of
City - : STOL .« Block Block Fare Frequeacy daily Total Revenue | Operating,
Pair Service Distance Time ($) round trips person Intercity ($/day) Costs
. i Pat_h.,_; . (_St mi) (hr /min) . ( pgr day ) trips Demand . . ($/day)
(1) -2y - e . . : T : .- (3)
LA-SF : . . 18.28 33 6302 16.7 106,676 . 91,561
LAl-SF1 347 0:56 9 1730 4.6
LAl-SF2 324 0:53 10 1866 BT )
LA2-SF1 362 0:58 14 2706 7.2
SF-SD , 18.63. 17 (3434 53.6 65,799 56,439
SF1-SD1 448 1:07 10 2046 31.9
) 4
SF2-SDI 424 1:04 7 : 1388 . 21.7 .
LLA-SAC . 20.69 9 1664 24.3 28.697 | 24.630
'LAI-SACI 360 0:57 9 1664 24.3
(1) CITY ) (2) PORT ’ . (3) Port-related I0C = $164.37 per departurc '
L.os Angeles LA Patton . LAl: 12)csltn.:d(:d in operating
San Francisco SF Fullerton LA2 casts
San Diego sD India Basin, SF] . “ B r
Sacramento SAC Palo Alto SF2 V )
Montgomery SDI
Executive SAC] ’ . : : .
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Table 13. Selected STOL System STOLport Requirements,
California Corridor

‘ Port - I ) Capital Costs ($000) Physical Change
Cit ) Annual Annual - . 1 Site New - New Field
b Passengers Departures Airfield |Terminal | Acq. | Field Term. Aug.
TOTAL ' | 9.245 | 8,861
) . i
LOS ANGELES . 2,907, 724 14,911 3,015 3,104
Patton 1,920,262 9,847 . 2,700. |. 2,051 X X .. . X :
Fullerton ’ 987, 462 5,064 315 1,053 X X
SAN FRANCISCO 3,554, 814 18,226 " 5,884 | 3,767
India Basin 2,366,223 12,135, 47 5, 599 2,508 X X X
Palo Alto 1,187,791 6,001.24 285 1,259 ' X X
SAN DIEGO 1,253,509 6,428 296 1,326
Montgomery 1,253,509 6, 428 296 1,326 X X
SACRAMENTO 607,219 3,114 50 664
Executive 607,219 3,114 50 664 X

b. Midwest Triangle

A STOL system operating between Detroit and Cleveland (constrained to
a minimum of four round trips per day) produced a maximum ROl of 6.1 per-
cent, falling short of the desired 8-percent level. As a result, the Detroit-
Cleveland city pair was excluded from the selected STOL system.configured
to serve the Midwest Triangle. The resulting STOL system utilizes Meigs
Field in Chicago, Detroit City and Mettetal in the Detroit region, and Burke
Lakefront.in Cleveland. Demand for STOL service was adequate to support
two routes or service paths between Chicago and Detroit and a single service

path between Chicago and Cleveland.

An estimated $7] million investment would be required to acquire the
fleet of six 150-passenger aircraft and the supporting equiprhent required to
operate the selected STOL system between the two economically viable city
pairs of the Midwest arena. These aircraft would provide 60 flights per day

over the three-service-path route structure. The anticipated 5921 daily
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passengers would pay fares whose weighted average was 6. 78 cents per mile,

producing annual profits estimated at $5 million, before taxes.

Operational and economic characteristics of the selected STOL system
‘V ”seg'rega.ted by service path are presented in Table 14; STOLport facility

: ‘requirements are shown in Table 15. Although STOL-induced construction
re"{:luirements in the Midwest ($5 millioh) are less than one-third of those

required in the California Corridor, the port-related IOC per departure is

50-percent higher. This reflects higher port and airline operating costs in
the Midwest Triangle and the Northeast Corridor than those prevalent in the

California Corridor.

c. Northeast Corridor

All of the five candidate city pairs in the Northeast Corridor generated
sufficient demand to produce an 8-percent ROI using a 150-passenger aircraft
and were, therefore, included as part of the selected STOL system. The high
level of STOL demand prevalent in this arena made. possible the use of multi-
ple STOLports in three of the four Northeast Corridor cities. Secaucus,
Mitchell, and Westchester County were sited.in the New York region; North
Philadelphia was sited in Philadelphia; Logan/lﬂnternational'and Bedford were
sited in Boston; and College Park and Prince Georges Airpark were sited in
the Washington, D.C. region. STOL patronage was maximized by using four
service paths between New York and Washington, D.C.; five service paths
between New York and Boston; two service paths vbetween Boston and
Washington, D.C.; and a single route between each of the Philadelphia-
Boston and Philadelphia-Washington, D.C,, city pairs.

A $375 million investment would be required to purchase the fleet of
thirty-two 150-passenger STOL aircraft and supporting equipment needed in
the Northeast Corridor. The selected STOL system provides 340 flights per

day over 13 routes, and attracts an average of 33, 152 daily passengers.

~ FA

B EET
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A welghted average fare of 7.46 cents per mile (higher than STOL system

fare levels in either the California Corridor or Mldwest Triangle) produced

an estlmated annual profit of $25 m1111on.

Table 14. Selected STOL System Serv1ce Requlrements,
' Midwest Triangle .
. Percent
L . ', Service. Demand :
City STO,L D.B1°Ck BI.OCk Fare Frequency (daily TOI, Revenue Operating
Pair Service 18tance Tlm? ($) {round trips person otal ($/day) Costs
Path (st mi) {hr/min) P ) Intercity ($/day)
per day) trips) Demand C .
(1} (2) (3)
CHI-DET 16.73 19 3770 46.5 58, 396 50,510
CH1 1-D 1 240 0:44 i1 2200 27.2
CHI 1-D 1 217 0:41 8 1570 19.4
CHI-CLV 18.87 11 2150 - 53.8 37,581. 32,458
CHI 1-C1 307 0:51 i1 2150 53.8 -
(1) CITY (2) PORT (3) Port-related IOC = $246.77 per depar-
ture included in
Chicago CHI - Meigs Field CHI 1 operating costs
Detroit DET Detroit City Di
' Mettetal D2
Cleveland CLV Burke Lakefront Cl
Table 15. Selected STOL System STOLport Requirements,
Midwest Triangle
Port Capital Costs ($000) Physical Change |
ci Annual Annual Site New New Field
ity Passengers Departures Airfield | Terminal | Acq. | Field | Term. Aug,
TOTAL 582 4, 637
CHICAGO 2,161,221 11,083 A 2,298
Muigs Ficld 2,161,221 11,083 72 2,298 X X
CLEVELAND 785,258 4, 027 0 846
Burke Lakefront 785, 258 4, 027 0 84( X
DETROIT 1,375,963 7,056 510 1, 493
Detroit City 802, 474 1,115 126 864 X X
Mettetal 573, 488 2,941 384 629 X X
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Data descr1b1ng the service path and the operational and economic

17. The STOL: “induced port development costs totaled $38 million.

_ characterlstlcs of the ‘selected STOL system are presented in Tables 16 and

The

absence of any airfield construction costs for the Logan Field STOLport

(Table 17) derives from the announced intention of that port authority to not

differentially charge for the use of STOL fé.cili_tie_s (i.e., STOL and CTOL

aircraft will not have different landing fee structures).

Table 16. Selected STOL System Service Characteristics,
‘ Northeast Corridor
. ) Service Demand Percent
City STO.L .BI?CIT BI_OCk Fare Frequency (daily of Revenue Oper:attng
Pair Service Distance - Time (%) d tri :rson Total ($/day) Costs
Path (st mi) | (hr/min) (round trips | person | jneercity 4 ($/day)
per day) trips! Demand
(1} (2) (3)
NY -DC 16.23 73 114,270 46.6 214,519 185,914
NY1-DCl1 195 0:38 21 4,110 13.4
NY2-DC1 212 0:40 24 4, 658 15.2
NY3-DC1 221 0:41 12 2,284 7.5
NYi-DC2 207 0:40 16 3,218 10.5
NY -BOS 15. 45 53 10, 254 46.1 146,688 | 127,227
NY1-Bl1 . 191 0:38 13 2,472 11.1}
NY2-Bl 177 0:36 8 1,600 7.2
NY3-Bl 165 0:35 7 1,250 .6
NY1-B2 183 0:37 16 3,192 14.4
NYZ2-B2 168 0:35 9 1,740 .8
sl o
BOS-DC 21.09 24 4, 620 90.2 90, 229 77,921
B1-DC] 386 1:00 11 2,106 41.1
BZ-.DCI 378 . 0:59 13 2,514 49.1
’H-BOS _17.70 13 2,602 73.6 42, 647 36,913
PHI1-BOSI. 260 0:46 13 2,602 73.6
PH-DC 13.96 7 1,406 7.1 18,180 15,795
PH1-DC1 126 0:31 7 1,406 7.1
(1) CITY (2) PORT (3) Port Related 10C = $259.57 per depar-
ture included in
. operating costs
New York NY Secaucus NY1
Mitchell NY2
Westchester NY3
Philadcelphia PH No. Philadelphia PH1
Boston BOS Logan International Bl N
.Bedford B2 - -
Washington, D.C, DC College Park DC1
Prince Georges DC2
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Table 17. Selected STOL System STOLport Requirements,

Port Capital Costs {$000) Physical Change
City Annual Annual ) Site New New Field
Passengers Departures Airfield | Terminal | Acq. | Field Term. Aug.

TOTAL - 10, 636 ‘26, 860"
NEW YORK 8,952, 086 45, 908 9.818 10, 731 .

Secaucus 4,742, 251 24,319 9,768 5,231 X X X

Mitchell 2,919, 331 14,971 50 3,076 X

Westchester 1,290, 503 6,618 0 1,364 X

WASHINGTON, D.C. 7, 408, 462 37,992 768 7,842

College Pk. 5,233,794 31,968 384 6,597 X X

Prince Georges 1,174,668 6,024 384 1,245 . X X
BOSTON 6,379,018 32,713 50 5,746 :

Logan Int . 3,661, 626 18,778 0 3,878 X X X

Bedford 2,717,391 13,935 50 2,858 : X
PHILADELPHIA 1,463,003 7,503 _0 . i

North Phila. 1,463,003 7,503 0 1,541 X

2. CTOL SYSTEM INFLUENCE ON STOL POTENTIAL

As was discussed in Section IV.A.2, STOL service in the Northeast
Corridor and Midwest Triangle exhibited a higher patronage than did CTOL
without STOL competition. In the California Corridor the reverse was true.o
This contrast in STOL patronage potential is in large measure attributable to
the type of service provided by the CTOL mode. An evaluation of CTOL ser-
vice in each of the three arenas indicates that CTOL service inthe California
Corridor is superior, both in time and fare, to short haul CTOL operations
within the Midwest Triangle and the Northeast Corridor. Figui‘e~32 shows
that CTOL service between the California Corridor city pairs énjoy about a
50-mph advantage in block speed over CTOL service on the Midwest Triangle
and Northeast Corridor routes. These differences in blocic' speed; based on
current schedules, reflect the higher level of terminal area congestion preva-

lent in the Midwest and Northeast.

The variation in CTOL fares between the arenas, as illustrated in Fig-
ure 33, presents an even more striking contrast. Different faré-setting cri-
teria, intrastate vs~~/in_'gers-tate, and higher operating costs in the Midwest
Triangle and Northeast Corridor due in part to terminal area congestion

account for this fare differential.
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The CTOL block speed and fare characteristics, Fi'g-ures'3”2 and 33, are
compéred in Figure 34 to those of the selected STOL system for-each city ™ ~
pair examined. This comparison at least partially explains why the STOL sys-
tem appears relatively more attractive in the Midwest Triangle and Northeast
Corridor than in the California Corridor. These differences are reiterated.in
Table 18, which lists the selected STOL system fares for each city pair,:,
_toegether with those of the pnma.ry common carr1ers (CTOL 1n ‘all arenas plus
high-speed rail in the Northeast Corr1dor). As shown in Sect}on VI. B, 3, ‘
STOL can make its most significant contribution to th:e' Frgnspcértatién system

in arenas where congestion appears to restrict efficient CTOL service.
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Table 18. Selected STOL System Faré Comparison

L R . One Way Fare ‘

... Arena | . City Pair _ (1970 Dollars) -
STOL CTOL Rall(l)
California | 'Los Angeles-San Francisco | 18.28 | 16.50 . -

,Corridor | San Francisco-San Diego 20.69 24.50 | -

o ' " Los Angeles -Sacramento ’ 18.63 | 18.00 [ -

_ Midwest | Chicago-Detroit ‘ 16.73 | 27.00 | -
‘Triangle ‘Ch1cago Cleveland $18.87 | 33.00 -
Northeast | New York-Washington, D.C. 16.23 | 24.10 | 15.95
Corridor New York-Boston 15.45 22.25 15.95

Washington, D.C. -Boston 21.09 35.23 30.20

Boston-Philadelphia 17.70 28.74 21.92

Washington, D.C. -Philadelphia | 13. 96 19. 47 10.20
(I)Interim High-Speed Rail-Option 1 (Ref. 5); Aerospace estimated fares.

The New York-Washington, -D.C. air fare structure was examined in -
order to 1dent1fy those factors leading to lower STOL fares (relative to CTOL)
and to approx1mate the 1nd1v1dual contributions of each factor. The derived
one-way fare for the selected STOL system (150-passenger vehicle, 8-percent
ROI) between-New York and Washington, D.C. , was $16.23. The CTOL fare
was established at $24.10, also in 1970 dollars. This reduction of $7.87 was
made possible by a number of operational changes wh1ch more than compen-
sated for the increased DOC associated with replacmg a DC9 30 CTOL with
a 150-passenger Augmentor Wing aircraft. 'The data presented in F1gure 34
not only define ‘the factors contrlbutlng to the CTOL to-STOL fare decrease
but also approximate the division of each contrlbutlon by component (i.e.,
DOC, 10C, profits required to achieve a given ROI, and an 8-percent trans-

portation tax).
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The columns of Figure 35 illustrate the contributions of the factors that
cause the reduction from the nominal CTOL fare ($24.10) t,o.the nominal STOL
fare ($16.23). The first increment accounts for the increase in DOCs due to
the replacement of a DC9-30 with a 150-passenger S.'I‘OL, which resulted in a

fare increase to $29.38. Block distance was decreased 21 miles reflecting
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STOL operations betwee;n Secaucus and College Park (207 miles) compared to
a CTOL block distance of 228 miles (La Guardia to Washington National).

This lowered the fare to $27.38. The elimination of an 18-minute, congestion-
caused component of the scheduled CTOL block time, made possible by STOL's
ability to utilize uncongested airfields and dedicated airspace, resulted in an
additional fare reduction of $5. 88 (to $21-. 50). This component alone is suffi-
cient to compensate for the higher DOCs resulting from the replacement of
CTOL by STOL aircraft. The lower port-related 10Cs, reflecting the use of
STOLports optimized to handle high-density short haul service exclusively,
produced-an even lower fare of $18.98. Finally, since the New York-
Washington, D.C., CTOL system load factor and ROI values were not readil:y
available, the contribution of these elements was assumed to be equivalent to
the remaining difference between the STOL and CTOL fares. Inherent in the
CTOL ROI element is the greater fleet investment required for backup air-

craft to support an air shuttle operation.
3. STOL IMPACT ON ALTERNATIVE MODES

The analysis employed in this study was based on a forecast of total
1980 intercity origin and destination demand, which was-then distributed to
the competing modes in accordance with their relative attributes [Volume 1I,
Appendix C-1 (Ref. 3)]. Since the total demand was fixed (i.e., no induced
demand), the patronage attracted to a new STOL service was totally at the
expense of the alternative transportation modes operating between a given
city pair (be they car, CTOL, bus, or possibly rail). To derive this informa-
tion, the 1980 intercity transportation systems were simulated both with and
without STOL operations, and the resulting modal splits were determined.
The STOL system simulated in this analysis was characterized as defined in
Section VI.B. 1 and included only those city pairs that were able to produce
an 8-percent ROI when using 150-passenger vehicles. The percentage of total

origin and destination demand attracted to STOL, the increase in origin and
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destination air travelers--STOL plus CTOL--resulting from the implementa-
tion of STOL service, and the resulting distribution of origin and destination

demand between the two air modes are summarized in Table 19.

For -the economlcally v1ab1e city pairs in the Cahforma Corrldor
Table 20 lists the 1980 origin and destination travel demand by mode both
with and without STOL service, the net and percentage change in demand
resulting from STOL service impiementation, and the percent of modal
spiit. An examination of the data reveals that STOL service between
San;Francisco and San Diego had a large impact on the competing modes.
This STOL impact can'be attributed to a greater reduction in air block time
resuiting from implementing a nonstop STOL service. The San Diego-

San Francisco block times for CTOL were Weighteel by a mix of nonstop and
one-stop flights. The STOL system also had relatively lower fares
(Table 18).

Table 19. Selected STOL System Potential, 150-Passenger Vehicle,
ROI = 8 Percent

: : Increase in- Portion of
(1) Percent| Daily Air Demand Air Demand
Arena Modal |Person - Due to STOL .
1s . . Using STOL
Split Trips Implementation (%)
(%) 0
California Corridor 22 11,400 . 6.5 ~ ' 49,4
Midwest Triangle 49 | 5,920 | 65.7 | 97.1
Northeast Corridor | 41 33,200 87.8 ‘ . 95.5

(l)lncludes only selected STOL system city pairs
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Table 20. STOL Service Impact, California Corridor
Los Angeles - San Francisco
1980 Travel Demand Modal Split, %
Mode Daily Person Trips Percent Without With
W/O STOL With STOL Net Change Changes STOL STOL
Car 20, 631 20,186 -445 -2.2 54 53
.CTOL 16, 340 10, 563 -5,777 -35.4 43 28
STOL‘ - 6,302 6,302 - - 17
Bus 631 567 " -64 -10.1 2 1
Rail 178 162 -16 -9.0 <1 <1
Total 37,780 37,780 0 0 100 100
Aol 16, 340. 16, 865 525 3.2 43 45
ir
San Francisco - San Diego
1980 Travel Demand Modal Split, %
Mode Daily Person Trips Percent Without With
W/O STOL With STOL Net Change Changes STOL STOL
Car 3,354 2, 744 -610 -18.2 52 43
CTOL 2,936 158 -2,778 -94,6 46 3
STOL - 3, 434 3, 434 - - 53
Bus 118 72 -46 -39.0 2 1
Rail - - - - - -
"Total 6, 408 6, 408 0 o’ 100 100
Total 2,936 3, 592 656 22.3 46 56
ir i ]
Los Angeles - Sacramento
1980 Travel Demand Modal Split, %
Mode Daily Person Trips Percent Without With
W/O STOL With STOL Net Change Changes STOL STOL
Car 4, 344 4, 144 -200 -4.6 63 ’ 60
CTOL 2,378 . 938 -1, 440 -60.6 35 14
STOL - 1, 664 1, 664 - - 24
Bus 132 108 -24 -18.2 2 2
Rail - - - = - -
Total 6, 854 6, 854 0 0 100 100
Total 2,378 2,602 224 9.4 35 38
Air
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The similarity of the two economically viable city pairs in the Midwest
Triangle, Chicago-Detroit and Chicago-Cleveland, resulted in modal splits
with only.the subtle differences shown in Table 21. The longer distance
between Chicago and Cleveland, as compared to the Chicago-Detroit mileage,
accentuated the air mode time advantage and resulted in a higher percentage
of air travelers between Chicago and Cleveland than between Chi'cago é.nd
Detroit. The Midwest Triangle STOL system with its low fares, good service
frequency, and advantageous port locations provided a substantial .impro(re-
ment in the transportation service available within that arena. As a result,
the STOL s?stem captures virtually all of the CTOL travelers, as wg],l as a

significant number of automobile travelers.

As quantified by the modal split results presented in Table 2_2, the
selected STOL system operating in the Northeast Corridor capture'd'virtu'aliy
all of the CTOL patronage. The proximity of Philadelphia to Washington, D.C.,
resulted in a very high car modal split of 75 percent. Conversely the longer
distance and time requirement on ground modes passing through:or‘b‘ypass-
ing the New York metropolitan region resulted in very high air modal splits
between Philadelphia and Washington to Boston. STOL service between the
latter city pair would attract almost all origin and destination travelefs. pro-
ducing a modal split‘of 91 percent. STOL service between the New York-
Washington, D.C., and the New York-Boston éity pairs (where intercity
distances fall between the extremes of the three city pairs previously dis-
cussed) each attracted slightly less than one-half of all the origin and destina-

tion travelers.

Unlike travelers in the California Corridor and Midwest Triangle arenas,
Northeast Corridor travelers have access to a relatively high-speed, high-
frequency intercity rail passenger service which, prior to the introduction of
STOL service, attracted as much as 25 percent of the intercity (New-York-
Washington) demand. The impact of STOL service on rail, as well as on the
other modes, is dependent on the.intercity distance. Since air service

becomes more competitive with alternative ground modes as intercity

84



Table 21.

STOL Service Impact, Midwest Triangle

Chicago-Detroit

1980 Travel Demand

Modal Split, %

: M?(.ie Dail.y Person Trips Percent Without With
W/O STOL With STOL Net Change Changes STOL STOL

Car 5,254 4,032 -1, 222 -23.3 65 50

CTOL 2,338 118 -2,220 -95.0 29 1

STOL - 3,770 3,770 - - 47

Bus 414 156 -258 -62.3 5 2

Rail 94 24 -70 -74.5 1 <1

Total 8,100 8,100 0 0 100 100

Foral 2,338 3,888 1, 550 66.3 29 a8

1ir
Chicago-Cleveland

1980 Travel Demand Modal Split, %

Mode Daily Person Trips Percent Without With
W/O STOL | with STOL Net Change Changes STOL STOL

Car 2,466 1,724 -742 -30.1 62 43

CTOL 1,342 60 -1,282 -95.5 .33 1

STOL - 2,150 2, 150 - - 54

Bus 126 -44 -82 -65.1 - 3 1
‘Rail . 66 22 -44 -66.7 2 <1
Total 4,000 4, 000 0 0 100 100

Total 1,342 2,210 868 64.7 33 55

ir
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Table 22. STOL Service Impact, Northeast Corridor

New York - Washington

Mode 1980 Travel Demand Modal Split, %
Daily Person Trips Percent Without Wit.:'h
W/O STOL ‘With STOL Net Change Changes STOL STOL
Car 14,176 11,054 -3,122 -ZZ.AO 46 36
CTOL 6, 302 660 -5, 642 -89;5 21 2-
STOL - 14,274 14,274 - -
Bus 2, 456 1,348 -1,108 -45.1 8 T4
Rail 7,630 3,228 -4, 402 -57.7 25
Total 30, 564 30, 564 0 0 100 “100
Total 6, 302 14,934 8, 632 137.0 21 49
CAir ) ) )
New York - Boston
Mode 1980 Travel Demand Modal Split, %
Daily Person Trips Percent Without | With
W/O STOL With STOL Net Change Changes STOL STOL
Car 12, 400 9, 802 -2,598 -20.9 56 44
CTOL 6,298 658 -5, 640 -89.6 28 3
STOL - 10, 256 10, 256 - - 46
Bus 1, 788 876 -912 -51.0 8 ‘4
Rail 1,752 646 -1, 106 -63.1 8 3
Total 22,238 22,238 0 0 100 100
Total 6,298 10,914 4,616 73.3 28 49
Air .
Boston ~ Washington
Mode 1980 Travel Demand Modal Split, %
Daily Person Trips Percent Without With
wW/O STOL With STOL Net Change Changes STOL STOL
Car 1, 040 412 -628 -60, 4 20 8
CTOL 3,680 22 -3, 658 -99.4 72 1
STOL - 4, 666 4, 666 - - 91
Bus 76 6 ~70 -92.1 2 <1
Rail 328 20 -308 -93.9 6 <1
Total 5,124 5,124 4} 6] 100 160
Foral 3, 680 4,688 1,008 27.4 72 92
ir




Table 22. STOL Service Impact, Northeast Corridor (Cont)

Philadelphia - Boston

1980 Travel Demand

Mode Modal Split, %
. Daily Person Trips Percent Without With
W/O STOL | With STOL Net Change Changes STOL |STOL
Car 1, 342 814 -528 -39.:3 38 23
CTOL 1,696 26 -1,670 -98.5 48 <1
STOL - 2,602 2, 602 - - 74
Bus 166 38 128 -77.1 5 1
‘Rail -, 330 54 276 -83.6 9 2
Total 3,534 3,534 0 0 100 100
- ootal 1, 696 2,628 932 55.0 48 74
1r
- Philadelphia - Washington .
Mode 1980 Travel Demand Modal Split, %
Daily Person Trips . Percent Without With
W/O STOL With STOL Net Change Changes STOL STOL
Car 14, 946 14, 532 -414 -2.8 76 74
CTOL 528 188 -340 -64.4 3 1
STOL - 1, 406 1, 406 - - 7
Bus 892 806 -86 -9.6 4 4
Rail "3,352 - "2, 186 -566 -16.9 17 | 14
Total 19,718 19,718 0 0 100 100
Total 528 1,594 1,066 201.9 3 8
CAlr
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distance increases, the impact of STOL service would be greater at longer
distances. This is borne out by the trend lines of Figure 36 which identifies
the degradation of patronage on each individual mode (relative to the 'no
STOL'" levels) as a function of intercity distance. The degree of STOL impact
is also directly related to the similarity of a given mode's system character-
istics to those of STOL. Thus CTOL, a high-speed common carrier appeal-
ing to the same group of travelers as STOL, is the recipient of the greatest
impact. Private car--a relatively slow, low-cost mode--is leastA affected, ‘
with the two common carrier ground modes, rail and bus, falling between the‘ '

other two.
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Figure 36. STOL Dapact on Other Northeast Corridor Modes
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C. ENVIRONMENTAL RESULTS

1. NOISE IMPACT

a., Single-Event Noise Contours

The noise characteristics of the STOL vehicles were examined on a
single-event basis in order to indicate the extent of noise impact that could be
anticipated at dedicated STOLports. Figure 37 contains contours of constant
effective perceived noise (EPN) levels for the 150-passenger Augmentor Wing
STOL aircraft, using a 7-degree approach path and a 14-degree departure path.
Included in these results are the effects of added ground and spatial attenu-
ation peculiar to Augmentor Wing powered-lift aircraft. The small size of
these contours is striking. The 100-EPNdB contour would, for example, be
essentially contained within the confines of a 2000-foot x 200-foot runway.
This may be compared with the Douglas DC-10, wide-body CTOL transport's
100-EPNdB contour whose approximate overall length is 27, 000 feet and
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Figure 37. Effective Perceived Noise Level Contours
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maximum. width is. 3000 feet (Ref. 24). The reference also indicates that
current 4-engine, narrow-body turbofan CTOL transport aircraft produce a ..,
100-EPNdB contour that is 90, 000 feet long and 7000. feet wide.

The 100-EPNdB contour corresponds to.NEF = 30 for 63 landing.and
63 takeoff operations per day (a total of 126 aircraft movements) of umﬁixed;. :
traffic (one aircraft type). The impact of this number of STOL aircraft opera-
tions at a STOLport is clearly negligible. On the other hand, the impact at a .
CTOLport. of the same number of wide-body CTOL aircraft operations is much
more significant in terms of the length of the contour-(over five miles) rela- -
tive to the length of most ports (about two to three miles). Narrow-body

CTOL aircraft produce a more severe impact,

b. Operational Scenarios N

E1ghteen STOLports are included in the selected STOL system
six in the California Corridor, four in the Midwest Tr1ang1e,. and eight in the
Northeast Corridor. Noise studies were performed at 16 of these ports, ‘
- using the 150-passenger STOL aircraft mixed with appropr1ate numbers of
general aviation aircraft at.all nondedicated STOLports. -The objective was
to determine the incremental impact of STOL aircraft on the overall noise
environment in the ai-vrport and surrounding areas. Numbers of STOL aircraft
operations at each port were determined from the economic viability studies -
(Section VI.B.1).

The levei of anﬁéipated 1980 general a.irvcra.‘ft operat'ions at each port
was der1ved from a 1971 data base and compared with the general aviation -

PANCAP for each airport. The smaller. of the two numbers was selected.

>kPANC'AP (Practical Annual Capacity) is a quantity indicative of the number of
operations that may be handled on each runway at the airport without creating
unacceptable delays in the terminal airspace (Ref. 25). While it is recognized
that operational levels at some airports do exceed the calculated PANCAP, this
is usually caused by local cond1t1ons which violate the PANCAP basis of
calculat1on :
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Thus,' te provide estimates for each port that would be consistent with
existing facilities, it was assumed that general aviation traffic would not
exceed PANCAP in any case. '

~STOL operations were added to CTOL operations at all single-runway
airports. At two-runway airports, STOL operations were conducted on one
runway(normally the localizer runway) while CTOL operations were con-
ducted on'both runways. Three cases were evaluated at each port with gen-
eéral aviation operations: -one with STOL traffic only, one with general
aviation traffic only, and one with both STOL and general aviation traffic.
The mix of general aviation operations was assumed to be 25-percent twin-

engine and 75 percent single-engine aircraft.

General aviation trajectories were determined for representative twin-
engine aircraft (Cessna 310} and high-performance single-engine aircraft
(Beech Bonanza).v Table 23 lists the conditions considered and the approach
and depafture path:anglves used. In all cases, straight-in approaches and

departures were assumed.

STOL trajectories were computed for the curved approach and depar-
ture paths at several California ports. This type of path turned out to be
unnecessary from the noise standpoint, however, because STOL noise proved

to be confined to the region within or immediately adjacent to the airport.

Table 23. General Aviation Aircraft Flight Characteristics

Aircraft Type
Condition
Single Engine Twin Engine
, Initial Rate of Climb 1200 fpm 1500 fpm
Initial Climb Speed . 91 knots 113 knots
Climb Path Angle 7.5 deg 7.5 deg
Rate of Descent 500 fpm 635 fpm
Approach Speed 70 knots 90 knots
Approach Path Angle 4 deg 4 deg
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Noise data on th_e‘si.ng'le- and twin-engine general aviation aircraft
currently using many of the airports selected as STOLports in the present
study was obtained from Reference 26. A sample of single- and twin-engine
aircraft noise data is shown in Figure 38. The data are based on measure-

ments made on a number of popular general aviation aircraft models.

c. California Corridor Noise Results

A result typical of the noise analyses performed is shown in Figure 39

for the Fullerton airport. Figure 39(a) is a computer plot of land zones with
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Figure 38, General Aviation Aircraft Noise Characteristics
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the NEF = 30 contour resulting from 600 general aviation operations per day,
superimposed. Some residential land parcels are impacted at this port by
general aviation traffic. Figure 39(b) depicts the same location with the addj-
tion of 28 STOL operations per day. The effect of the STOL operations when ;
they are combined with CTOL is imperceptible. Table 24 summarizes the

results for all six California Corridor STOLports. Note that only five per-

cent (just under one and one-half acres) of the noise-impacted area outside
the Fullerton Airport boundary may be attributed to the addition of STOL
flights. Similar results are indicated for Palo Alto; Montgomery, and
Executive. The largest noise impact increment due to STOL flights is at
Palo Alto, but this occurs on open undeveloped land surrounding the airport

near San Francisco Bay.

The reason for the minimal STOL impact may be better understood by

examining the results (Table 24) for the two dedicated STOLports, Patton

Table 24, STOLport Operations, Célifornié.'Corridor

OPERATIONS IMPACTED AREA (ACRES)
e vt || STAL | SUISRE | TR
AIRPORT | LAYOUTS | pancap | pRoy |stor| VEF=0| Srol” PYTor©

FULLERTON o 600 770 28 | 72.4 28.4 | 15
PATTON s - 0 54 2.4 0 0
INDIA BASIN N - 0 66 3.0 0 0 a
PALO ALTO AN 600. 980 | 34 72.9 31.4- 2.1
MONTGOMERY DN 525 - 690 36 158.3 46,0 2.0
SACRAMENTO x 500 560 18 130.4‘ 1.2 0.1
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and India Basin. The total area contained within the NEF = 30 contours at
each -of these ports is less than three acres, and the noise contours remain
within the airport boundaries at both ports, ‘even though the number of STOL"
aircraft operations exceeds that at the general aviation airports. Thus, the
noise contribution of general aviation aircraft operations far exceeds that of
the STOL:aircraft operations, both because basic STOL noise levels are low
and STOL. vehicles approach and depart the airports along steeply inclined
paths. The total noise exposure due to.the combined systems is, therefore, -

mainly attributable to general aviation.

d. M_idwést Triangle Noise Results

Table 25 presents the results derived for the four Midwest Tfié.ngle
ports.. This arena has no dedicated STOLports. The STOL contribution to
off-a.ir-poxft noise impact is greatest at Meigs, but the irﬁpacted aréa.s are
beachfront or park properties, with no residential areas im}olved. Even at
Mettetal, where both runway thresholds are almost coincident with the air-
port boundary, the STOL system accounts for less than four percent of the

adverse off-airport noise impact..

Table.25. 'STOLport Operations, Midwest Triangle

OPERATIONS . IMPACTED AREA (ACRES)

GENERAL AVIATION
OUTSIDE | OUTSIDE
‘ (per_runway) woTAL | AIRPORT, | INCREMENT -

RUNWA Y 1980 | 1980 | NEF = 30| CTOL + | - DUE TO
AIRPORT LAYOUTS | PANCAP ‘| PROJ [STOL STOL |. sToL
MEIGS | 600 | 440 62 | 52.9 12.2, LS
BURKE Z | s 195 22 | 129.6 0.6 0.2
DETROIT CITY > 500 se0 |.22 | 140.3 | 15.8 )
METTETAL l 600 740 |16 me | 37 0.9
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e. Northeast Corridor Noise Results

The Northeast Corridor STOL system uses eight ports, of which only
Secaucuis fi’s:é dedicated STOLport. It is the only arena of the three studied
in which a CTOL jetport was chosen as a site for a STOL runway. -L’o'ganﬂ
Airport, near the Boston CBD, is planning such a runway on -a new land fill
location, and it may be amenable to almost completeiy segregated a.ir__ and
ground operations. A noise analysis was not made at Logan because its
operations and its noise environment are dominated by large airline j:et air-
craft. Mitchell Field, on Lor{g Island, was not analyzed because this former
Air Force Base contains many thousands of acres of land for which no specific
use has been identified. Thus, 'nless major land use changes were ifnpleA-
mented, it would not present a noise problem if the centrally located runways

were used for quiet STOL operations.

The results for the Northeast Corridor, shown in Table 26, once again
indicate a minimal impact from quiet STOL operations. Of particular inter-
est are the College Park and Secaucus STOLports, supporting the largest and
second largest number of STOL operations in any of the arenas studied. At
College Park, a small general aviation facility, STOL ope‘rations exceed pro-
jected general aviation movements. Even so, an increment of less than one
acre of impacted land outside the airport boundary can be attributed to the
STOL system, and the total area affected by noise is seen to be minimal, At
Secaucus (Figure 40), a proposed facility under study by the New Jersey DOT,
the NEF = 30 contour area is completely conté.ined within the boundaries of
the 200-acre port. In fact, it represents only three percent of the port's
area. At Westchester County Airport, the noise "i.:mpact on the surrounding
community is essenti.ally zero when only quiet STOLcraft are operated on

airline routes into the airport.
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Table 26. STOLport Operations, Northeast Corridor

lNTERCHANGE—x\\

N.J. TURNPIKE

Figure 40.

/ cToL

'NEF 30
CONTOUR

~PRIMARY
RUNWAY

0 OPERATIONS

CROSSWIND
RUNWAY

AIRPORT
BOUNDARY

LINCOLN TUNNEL ACCESS

Secaucus STOLport Noise Analysis

OPERATIONS IMPACTED AREA (ACRES)
| Tloormed M| | ora | A0S | T
AIRPORT | LAYOUTS | PANcAP | pROs |stor | NEF=30 | STor* Csrol 2
sEcaucus el o |14 | 60 | o 0
" MITCHELL Pé - 0 82 - - -
WE'sircljiest'h A | o0 50 | 36 | 1436 | 3.3 0
COLLEGE PK | \ | 600 130 |1 | 229 | s 0.7
.6 aireark| | 600 | 235 u | . 0.4 0.1
LOGAN ZX_ - - 104 - - -
BEDFORD P 500 810 76 | 139.4 5.8 0.5
NO. PHILA. . | <, 500 470 a2 | 1024 | 165 0.2
STOL = 134 OPERATIONS

PENN CENTRAL RR
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1, Noise Tradeoff Analysis

An analysis was made of the effects of varying aircraft noise levels,
flight path conditions, and numbers of operations on .the area within an
NEF = 30 contour. Basehne aircraft noise levels were varied from - .
95 EPNdB at 500 feet below the aircraft (representatlve of ant1c1pated RIS
- Augmentor Wing aircraft technology) to 110 EPNdB at 500 feet below the au'-
craft (representative of current DC-10/L- 1011 aircraft technology)' Da.11yL
Operanons were varied from a low of 20 landings and takeoffs to 200 landlngs«
and takeoffs of a single aircraft type flying the prescribed traJectory thht‘
paths were varied from one typical of an. Augmentor. Wlng STOL to one typmal
of a present-day CTOL. Imbedded in the flight path variations is a f1e1d

length variation, a.s indicated in the following tabulatlon

Flight Path -FAR Field Length

- (approach/departure) - = R ¢ I ‘
7°/14° 2000
5°/11° 4000

3°/8° _ 8000

Results for a STOL-type flight path are shown in Table 27 and indicate the
effects of varying baseline noise levels and daily aircraft operations. Results
for a constant level of daily operations are shown in Table.28.and indicate the

effects of varying baseline noise levels and flight path:para.meters:u.

The following observat1ons can be made from an exammatmn of Table 27
(STOL-type flight path) and Table 28 (200 da11y operatlons) L fde

‘s For the STOL- -type flight path six combinations of noise and opera-
tional levels can be found in'which the length of the noise contour is
- 2500 feet or less. These contours can be expected to remain within
‘the boundaries of most existing general aviation airports. In con-
trast, for a level of 200 daily operations, only the STOL-type flight
path produces a contour small enough té remain w1th1n the normal
.a1rport boundary ;
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Table 27.

Noise Sensitivity to Aircraft Opérations

° NEF = 30
STOL Flight Path

' (7° Approach/14° Departure)

EPNdB at
NU500 £ o
Daily 95 98 104 110
Aircraft o ’
Operations-
- : 1 2 12 77 Area, acres
20 I1200x50. | 1300x100]2200x300 | 5100x1000| L x W, f:
N v 4 8 54 292 Area, acres
60 1500x 150 | 1900x 250 | 4300x 800 | 10100x2000| L x W, ft
16 42 240 1070 Area, acres
200 15500%x400]3900x700|9000x 1800 | 19600%3900| L x W, ft
Table 28. Noise Sensitivity to Flight Path
) - NEF = 30
- 200 Daily Aircraft Operations
95 98 104 110
Lo e 16 42 240 1070 Area, acres
/14" [5500%400] 3900700 | 9000x 1800 | 19600% 3900 | L x W, ft
o - 43 100 430 1750 Area, acres
5°/11° I 1400%600| 6100% 1000] 131002400 | 27300x5000 | L x W, f
75 160 650 2600 Area, acres
3 /8 7500% 600| 9900 % 1000| 20500 x 2400 | 42300x 5000 | L x W, ft
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° The quietest of today's commercial jet a1rcraft (near”I10 EPNdB
at 500 feet below the aircraft), flying a STOL type flight path,
would produce a noise contour nearly 5 miles long and encompass-
ing almost 2 square miles of land for 200 daily. operations (approxi-
mately the number of daily’ operatlons of the major intrastate car-
rier at San Francisco International Airport). A more typical flight
path for this aircraft type results in a contour more than 8 miles
long and encompassing more than 4 square miles of land.

' Aircraft with noise levels approaching the goal set for STOL air-
craft (95 EPNdB _at 500 feet) but flying a CTOL-type traJectory
(3°/8°) produce a noise contour at 200 daily operation's which
would remain within the boundary of most jetports. The same is
trae for an-aircraft twice as no1sy but flying a steeper trajectory
(5°/11°). : :

. Use of noise abatement procedures (here approximated by the
5°/11° trajectory) results in reduction of noise contour length and
area approaching a factor of two'when compared with standard
CTOL trajectories at 200 daily operations.,

2. AIR POLLUTION IMPACT

One aspect of intro;iucing a STOL system was ‘itﬂs‘ impact on air pollu-
tion in each of the three arenas studied. When the pollution cheracteristics
developed in Section IV were merged with the before-STOL and after-STOL
air traffic presented.previously, the total daily emissions shown in Fig-
ures 41, 42, and 43 were obtained. For three alternative aircraft mixes,
each figure shows these emissions as a function of CTOL ground time before
takeoff, The aircraft labeled ''current'' CTOL incorporates the emission
characteristics of the P&W JT8D-15 engine. Both STOL.and "advanced"
CTOL incorporate the emission chai'e.cteristiés of the Allison engine used in
this study. In all cases, STOL ground time is held constant. at thlzee minutes.
Aside from the obvious'édvantage provided by advanced engine technology in
improving terminal arei’a environments, eome int'eresting comparisons can be

drawn between arenas. ;

It has been: shown that the Cahforma. Corridor prov1des the most resis-
tance to 1ntroduct10n of w1despread STOL service. Thus, a ‘significant emis-

sion advantage would accrue to . STOL only at the higher CTOL ground times

100



CURRENT CTOL .
—— CURRENT CTOL + STOL
" e—e=——ADVANCED CTOL + STOL

o : CARBON MONOXIDE

HYDROCAR NITROGEN OXIDE
Y \ 24 ROCARBON ~ NITR )
r
. .0 /
16— 2 8
R - s ———
gt 7 Bk
s - § | e ‘5. o
38'_ 3 A 4._..‘."_"—_’_
0.8
i 0.4 2 .
————
0 10 20 0 10 20 0 10 . 20

CTOL GROUND TIME, min CTOL GROUND TIME, min_ CTOL GROUND TIME, min

Figure 41. Aviation-Produced Emissions, California Corridor

CARBON MONOXIDE HYDROCARBON ! ‘NITROGEN OXIDE
2 S— . 20—
24
16—
20 /
g = S [
' E 16 8 8 ===
B § §
12 2 2
2 £ 8
===
' 1 4
40— TESVE=E
0-0 ’ 10 20 00 10, -.-20 00 .10 20

CTOL GROUND TIME, min  CTOL GROUND TIME, min  CTOL GROUND TIME, min ‘

Figﬁre 42. Aviation-Produced Emissions, Midwest Triangle

101



CURRENT CTOL

————— CURRENT CTOL + STOL . : R o iae
——~—— ADVANCED CTOL + STOL '

CARBON MONOXIDE HYDROCARBON " NITROGEN OXIDE
14— ’ - 2.0 - 10— L 5]
1.61— 8 . L s
Q- L——__._/—:': . ) 4‘:‘
2 g 1.2 g 6f o
g g -2 g e
> . > o e )
§ ) 3 -
2 3 0.8 3 4 .
0.4 2l
V-3 et
ol— 1 | ] ob— L |
0 10 2 . % 10 20 . 0 10 20

CTOL GROUND TIME, min  CTOL GROUND TIME, min CTOL GROUND TIME, min’

Figure 43. Aviation-Produced Emissions, Northeast Corridor

(Figure 41), but those longer times are less likely in the California Co_rridor
than in the other arenas. On the other hand, introduction of advanded= -
propulsion technology to CTOL offers a large improvement over current

CTOL and a significant improvement over the mix of STOL and current CTOL.

In the Midwest Triangle it was shown that STOL completely replaces :
CTOL service while stimulating an overall growth in air travel. The{résult o
is a significant reduction over the current spread of emission levels 1(Fig— i
ure 42 - note difference in scéle), but it shows no advantage for incorporéting"

advanced propulsion in the CTOL aircraft.

In the Northeast Corridor it was shown that STOL creates a significant -
growth in air travel demand. However, the benefits of its advanced-
technology engine still cause a net reduction in aviation-produced emissions,

except for the NOx constituent (Figure 43). Parallel CTOL service is still
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of sufficient magnitude to provide a slight additional reduction in emissions

resulting from an introduction of advanced proptilsion».

A proper interpretation of results from the pollution impact portion of
this study requires that they be reviewed in the context of t.h.e emission back-
grounds of representative urbé.n environments. Aircraft emissions below
3000 feet were calculated-at the airports, as shown in Table 29 (Ref. 27).
When these data are normalized to the area of the air terminal, the concen-
tration of emissions around the airports is seen to be generally of the same
magnitude as that of the entire region, Thus, substantial growth in aviation
emissions cannot be assumed to create corresponding growth in community

emission concentrations. Local weather and geography play an important

Table 29. ACompa'rison of Aircraf_f»Exh'au-st Emissions at Air Terminals
Carbon Monoxide Hydrocarbons Nitrogen Oxides
Location Tons T/D per Tons T/D per Tons T/D per
per Day Sq. Mile per Day Sq. Mile per Day Sq. Mile
New York?2 2,666 | 14.1 756 4.0 547 2.9
JFK Airport 33 6.1 13 - 2.2 2.5 - 0.2
Virginia.v- .

‘Washington, D.C.P 1,586 15.4 361 3.5 175 1.7,
National Airport 35 15.0 5 2.2 0.6 0.3
Los Angeles Basin | 10,137 8.1 2, 740 2.2 750 0.6
Los Angeles : : :

International® 36 9.3 14 3.7 2.5 0.3

% . : .

T/D = Tons per Day
ergs and Queens Counties

D C.; Arlington County; and Alexandria C1ty, Virginia
cAircrait emissions based on ground operations only
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role in determining the population exposure of aviation emissions. Although
STOL inherently yields higher terminal emissions pe'r passenger than does
CTOL, the advanced STOL propulsion technology employed leads to a net
reduction. The increased air travel that would be stimulated by STOL ser-

vice can be met with total emissions that are well below present levels.
3. HUB AIRCRAFT IMPACT

‘One of the potential benefits to be derived from satisfying short haul
travel demand with STOL aircraft operating out of general aviation airports
is the diversion of traffic from, and corresponding reduction in the need for,
gates and parking structures at major hub airports. In this section, esti-
mates are made at selected hub airports of the benefits of traffic diversion

due to the implementation of STOL service.

a. Derivation of Parking Requirements

Minimum parking requirements were established using the basic data
and relationships of Ref. 28, The expression used to calculate parking space

requirements is:

= X
P 1.18)(1:’k Vp

where
P = minimum number of spaces required
Pk = peak-hour passengers o 4
Vp = number of inbound vehicles per passenger at the airport

The .constant.in this expression was developed by calibrating on the basis of
current data from operations at La Guardia and O'Hare airports. Peak-hour
passengers are-found by using Figure 44, which relates peak-hour passengers
to total annual passengers.. Projected total annual traffic in 1980 was obtained
through discussions with the planning departments at the airports evaluated.

The number of inbound vehicles per passenger was found in Ref. 28.
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Figure 44. Peak-Hour Passenger Factor

b. Derivation of Gate Requirements

The number of gates needed is a function of peak-hour passengers and
aircraft loading. ‘Peak-hour passengers é.re found in Figure 44. As previ-
ously explained, the average airplane loading was developed by dividing the
total number of passengers by the total number of operations at each airport.
For forecasting purposes, the average loading for Los Angeles International

Airport was obtained for 1969 and 1980 (the latter from the Airport Planning
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Departmert), and this ratio was used to adjust other airport loading values to

the forecast year. The expression used to compute gate requirements is?

F} = 9.44 (Pk/Ed)

where
G = minimum number of gates needed
Py = peak-hour passengers -
Ed =" enplanements per departure

The constant in this expression was developed by calibrating on the basis of

current data from operations at LLa Guardia and O'Hare airports. -

c. Benefits to Hub Airports

A quantitative evaluation of benefits was rmade for large CTOL air-
ports in each of the arenas studied. The specific airports included were La
'Guardia in New York, O'Hare in Chlcago San Francisco Internatmnal and
Los Angeles International. Plannmg departments were contacted at each.
of these alrports to obtam éstimates of current and future annual

enplanements

‘"The Aerospace Corporation modal-split program was used to determine
the modal split for CTOL, both with and without STOL service for each city
‘pair of interest. This fractional CTOL traffic reduction was then multiplied
by the two-way total daily demand for each city pair to obtain the net reduc-
tion in CTOL trips. To der1ve the passenger d1ver51on for an a1rport in the
California Corridor, this product was mu1t1p11ed by the fraction of total city
Vpalr traffic using that specific alrport as found in California Public Utili-
ties Commission publications (Ref. 29). In other arenas, the hub airports
analyzed handle essentially all the short haul traffic for the city pairs
involved. The results of these calculations were then summed over those

city pairs able to support viable STOL service to obtain total passenger
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diversions at each airport. Unit costs of $2000 per parking space and

. $100, 000 per gate were used to calculate cost savings realized from the traf-
fic diversion. Since ehplanements at the CTOLports would be expected to
continue growing, even after the introduction of STOL service, the diversion
can be interpreted as a delay in the need for investment in expanded facilities.
The delays were calculated using expected annual growth rates for each air-

port, as forecast by each airport's planning department.

Results of this analysis are shown in Table 30. . The modest relief
afforded the California ports can be attributed to the relatively small impact
of STOL on CTOL traffic in that area. The impaet on O'Hare Airport has a
small time-delay effect because the fractional diversion is small, reflecting
the traffic diversity at:this airport and the -relatively smaller fraction of
that airport's short haul traffic represented by the study arena. The high
degree of success of the STOL system in the Northeast Corridor mainfests

_itself in the large impact shown for La Guardia Field.

To estunate the maximum congest1on rehef benef1t, the foregoing calcu-

latlons were repeated under the as sumptmn that all or1g1n and destination
CTOL passengers in the c1ty pa1rs studled would be diverted to STOL. These
results are shown in the last three columns of Table 30, from which it can be
seen that at La Guardia and O'Hare, the increased congestion relief is mini-
. mal, since most of the traffic is already captured by STOL. In the California
Corridor, however, the additional relief to San Francisco and Los Angeles is
substantial, since.a larger fraction of travelers chose CTOL even when STOL
was available.

Sy
B

' It should be noted that these congestlon relief benefits apply only to the
spec1f1c service paths considered in thls study ‘As the use of STOL becomes
more widespread and additional c1ty pairs are served, the congestion-relief

benefits at many major airports could become much more significant.
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_Table 30.

Effect of STOL Service Introductlon

on CTOLport Conge st1on

. .Free Enterprise
STOL Implementation

Forced Diversion of Short Haul
O&D Traffic

1980 -
CTOL - ‘| Reduction PR Equivalent | Reduction Equivalent
Alrport Forecast Due to ngi‘; Delay in Due to Cost Delay in
{without STOL (%) g Construction STOL Saving Construction
. STQL) .| Diversion A . ) (Yearg) Diversion {$) ) {Years)
Los Angeles (LAX) 1.
Passengers 35, 000, 000| 1, 780, 000 0.9 4, 475, 000' 2.7
(Enplane &_Deplane) C
Parking Require- 14, 481 594 (1,190,000 1,622 3,244, 000 .
ments {spaces) ’ s ’
-- Gate Requirements 73 3 300, 000 8 800, 000
San Francisco (SFO)

" Passengers 25,000, 000| 2,100,000 1.4 4,350, 000 3.0
(Enplane & Deplane) : . .
Parking Require- " 10, 870 776 | 1,552, 000 1,705 | 3, 410, 000
ments {spaces) ]

Gate Requirements 56 4 400, 000 8 800, 000

O'Hare (ORD)
Pasaengers 60,000, 000| 1, 300,000 0.4 1, 340, 000 0.4
(Enplane & Deplane)
Parking Require- 17,708 391 782, 000 462 | . 924, 000
ments_(spaces)
Gate Requirements 131 3 300, 000 3 300, 000

La Guardia !LGAl_ .
Passengers 24,000, 000 4, 15>0,000 3.3 4, 615, 000 3.7
(Enplane & Deplane)
Parking Require-~ 9, 239 1,386 | 2,772,000 1,571 | 3,142,000
ments (spaces)
Gate Requirements 60 8 800, 000 10 | 1,000, 000

D.

of 500 statute miles.
on a route between New York City and Chicago-STOLports.

a1r11ne d1stance between these two cities is 720 miles, the baselme STOL air-

EXTENDED RANGE APPLICATION

The baselme STOL aircraft used 1n this study was designed for a range

Since the nominal

An extended range version of this aircraft was examined

craft was modified by offloading passengers and addmg fuel capacity to pro-

vide the required range.
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The 1980 CTOL service path charla.cteristicé were based on mid-1972
operations with a small freciuéncy imi::rovément forecast for the 1980 Midway-
La;(jﬁ.a-.rdfa service path. The fares are mid-1972 fares deflated to 1970
dollars..  Table 31 shows the CTOL service path characteristics.

' "A"cg'f_)_fnpleté modal. spht analysis of this extendgd'raﬁge arena was not
posfsib!e due to the lack of suitable origin and destination automobile traveler
daﬁa. Hence, travel demand wa§ based solely on projections of air travel
gréwth. For 1968, the known Chicago-New YOrk CTOL demand was estimated
to Ii)_e 75 percent of the total demand (Ref. 20). The 1980 total demand was fogéld
using the préviously described total demand model. Applying the 1968 CTOL/
total demand ratio to the projected 1980 total demand produced the results
shown in TaBle 32. By comparison, an independent forecast of 1980 CTOL

~ Table 31. 1980 Chicago-New York CTOL Service

R Fare Time Frequency
Service Path T (1970 $) : {hr) (departures/hr)
ORD/LGA ) 54. 69 1.95 ' 2.8
ORD/EWR ' 54, 69 1.95 0.9
ORD/JFK 54. 69 2.10 ' 0.5
MDW/LGA 54. 69 1.90 - 0.43.
ORD = O'Hare Airport, Chicago EWR = Newark Airport, N, Y.
MDW = Midway Airport, Chicago JFK = Kennedy Airport, N. Y,
LGA = La Guardia Airport, N.Y
Table 32. Chicago;New York Demand
Ye:é.rv ‘ Vv 4 v _CT‘OL (Person;T_fips) o ' Total (Persop-Trips)
1968 - : 1,719,000 , « . 2,292,000
1980 2,868,900 . - .. . 3,825,200
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traffic (Ref. 30) amounted to 4, 504, 000 or 17. 7 percent greater than the

forecast obta.med using the total- demand rnethod

-Two Chicago STOLports (Meigs and Mitchel) and thrée New York STOL=
ports (Secaucus, Mitchell, and Westchester) were considered," resulting in"™"
six possible service paths for analysis. STOL patroniage was maximized "
when using the four-service-path case de:picted in Figure 45. - The pbt—enti“a';l': '
viability of this hypothesized service is readily apparent, since, for airéraft’”
sizes in excess of 100 passengers and an 8-percent ROI, this service captures

over 90 percent of the air travelers in the Chicago-New York market.
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Figure 45. Chicago-New York STOL Air Demand



Some’ of the reasons for the success of the extended range STOL service
- can be seen in Table 33, which identifies characteristics of a 150-passenger
aircraft which was limited to a maximum capacity of 110 passengers. For a
nominal block distance of 720 miles, block times for STOL are approximately
1 hour and 40 minutes, compared to CTOL scheduled service of approximately
2 hours and_ 15:minutes. Block time savings are due principally to the assumed
seg;egated air routes for the short haul STOL system, The passengers would
a_ls‘o: be attracted by reduced processing times in the.smaller STOLports and
by the more.convenient port.locations. In addition to-time-savings, there is a
19-percent reduction in fare--from CTOL at $54. 69 (one-way) to STOL at
$44.45. The lower fare is primarily due to reduced operating costs resulting

from the shorter block times.

Although. the Chxcago-New York service path is not.considered.as a
- short haul route, it'can be efflcl.ently served by the STOL aircraft system

Demand for such service would require a fleet of 24 STOL aircraft.

- Table 33. Extended Ran'ge. STOL System Characteristics, .
150-Passenger Vehicle, ROI = 8 Percernt .

S.ervice Path Diletoa(x:\te ‘ . ?I'llgx":nle( Fare ROIL Pl)eiislgn Head“./ay Fleet Size
o (mi) ‘| “(hr:min) % t%) Trips (hr:min) (No. A/C)
' Chicago-New York ' ‘44,45 | 8.00 7590. L 24
" . Meigs-Secaucus 702 : 1:36 8.44 2524 0:49 -
Meigs-Mitchell , 727 . 1:39 7.68" 1838 1:08
1 Mitchel-Secaucus’ R PV b 139 7.77 1680 1:14 )
Meigs-Westchester | . 719 1:38 7.92 | 1547 1:20
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. VII. CONCLUSIONS

A. STOL PATRONAGE POTENTIAL

-When a STOL airline system, yielding a return on investment (ROI) of
8 percent and utilizing a 150-passenger aircraft, was placed in competition
with a CTOL airline system, the combined systems produced a 6-percent
increase:in projected 1980 short haul origin and destination air travel within
the California Corridor, a 66-percent increase in the Midwest Triangle, and
an 88-percent increase in the Northeast Corridor. The STOL system
attracted-over 95 percent of the air travelers between the city pairs of the
Northeast Corridor and the Midwest Triangle, but only about one-half of the

air travelers in the California Corridor.

High-density STOL service between cities separated by distances of
100 milesior less appeared marginal due, primarily, to the highly competitive

auto trip time and cost factors.

B. PRINCIPAL STOL SYSTEM ATTRIBUTES

The favorable potential of STOL service in both-the Northeast Corridor
and the Midwest Triangle can be attrib\;ted to a substantial reduction in both
air travel time and cost. The block times of the STOL system are shorter
than those.of contemporary CTOL systems, which are assumed to continue
operation in today's congested air and ground environments. Lower STOL
fares reflect the shorter block times, and the resulting lower operating costs
further enhance the short haul system's attractiveness. The fares also
reflect, but to a lesser degree, the lower operating costs of a system whose
service is virtually all high density, similar to current California intrastate

operations,

The existing CTOL system in the California Corridor has superior time

and cost characteristics and is less congested than those in the Northeast
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Corridor and the Midwest Triangle. An examination of the dominant city
pair of t"hirsﬁaf;exvlél; Los Angeles-San Francis co, indicated that about one-half
of the 1980 origin and destination travelers would use the STOL system in
spite of lower CTOL fares. Primary factors leading to this projection were
STOLports located close to the centers of demand and minimum port-
processing times. The STOL system succeeds best where CTOL congestion
is highest or where geography 6r land use, pr'écludes locating CTOL  airports

necarer the centers of travel demand.

C. AIRCRAFT SIZE

“Examination of STOL aircraft in sizes ranging from 50 to 200 passengers
indicated that, because of the advantages of low operating costs, the 200 -
passenger configuration generated a higher passenger demand within the three
arenas than did the smaller sizes. However, the levels of patronage were
very similar for capacities between 100 and 200 passengers. At an 8-percent
ROI, demand dropped less than 10 percent between 200- and 100-passenger
sizes. However, between the 100- and 50-passenger sizes, operating effi-
ciencies deteriorated rapidly, resulting in higher fares and corresponding
reductions in STOL patronage. The combined results from all three arenas
indicated that 50-passenger aircraft attracted only 65 percent of the 200-
passcnger demand. Where the competition with STOL was severe, as is the
case in the California Corridor, the effect is more pronounced, with the 50-
osassenger aircraft attracting only 20 percent of the patronage drawn when

zsing 2 200-passenger aircraft.

. FLEET REQUIREMENTS

Fleet-size requirements reflect the demand sensitivity to aircraft
size. Where demand is less sensitive to aircraft size, as in the Northeast
Corridor and the Midwest Triangle, reducing aircraft capacity from 100 to
50 passenger increases the required number of aircraft by over 60 percent.
Where demand is very sensitive to size, as in California, the same size

variation decreases the aircraft requirement by 30 percent.



The number of 150-passenger aircraft required to support a system

configured to yield an 8-»per<‘:ent ROI in each of the three arenas is as follows:

e California - 14
. Midwest - 6
° Northeast - 32 . o v

E. EXTENDED RANGE POTENTIAL

A limited passenger version of the 500 statute mile aircraft design,
operating on four service paths between two Chicago and three New York
STOLports, attracts over 90 percenf of all origin and destination air
travelers in this market while still retaining economic viability. The require-
ment for 24 additional 150-passenger aircraft to implement this service sug-
gests that extendéd-_range:a.pplications may be a very important element in

building an adequate production~base potential.

F. NOISE IMPACT

The STOL aircraft defined for this study has almost no adverse noise
impact relative to the land use surrounding the selected airports. In those
few cases where dedicated STOLports are assumed, the NEF=30 contour
generated by the operations of STOL aircraft-is contained totally within the
airport boundaries. Therefore, special departure and approach corridors

are not required to alleviate noise impact.

G. AIR POLLUTION IMPACT

The preliminary estimate of the amount of carbon monoxide, hydro-
carbons, and oxides of nitrogen produced by the STOL aircraft system shows
the level of these pollutants to be considerably lower than that of corresponding
emissions from current-technology CTOL aircraft. Segregated airport
operations and dedicated airspace help ensure low pollution levels by holding

engine-on ground time to'a minimum.’



H. HUB AIRPORT CONGESTION RELIEF

Both ground and air congestion at major airports currently providing
short haul ‘air service can be relieved by dispersing short haul operatlons.
The maximum rellef at the four hub a1rports studied occurred at La Guardia,
where 15 percent of the traffic could be removed by instituting STOL service
at ne1ghborhood alrports. This could delay the need for expandmg La

Guardia capac1ty by approximately three years.

I. OPEN. ISSUES--AIRCRAFT DESIGN ALTERNATIVES .,

In retrospect, two issues were identified which, while beyond the scope
of the current study, are nevertheless significant in the continuing evaluation
of the technology needed to satisfy future short haul air transportation

requirements:

e - The first issue is a better understanding of the sensitivity of total
system economics and environmental impact to aircraft noise
level. This study has shown that 95 EPNdB at a sideline distance
of 500 feet may represent a higher level of noise suppression than
is initially required. Some relaxation of this requirement may
improve system economics without jeopardizing community

_acceptance, resulting in greater STOL patronage and a. correspond-
+ingly higher production base.

] The second issueinvolves a better understanding of preferred field
length capability., STOL aircraft designed to a 2000-foot, hot day
balanced field length tend to yield a steeper terminal area flight
profile (relative to longer field length designs) which, for'equal noise
levels, would reduce the noise impact. In addition, shorter field
length capability permits STOL systems to operate out of a'larger
number of existing airports and provides more flexibility for siting
new STOLports. New STOLport site acquisition and construction
costs would also be lower with shorter field lengths. Countering
these attributes are the higher development and operating costs

~anticipated for the shorter field length aircraft des1gns.

To better identify the appropriate design goale and required supporting
technology, both with respect to aircraft noise lévels and field length capability,
additional aircraft concepts should be evaluated on a basis comparable to that

in the present study.
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BATSC
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BTPR

Ql

CAB
CATS
CBD
CO
CT

CTOL

DADZ
DCD
AIOC
DOC

DOT

GLOSSARY

aircraft

Advanced Concepts and Missions Division
annual number of enplaning (STOL) passengers
aspect ratio

available seat miles (statute miles)

Aerospace Technical Report

Bay Area Transportation Study Commission
block time

Boston Transportation Planning Review

mean aerodynamic chord

Civil Aeronautics Board

Chicago Area Transportation Study
central business district

carbon monoxide

Census of Transportation

conventional takeoff and landing '(aircraft)

Data Aggregation Districts and Zones
Data Collection District

port-related indirect operating cost
direct operating cost

Department of Transportation
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DVRPC

EAS
EPA
EPNL

EWR

FAA
FAR

FPR
GTOW

HC
HPY
IHSR-1

10C
JFK

LARTS
LAX
LGA

LTO
MDW

NASA
ND

NEC
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Delaware Valley Regional Planning Commission

equivalent airspeed (knots)
Environrf.uental Protection Agency
effective perceived noise level
N’e;wark A’ir.povrt

Federal Aviation Agency

Federal Air Regulations

fan pressure ratio
gross takeoff weight

hydrocarbon
hours per year
Interim High Speed Rail System, Option 1

indirect operating cost
Kennedy Airport

Los Angeles Regional Transportation Study
Los Angeles International Airport
LaGuardia Airport

landing and takeoff
Midway Airport

National Aeronautics and Space Administration
number of departures (annual)

Northeast Corridor



NECTP
NEF
NOACA
NO

Noy

NP
NPA

NPR

Oo&D
OASPL

ORD

P&W
PANCAP
Pax

pers mi
PK PNL
PNL

PSA

PUC

R
ROI
RP

Northeast Corridor Transportation Project
Noise Exposure Forecast

Northeast Ohio Areawide Coordinating Agency
oxides of nitrogen

unit used in calculation of PNL which weighs
a noise spectrum based on subjective ratings
of noise as a function of frequency and amp-
litude

number of ports (STOL)

National Planning Association

nozzle pressure ratio

Origin and Destination
overall sound pressure level

O'Hare Airport

Pratt & Whitney

practical annual capacity
passengers

person milés

peak perceived nois¢ level
perceived noise level
Pacific Southwest Airlines

Public Utilities Commission {(California)

residential (zone)
return on investment

planned residential (zone)
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RPM

S

SAE

SATS

SDMATS

SFO

SM

SMSA

SPL

STOL

TALUS
TEB
TSC
TSS

TWA

UAL

VASCOMP

V%

WAL

ZA
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revenue passenger miles (statute miles)

commercial (zone)

Society of Automotive Engineers

Sacramento Transportation Study

San Diego Metropolitan Area Transportation Study
San Francisco International Airport

statute mile

Standard Metropolitan Statistical Area

sound pressure level

short takeoff and landing (aircraft)

Transportation and Land Use 'Study (Detroit)
tons of enplaning baggage

Transportation Systems Center
Transportation System Simulation

Trans World Airlines
United Airlines
V/STOL Computer Program

manufacturing (zone)

Western Airlines

unused land (zone)

airport zone
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