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ABSTRACT

This report is intended to assist the planning of intracity helicopter
systems so that current operations can both provide an alternate airport
access mcde and promote future intercity operations. A major aspect of
the included study was the development of an interurban helicopter cost
model having the capability of selecting an efficient helicopter network
for a given city in terms of service and total operating costs. This
model is based upon the relationship between total and direct operating
costs and the number of block hours of helicopter operation. The cost
model is compiled in terms of a computer program which simulates the
operation of an ‘intracity helicopter fleet over a given network. When
applied to specific urban areas, the model produces results in terms of
a break-even ajr passenger market penetration rate, which is the percent
of the air travelers in each of those areas that must patronize the
helicopter network to make it break even commercially. A total of
twenty major metropolitan areas are analyzed with the model and are
ranked initially according tc cost per seat mile and then according to
break-even penetration rate.

Conversion Factor

MuTltiply miles by 1.9 for kilometers
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Chapter 1
INTRODUCTION

Air Transportation

The commercial air industry has provided travelers with a fast,
reliable, and economic means of intercity transportation in both
short-haul (less than 500 miles) and long-haul air trips. It is
economic not because it is less expensive than other modes but because
of the time the traveler saves. Since time is crucial to the air
traveler, the manner in which time is used in the course of an air
trip is important. In addition to the air flight itself, time is
expended in getting to and from the airport. This is the access/egress
portion of the total door-to-door trip, which also includes passenger
movements through the terminai. Furthermore, there is time spent
waiting for flight departure, which is the difference between the time
when a passenger is ready to Teave and the time when the next available
flight actually departs. This waiting time is a function of the
frequency of service or the headway offered by the airlines. (Waiting
time is a characteristic of all scheduled transportation networks,
such as bus systems, rapid rail routes, or airlines, and is usually
estimated as one-half of the headway.)

Over the last quarter century, the air industry has been making
strides in the direction of larger and faster aircraft. As a result
of the increased runway requirements of these Targer aircraft, new
airports have been placed farther from the cities. Aircraft engines
21so have become more powerful over the years, and this has created
greater amounts of noise and poliution. (Power requirements of aircraft
vary with the square of both speed and payload.) In order to minimize
the adverse effects of aviation on thz population, airports have been
moved further from the city centers. The effects of new innovations
within the aviation industry have been primarily to the advantage of
the long-haul air traveler and not to the short-haul traveler. The long-
haul traveler spends a lesser portion of his total trip time on the
ground than a short-haul traveler, as shown in Table 1. Thus, a long-
haul traveler is willing to take a larger jet, even though it must land
in major airports farther from the city, because of the resulting time
savings. In the snort-haul, the traveler probably will not realize a
time savings because the air time saved will be offset by added ground
time. In addition, the long-haul traveler also can afford a longer
waiting time for his departure because of the Targer savings in flight
time. Because such passengers demand fewer operations, ectcnomies of
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Table 1. Air Trip Distance Versus Ground Time

Airport to Airport Percent of Total Trip
Mileage Time Spent on Ground
0-250 51-65
250-500 39-54
500-1000 35-49
1000+ 22-32

Source: ("Airport Terminal Facilities," 1967)



scale of higher load factors lead to less costly fares. Short-haul
passengers are more demanding of higher frequency service, such as the
shuttle between Boston and New York and between New York and Washington,
both of which operate on a 60-minute headway. It is not worthwhile for
these people to wait several hours for a flight that will take at most
one hour. And since they demand more operations, it is uneconomic to
use large jets which cannot be filled.

At present, the number of short and long-haul passengers are about
equal. According to the projections of the Aviation Advisory Commission,
however, long-haul passengers by the end of this century will out number
short-haul passengers by a margin of better than 3 to 1. Although short-
haul travel will no longer dominate the air industry, it still will be
a formidable market and should be served with the mode best-suited to
the demand. The speed, safety, and convenience of this mode should
reflect what the passengers are willing to pay. It is apparent that
current commercial airline trends are not in the best interests of the
short-haul traveler and that alternate modes need to be found.

Role of the Helicopter

Two modes have been suggested for an intercity short-haul network.
They involve a helicopter, or VIOL (Vertical Take Off and Landing)
vehicle, and a high speed ground rail system, or the TACV (Tracked Air

" Cushioned Vehicle). It is the contention herein that this growing void

in service for the short-haul traveler will best be resolved by the
implementation of intercity helicopter or VTOL systems that would

fly to city centers and other urban areas besides the airport. The
market situation is such that a high speed ground transportation system
will not be as economical as a VTOL system until well into the 21st
century because of the high right-of-way and capital costs involved in
the ground system.

There are several advantages of a VTOL short-haul system over
the present CTOL (Conventional Take Off and Landing) system. First,
due to the vertical ascent and descent capabilities, the helicopter
has a smaller land requirement and produces a much smaller noise foot
print than conventional aircraft. These characteristics benefit user
and non-user alike. In addition, vertical capability allows the
helicopter to land closer to the origins and destinations of passengers,
which reduces the door-to-door trip time. There also would be a
reduction of inflight and near-airport air congestion since CTOL and
VTOL aircraft would be on different air traffic control (ATC) patterns.
If most VIOL flights originate, as projected, from the central business
district (CBD) or other air traffic generating points in the
metropolitan area, there will be less ground congestion at the airports
and possibly Tess need for airport expansion to deal with the access
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problem. Furthermore, if VTOL short-haul flights are segregated from
CTOL medium and long-haul flights, there will be more efficient
operations at each of the respective aircraft terminals. 1In 1973, the
Aviation Advisory Commission recommended the separation of short-haul,
Tong-haul, and cargo flight facilities as a means of improving the
system.

Although the helicopter does offer advantages, it has not become
the "miracle" cure of the metropolitan and intercity transportation
problems, as some studies would have led one to believe. The helicopter
or VTOL system will have its place somewhere between the present short-
haul commercial air system and the future high speed ground systems.
When the long-haul markets have grown to the point where it is un-
economical for the airlines to tie up jets in short-haul flights or when
the skies over jetports become too congested, then YTOL flights using
non-jetport landing sites will become the norm. This prominence will
last until such time as the growth of demand makes high speed ground
systems economical.

Even though VTOL travel will not become a dominant mode for some
time, it js important to encourage public acceptance of the mode by
both users and non users. This can best be accomplished by the intro-
duction of intracity helicopter systems between airports, central
business districts, and other traffic generating points within the
metropolitan areas. These intracity systems will accustom travelers
to flying in helicopters. They also will allow city planners the
opportunity to place helicopters in optimal locations for both users
and non users. Finally, they will open up jobs for pilots, mechanics,
and ground personnel and will help to develop the qualified personnel
and proper training programs needed for intercity helicopter travel.

Schedul ed Helicopter Carriers

Scheduled helicopter systems have been confined to the cities of
New York, San Francisco, Los Angeles and Chicago. At present, New .
York Airways, Inc. (NYA), SFO Helicopter Airlines, Inc. (SFO), and
Los Angeles Helicopter Airlines, Inc., are providing intracity
service in those respective urban areas. Chicago Helicopter Airways,
however, is not currently offering any scheduled service. The present
NYA and SFO route systems are shown in Figure 1 along with the former
Chicaao network.

The inauguration of these scheduied passenger helicopter services
began in New York with New York Airways on July 9, 1953 (CAB, 1961d).
This was followed by Los Angeles Airways on November 22, 1954 and by
Chicago Helicopter Airways on November 1, 1956 (CAB, 1961d). The
last city to establish a helicopter system was San Francisco, which

4
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had San Francisco and Oakland Helicopter Airlines, Inc., certificated
for scheduled passenger operations on November 26, 1963 (CAB, 1965d).
Their name was officially changed to SFO Helicopter Airlines, Inc., in
1973 (CAB, 1974a).

Scheduled passenger service proved to be less than lucrative,
as Chicago Helicopter Airways suspended service on January 1, 1966
( 1965d). Los Angeles Airways did the same on October 7, 1970
and went into bankruptcy (CAB, 1965d and CAB, 1971c). SFO Helicopter
Airlines was forced to reorganize under Chapter X of the federal
bankruptcy Taws in July 1971 (Barber, 1975) and now is running a
successful operation. Chicago Helicopter Airways transferred its
certificated routes to Chicago Helicopter Industries on May 26, 1969
(CAB, 1973d). It reformed under the name of Chicago Helicopter
Airways (CAB, 1973d) and started passenger service again in 1969 but
discontinued passenger operations on June 14, 1975 (CAB, 1975b). It
still runs air taxi, charter, and other helicopter services (Dajani
et al., 1976). Scheduled services would again be undertaken by the
company if commercial flights to Midway Airport were to resume on a
regular basis (Chicago Helicopter Airways, 1976). Los Angeles
Helicopter Services replaced Los Angeles Airways in 1972 as a charter
and air taxi service (Dajani et al., 1976). It has become the
aforementioned Los Angeles Helicopter Airlines and, since 1974, has
operated scheduled passenger services (E11is, 1976). .

New York Airways has been able to remain in operation since
1953, during which time it has used both helicopters and fixed-wing
aircraft. Its helicopter fleet began with a Sikorsky S-55; then
it added a Sikorsky S-58, followed by a Boeing Vertol V-44 and
finally the Boeing Vertol V-107 (Fucigna, 1973). The V-107 was
eventually discontinued because of high costs and the fact that
it could not climb to the top of the Pan American building on hot
days (Dajani et al., 1976). During 1968 and 1969, NYA experimented
with a STOL craft (Short Take Off and Landing), specifically the
DH6 Twin Otter (Fucigna, 1973). However, it had to wait for runway
clearance along with the CTOL and general aviation traffic at
airports. This caused a loss of effectiveness in crosstown operations
(Dajani et al., 1976), Since 1970, NYA has successfully flown the
Sikorsky S-61, which has come to be the dominant helicopter model
in commercial operations. SFO Helicopter Airlines operates a fleet
of three S-61's (Lovorn, 1976). Los Angeles Airways used the S-61
prior to its discontinuation of service in 1970. Los Angeles
Helicopter Airlines presently has two Sikorsky S-55 helicopters
(E11is, 1976), and Chicago Helicopter Airways employs an S-58C as
well as a Bell 206 Jet Ranger (Chicago Helicopter Airways, 1976).

iy



Airport Access

From the route maps, it can be seen that the helicopter carriers
have been running intracity trips which are almost exclusively airport
oriented or destined. Thus, it is apparent that the helicopter has
become, at least in some areas, an alternative mode for the airport
access/egress trips. To understand why, it is necessary to examine
this issue in more depth.

The airport access problem is best visualized in three phases.
Phase one is the off-airport segment, which uses the local transporta-
tion network. Phase two is the on-airport segment, requiring the
continued use of the same mode as in phase one. Phase three is the
movement through the terminal area from the primary access mode used
in the first two phases to the departure/arrival gate (Whitlock and
Sanders, 1973a; Kurz, 1975; and FAA, 1971).

The following is a 1ist of the many factors involved in ground
access and is intended to give an insight into the scope of the
problem as it presently exists in this country. First of all, there
are three basic purposes that generate an airport trip. These
purposes are trips for air travel, work trips by aivport employees,
and visitor trips which include both visitors picking up or dropping
of f passengers and other service personnel with business at the
airport. Table 2 shows the percentage distribution of these purposes
based on surveys of different airports.

Secondly, the modal choice for these trips is almost exclusively
highway oriented. The 1969 American Society of Civil Engineers (ASCE)
access survey (Sutherland, 1969) reported the average modal split for
airport trips as shown in Table 3. The exceptions to the highway-
oriented access modes are the rapid transit system in Cleveland, the
BART system in San Francisco, the commuter rail system in Boston, the
planned rapid rail system in Washington, D.C., and the helicopter
networks in New York, San Francisco, and Los Anaeles.

There also are daily variations in the time of day that most
ajrport trips are made. As shown in Figure 2, most airport trips
are made during the peak rush hours in the morning and afternoon.
Furthermore, airport trip origins are becoming mere dispersed through-
out the metropolitan areas. This is evident by the decline in the
percentage of airport trips generated by central business districts
(CBD). 1In 1960, a five-city survey showed that 43 percent of the air
passengers originated in the CBD (Wohl, 1959). The ASCE survey us1ng
1967 data showed this percentage dec11n1ng te 29 percent -
(Sutherland, 1969). 1In addition, airport trips average only .55
percent of all metropolitan area trips and .80 percent of all metro

“vehicle miles (Kurz, 1975).

Finally, of the 746 airports in the United States serving
commercially certificaﬁed air carriers, 27 of them served 66.7 percent

-7-
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Table 2. Percent of Airport Trips by Different Purposes.

Airport Trip Purpose Range - Average

Air Passenger 33-56% - 45%
Empioyee 11-16% 22%
Visitor 31-42% . 33%
Service Personnel 3-7% s
Sources: (Whitlock and Sutherland,

Cleary, 1969) 1969)

Table 3. Modal Split for A1l Airport Trips.

Mode : Percentage
Car 58%
Airport Bus/Limo 13%
Public Bus 3%
Taxi 20%
Rental Car 6%

Source: (Suther]and, 1969)
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of the air passengers in 1974 (CAB and FAA, 1974). Thus, it is no

coincidence that studies show ground access congestion in 15 to 20

airports (Whitlock and Sanders, 1973a and Kurz, 1975). Based on

these factors and other past studies, five basic conclusions can be , P
drawn concerning airport access: 1

(1) Off-airport access (phase one) is a highway
congestion problem.

(2) This off-airport access is basically a peak
hour problem confined for the most part to
major hubs.

(3) Since airport generated traffic represents
only a small portion of the total
metropolitan area traffic, it is thus
significant only if there are other traffic

- ___generators near the airport (Whitlock and

“Sanders, 1973a).

(4) While severat-airports have phase one congestion,
many more have internal access problems--phase
two and three (Whitlock and Sanders, 1973a).

(5) Airport authorities are aware of the problem
but usually do not have the adequate information |
to quantify, or at times identify, the probliem P
(Whitlock and Sanders, 1973a). . - :

Many solutions to the access probiem have been suggested and
several have been tried. One general solution would be to encourage
changes in travel patterns and travel times by pricing mechanisms and
other methods (Whitlock and Sanders, 1973 and Kurz, 1975). To
alleviate the terminal congestion of phase three, new terminal
designs and changes in airport operation, including handling systems
and intra-airport transit systems, have been implemented at some
airports. In the on-airport segment of phase two, improved passenger
flows can be expected by segregating pedestrian and vehicular traffic
(WhitTock and Sanders, b), balancing central terminal area and remote
parking (Whitlock and Sanders, b), and employing remote parking with
free bus service to the terminal (Whitlock and Sanders, 1973a).

Phase one, or the off-airport segment, concerns the local transporta-
tion system, and solutions for congestion here include improving and
coordinating traffic signals (Whitlock and Sanders, b), bus priority
preferential lane use, and capital intensive projects such as new
roads or rapid transit systems, the dual mode vehicle which has
rubber tired wheels but is also capable to running on rail road
tracks, and finally, the helicopter with its capacity to fly over

and avoid all of the ground congestion.

The main advantage of the helicopter is its potential for
saving time. In addition, a helicopter system requires a low
capital investment, especially when compared with a rapid rail or
new highway system. As noted earlier, a secondary benefit of

“helicopter systems serving airport access is that they will provide

impetus for the implementation of intercity short-haul helicopter
-10-
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systems. The major disadvantage of the helicopter is the high operating
costs; therefore, helicopter transportation must be viewed as a system
which serves those with high values of time. Another user disadvantage
is the fact that a secondary access mode is needed from the heliport to
the final destination and vice versa. Furthermore, there are still the
problems of external noise and of internal noise and vibration. Finally,
since only .55 percent of all metropolitan area trips are to the airport,
a helicopter airport access service cannot be expected to alleviate, or
even relieve, surface ground congestion.

Although scheduled helicopter services have found a limited role
in airport access, they have found no market in other types of cross-
town trips. Surely the airport is not the only major traffic generator
in a city. The reason that there are no crosstown helicopter shuttles
is the expense to the intracity traveler. Although this expense is no
less for the air traveler, he already has made a substantial investment
in his airplane ticket, and the helicopter flight, though expensive to
the crosstown traveler, represents only a small portion of the
total expenditure of the air traveler. Besides the benefit of speed,
the helicopter is reliable, as it cannot be caught in a traffic jam.
This represents a form of insurance on the investment of time and money
of the air traveler in his flight.

It should be made clear that in the cases of New York, San
Francisco, and Chicago most of the passengers were and are interair-
port transfers. These travelers neither originate nor are destined
for those respective cities. In 1975, SFO carried 218,511 passengers
on their scheduled service and, of those, approximately 130,000 flew
between San Francisco International and Oakland Metropolitan International
(Lovorn, 1976). New York Airways surveys indicate that some 80 percent
of the helicopter passengers patronize the interairport service (NYA,
1974). Similarly, in Chicago, the bulk of the travelers flew between
0'Hare and Midway (Chicago Helicopter Airways, 1976), and the demise of
that system resulted from the airlines abandoning Midway Airport, which
negated the need for interairport service.

The use of the helicopter for interairport transfers makes good
sense. Once a traveler is in the air system, it is easier for him to
stay there, as his baggage can be checked through and he avoids the
surface congestion. Los Angeles Airways had a very extensive route
system which appealed to originating and destined passengers produced
by or attracted to the vast Los Angeles valley region. Though this
type of operation does not seem to have the appeal of the interairport
service, Los Angeles Airways managed to find some success because of
the massive population of the area and because of urban sprawl which
created great distances from residences and businesses to the airport.
The present Los Angeles Helicopter Airlines system is much smaller and,
as yet, is not up to scale with the New York, San Francisco, and the
defunct Los Angeles Airways systems in terms of flights and passengers.
(It should be noted here that Los Angeles Airways is implied when
reference is made in this report to that city and its scheduled
helicopter system.) ,

-11-
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Purpose of the Study

The study underlying this repcrt was intended to assist the planning
of intracity helicopter systems so that their current operations would
both provide an alternative airport access mode and promote future inter-
city operations. A major component of the study was the development of
an interurban helicopter cost model hav1nq the capab111ty of selecting
an efficient helicopter network for a given city in terms of service and
total operating costs.

In Chapter II, the relationships between the different operating
parameters such as headways, flight time, costs, costs per seat mile,
and the 1ike will be derived. Of primary 1mportance is the cost model
- relating total and direct operating costs to the number of block hours
of helicopter operation.

The third chapter shows how the cost model and the other parameter
relationships are compiled into a computer model package which simulates
the operation of an intracity helicopter fleet over a given network.

The model is then applied to several major metropolitan areas in the
United States. Furthermore, for each city, the results have been
translated into a break-even air passenger market penetration rate.
This is the percent of the air travelers in that city that would have
to patronize the helicopter network in order for it to break even.

Chapter IV contains the summary and conclusions.

-12-
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Chapter 1I
COST AND PARAMETER RELATIONSHIPS

Introductory Theory

In order to develop a cost model for 1ntrac1ty helicopter systems,
it is necessary to recognize that this system is of the fixed scheduled
type. For any fixed schedule system, the following cost relation exists:

System Cost = f(Market Level of Service, Passenger Volume)

Graphically, this is shown in Figure 3. "Market" refers to the route
structure, which implies the areas to be serviced and the distance a
he11copter must travel. "Level of Service" is a quantity that
encompasses the two genera] areas of ride quality and frequency of

_service. Ride quality is a non- quantifiable item which includes

safety, reliability, comfort, convenience, and the like. This study
assumes that ride quality is determined by present technology and that
it is not a significant factor for very short trips of the type
considered here. Thus, level of service is reduced to frequency of
service or headway. "Passenger volume" is the number of passengers
who patronize the service. It would affect total operating costs
mainly in the case of very large volumes in which additional
helicopters would be needéd to handle the demand. It is not expected
that this will be the case with intracity helicopter systems.
Although passenger demand will not affect total operating costs,

it influences the costs per passenger mile and the resulting
calculation of fares.

If the above cost equation were known, it would describe the
supply and demand relationships. In accordance with microeconomic
theory, the system developers could optimize their network parameters
so as to operate within supply and demand equilibrium. Transportation
planners have theorized supply and demand relations for highway
facilities, as shown in Figure 4, in which the cost per trip is
related to the highway volume. The supply curve shows that as the
highway volume increases so also does the cost to the traveler in
terms of fuel, time lost, convenience, or ride discomfort, road
safety, and the 1ike (Stopher and Meyburg, 1975). Note also that
as the capacity of the road increases, the cost of using the facility
will increase more slowly with increased road volume. The demand

-13-
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curve shows the number of drivers that are willing to take a trip at
different cost levels. Only a few can afford to pay very high costs
for highway transportation, in terms of dollars, but many more can
afford Tower cost levels.

~ In the case of fixed scheduled services, such as helicopters,
buses, or rapid rail systems, supply curves also can be theorized.
Trip costs in these systems will vary with the level of services
(frequency), as shown in Figure 5. The curve dictates that at
constant passenger volumes the frequency of service is positively
related to the trip cost. This is because it wiil cost more to
produce an increased number of operations and each passenger must
pay more if the volume stays constant. They are receiving better
service because their waiting time (one-half the headway) is reduced.
In addition, at constant service levels, trip costs will decrease
with increasing passenger volumes, as illustrated in the figure.
~ It should be noted that Figure 5 relates the passenger cost to the
level of frequency of service for a given market or set of nodes
being served by either the helicopter or the fixed sciieduled vehicle.
Service to the urban area as a whole increases when new markets or
nodes are included in the system network. The helicopter simulation
model presented in Chapter III is capable to relating these two types
of service variations - either the addition or deletion of nodes
and/or the increase or decrease of the headway (level of service)
maintained between the nodes - to the total system cost.

Operating Parameters

An intraurban helicopter system or network is composed of one or
more helicopter routes, which in turn is composed of a series of
links and nodes. The nodes are the helicopter traffic generators,
and the links are the helicopter flight paths between the nodes. The
headway to be maintained between these nodes will influence the flight
time for the helicopters. The cost model can use the flight time to
predict the direct and total operating costs. This assumes that demand
will not be such that more operations are required and consequently
passenger voiume will not affect the total system cost.

To determine these parameter relationships quantitatively, two
trip types will be considered. The first is a one-way helicopter
trip between two nodes. The second is a round trip between two or
more nodes terminating at the originating node.

In the first instance the‘helicopter flight time is

-15-



where tij the flight time in minutes for a trip between nodes
i and j

ij = the distance in miles between nodes i and j

the speed in miles per hour (mph)

=9
<
i \

The flight time and speed are termed the block time and block speed,
respectively. Block time is the elapsed time between the point when
the helicopter first starts to move under its own power until the

time it comes to rest at the next landing spot. The difference in
airborne time and block time is more significant in airplanes because
the block time includes all taxi runway times. The headway maintained
from node i to node j will determine the frequency which is the number
of operations or trips in an hour, or

hi 3

60/ 5
60/h; ;

f'ij

where hij = the headway from i to j in minutes
f the number of trips per hour from i to j

ij

The system will be operating for a certain number of hours each day,
Hd, and a corresponding number each year, Hy. Thus, the number of
flights from i to j in one year is o

Fij finy

15 = (60/hyy)H,

F

Consequently, the number of block hours per year run between i and j
is Tij’ in which -

—
"

i3 = tigFq4/60

tij(eo/hij)Hy/GO

(tij/hi )Hy

J

Présumab]y, the network is composed of many i to j links, and thus
the direct (Cp) and total (Ct) operating costs are derived from the
sum of the block hours, per year. ;
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where fp = the function describing the direct operating costs

fr = the function describing the total operating costs

The above costs are not calculated for each 1ink and then summed. This
is due to the fact that the indirect operating costs are shared among
the links and they are not expected to increase that much with the
addition of new links.

Since the model involves an intracity system operating over
short distances, it would be expected that the helicopter returns to
jts original node at some time during the day. This results in the
second trip type, the round trip. Given a round trip route of n
nodes and consequently n links, the round trip block time is

n
ter = It
i
n
= ?(dij/)ﬁo
where t__ = tﬁe round trip block time in minutes.

RT

Assuming the headway for each 1ink i to j on a given route is a constant,
h, then

h=h'| 2=h23=h34=- . .=h-ij=. ..=h
The flights per year from each node i to j are also equivalent.

F'|2=F23=. . .=»F'ij=' . .=Fn-l
as

Fig = (60/hig)Hy = (607hs )y = Fyy

Therefore, let

F =F;y forall iandj
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The number of block hours per year flown over this round trip route can
be given by the sum of the block hours for each ij Tink.

T

2T
= z(t43F;/60)
2(t;3F/60)
(F/60)zt; ;

tRT(F/60)

It should be recognized that F is both the number of flights from one
given node on that route to the next and the number of round trips per
year. Any node can be considered the node of origination to which

the helicopter returns. Hence,

T = tryNpy/60
where Npy = the number of round trips per year

Therefore,
NRT = F = (60/h)Hy

T = tRT(GO/h)Hy60‘= tRT(Hy/h)

This is the block hours for one round trip route. If there are more
than one of these in the network, they must be summed and applied to
the following cost functions:

CD = fD(ZT)
CT = fD(zT)
The number of seat miles traveled on a general round trip route
is
g = CNRTdRTk
where ¢ = the seat miles per year
dpr = the round trip distance in miles
¢ = the capacity of the helicopter

7
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The total seat miles for the network, of course, will be the sum of the
seat miles for each round trip route,

zo

and the cost per seat mile for the system is
CT/ZU

Even though this model relies solely on block hours without regard for
how many helicopters are involved, it is important to know how many
helicopters are needed on each route to sustain a given headway. Assume
a headway of h at each of the n nodes on a round trip route. If one
helicopter is running this route, it must be able to return to each node
within the headway or the headway will not be maintained. In other
words, the round trip block time must be less than the headway, or
tpy<h. If not, a second helicopter must be added, and each one then
wiT] have a time of twice the headway before it must return to the node
from which it just left. If this is not the case, a third helicopter
must be added to maintain the frequency. The amount of available time
for the helicopter to return to the node that it just left is called

the cycle time. The expression for the available cycle time (t¢) that .
each helicopter has on a given route is

te = (h)(Ny)

where Ny = the number of helicopters operating that route.

Thus the number of helicopters needed on a route is the smallest number
that satisfies the inequality

TSt

This expression does not include any time for either boarding the
helicopter or any other layover purpose. If such time becomes
necessary, the inequality should be changed to

tRT+n]5tc
where n = the number of nodes on the route
1 = the required layover time at each node
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Cost Model

The task of deriving a relationship between costs and flight time
(block hours) can follow the form,

C=ATa + B

where C = cost
T = block hours

A, B and o are constants.

To accomplish this task, an investigation of Civil Aeronautics Board
(CAB) data of past scheduled intracity helicopter operations was made.
Applicable data listing flight time and costs was found for SFO
Helicopter operations from 1966 to 1974 using the S-61; LA Airways
operations from 1966 to 1969 using the S-61; NY Airways operations
from 1970 to 1974 using the S-61; and NYA operations from 1966 to
1969 using the V-107. The data was found in Air Carrier Traffic
Statistics, Air Carrier Financial Statistics, and Aircraft Operating
Cost and Performance Report. The reason for the scarcity of applicable
data was that the Tatter report has been pubiished only since 1966, but
it is the one which contains performance data.

In addition, the Sikorsky Helicopter Division of United Aircraft
published projected direct operating costs for the S-61 for 1000,
1500, 2000, 2500 and 3000 hours of operation. These projections are
listed in Table 4. An alteration was made on the depreciation amounts
because the estimates by Sikorsky showed a zero interest rate and its
assumptions of the 1ife and residual value of the helicopter did not
coincide with the 1isting of those values by the CAB.

The historical CAB data had to be »djusted for the effects of both
inflation and the intercity differences in the consumer price index.
This was ‘done using the following formula:

(CPI1975,US CPLyg75. Us

C _:C . :
1975,1 = “year,i'CPI eqp,Us’ CP11975,1

where C1975,i = Cost in city 1 in 1975

Cyear,i = Cost in city i in given year

U.S. Average Consumer Price Index in 1975 = 161.2

CPIyg75,Us
> (CP14967 ys = 100)
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Table 4.

Annual Costs
(in 1975 dollars)

Sikorsky S-61 Direct Operating Cost Projections

Annual Hours of Operation

Costs

Notes: 1) Source: —(Sikorsky, 1974)

2) Data in 1976 dollars, but for the analysis the above costs were assumed to be

in 1975 dollars.

3) The depreciation is based on a capital investment of $2.9 million, a residual

2,095,560

value of 10%, a 15 year 1ife, and an interest rate of 7.5%.
4) TOC assumed to be twice DOC.

1000 1500 2000 2500 3000
" Total Flying
Operation Costs $293.40 $243.60 $218.70 $203.76 $193.80
Total Direct
Maintenance 156.43 151.42 148.08 148.08 149.75
Depreciation 314.22 209.48 157.11 1125.69 104.74
Direct Operating
Costs per Hour 764.05 604.50 523.89 477.53 448.29
Direct Operating
Costs 764,050 906,750 1,047,780 1,193,825 1,344,870
Total Operating
1,528,100 1,813,500 2,387,650 2,689,740




S

~ apparent that New York Airways and the companies who supply NYA know

CPI = U.S. Average Consumer Price Index in given year

year,US
CPlyg75,5

Consumer Price Index for given city i in 1975.

The corrected data from New York Airways (NY), SFO Helicopters
(SFO), and Los Angeles Airways (LA), and the Sikorsky cost projections
(Sikorsky) are shown in Table 5 and plotted in Figure 6. The Sikorsky |
projections were supposed to be in 1976 dollars, but for the purposes
herein they were assumed to be in 1975 dollars, as there was no way
to adjust these costs realistically.

The data provided herein clearly indicates that the costs of
New York Ajrways are disproportionally higher than each of the other
systems being considered. An analysis of the data reveals that while
the direct to indirect operating cost ratios are approximately the
same for all systems, both the revenue per passenger mile and the
average fare collected in the San Francisco and Los Angeles systems
are about 60 percent of those for the New York system. Thus, it is

they can charge inflated prices because NYA is able to pass the costs
onto the helicopter passengers. In San Francisco the helijcopter
passengers apparently are willing to pay only lower fares. If the

fares are increased too fast, they will force the helicopter passengers
to use other airport access modes. This forces SFQ Helicopters and

their suppliers to set their prices competitively. LA Airways, on

the other hand, went out of business, not because of high costs or

high fares, but because of a great decrease in passenger volume resulting
mostly from two accidents to helicopters belonging to the company

(WOrld Ajrline Record, 1972),

MBS LTINS L ST e s DL

The question still remains as to the reason why air passengers in
New York are willing to pay $20 for a helicopter flight while those in
San Francisco are willing to pay only $12. The answer may be due to
the international travel generated in, or at least through, New York*
An international flight is more expensive than a domestic flight,
causing the inflated New York helicopter fares to be only a small
portion of the total expenditure. In San Francisco and Los Angeles,
there is not as great an international travel market, and thus the air
travelers in those cities do not find the inflated helicopter fares
economical.

Since New York is a unique situation, any other city in the ‘
country would probably be more similar to San Francisco and Los Angelps,
as far as intraurban helicopter development is concerned.

*In FY 1975, Kennedy International enplaned 2.38 million international
travelers and Newark International enplaned an additional 208,000.

The next closest hub was Miami with 922, 000 international enplanements
followed by Honolulu International with 401,000 (CAB and FAA, 1975).

-22.
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Table 5.

(Adjusted for Inflation by the Respective City CFI's
and the Resulting Difference from this Procedure)

S-61 Intraurban Cost Data

Differences in Dollars
Data Corrected by U.S. CPI

Consumer Minus
Price Index Costs in 1975 Dollars Data Corrected by City CPI
City & Block -

Year Hours U.S. City Direct Indirect Total Direct Indirect Total
NY 1974 6,973 147.7 154.8 3,706,659 4,072,170 7,778,830 -178,183 -165,754 -373,936
NY 1973 6,483 133.1 139.7 3,627,865 4,100,964 7,728,829 -179,892 -203,351 -383,244
NY 1972 6,470 125.3 131.4 3,548,483 3,860,087 7,408,570 -172,751  -187,921 -360,672
NY 1971 7,604 121.3 125.9 3,736,152 3,879,555 7,615,707 -141,682 -147,119 -288,802
NY 1970 5,328 116.3 119.0 3,037,737 3,366,910 6,404,647 -70,525 -78,167 -148,693
SFO 1974 4,480 147.7 144.4 1,633,210 1,972,578 3,605,789 36,491 44,073 80,564
SFO 1973 4,322 133.1  131.5 1,581,965 1,661,646 3,243,611 19,017 19,975 38,991
SFO 1972 3,843 125.3 124.3 1,555,585 1,602,272 3,157,858 12,415 12,788 25,203
SFO 1971 2,565 121.3 120.2 1,687,771 1,630,104 3,317,876 15,305 14,783 30,090
SFO 1970 4,535 116.3 115.8 2,105,482 2,173,693 4,279,175 9,051 9,345 18,396
SFO 1969 6,477 109.8 110.2 3,088,690 2,740,545 5,829,235 -11,252 -9,984 -21,236
SFO 1968 6,244 104.2 104.5 2,721,117 2,543,720 5,264,837 -7,834 -7,323 -15,158
SFO 1967 5,322 100.0 100.0 2,499,405 2,067,389 4,566,794 0 0 0
SFO 1966 4,684 97.2 97.1 2,571,562 2,257,795 4,829,358 2,645 2,323 4,969
LA 1969 8,229 109.8 108.8 3,398,088 3,172,882 6,570,971 30,947 28,896 59,844
LA 1968 12,337 104.2 103.9 4,490,017 3,880,280 8,370,297 12,928 11,172 24,099
LA 1967 13,015 100.0 100.0 4,028,386 3,638,282 7,666,669 0 0 0
LA 1966 10,073 97.2 97.5 3,302,532 2,760,238 6,062,771 -10,193 -8,520 -18,713
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| Figure 6. S-61 Intraurban Cost Data.

From NY (1970-74), SFO (1966-74), LA (1966-69, and
Sikorsky Cost Projections. Data Adjusted for Inflation
by Respective City CPI's. '
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Thus, a cost model was developed, using SFO, LA, and Sikorsky data,
to the exclusion of the unique characteristics of New York Airways. A
least squares fit of these data has led to the foliowing equations:

il
L]

Cp = 10,900 T0-6% - 325,600  (R2
.

7 = 36,700 79-58 _ 891 700 (g2

0.938)
0.948)

At 2000 block hours per year, Cp = $1,084,000 and Cr = $2,194,000. These
equations should be considered to be valid in the range of 2000-13,000

hours, which represents the range of available data. These cost equations
are shown in Figure 7 and will be used in the simulations discussed below.
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Figure 7. S-61 Intraurban Cost Model.
Sources: Based on SFQ, LA, and Sikorsky Data (18 cases).

Adjusted for Inflation by the

Respective City CPI's.
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Chapter I1I
NETWORK SIMULATION

Simulation Model

To effectively use the cost equations developed in the previous

chapter, a computer model was designed to incorporate the other
operating parameter equations and to simulate the operations of a
scheduled intraurban helicopter system over the course of a year. :
This simulation model was designed to use a proposed helicopter network
as the input and the resulting cost of operation as the output. By
employing this model, helicopter system developers can make changes
in proposed networks in terms of market areas served, headways, and
network route structures. In addition, they receive a total cost figure
for each network, which allows them to optimize service and costs.
Aside from this feature, the simulation model for this study allows
peak and off-peak hour headway variations, calculates fares and the
cost per seat mile, and further determines a break-even penetration
rate for the helicopter network.

- The simulation model has general inputs for both the urban areas
and the helicopter itself, and it has input data specific to the
proposed helicopter network. The general inputs include the peak and
off-peak traffic times for airport trips and the speed and capacity
of the intraurban helicopter, presumably a Sikorsky S-61. For the
purpose of this study, the general input data also include the average
helicopter fare for the San Francisco and Los Angeles cases, the
average load factor for all of the S-61 routes investigated, and the
number of air travelers making airport access/egress trips in the city.
The proposed network must have its route structure input in terms of
round trips. The data specific to each network is the distance and .
order of succession of each 1ink on each round trip route and the head-
way to be maintained around each of these routes during the various
peak and off-peak periods.

The outputs from the model will apply to the particular input
network. The outputs include the system cost, the cost per seat
mile, and fare per seat, and the fare per passenger, if the above
mentioned average load factor is to be achieved. These latter two
outputs are calculated for each link of every round trip route. In
addition, all of the intermediate parameters from the prev1ous chapter
which are needed to calculate the above also are printed in the
output.

Finally, the percentage of air travelers in a given urban area
needed for the the helicopter network to break even is calculated.
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This is called the break-even market penetration rate and is determined
on the basis of charging each helicopter passenger the average fare
found in the San Francisco and Los Angeies cases. The New York data is
excluded because, as concluded in Chapter II, New York is a special
transportation hub unlike any other in the United States. Therefore,
the costs and fares for helicopter systems in other cities will be more
akin to the San Francisco and Los Angeles cases. Furthermore, the
revenue per passenger mile was not employed in this algorithm because
it requires knowledge of the average helicopter trip length in the
proposed networks, which is difficult to predict. More importantly,
however, the average fare was used here for the same reason the average
fare ratio was used in adjusting the New York cost data. Intracity
helicopter passengers are more sensitive to the total fare than to the

cost per seat mile, because all trips, regardless of distance, are quick.

Since the major market for intracity helicopter systems is air travelers
making airport access/egress trips, then for the sake of realism this
quantity must exclude intra-airport transfers. The parameter definitely
includes the all important inter-airport transfers. It should be noted
that enplanement data was obtained from fiscal year 1975 (CAB and FAA,
1975), and transfer data was from 1971 (Whitlock and Sander, 1973a)
Appendix A contains these air passenger calculations.

The flowchart for this simulation model is shown in Figure 8.
Referring to the step numbers within Figure 8 and to Tables 6 and 7,
which define the symbols, the following describes the simulation
model used in this study.

Step (1) inputs the city's name, the names of the airports within
the helicopter network, the total number of air passengers requiring
ajrport access or egress at these airports, the clock time dividing the
four peak periods and off-peak periods of the day, the number of hours
of the day in each time period, the seating capacity of the helicopters,
the block speed, the average load factor, and the average fare obtained
in the San Francisco and Los Angeles cases. The model application here
assumes the use of an S-61 helicopter having a seating capacity of 26
and a block speed of 97.6 mph. Also assumed was an average load factor
of 40 percent and an average one-way fare of $12.835. The speed and
the load factor parameters are the averages of the 18 historical S$-61
cases of New York, San Francisco and Los Angeles. The
$12.835 fare is the average of the 13 San Francisco and Los Angeles
cases which were investigated. .

The model has been des1gned to s1mu1ate more than one proposed
network for an urban area in one computer run. Step one introduces
the general input parameters which are constant for the city, the
system, and the helicopter. Steps 2 through 15 are performed for
each proposed network of the given urban area, as described below.-

Step (2) inputs are the number of routes in the proposed heli-
copter network.

- Step (3) inpUis the number of nodes on each route, the respective
route descriptions, the 1ink distances, including any that are
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(1) Input:

CITY(L),AIRFRT'(L),TIME(L)
AIRPAX,SERHPD(I),CAP
BLKSPD, ALF, AVFARE

(2) '(£> o "\ Input:
 \MNRTES

(3) : ' -1
o Y

; Input:
NODES(N),RTEA(N,L)
D(N,J),HDNY(N,I)

(%)

N NRTES

Figure 8. Flowchart for Simulation Model
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(s) -

(6)

(?)

(\)

I=1
X A
ISERHRSzI)=SERHPD(I)X7X521

>y
RTEHN=0
RTEFLT=0
RTERDT=0
RTEBHR=0
RTESM=0

i 4 .
[DRT=DRT+D (N, J}|

{BrRDT=(DRT/BLKSPD)x60]

« -Fiaure 8. ({continued)
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(8a)

(8b)

,RNDTRP=(60/HDWY(N,I))xSERHRs(I)

FLISPY=RNDTRPXNODES (N)

BLKHRS=BTRDTXRNDTRP/60
SM=CAPxRNDTRPxDRT -

8

Figure 8. (continued)
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(92)

(91v)

©(10) -

(11a)
(11v)

(11e)

% SMTOT=SMT OT+RTESM

>
* [[RTEHN=HN |

RTERDT=RTERDT+RNDTRP

RTEFLT=RTEFLT+FLTSPY

RTEBHR=RTEBHR+BLKHRS
RTESM=RTESN+SM

Y

SYSHN(I)=SYSHN(I)+HN
SYSFLT(I)=SYSFLT(I)+FLTSPY
SYSRDT(I)=SYSRDT(I)+RNDTRP
SYSBHR(I)=SYSBHR(I)+BLKHRS

SYSSM(I)=SYSSM(I)+SM

. Call: .
COSTS (,T QC RTE,DOCRTE, RPTEBHR)

N
krsvrRT=T0CRTE /RTESM|

HNTOT=HNT OT+RTEHN
RDTTOT=RDTTOT+RTERDT
FLTTOT=FLTTOT+RTEFLT
BHRTOT=8HRTOT+RTEBHR

Figure 8. (continued)
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(12)

(13)

(1%)

?

call,
COSTS(T0C, DOC » BHRTOT )

[PAREPX(N,J)=FAREST(N,J) /ALF|

Figure 8. (continued)
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(15) _ [PAXBE=TCC /AVFARE]

\
| PENBE=( PAXBE/AIRPAX) X100}

Next Network
in

Figure 8. (continued)
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Table 6. Parameters and Symbols.

Parameters

Alphanumeric Data:

City Name

Airport Name{s)

Clock Times Separating the Four
Periods of the Day

Route Descriptions

symbol

Comouter Symbol

CITY(L)
AIRPRT(L)
TIME(L)

RTEA(N,L)

L refers to the number of four letter alphanumeric words

needed to complete the expression.

One Way Link Trip Data (from node i to node j):

Distance, miles

Block Time, minutes
Headway, minutes
Frequency, flights/hour
Flights per Year

Block Hours per Year

Round Trip Data:

Distance, miles

Block Time, minutes

Headway, minutes

Number of Round Trips per Year
Flights per Year

Seat Miles

di
t'ij
hij
fij
Fij
T‘ij

dpT
trT
h

NpT
R

D(N,J)
BT(N,J)

DRT
BTRDT
HDWY (N,I)
RNDTRP
FLTSPY



Table 6. (continued)

Parameters

General Data:

Block Speed, mph
Capacity (of the S-61)
Network Operating Hours per Day
Network Operating Hours per Year
Number of Helicopters Needed
Cycle Time
Layover Time at a Node
Total Number of Routes in
the Network
Route Number
Total Number of Links or Nodes
on Route N
Link Number
Time Periods of the Day
AM Peak
Base
PM Peak
Night
Direct Operating Cost
Total Operating Cost
Cost per Seat Mile
Average Load Factor
Fare per Seat
Fare per Passenger
Average Fare (SFO and LA)
Total Air Passengers excluding
Intra-Airport Transfers

“Number of Helicopter Passengers

Needed to Break Even
Penetration Rate Needed to
Break Even
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Computer Symbol

BLKSPD
CAP
SERHPD
SERHRS
HN

CTA

NRTES
N

NODES(N) or
LINKS

D =t 4 = et - G
QOn u nn

O wny—

o —
v o
“vo
=

ALF

FAREST
FAREPX
AVFARE
ATRPAX

PAXBE
PENBE




- ‘_Lg- .

Three Dimensional Network:

Table 7. - Computer Symbols Under the Different Network Dimensions.

(1) Routes N=1 to NRTES
(2) Links J=1 to NODES(N)
(3) Time of Day I1=1 to 4
R For Each Rte. . For Each Link For Each For
& Time Period on Each Rte. Time Period Each :
~of the Day of the Network of the Day Route For Network
Parameters N&I N&J- I N as a Whole
Distances D(N,J) DRT
Block Time BT(N,J) BTRDT
‘Headway HDWY(N,I)
Helicopters Needed HN B SYSHN(I) RTEHN HNTOT
Round Trips per Year RNDTRP SYSRDT (1) RTERDT RDTTOT
Flights per Year FLTSPY SYSFLT(T) RTEFLT FLTTOT
Block Hours per Year BLKHRS SYSBHR(I) RTEBHR BHRTOT
Seat Miles per Year SM SYSSM(1) RTESM SMTOT
DOC per Year DOCRTE DOC
TOC per Year TOCRTE TOC
.~ Cost per Seat Mile CPSMRT CPSM
Fare per Seat FAREST(N,J)
- Fare per Passenger FAREPX(N,J) -
Break Even Penetration PENBE
Rate
o TR
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repetitious, and the headway to be maintained on the route during the
different time periods of the day.

Step (4) calculates the block time in minutes for each 1ink on ;
each route. '

Step (5) calculates the hours per year in each of the four time O
periods. This is done on the basis of a seven-day week. If service
was to be changed on weekends, a fourth dimension would have to be

.added to define daily or weekend service. This was not believed to be

necessary as the NYA and SFO schedules do not change altogether on
the weekends. They merely omit the less utilized flights. New York,
in some cases, adds other flights on Sunday, but the daily schedules
remain bas1ca11y intact.

Step (6) zeroes all of the variables which are to be sums of
other variables.

Step (7) calculates the round trip distance and block time for
each route in the network.

Step (8) calculates the number of helicopters needed on each
route N during each Ith period of the day by the algorithm described
in Chapter II. Similarly, step (8b) calculates the annual number of
round trips, flights, block hours, and seat miles on each route during
each time pericd of the day.

Step (9a) determines the number of helicopters needed to run the
route during the day. This is not the sum of the he]icopters needed
during each of the four time periods. Rather, it is the maximum :
number of helicopters needed during any one of the time periods. For -
each route in the network, step (9a) sums up the annual number of round
trips, flights, block hours and seat miles.

Step (10) sums up the parameters determined in step eight according
to the time period of the day. In this case, for each Ith period of the.
day, the number of required he11copters are sumned over all the routes
in the network.

Once a route has been summed over all four time periods, step (11)
is conducted. Step (11a) calls the subroutine containing the cost
function, which results in the computation of the direct and total
operating costs for each route. Step (11b) calculates the cost per
seat mile on each route, and step (11c) calculates the network parameter
totals by summing the route totals. Steps (11a) and (11b) show the
cost of each route under the assumption that it is the only one in the
network. The system costs will not be the sum of the route costs.

‘Once all the parameters have been totalled for all the routes,
the cost model again is called, step (12), which yields the annual

4
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direct and total operating costs for the network. The cost per seat
mile is then calculated.

Step (13) calculates the fare per seat for each 1ink on each
route by multiplying the cost per seat mile by the 1ink distances.

Step (14) calculates the fare per passenger for each link in
the network on the basis of an average load factor of 40 percent.
This is accomplished by dividing the above fare per seat by the load
factor.

Finally, step (15) computes the number of passengers needed to
break even and the corresponding penetration rate on the basis of
an average fare of $12.835. The number of passengers needed to break
even is merely the total operating cost divided by this average fare.
The penetratlon rate is the above passenger level divided by the tota]
number of air passenger access/egress trips.

Model Application

The first consideration in applying the model is to decide which
urban areas could best support an intraurban helicopter service. It
is assumed that the intraurban network will concentrate on airport
access/egress trips, as has been the case in present and past systems.
Criteria for successful helicopter airport access operations have been
established in The Role of the Helicopter in Transportation, in which
it was contended that "the most significant component is... a major
population center which will generate sufficient amount of highway
traffic to cause congestion problems at peak hours, allowing the heli-
copter to provide significant time savings over surface modes"

(Dajani et al., 1976). Indeed, the combination of airports and major
population cel centers implies 1arqe hubs. The second condition, regquring
"the presence of a system of airports within a major transportation
hub" (Dajani et al., 1976), results from the heavy inroads helicopter
transportation has made into the interairport transfer market. Lastly

is the presence of physical barriers such as bodies of water or mountains

which "result in costly, time consuming and circuitous surface routing"
(Dajani et al., 1976). Thus, the model will be applied to large hub
urban areas, w1th particular attention to those with multiple airports
and ‘those having any constraining physical ground barriers.

As for the nodes in these cities which will act as good helicopter

'traff1c generators, only three types are considered. First, of course,

are the airports; second is the central business district (CBD) of the
metropolitan area, and third are the suburban zones of 50,000 or more
within the Standard Metropolitan Statistical Area (SMSA). A1l
population data herein is from the 1970 census. The reason for these
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three nodes are that primary helicopter utilization is for airport access
trips, which involve airport landings. In addition, the CBD has tradi-
tionally been a major producer of air travelers. And finally, heavily
populated areas undoubtedly will produce air travelers; therefore, it is
possible that a sufficient number can be induced to ride helicopters in
such areas. The influence of heavily populated areas on helicopter travel
was borne out by a 1971 DOT-NASA report on non-airport helicopter trips:
"Effective utilization of helicopter depends upon a concentration at

both origin and destination of large numbers of potential customer"

(A.D. Little, Inc., 1971). There may indeed be other helicopter traffic
generating nodes within different urban environments. However, this can
only be determined by planners in those cities who have knowledge of any
special situations.

~ Consequently, this simulation will be concerned only with the following
six types of trips (either Tink or one-way):

(1) Airport to/from airport.

(2) Airport to/from CBD.

(3) Airport to/from suburbs of 100,000 or more.

(4) Airport to/from suburbs of between 50,000 and 100,000.
(5) CBD to/from CBD for adjacent or nearby SMSA's.

(6) CBD to/from suburbs.

The other major inputs to the model are peak hours and headways to
be maintained. To determine reasonable values for these, 1975 NYA and
SFO daily schedules were examined, and the results are shown in Figures
9 through 12.

Based on that data it was decided to use the peak and off-peak
periods and the headways shown in Table 8 for all cities modeled.

The headway chosen on the various round trips routes were the
lowest applicable times, according to Table 8. Thus if a helicopter
flew from one airport to another and then downtown and finally back
to the original airport, the airport to/from airport headways of 45,
60, 30, and 60 minutes would be employed in the respective time per1ods :
As for the market area nodes, no additions or deletions were made in
this simulation. A1l the nodes which are potential market areas,
according to established criteria, were included. The only service
variations undertaken in this simulation was that of redesigning the
network 1inks and any associated headway changes. In effect, this
approach consolidated youte networks so that the low cost solution

could be found. As will be seen, the total operating cost of the

system does not correspond directly to the cost per seat mile. Further-
more, by not varying the nodal markets and the headways, the model
simulation will yield the potential full scale network system and its
cost on the basis of current technoloagy and market demand. Thus, a
basis for comparing the most optimal helicopter network in each of the
different cities is formed because all systems are full sca]e operations
under present day c1rcumstances
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Table 8.

Headways and Peak Period Times

to be Used in the Simulation Model

AM Peak
Base
PM Peak
Night

6:30 am to 10:00 am
10:00 am to 4:00 pm
4:00 pm to 8:00 pm
8:00 pm to 10:30 pm

Headways in Minutes

Route AM Peak Base PM Peak Night
Airport to Airport 45 60 30 60
Airport to or from CBD 60 90 60 120
Airport to or from Suburb
of 100,000+

Airport to or from Suburb 90 120 90 120
of 50-100,000

CBD to or from CBD 120 180 120 240

CBD to or from Suburb
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City Descriptions

The following describes each of the cities modeled, the potential
helicopter nodes that currently exist, and the networks route structures
employed on the simulation. The Standard Metropolitan Statistical Area
populations and rank for 1970 are also listed. Other populations cited
are also from the 1970 census. Aside from these urban areas, the San
Francisco system was modeled with its present route network. New York was
not simulated as the model does not apply to a c1ty with as much inter-
national air travel as New York.

Atlanta: SMSA Population 1,390,164 - Rank 20

Hartsfield Airport in Atlanta is second only to O'Hare in Chicago
in the number of enplaned passengers. Hartsfield, however, has a higher
proportion of transfering passengers than 0'Hare, 60 percent versus
50 percent, respectively (Whitlock and Sanders, 1973). This substantially
reduces the number of passengers needing airport access. The only other
node of importance is the Atlanta CBD with its large commercial district
and central.city population of 497,000. The current helicopter
network in Atlanta, therefore, would consist of a single route between
the CBD and the airport.

Boston: SMSA Population 2,753,700 - Rank 8

Boston has four nodes of importance: Logan International Airport,
the CBD, Cambridge, and Newton. Cambridge has a population of 100,000,
while Newton has 91,000. Although the distance from the three areas to
the airport is not espec1a11y great, being 2.6 miles from the CBD, 4.7
miles from Cambridge, and 10.4 miles from Newton, there is the added
condition of Logan being separated from those nodes by the Boston Harbor
and the Mystic and Chelsea Rivers.

Chicago: SMSA Population 6,978,947 - Rank 3

0'Hare International Airport in Chicago is the busiest airport in
the country. Other airports in Chicago are Midway Airport on the south
side of the city and Meigs Field located near the shore of Lake Michigan
and adjacent to the CBD with its population of 3.3 million. Chicago
Helicopter Airways formerly flew a triangular route between the three
city airports and intends to reinstate the service when the airlines
return to Midway Airport on a regular basis (Chicago Helicopter
Airways, 1976). A Midway heliport also would serve the nearby suburbs
of Cicero (pop. 67,000), Berwyn (52,000), and Oaklawn (60,000). One
final helicopter network node that should be considered is the city of
Joliet, which has a population of 80,000 and is located 25 miles
southwest of Chicago.

T
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Cincinnati: SMSA Population 1,384,851 - Rank 21

Greater Cincinnati airport, being only a medium hub, is separated
from the central business district of the City of Cincinnati by the Ohio
River. For this reason, these two nodes may form a viable helicopter
route.

Cleveland: SMSA Population 2,064,195 -~ Rank 12

. An intraurban helicopter network in Cleveland may not be effective

due to the competition from an existing rapid rail system and to the

fact that the city has only one major airport, Hopkins International.
However, other nodes to be considered besides Hopkins are the CBD, Euclid
(71,000), Parma (100,000, Lakewood (70,000), and Cleveland Heights (60,000).

Dallas: SMSA Population 1,555,950 - Rank 16
Ft. Worth: SMSA Population 762,086 - Rank 43

Dallas-Ft. Worth Regional Airport has replaced Love Field as the
major air terminal. This places Love in a position to Midway Airport
in Chicago. A heliport at Love would not only serve interairport trips,
but it also would serve the populous nearby suburb of Irving (97,000).
In addition, the central business districts of Dallas and Ft. Worth
also would be important nodes in a helicopter system.

Denver: SMSA Population 1,227,529 - Rank 27

Stapleton International Airport in Denver has emerged as the main
transfer hub in the mountain states. A total of 30 percent of all
enplanements at Stapleton involve transfers from arriving aircraft.
Aside from Stapleton and the Denver CBD, another major suburban node is
Boulder with a population of 66,000. Two other suburbs, Aurora (74,000)
near Stapleton and Lakewood (92,000) adjacent to Denver, would be well
served by heliports.

Detroit: SMSA Population 4,199,931 - Rank 5

- Wayne County Airport near Detroit is a large hub and could be an
important helicopter traffic generator. A heliport in the CBD of
Detroit would serve the 1.5 million resident population in the central
- city as well as the commercial interests. Other important suburbs
with both commercial areas, industrial zones, and large populations
are Dearborn (104,000), Warren (179,000), Livonia (110,000), and
Pontiac (85,000).
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Kansas City: SMSA Population 1,253,916 - Rank 26

Kansas City International is a new, large hub airport built
approximately 22 miles from the center of Kansas City. A heliport

. in the CBD of Kansas City, Missouri could serve the half million
) people Tiving within the city 1imits as well as the 110,000 residents
‘ in the nearby city of Independence. Kansas City, Kansas (68,000),
and Overland Park, Kansas (75,000) may be helicopter traffic generators
also. Surface traffic to the airport is constrained somewhat by the
Missouri and Kansas Rivers, which flow together in Kansas City.

Los Angeles/Long Beach: SMSA Population 7,032,075 - Rank 2
Anaheim/Santa Ana/Garden Grove: SMSA Population 1,420,386 - Rank 18
San Bernadino Riverside: SMSA Population 1,143,146 - Rank 28

Although the Los Angeles area is both spread out and populous,
helicopter services have faltered because of the absence of a system
! of major airports. Los Angeles International is the only large hub
airport, but it is the third busiest airport in the nation. For the
simulation developed in this study, the following nodes were used:
Los Angeles International, downtown Los Angeles, Glendale/Pasadena,
Garden Grove/Santa Ana/Anaheim, and Long Beach and Riverside.

Miami: SMSA Population 1,267,792 - Rank 25
Fort Lauderdale/Hollywood: SMSA Population 620,100 ~ Rank 54

There is a large hub airport in Miami, Miami International, and a
medium hub airport in Fort Lauderdale, Hollywood International. Other
. important nodes for a helicopter network could be the cities of
Miami (334,000), Fort Lauderdale (139,000), Hialeah (102,000), Hollywood
(106,000), and Miami Beach (87,000).

Minneapolis/St. Paul: SMSA Population 1,813,647 - Rank 15

This area may provide a viable triangular route between the large
hub terminal of Minneapolis-St. Paul International Airport and the
central business districts of the Twin Cities. A future helicopter
service is made attractive by the fact that St. Paul is separated from
Minneapolis by the upper reaches of the Mississippi River.

Philadelphia: SMSA Population 4,817,914 - Rank 4
The important nodes for this urban area are Philadelphia International,

which is a large hub air terminal, the city of Philadelphia (1,900,000),
and Camden, New Jersey (102,000).
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Pittsburgh: SMSA Population 2,401,249 - Rank 9

The Greater Pittsburgh Airpart is a large hub 17.5 miles from the
City of Pittsburgh. Due to this distance and the presence of three
rivers passing through the city, this route may become viabTe.

St. Louis: SMSA Population 2,363,017 - Rank 10

As in the case of Pittsburgh, Cincinnati and Atlanta, St. Louis seems
to be another single-route city. The only possible helicopter route
+ is that between Lambert St. Louis International, which is a large hub
airport, and the CBD of the City of St. Louis.

Seattle/Everett: SMSA Population 1,421,860 - Rank 17
Tacoma: SMSA Population 411,027 - Rank 71

Seattle-Tacoma International, a large hub airport located between
the two cities of Seattle and Tacoma, should be included in any
helicopter network. Another node should be Bellevue, population 61,000,
which is separated from Seattle by Union Bay. Everett is a more distant
city of 53,000 which may generate some helicopter traffic to the airport.
Puget Sound causes some circuitous surface routing, especially to
Tacoma, and this may add some viability to a future helicopter system.

Tampa-St. Petersburg: SMSA Population 1,012,594 - Rank 32

Tampa-St. Petersburg International Airport is a large hub air
terminal near Tampa, which has a city population of 277,000. Located
across Tampa Bay is the City of St. Petersburg, population 216,0C0,
which is served by the St. Petersburg-Clearwater International Airport,
a municipal airport in nearby Clearwater. A heliport at each airport
would serve interairport trips as well as the City of Clearwater
(population 52,000). One network was modeled for the Tampa Bay region.
It consisted of a quadrangular route from Tampa International Airport
to Tampa to St. Petersburg to the municipal airport in Clearwater and
then returning to Tampa International.

Washington: SMSA Population 2,861,132 - Rank 7
Baltimore: SMSA Population 2,070,580 - Rank 11

The proximity of Washington, D.C. to Baltimore brings together
two large population zones and a system of three aiports. One is a
large hub domestic airport, Washington National, and the others are
two medium hub international airports, Dulles International and
Baltimore-Washington International. The downtown areas of these
cities also would be important to a helicopter system. A Washington
to Baltimore downtown service would be an intercity route, since this

i
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is the only case in which the respective SMSA's of the connected cities

are not adjacent. Alexandria and Arlington are large suburbs of Washington,
but being adjacent to Washington National Airport, they do not need a
heliport. The Maryland suburbs of Bethesda (71,000), Silver Spring
77,000}, and Wheaton (66,000), all of which are contiguous areas,

together may generate a viable amount of helicopter traffic. Both the
Wagh;ngton-Baltimore region and the Washington area by itself were

modeled.

The network modeled for the Washington metropolitan area consisted
of three routes. One was an interairport route between Dulles
International and Washington National; another route was between
Washington National and downtown Washington; and a third route was a
triangular linkage between Bethesda, downtown Washington, and Dulles
International Airport.

For the Washington-Baltimore region, two networks were simulated
in the model. The first network consisted of (1) a quadrangular route
between Washington National, Dulles International, Bethe:da, and Baltimore-
Washington International, (2) a route from Washington National to
downtown Washington to Dulles International to downtown Washington and
then back to Wasihington National, (3) a route between downtown Baltimore
and Baltimore-Washington International, and finally (4) an intercity
route between the downtown areas of Washington and Baltimore. The
second network also consisted of four routes: (1) the intercity route,
(2) the route between Baltimore and Baltimore-Washington International,
(3) a triangular interairport route, and (4) a quadrangular route from
Washington National to downtown Washington to Bethesda to Dulles
International and back to Washington Naticnal.

Results

The output of the simulation model for four of the networks is given
in Appendix C. Tables 9 and 10 and Figure 13 summarize the results for
the most optimal network in each of the urban areas. In most cases, this

. was the network with the Towest total operating cost. The exceptions

were Philadelphia, Minneapolis/St. Paul, and Boston, in each of which
the network utilizing the least number of helicopters was chosen. In
these three cases, the networks had a low utilization and less than
2,000 hours of block time. Consequently, it did not seem feasible to
operate a system with more than one helicopter given such low block
times. '

Table 9 presents the results in order of the lowest cost per
seat mile. Note the inverse correspondence between that quantity and
both the total operating cost and the total number of block hours.
(Remember, as discussed in Chapter II, all systems under 2,000 hours
were assigned the costs of 2,000 hours of operation.) The reason

/
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Table 9. Results from the Simulation Model:
Cities Ranked According to Cost per Seat Mile
Total Cost per Break Even
Total Helicopter Operating Seat Penetration
Block Number of Flight Cost Mile Rate
Urban Area Hours - Helicopters Hours (Dollars) (Dollars) (%)

Washington/Baltimore 12,316 5 2,463 7,837,723 .2508 4.36
Los Angeles 10,442 4 2,611 7,047,071 .2659 4,22
Washington 6,099 3 2,033 4,937,745 .3191 3.36
Chicago 5,885 3 1,962 4,819,599 .3228 2.34
Detroit 5,863 2 2,932 4,807,591 .3231 5.72
Miami/Ft. Lauderdale 5,085 3 1,695 4,361,056 .3380 3.22
Seattle/Tacoma - 4,805 2 2,403 4.193,868 .3439 6.07
Dallas/Ft. Worth 4,749 2 2,375 £.159,446 .3452 2.85
Kansas City 4,746 3 1,582 4,157,515 .3452 9.61
Cleveland 2,848 2 1,424 2,880,597 . 3986 6.65
Denver 2,639 1 2,639 2,720,315 .4062 2.81
Tampa 2,435 1 2,435 2,558,322 4141 4,83
Pitisburgh 1,664 1 1,664 2,193,671 .5194 3.49
Minneapolis/St. Paul 1,170 1 1,170 2,193,671 .7390 2.79
St. Louis ‘ 1,122 1 1,122 2,193,671 .7703 3.74
Boston 1,037 1 1,037 2,193,671 .8339 2.05
Cincinnati 951 1 951 2,193,671 .9090 7.46
Philadelphia 804 1 -804 2,193,671 1.0757 2.98
Atlanta 723 1 723 2,193,671 1.1960 1.74




Table 10.

Results from the Simulation Model:
Cities Ranked According to Break Even Penetration Rate.

Helicopter
Passenger Break Even System Cost per
. Break Even Penetration of Seat Mile

Urban Area Yolume Rate (%) Airports Rank
Atlanta 170,913 1.74 No 19
Boston 170,913 2.05 No 17
Chicago 375,504 2.34 Yes 4
Minneapolis/St. Paul 170,913 2.76 No 15
Denver 211,945 2.81 No 11
Dallas/Ft. Worth 324,071 1 2.85 Yes 8
Philadelphia 170,913 - 2.98 - No 14
Miami/Ft. Lauderdale 339,778 3.22 Yes 6
Washington ' 384,709 3.36 Yes 3
Pittsburgh 170,913 3.49 No 13
St. Louis 170,913 3.74 No 16
Los Angeles 632,759 4,22 No 2
Washington/Baltimore 610,652 4.36 Yes 1
Tampa . 199,324 4.83 No 12
Detroit 374,569 5.72 No 5
Seattle/Tacoma 326,752 6.07 No 7
Cleveland 224,433 6.65 No 10
Cincinnati 170,913 7.46 No 18
Kansas City 323,920 9.61 No 9
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for this inverse relation is that when Tless flights are run, the cost
model is such that the cost reduction in less than the seat mile
reduction. Thus, the cost per seat mile increases. - Table 10 ranks

the urban areas in terms of the break-even penetration rates for these
networks. It also lists the break-even volumes and whether or not the
city has the all-important system of airports. In the case of Tampa,
however, the second airport in the network was only a municipal airport
and not a large or medium hub facility. For this reason, the region
was deemed to be without a system of airports.

Figure 13 compares the potential for success of the Towest cost
networks in the various cities. As illustrated by the figure, the
potential for success of an intracity system is increased if it has both
a low break-even penetration rate and a low cost per seat mile. A low
penetration rate implies that there are a large number of air travelers
in the area. This increases the chances of inducing a sufficient number
of these travelers to patronize a helicopter airport access system.

The cost per seat mile factor is important for two reasons. First,
a high cost per seat mile-implies that there are not many routes, which
means that there is a lack of market nodes to serve.  Secondly, a high

cost per seat mile factor indicates that the nodes are not very distant,

and thus a helicopter system will not be able to provide a s1gn1f1cht
t1me savings over the ground systems.

, Finally, Table 11 compares the model results of the San Francisco
simulation to the actual 1975 SFO scheduled service data. The model

predicted 14 percent too high on the block hours and, consequently, 20
percent too high on the total system cost. Despite the fact that the

model may not be capable of fine tuning to achieve network optimization,

its ability to perform a general optimization between service and
costs has been demonstrated. It should be further pointed out that the
1975 SFO data was not included in the derivation of the cost model.

-54-




to Simulation Model Prediction

SFO Scheduled Service 1975:

; Passenger Revenue = $2,808,000
Helicopter Passengers = 218,511

$2,808,000/218,511

Average Fare =
= $12,851

Total Operating Cost = $3,077,364
(Scheduled Service Only) ;
Air Passengers in SFO Urban Area = 10,367,000

Helicopter Passenger

Table 11. Comparison of Actual 1975 SFO System

: Break Even Volume = $3,077,364/$12.851
0 = $239,465
2 Actual Penetration Rate = $218,511/10,367,000
= 2.11%
Total Break Even
' Operating Average Penetration
Block ~ Cost Fare Rate
] Hours (Dollars) (Dollars) (%)
3 SFO by Model 4187 3,808,174  12.835 2.86
. SFO Scheduled 3660 3,077,364 12.851 2.31
& Service, 1975 :
= Percent Difference 14% 20%
BB -55-
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Chapter 1V
SUMMARY AND CONCLUSION

Summar

The purpose of this study was to develop a simulation model for
intraurban helicopter systems which would optimize the total system
cost and service in terms of market areas served, route structure, and
headways maintained. These systems are of importance not only as an
alternative mode of transportation for the urban traveler, but more
importantly as a prelude to intracity helicopter, or VTOL, travel. It
is believed that in the future these intercity networks will serve the
short haul traveler better than the commercial airlines. In addition,
helicopter systems are expected to provide services for quite some time
at a lower cost than those of high speed ground or tracked air cushion
vehicles.

In Chapter II, the relationships between the various operating
parameters were derived. In particular, the number of block hours
of operation was related to the headway in the following manner:

For a one way trip from i to j,

Tij = (tij/hij)Hy

For a round trip route,

T= (tRT/h)Hy

where
T.: = Block hours from i to j per year

i]

Block hours on round trip per year
tij = Block time in minutes from i to j

tpy = Block time in minutes around the round trip route
hij = headway maintained from i to j in minutes
h = headway maintained on round trip in minutes

Hy = hours per year that the system operates

i
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Additionally, an algorithm was developed to determine the number of
helicopters needed to maintain a given headway on a route.

Next, the cost model relating costs to block hours of operation
was developed on the basis of historic data and the manufacturer's
data. In this developmental process, the uniqueness of New York as a
transportation hub was discovered, and its high cost and fares were
deemed inapplicable to any other city in the United States. The final
cost functions were regressed from S-61 data for San Francisco and Los
Angeles as well as from cost projections from the S-61 by Sikorsky.
The cost model was presumed to be valid only between 2,000 and 13,000
hours of operation. The model took the following form:

¢p = (10,872.58514)T+ 0% 305 635
at 2,000 hours €y =-1,083,627

Cr = (36,742.65016)T0-58-824 666
at 2,000 hours CT = 2,193,671

where

(]
1]

1 = Total Operating Cost

Cp
:

Direct Operating Cost

Block Hours

These cost model equations were incorporated into a simulation
model designed to simulate a proposed intraurban helicopter network

operating at various headways, depending on the peak or off-peak periods.

The market areas, the network structure, and the headways can be varied
in the model in such a manner that a total system cost can be calculated
for the different variations. This allows system developers a method of
optimizing service and costs. 1In addition, the model in this study

translates its results into an air passenger market break-even penetra-
t1on rate.

At present, scheduled helicopter systems primarily serve airport
access trips-arising from interairport transfers. For this reason,
it was decided to simulate he11copter networks in large hub cities,
especially those with multipie air terminals and those with physical

~ barriers, such as rivers and mountains, which create additional surface

congest1on

In applying the model, 19 urban areas and the present network in
San Francisco were simulated. Only three market areas or node types
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were considered applicable within each of these urban areas. These nodes
were the airports, the central business district (CBD), and any suburban
zones of 50,000 or more. The various 1link combinations were assigned
headways according to the peak and off-peak periods, as shown in Table 8.
The network structure was varied in the simulations, but kept constant.
Service variations were not attempted in the nodes in order to maintain
consistency between the different cities and to form a basis for
comparison.

The results of the simulation model are depicted in Figure 13.
This plot shows that the urban areas with the most potential for intra-
city helicopter systems are Chicago, Dallas/Ft. Worth, Denver, Los
Angeles, Miami, and Washington/Baltimore.

Analysis of Model

The essence of the simulation model is the interplay between service
costs. Service to helicopter passengers or potential passenaers is
increased by the addition of new routes within the network and by increasing
the frequency of flights (decreasing the headway). Both of these maneuvers
will result in increased helicopter usage and total operating costs. They
also will result in decreased costs per seat mtle because of the economies
of scale in the model between the addition of new services and the result-
ing seat miles traveled. If the passenger level remains constant with an
increase in service (either through more routes or more flights), the
load factor will decrease and the cost per passenger mile will increase.
-System developers are unlikely to increase service unless sufficient new
passengers are attracted to balance the additional costs.

Assuming a constant service, in terms of market nodes, and headways,
it is to the advantage of the system developer to lower costs by
consolidating the network route structure, as was illustrated in this
report. This will allow a network to serve the same nodes with decreased
helicopter operations and aconsequent decrease in total operating costs.
If the consolidation is kept within reasonable 1imits, the changes in
network structure should not affect demand. The primary service change
would be the 1ikelihood that passengers would be forced to stop at
intermediate nodes. On a trip basis, fares for most passengers probably
would increase through the consolidation of the network, since most
passengers will travel longer distances to reach their ultimate
destination. However, it should be pointed out that intracity helicopter
systems have fare structures which only slightly reflect the distances
traveled. Past and present systems have tried to pick some general
dollar figure representing an average of what is needed to be charged
on all flights and all routes. As a result, some passengers pay more
per mile than others. If the original fare structure has been devised
“in this manner, the consolidation of routes will result in decreased

!
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costs and, hopefully, decreased fares due to the same number of
passengers paying for Tower total operating costs.

There is a 1imit to the consolidation a network can accept. In
the first place, it is unacceptable for passengers to fly all over
town, landing and taking off several times, before reaching their destina-
tion. Nodes of attraction and production may be separated by one inter-
mediate node and possibly two, but it seems unlikely that passengers
would patronize a system requiring more than three take-offs and landings
on what otherwize would be a short trip. Furthermore, intermediate nodes
should be in the general direction of travel; a passenger does not want
to double back on himself. A second constraint on consolidation is that
helicopters require scheduled periods during the day or week for repairs
and general maintenance. SFO Helicopters in 1975 operated their three
S-61 aircraft between 1100 and.1500 hours each (Lovorn, 1976). The Sikorsky
data on the S-61 helicopter suggests a feasible operational period of
1000 and 3000 hours per year (Sikorsky, 1974). Sikorsky recognizes that
operational periods exceeding 2500 hours per year often require night
time or weekend maintenance work, which results in overtime labor costs
(Sikorsky, 1974). For these reasons, an annual range of 1500 to 2500 hours
is probably the most feasible period of operation for the S-61, even though
it 1s possible to use it for longer durations. Table 9 shows the average
helicopter usage in most of the simulated networks fell within this
acceptable range.

A constant block speed was incorporated in the simulation model.
In reality, however, block speed will be Tower for short distances and
higher over longer distances. The helicopter has more time to
accelerate and maintain its maximum cruising speed over long distances.
Therefore, more flight time and higher costs will be spent on the shorter
networks than was predicted by the simulation model. Conversely, the
flight time and costs will be Tess on the longer networks than was
predicted by the model.

It is important to note that the cost model in this report was
based on systems in full operation and not systems in their start-up
stages. Any new transportation mode will attract travelers, but it
may take some time to develop its full market potential. Until this
demand fully develops, it is in the interests of the system operators
to be frugal. In the case of helicopters, where high direct operating
costs are the norm, this is even more important. When Richard Lovorn
reorganized SFO Helicopters in the early 1970's, he reduced the staff -
and cut back the elaborate route network to the one shown in Figure 1
(Barber, 1975). As a result, SFO was able to operate with some success
until recently. Similarly, when Steve El1lis started Los Angeles

~ Helicopter Airlines, he had only a pilot, an answering service, two
~ Bell 47-J helicopters, and himself (Sklarwitz, 1974). The subsequent
success of Los Angeles Helicopter Airlines is evident by its purchase
of two Sikorsky S-55 helicopters (E11is, 1976). Thus, there are major

i
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differences between a helicopter system in full operation and one in

its developing stages. In the former, costs must be held to an absolute
minimum until the demand for the service increases. The cost model

in this report has more applicability to systems already operating

than to those still in the developmental phases.

Conclusions

Although intracity helicopter systems are expensive undertakings,
two benefits can be derived from their implementation. In the first
place, they provide an alternative airport access mode, and in the
s$c02d, they provide the impetus for intercity helicopter, or VTOL,
flights.

Helicopters, like any other mode of transportation, will be
utilized under the right set of circumstances. In the future, one can
expect an increase in the factors which are favorable to helicopter
airport access systems. The overall number of air passengers and the
number who can afford the helicopter access mode are 1ikely to increase.
Urban sprawl has resulted in business and residential centers to be
located further from the central city and often further from the
airport facilities. This increased.airport trip distance improves the
time savings potential of the helicopter and eventually should lead’
to a growth of demand for the helicopter among air travelers. Finally,
more cities with systems of airports can be anticipated in the future
as air traffic returns to airports such as Midway in Chicago and Love
Field near Dallas and Fort Worth. The growth of these systems is en-
couraged by current overcrowding at the major airports and by widespread
community resistance to airport expansion.

Helicopter systems were given a premature start by a $50 million
federal subsidy through 1965. These funds provided direct assistance
to the problems of technology and operating costs but failed to deal
with the problems of revenues. According to A.D. Little, Inc.,

"In the case of helicopters, the heavily subsidized tariff provided

an opportunity to uncover a more basic constraint, the effect of which
had been previously disquised--the lack of a basic market demand at or -
near the fares required to operate the service" (A.D. Little, Inc., 1971).
Since the mid-1960's, conditions favoring an adequate market demand have
become more widespread. The problems of developing this demand still
remain, but through careful planning and good management the helicopter
can become a viable mode of transportation on both the intraurban and
interurban levels.

-60-



S it S

BIBLIOGRAPHY

A.D. Little, Inc. Institutional Factors in Civil Aviation. Cambridge,
Massachusetts: A.D. Little, Inc., January, 1971.

"Airport Terminal Facilities." Paper presented at the American Society
of Civil Engineers and Airport Operators Council International
Specialty Conference, Houston, Texas, April 10-14, 1967.

Ashford, Norman and McGinity, Peter. "Access to Airports Using High
Speed Ground Modes." High Speed Ground Transportation Journal.
Vol. 9 (Spring 1975), pp. 495-50T.

Aviation Advisory Commission. The Long Range Needs of Aviation:' Report

of the Aviation Advisory Commission. January, 1973.

Baker, Robert F. and Wilmotte, Raymond M. Airport Access. New York:
. ASCE, 1970.

Barber, J.J. "SFO Helicopter Airlines: How to Succeed in Business by
Really Trying." Rotor and Wing. Vol. 9, No. 4 (July-August 1975),
pp. 20-22, 50.

' Barriage, Joan B. and Price, Stanley. “Benefit Cost Analysis of Delay

Reduction with STOL." Transportation Engineering Journal. ASCE,
Vol. 99 (February, 1973), pp. 43-52. '

Blake, Charles L. "U.S. Government Airport Capacity Planning." Paper
presented at the Society of Automotive Engineers Air Transportation
Meeting, Dallas, Texas, April 30-May 2, 1974. Paper No. 740474.

Brown, John F. "Airport Accessibility Affects Passenger Development."
Journal of the Aero-Space Transport Division. ASCE, Vol. 91,
No. AT1 (April, 1965), pp. 47-58.

Byers, Richard H., Shields, Charles B., and Thompson, Raymond E.
"Improving the Efficiency of Airports." Battelle Research Outlook.
Vol. 3, No. 2 (1971), pp. 7-12.

Chadwick, John W., Porter, Richard F., and Hitt, El11is F. "For a Better
Short Haul Flight." Battelle Research OQutlook. Vol. 3, No. 2
(1971), pp. 18-2].

 61-

S S



Charles River Associates, Inc. Economic Analysis of Short Haul
Passenger Alternatives, Interim Report. Cambridge, Massachusetts:
Charles River Associates, Inc., August 18, 1972.

The Use of Satellite Airports for Short Haul Service, Final

Report. Cambridge, Massachusetts: Charies River Associates,
February, 1973.

Cheeseman, I1.C. "Helicopter-People and Places/14th Cierva Memorial
Lecture." Aeronautical Journal. Vol. 78 (August, 1974),
pp. 363-374.

Chicago Helicopter Airways, Chicago, I11inois. Interview August
15, 1976.

Civil Aeronautics Egard. Adir Carrier Financial Statistics.
December, 1966 through December, 1974. (a)

. Air Carrier Traffic Statistics. December, 1966 through
December, 1975. (b) )

. Aircraft Operating Cost and Performance Report. August,
1968 through July, 1975. (c)

Handbook of Airline Statistics. 1961, 1965, 1973. (d)

Origin-Destination Survey of Airline Passenger Traffic

Bomestic, Third Quarter, 1974, T(e)

and Federal Aviation Administration. Airport Activity
Statistics of Certificated Route Air Carriers. December, 1966
through June, 1975.

Corradino, Joseph C. and Ferreri, Michael G. "In Flight Origin-
Destination Study at Philadelphia International Airport."
Highway Research Record 274: Access to Airports, 4 Reports.
Washington: Highway Research Board, 1969, pp. 35-43.

Culbirth, Jr., William J. "The Future of Airline Ground Transportation."
Journal of Aero-Space Transport Division. ASCE, Vol. 85 (July,
1959), pp. 67-71.

Dajani, Jarir S., Warner, Dennis, Epstein, David, and 0'Brien, Jeremy.
The Role of the Helicopter in.Transportation. Durham, North
Caroiina: Department of Civil Engineering, Duke University,
January, 1976.

de Neufville, Richard, Koller, Frank, and Skinner, Robert. "A survey
of the New York City Airport Limousine Service: A Demand Analysis."
Highway Research Record 348. Washington: Highway Research Board,
1971, pp. 192-20t.

-62-



ot i R
¥ "
ﬁtil;ﬂ B I TR e s st e L e e g e e .

de Neufville, Richard and Micrzejewski, Edward. "Airport Access Cost-
Effectiveness Analysis." 'Transportation Engineering Journal.
ASCE, Vol. 98, No. TE3 (August, 1972), pp. 663-676.

DerHohannesian, Armen. "The Paradox of Airport Capacity." Paper
presented at the Society of Automotive Engineers' Air Transporta-
tion Meeting, Dallas, Texas, April 30-May 2, 1974, Paper
No. 740475.

A Design Study of Metropolitan Air Transit System. Stanford,

California: Stanford University, August, 1969.

Ellis, Steve. President of Los Angeles Helicopter Airlines, Los
Aiigeles, California. Interview August 5, 1976.

Epstein, David. A Study on the Present Role of the Helicopter in
Transportation. Durham, North Carolina: Department of Civil
Engineering, Duke University, April 21, 1975.

Evans, Henry. "Balanced Highway Airport Design." Transportation
Engineering Journal. ASCE, Vol. 95 (February, 1969),
pp. 213-227.

Fabrycky, W.J. and Thueser, G.J. Economic Decision Analysis.
Englewood Cliffs, New Jersey: Prentice Hall Inc., 1974.

Faulkner, Henry B. "Short Haul Aircraft: The Technoloay is liearly
Ready." Technology Review. Vol. 74, No. 6 (May, 1972),
pp! ]2-2])

Ford, G.E. "The Use and Usage of Helicopters.” Aeronautical
Journal. Vol. 77 (May, 1973), pp. 233-234.

Fucigna, Warren A. "Review of New York Airways Operations." Paper
presented at the 9th Annual Meeting and Technical Display of

the American Institute of Astronautics and Aeronautics, Washington,

January 8-10, 1973, Paper No. 73-25.

Gibb and Hi1l Inc. Airport Access Study Friendship Internatioha]
Airport. Gibb & Hill Inc. September, 1970.

Gordon, A.C. "Noise and the Helicopter Pilot." Aeronautical Journé].
Vol. 77 (May, 1973), pp. 220-224.

Harper, Charles W. and Mark, Hans. "STOL, VTOL and V/STOL: Where
Do They Fit In?" Technology Review. Vol. 74, No. 6 (May, 1972),
pp. 22-30.

-63-



.l";e

Hellyar, Merrick. "VTOL Short Haul Systems." Paper presented at the
7th Annual Meeting and Technical Display of the American
Institute of Astronautics and Aeronautics, Houston, Texas,
October 19-22, 1970, Paper No. 70-1243.

Kaiser Engineers. High Speed Ground Transportation Airport Access :
Route Study: . Los Angeles International Airport to San Fernando S
Vailey. Kaiser Engineers, September, 1970.

Kaiser Engineers, Peat, Marwick, Mitchell and Co., and Okamoto/Liskamm
Inc. Transit Access to Oakland International Airport. October,
1970.

Keefer, Louis E. "Urban Travel Patterns for Airports, Shopping Centers
and Industrial Plants." National Cooperative Highway Research
Program Report 24. Washington: Highway Research Board, 1966,
pp. 1-32.

Kelley, Bartram. "Helicopter Technological Progress: Part II -
Bell Helicopter Co." Vertiflite. Vol. 21 (January/February,
1975), pp. 2, 3 and 16.

Kurz, Johannes W. "Ground Transportation to Airports." High Speed
Ground Transportation Journal. Vol. 9 (Spring 1975),
pp. 503-513.

Landi, Philip J. "Setting Up a Downtown Heliport." Aeronautical
Journal. Vol. 77 (May, 1973), pp. 225-229.

Lardiere, Salvatore G. and Jarema, Frank E. "Impact of Projected
Air Travel Demand on Airport Access." Highway Research
Record 274: Access to Airports, 4 Reports. Washington:
Highway Research Board, 1969, pp. 21-34.

Loomis, James P. and Wetherbee, John K. "Air Transportation in Our
Changing Society." Battelle Research Qutlook. Vol. 3, No. 2
(1971), pp. 2-6.

Lovorn, Richard C. President of SFO Helicopter Airlines, Inc.
Oakland, California. Letter and data, May 25, 1976.

‘ Lynagh,‘Peter M. "The Ajrport and the Environment." High Speed

Ground Transportation Journal. Vol. 7, No. 1 (Spring 1973),
pp. 53-66.

‘ Mascy; A.C. and Williams, L.J. "Air Transportation Energy Consumption-l'

‘Yesterday, Today and Tomorrow." Paper presented at the 11th
Annual Meeting and Technical Display of the American Institute
of Astronautics and Aeronautics, Washington, February 24-26,
1975, Paper No. 75-319.

7

-64-



Mathematica. Studies in Travel Demand. Vol. V, Princeton, New Jersey:
Mathematica, May, 1969.

McLynn, J.M. and Woronka, Y. Passenger Demand and Modal Split Models.
. Bethesda, Maryland: Arthur Young and Company, December, 1969.

Meehan, John E. "The Need for City Center Public Use Heliports."
Rotor and Wing. Vol. 9, No. 6 (November/December, 1975),
pp. 28-29.

Miller, David R., Deilaway, T. Keith, and Holden, William. "The
Remote Airport: A Study of Access Feasibility." Transportation
Engineering Journal. ASCE, Vol. 100, No. TE1 (February, 1974),
pp. 179~194.

Miller, Myron, Director.. Recommendations for Northeast Corridor
Transportation. Final Report of Northeast Corridor Transportation
Project, Office of Systems Analysis and Information, U.S.
Department of Transportation, May, 1971.

Miller, Rene H. "A Plan for Ultra Short Haul Air Transportation."
Technology Review. Vol. 74, No. 7 (June, 1972), pp. 22-31.

Social and Economic Implications of V/STOL. Paper
presented at the 13th Anglo-American Aeronautical Conference,
June, 1973.

"V/STOL Aircraft: Its Future Role in Urban Transportation
as a Pick Up and Distribution System." Transportation and the
Prospects for Improved Efficiency. Washington: National Academy
of Engineering, 1973, pp. 22-55.

Monbeig, J. and Sypkens, A. "Improved Load Factor Control."
Interavia. Vol. 27 (November, 1972), pp. 1205-1207.

Montanus, N.R. The Airport Problem.

Nelkin, Dorothy. Jetport: The Boston Airport Controversy. New
Brunswick, New Jersey: Transaction, Inc., 1974.

Nesbitt, Edward J. and Camarro, Kenneth D. "A Description of
VTOL Airline System." Paper presented at the Society of
Automotive Engineers' Air Transportation Meeting, New York,
April 29 - May 2, 1968.

New York Airways, Inc. Operating Statistics. March and April,
1974. '

Schedule Effective February 1, 1975.

i

-65-



e s O e T A T L A L kit

Nunn, Ben E. "Auto Parking for Efficiency and Revenue at Airports."
Journal of Aero-Space Transport Division. ASCE, Vol. 85 (July,
1959), pp. 63-65. :

Official Airline Guide. Vol. 23, No. 8, Chicago: Reuben H. Donnelley

Publication, May, 1967.

Peariman, Chaim. "Airport Access-1980, A VTOL Approach." Paper
presented at the 5th Annual Meeting and Technical Display of
the American Institute of Astronautics and Aeronautics,
Philadelphia, October 21-24, 1968, Paper No. 68-1046.

Peat, Marwick, Michell, and Co. and the Metropolitan Washington Council
of Governments. Airport Access in the Baltimore-Washington Region:
Immediate Action Improvement Program and Planning Guide, Final
Report, March, 1971.

[Port Authority of New York.] Local Access to Port Authority
Airports.

Port Authority of New York. Report on Rail and Highway'Access:Between
CBD and Major World Airports. July, 1968.

Roggeveen, Vincent J. and Hammel, Lawrence. "Ground Transport of
People To and From the Civil Airport." Journal of the Air
Transport Division. ASCE, Vol. 85 (July, 1959), pp. 37-53.

Schriever, Bernard A. and Siefert, William W. Air Transportation
1975 and Beyond: A Systems Approach. Cambridge, Mass.:
MIT Press, 1968.

Sikorsky Aircraft Corporation. S-61N Airline Configuration Approximate
Direct Cost of Operation 1976 Dollars. dJuly 17, 1974.

Silence, Steiner M. "A Preliminary Look at Ground Access to Airports."

Highway Research Record 274, Access to Airports, 4 Reports.
Washington: Highway Research Board, 1969, pp. 14-20.

Simpson and Curtis Transportation Engineers. Miami International
Airport Ground Transportation Study. Philadelphia: Simpson
and Curtis Transportation Engineers, August, 1973.

Sincoff, Michael R. and Dajani, Jarir S., Ed. General Aviation
and Community Development. 1975 Summer Faculty Fellowship
Program in Engineering System Design. NASA Langley Research
Center. , ; ‘




1
!
|

Sklarewitz, Norman. "Why the 'Rinky-Dink Airline' That Thinks Big
Started Small." Rotor and Wing. Vol. 8, No. 5 (September/
October 1974), pp. 26, 27, 58 and 61.

Slocombe, A.E. “The Design Aspects of Heliports." Aeronautical

Journal. Vol. 77 (May, 1973), pp. 230-233.

Stephenson, R.J. "Social Acceptability of Heliports Particularly
From the Standpoint of Noise." Aeronautical Journal. Vol.
77 (May, 1973), pp. 217-220.

Stewart, Oliver. "Ups and Downs of VTOL." Illustrated London News.
Vol. 262 (May, 1974), pp. 46, 47 and 49.

Stopher, Peter R. and Meyburg, Arnim H. Urban Transportation
Modeling and Planning. Lexington, Massachusetts: Lexington
Books, D.C. Heath and Company, 1975.

Stortstrom, Ralph G. An Intraurban Helicopter Cost Model. Unpublished
M.Sc. thesis. Durham, North Carolina: Duke University
Department of Civil Engineering, October 1976, pp. 145-219.

Stout, Ernest G. and Vaughn, L.A. "The Economics of Short Short
Haul." Astronautics and Aeronautics. Vol. 9 {December, 1971).

Sutherland, Reginald J., Chmn. - "Survey of Ground-Access Problems
at Airports." Report of the Committee on Transportation To
and From Airports of the Technical Council on Urban Transportation.
Transportation Engineering Journal. ASCE, Vol. 95, No. TEl
(February, 1969), pp. 115-142..

Systems Development Corporation, et al. Summary Skylounge System,
Final Report. January 20, 1969. '

"Tomorrow's Solution to Todays's Air Traffic Jam." Esquire.
Vol. 68 (August, 1967), pp. 84-91.

TRW, High Speed Jetport Access Feasibility Study of a Demonstratfon
Project in Southern Florida. Redondo, California: TRW,
December, 1969,

U.S. Department of Commerce, Bureau of Census. 1970 Census of
Population. Vol. 1, Characteristics of the Population.

U.S. Department of Labor, Bureau of Labor Statistics. Consumer
Price Index U.S. City Average and Selected Area. December,
1966 through December, 1975.

; -67-




U.S. Department of Transportation. Federal Aviation Administration. ?
Airport Master Plans. February, 1971.

1972 National Airport System Plan. Volume AAS, Narrative
and National Summaries.

= . Profiles of Scheduled Air Carrier Passenger Traffic, Top
: 100 U.S. Airports, May 3, 1974. January, 1974.

. Airport Study Team. FAA Report on Airport Capacity.
January, 1974.

Metropolitan Airport System. May, 1970.

} and Airport Operators Council International. Planning the ;
|

U.S. Department of Transportation. Office of High Speed Ground
Transportation. Report on the Dimension of the Airport Ground
Access Problem. 1969.

U.S.'Department of Transportation. Office of R & D Policy. Airport/
Urban Interface. July, 1974.

Voorhees, Alan M. "Airport Access, Circulation and Parking." Journal
of the Aero-Space Transport Division. ASCE, Vol. 92, No. ATI
(January, 1966), pp. 63-75.

: Wall, Robert F. "Ground Transportation." Journal of Air Transport
| : ~ Division. ASCE, Vol. 85 (July, 1959), pp. 53-62.

3 : Wa1p01e, Ronald E. Introduction to Statistics. - New York: MacMillan
1 Publisning Company, Inc., 1974.

Whitlock, E.M. and Cleary, E.F. "Planning Ground Transportation
Facilities for Airports." Highway Research Record 274, Access
to Airports, 4 Reports. Washington: Highway Research Board,
1969, pp. 1-13.

: Whitlock, E.M. and Sanders, D.B. Airport Access/Egress Study. New
3 York: Wilbur Smith and Associates, September, 1973. (a)

Systems Analysis of Ground Transportation at Major U.S.
Airports. New York: Wilbur Smith and Associates. (b)

Wohl, Martin. "An Uncommon View of the Ground Transportation
Problem." Transportation Engineering Journal. ASCE, Vol. 95
(February, 1969), pp. 143-155.

“World Airline Record. Chicago: Roadcap and Associates,
1972. -

-68~




I W

Yu, J.C. "Demand Model for Intercity Multimode Travel."

Transportation

Engineering Journal. ASCE, Vol. 96 (May, 1970), pp. 203-210.

-69-

*
RSN 4 i‘ AR



Appendix A
AIR PASSENGER VOLUMES USED IN THE SIMULATION

The intraurban helicopter passenger market in any given urban area
is a small portion of the total air passenger market involving airport
access or egress trips. CAB and FAA enplanement data are published in
Airport Activity Statistics of Certificated Route Carriers. Since these
enplanements include originating stopover and transfer passengers, the
stopover and transfer passengers must be excluded from the air passenger
volumes as they are intra-airport transfers not involving an aiport
access trip. In this simulation, the exclusion was accomplished with
the aid of the transfer percentages published for the various airports.

The enplanement data utilized here were taken from fiscal year 1975
(July 1, 1974 to June 30, 1975). The percent of transferring passengers
at the major airports was obtained from E.M. Whitlock and D.B. Sanders
(1973a and b) and was based on 1971 data. At some airports, the transfer
percentage had to be assumed, and these values are shown in parentheses.

The procedure for calculating the total number of air passengers
in need of airport access/egress trips was as follows:

(Enplanements) (100 ;Ogransfer %)

Originating Passengers

(Originating Passengers) x 2

Total Air Passengers

The value for total air passengers should include all embarking air
passengers originating at the airport, debarking air passengers whose
destination is the airport, and transfer air passengers making inter-
airport connections within the city. The air passenger figure was
rounded off to the nearest thousand and used in the simulation to deter-
mine the break-even penetration rates for the helicopter networks.
‘Table A-1 Tists the air passenger totals employed in the model.
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City
Atlanta

Boston

Chicago

Cincinnati
Cleveland

Dallas/Ft. Worth

Denver
Detroit
Kansas City
Los Angeles

Miami/Ft. Lauderdale

Table A-1.

Airport
Hartsfield Intl.
Logan Intl.
0'Hare Intl.

Midway Airport
Meigs Field

Greater Cincinnati AP
Hopkins Intl.

Dallas Ft. Worth Reg.
Love Field

Stapleton Intl.
Detroit Metro Wayne
Kansas City Intl.
Los Angeles Intl.

Miami International

Ft. Lauderdale Hollywood

Air Passenger Volumes at Major Urban Airports

Originating Total Air ‘

Enplanements Transfers Passengers Passengers
12,294,599 60.0% 4,917,839 9,835,679
Use: 9,836,000

4,847,846 14.2% 4,159,451 8,318,903
Use: 8,319,000

15,904,449 50.0% 7,952,224 15,904,448
84,571 (0.0%) 84,571 169,142
959 (0.0%) 959 1,918

‘ 16,075,508

Use: 16,075,000

1,272,392 (10.0%) 1,145,152 2,290,305
; Use: 2,250,000

2,699,465 37.5% 1,687,165 3,374,331
Use: 3,374,000

7,068,238 (20.0%) 5,654,590 11,309,180
37,910 10.0% 34,119 68,238

) 11,377,418

Use: 11,377,000

5,383,894 30.0% 3,768,725 7,537,451
Use: 7,537,000

3,636,453 10.0% 3,272,807 6,545,615
Use: 6,546,000

2,107,467 (20.0%) 1,685,973 3,371,947
Use: 3,372,000

8,782,950 26.0% 6,499,383 12,998,766
‘ Use: 12,999,000

4,683,269 20.0% 3,746,615 7,493,230
1,701,637 (10.0%) 1,531,473 3,062.546
10,556,176

Use: 10,556,000
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City
Minneapolis/St. Paul
Philadelphia

- Pittsburgh

Seattle/Tacoma
St. Louis

San Francisco/ |
Oakland

Tampa

washington

Washington/Baltimore

Table A-1. (continued)

Airport -
Minn. St. Paul Intl.
Philadelphia Intl.

Greater Pittsburgh AP
' Seattle/Tacoma Intl.

Lambert St. Louis Int

San Francisco Intl.
Qakland Metro Intl.

Tampa International

| Washington National

Dulles International

Washington National
Dulles International
Baltimore-Washington

, Originating
Enplanements Transfers - -Passengers
3,210,501 3.5% 3,098,133
Use:

. 3,333,943 14.0% 2,867,190
) Use:

3,498,323 30.0% 2,448,826
Use:

2,861,795 6.0% 2,690,087
Use:

3,511,987 35.0% 2,282,791
' Use:

5,971,444 18.0% 4,896,584

318,973 (10.0%) 287,075
Use:

2,290,901 (10.0%) 2,061,810
Use:

5,220,197 9.0% 4,750,379

1,073,998 (9.0%) 977,338
Use:

1,396,699 (9.0%) 1,270,996
Usg;

Total Air
Passengers

6,196,266
6,196,000
5,734,381
5,734,000
4,897,652
4,898,000
5,380,174
5,380,000
4,565,583
4,566,000
9,793,168

574,151

10,367,319

10,367,000

4,123,621
4,124,000
9,500,758

1,954,676

11,455,434
11,455,000

9,500,758
1,954,676

2,541,992

13,997,426
13,997,000
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Appendix B
SIMULATION MODEL COMPUTER PROGRAM
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Simulation Model (continued)
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Simulation Model (continued)
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Appendix C

SIMULATION RESULTS FOR THE PROPOSED NETWORKS
"IN FOUR URBAN AREAS

This section contains a sample output from the simulation model
for each of the proposed networks in four different urban regions -
Atlanta, Chicago, San Francisco, and Washington, D.C. The following
is a list of the abbreviations used in the simulation.

AP = Airport
CBD = Central Business District
INTL = International
ATL = Atlanta
CHI = Chicago
MDWY = Midway
OH = 0'Hare
SFI = San Francisco International Airport
OKLND INTL = Oakland International Airport
NATL = Washington National Airport
DC = Washington, D.C.
BETH = Bethesda (Silver Spring and Wheaton), Maryland

"The feur urban areas detailed here are presented as an illustration of
the model output. Complete simulation results for all twenty urban
areas listed in Table A-1 can be found in the original research report
by Stortstrom (1976). The key results from all twenty cities were
presented earlier in Tables 9 and 10 and Figure 13 in terms of break-
even penetiration rates and costs per seat-mile.
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Atlanta: Network No. 1.
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Chicaqo: Network No. 1.
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{ 3 "TOTALS FOR ROUTE: . 15409, 7705, 2526. 1310816, 2631491, n.4108
!
FJeO'HARF=JOL IFT=0"HARF bbb 40.9 AMPK 90, . 1699, 849, 580.
} § o it e ! ] RASE 120 . 214, 1092, T45.
PUPK 90, . 1941, 97). 662.
NITE 240, . 455, 228, 55.
TOTALS FOR ROUTE: . 6279, 3139, 2142, 1147012, 2316445, 0,426]
(-
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Chicaao: Network No. 1

L 7 A TR DR FABIAL Jipm, & N S5 5 o T AT Ao R aig RPN Agetl S SO B 3.3 5l R i
CHICAGN SYSTEM TOTALS
R T N R R I R T T AR DAY “IEPTY ok
DAILY PERIODS: AM PEAK HASE PM Pux NIGHT TOTALS OP AVERAGES
_hfll"HAY MIN l]F‘; . o o e s ) JATH
132 1 0YHARE=CHI "CANIMETGS) =AP < " % 60, 90.77 " 1 60. 120, Fiti
, 2eNTHAPE - "IDW\Y-O"MHL 4% 60, 30 50,
3 O'HAPF = 0L TET-NYHARE “o. 120 9n. 240,
R T R S T T R P 3 ey, sy i fi
r .
D T T R R S e LS R
mﬁxﬂgom% Larrnrn‘ S s e S 3 X |55 3. 3. 3.
FLIGHTS PER YEA 7644, 9464 . 10677, 3185. 30970.
SEAT MILES e 'FQH UL 3;’5 5045992, ~SAB194R L 1581670+ 162388707 4
T M PER YEAR T ST TANH9TUB. et TRz ’ N £ 4 31
A L hbiae TR s Ra " 16 20044 no. 623, £399.
DOC PFR YFAR, 1975 % 26409573,
TOC PFR YFAQ, 1975 ¢ g R S r 5100864, .
RS COSY. PERISEATEMILE S 1978 ST s L ST e T R L 0e3141 3
FARE PER SFAT. 197% &
B e T L T L A S T T Y Y e O Y HARF -CHT - CRD IMETGS ) o AR oy 8. 711"
5.717
S N ot L L . 2eU'MARE-MIDWAY=O'HARE . . .. ... 5.026.
T A e T e TR L L S LSRR LI Lol el de s s B R £ HE® - 5.026
3 O HARF =JOL [ET=NYHARF 10.460
T v B .. 104460
e 7 T ) Pksstubfk AT 40.% LOAD FACTON, 1915 (. e
e e e 2 L s UTHARE=CH] CRO(MEIGS)=AP . . . .. ... }4e292. .
I Y T T e ey ey 1 O HARG =CH b teivet’ : {82838 -
2 O'HARF-MIDWAY=0'HARE 12.565
s e s L e . 124565
T VU HARE =JOL IET-0 Y HARE. ”'ze,.'lso' S
26.150
Y L R A L A e e S L R e T T T T s 3 2, s ¥
SFO K LA HELTCOPTER SYSTEMS AVERAGF nm:. 1975 = 12.8
PAGCSFNGERS NEEDNED TO b AK EvEN AT THIS FARE= 9714 7 ) )
£ T.TOTAL AIR PASSENGERS EXCLUDING TRANSFE s AT. O'HARES M 6wAva MEIGS . = 16075000«
HELICOPTER SYSTEM HLbAK EVEN MARKET PENETRATION RATE= 2.41%

(continued).
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ﬂ. SErs HSE X B MSTH, I B ITRN G
Y n-HANF rnl CQH(M&!QS!:AP

C’“'"“ 1

2.08 nnur-ulnwavln‘ﬁhkt

' St IOHAY IOl [ET-mINuAY

S— v g e
L due e W B e e bt —

DALY St"vlrt

CITET AT St

1 YIMEG ﬁ.Jo AM 10

(0] HRS/NAY 4.5

? o NPS/YLAR I— V-4 LT
ROUTF

o e el ot heade et tiet

fu](nnu

SGhE Ry DISTANCES ulLis
O?F WAY ﬂlUCK llMFs MlNuYFS
Hel Ve

16,0
9. K

Py

TN THE FOLLOYING T:in
. AM PEAR ... A
1n:nn amM

-l e

ROIMD Vulp
lel?ﬁ(f

l O'HAQF (Hl run(mrlng)-Ap 3644
BTN TN
{*2.0'HARE-MINWAY=-0'HARE ™ "7 32.0
) St

3 MIDKAY=UNL TF T 41DWAY

: . NITE
S TOTALS FOR ROuT

Chicaqgo:

Network No. 2.

Hael

CHICAGO

o PERIODS:
» RAS
10:00 AM TO
6.0
218440

MPK 60,
HAQF 90.
PMPK 60«

NITE 120
TOTALS FUR ROUTE:

D 19477 0 AMPK
VASE

4%

60

PMPK 30
F 60

E:

3l AMPK 90,
HASFE 120.
PMPK 90
NITE 240,

TOTALS FOR ROUTE:

HFADWAY H
L“ } -NE
il U MINHYFS

14 .0 0 00 Ne0 0o 0o
g f & Znuuuuuuuuuuuuuuuuuuuuuuuuuunuuuununnuunu
T o0 D o0 0.0 o0
9. MHHHHUUHUHUUUUUHHHUUHHUUUUIUHUHHHHHHUUUUH
} 2543 o) Nel 0o
1856715 buuunuuuunuunuuuuuuuuuuuuuunuuuuuuunununu.

v pree

0.

4:00 PM

NF WAY
LIGNIS

1820

PM PEAK NIGHT
4:00 PM TO B8:00 PM a:00 PM 10 10:30 PM
4.0 2.5
145640 - 910.0
ROVUND TRIPS BLOCK HOURS DOC PER T0C PEP
PER YEAR . . PER YEAR YgA s ¢
1975 ¢ 1975 &
1274, 475,
1456, 8413,
1456 543,
455, 70«
4041 1731. 1083627.., 2193671,
1699, 557.
2184, 716.
2912. 955,
910, 298.
7705, 2526. 1310816, 2631491,
B49, 440,
1097, S566.
971. 503.
228, 11A.
3139, 1628, 1083627, 21913671,
. -

0.4994

0,4105

0.5311



Chicago: Network No. 2 (continued).

BN R R T T O R SR S I AR TR ST t
CHICAGD svstEM rnvALs
L AIr o T bl S I N R T T TN Tos . 2
DAILY PLP!ODS AM PLAK HASt PM PLAK NIGHT TOTALS OR AVERAGES
HEADWAY " NUTES e - Sla e L MR S
FT L) a0HAR HY CAD(METGS)=AP. " .70 60. e | Pt o leRans 120,
NYHAR -Mll WAY=D Al 4% . 60, 30 60,
ulnunv JOLTET=-MTIDWAY 90. 120. 90. 240,
Ty S TR S T A S R e ) TR Cm e e sy
L.° SYSTEM TOTALS J : G logre 0y
1L TCOPTFRS NEEDFD 3. 3. 3. 3. ; P
! FIL IGHTS PER YEAR 1644, 9464, 10677, 31R5. 30970.
ROUNMD TRIPS PER YEADR ) : NP2, 473¢2. 5339, ;59!. 5485,
b. . SEAT MILES PER YEAR ' 3736385. 4631680, S077750. 14R7030. ° 14932840,
, BLOCK HOUPRS PER YEAD 1472, 1825, 2001, LI SB8S.
DOC PFR YFAR. 1975 2485960,
T0C PFR YEAD, G974 % ) 4819599.
17 COST PER SEAT MILE: 1975 $ : 0.3278
' FARE PEW SEAT. 1975 %
B i i NS S il 1-0'HARF=CHI CRD (MFIGS) -AP 5.H74
. S5.874
. A . 2e0'HARE-MIDWAY=-0'HARE . : o S.164
r FMINDWAY=JOLTET=MIOWAY ﬁ.lh6
’ . . — : . P — - A A.166
o 1 T FARE PEN PASSENGFR AT 40.% LOAD FACTORs 1975 €
PRy Y . 1.0'HARE=CH] CHD (MEIGS) =AP }4.682
PRI AR 2 ity 2 1 4obA
! 2.0"HARE=-MIDWAY=0*HARF 12.910
" - ESE S = 12,910
o 3 MIDWAY=JOLIET=MIDWAY 20414
20.414
& : { )
: SFO K LA HELICORIFR SYSTEMS AVEHRAGE FARE, 1975 §= 12.835
., PASSENGERS NEEDED T Heb AF EVEN AT THIS FARE= 375504,
L YOTAL AIR PASSENGERS EXCLINING TRAMSFERS AT O'HARED MINWAYD MEIGS = 16075000,
) HELICOPTER SYSTEM HREAR EVEMN MARKET PLNLTRATION RATE=S 2.34%

i+ e ——
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Chicaao: Network No. 3.

fnl(nhn
[ Sl el AR Pt 8 B Vf"""v"‘.l"'"w"“""f ATV T oY gy e ”—\-W" PP AT T N TR ey T - g e yvore e P e

IS 3 PG LT S BTN e AT AR ST St T 1 S S i s SRS S A Y 3 D (R W RO R R PG e
ROUTE mu» WAY UIQIANCLS MILES
ONF uAv a|nrx TIMFS MINUTES

] S DS HARE=CH] “*'H'Mh‘-) M)"‘l JHe2 000 . 0e0 000 Nefl 020 000 . 0ol 000, o oo o s .
L e 2 A1y a2un uuuUmunmm:uuuuumniummmuuumnnumumm-_-.._-..--M.--.- B
T2 0 TAKE THOWY-JOL TCT-MUMY-01 1620 €523 ¢5e3 1640 0.0 040 040 0 0.0

-

o) .
QR 15.6 1546 9 AULUUUUUUUUPUTIOOU U IOTIOUUIIT

R T T T e e i T T o - =y e ¢ ~ T T na—appe—— .
B T B T . - O e e e .o e et -

_CHICAGD o
Ty v oy 0w s e e s : P T R e Sy s S
= s e ae ok - el avae B i o . ———— s b bbb . 8 bl Sk bt . - - -

DAILY SERVICE m‘lmt;nLanlm- TiME P(’.Nl()DSﬁ i
TIMES AIAND A T Q0 'M A 10300 AM LU 4:00 PH -4 500 PM IO 8 00 PH 8 00 PM TO lo 30 PM

e gt ipsuant y L1 VAI] | el Rt PO D AR Y- PRI UL Sase AT aous [ RN SR 2 3 6 A < s Pt AR

HRS/YE AR 27«.0 218440 145640 910 0
B R B N T e RAUND“TRI P "HEADWAY H LS ".'.".I‘ONE WAY T ROUND TRIPS. BLOCK HOURS . DOC PFR ™ TOC PER  CnSY PER
BISTanCF uLu K H F EEDED IGHTS PER YEAR PFR YEAR YEAR YEAR SFAT MILF
MILES MINI tts MINUTES R YR. 1975 ¢ 1975 ¢ 1975 %
1.00HARE -CHT _CRD(METGS) -AR 3644 22e4  AMPK b0e ], . ?5«». S - e 3 Yorcaenames S— -
D N s L T T LT BASE 2190 (5] S EIEY 39 Politn)656¢ 5 563. . C :
PMPK T 60, = 912, 456, 543,
NITF 120. S 910. 455, }70.
e e T R s IO"LS ron “'\Ult- R 92R2e, . 464], | I — 03%21. 2193671, 0.4994
1.0VHARF =MDWY=JOL [ET=MDwY=0H HZ2.6 50.4 AMPK 45, 2. 6795, 1699, 438.
e e — B e _HATE 60, .,‘,‘,‘,5' e AT36. P 2184, = = ialoﬂ.
e 3 IO A0 SR 24 B E I LB E LG S8 SRR U e B FCh T G LT PM .5_ 30. P e O N1 688 BT 201 2, A NRT 2464 o ST N X E
NITE 60, 1. 3640, 910, 770.
TOTALS FOR ROUTE : 2o INR19, 7705. 6521. 26T6R0)1. 5165720. n.312?
D R T L T e N R e T T T R T R T T T P R i, T T T e raNER
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Chicago: Network No. 3 (coitinued).

A8 S35 A P SOORRE Y o PTG R LT B S e Tt A —
K= i Y LU s

e L SPDELEI M S SRR S PR A C—— et L R P e e T TSR U5 S Sasa T R o . TSR AR Sl LR TUL R NN P

, ChiCARD SYSTEM TOTAL

E DR LY PE R TON ST T T ST IR A6 AW L RARE T T N TBE AR T TN T BT T TOTALS OR AVERAGES- = 70 ".mriitin s
HFADWAY MINIITFS : ;

*'z*.l!3.:nﬁ32133%5536'1@33663%.{?1;::':"2’.’:':;..‘--'.:23:“.: e 88 0 1880 e T T I T T S e SR e e s it 4 T
SYSTEM TOTALS

LHELICOPTERS NEFOED ) - pf R f e L el e o5 ) .wg ; Rl Wt
BT PLIGHTS PERIYEAR  rrom ettt 83¢3v  wes il sams o 1dse0.mma S dsg0or mommyornss [ J ) Pt Tor sn s POl o 40 !
ROUMD TQIPS PFR YF AR 29713, gnaq. “f“"' 186;. 35;45.
’ SFAT MILFS PFR YFAR 4A53168.  606R315. 7631769, 2384927, 20938760.
RLOCK HOLIRS BFR yb A2 1913, 2391, 3007, 940. A251.
n;LDnC'PgP'YEAPs' ol 10 RN Al L bt o B AT 1 010 0 T e 4 EUITEIIRET 3165046 AT . 5
) 10C PEP YFAR, [47E o 6042165,
! COST PER SEAT MILE. 1975 % N.2R8A6
B A L R M TR b3 538 M 261 Ty ik SRS A iz R R R R T I L T BT

i S o R MEEVRA N 0 o Y -1 200 T DI 0 ol [ ) L B S R s O
1+U'HARE=CHI CRDI(MFIGS)-AP

T o WE el oL P ) 97 SO e S O W OB P T 7 0 ST S . Y (R 150 Y. gor e—

5.252
5252
1eU'HARE=-MDWY=JO! 1ET=MOWY=0H ;.gl{
- n
T LB e e 7.301
L/ QARE DA S TR 20D L G AT I S Vs : S pies 2 ; ICFHIA 4eb17

FARE PER PASSENGFH AT 40,% LOAD FACTONRs 1975 ¢

fo- B T SR ' e - .- q e

S AN IR & St es e LT A0 YHARE =CHI CHD (MF T6g) -AP

13:13
- ——— S S e loU'HAPE-MDHY.—JULIET'MDHY.-OH . R {A.g%g iy
e - - e i b - - . &edide S, l":zsa -
1.543
1 Bk fa; ey o .- * - - -

SFO & LA BELICOPTER SYSTEMS AVFRAGF FAREs 1975 3=
PASSENGEGS HEEDED TO Mk A Fyb M Al THIS FARE= 4
JUUTTTDTAL O AIR PASSENGERS EXCLIDING T NSFERS AT O'HAR
HELTZOPTER SYSTLM HEraK FVEN SMARKE [ PENETHATION R

e

7075
E: MIDW
ATE= 2



San Francisco: Network No. 1.

L e ———
T A Ko ) e -~ . 57 S IRER RO BTN o S BIRIE YN, 5 T BRSSO R U bR v S AP TS S
HmnF ONE wAY DISTANCES MILES

ONF WAY HLOCK TIMES MINUTES
c- JaSE INTY -ﬁ"L'!" JINL-J‘ INTL. l’ 0 120 0.0
-.A.. edvad - s cmat pon b

2. ﬁfl NAH!H “EAERYVILLY =5F 1 1.0 144]) 1He3 000 0.0 0.0 0.0 0,0

Tt e Ko e ) BB OV TG B 1 e S A R 1
ST T — g e e o 98N FRANCISCO

DALY SEVICE IN HE fogtﬁilud'llmr Ptnlunqé

Ja0 00 040 0o 0.0 0.0 Qa0 .
.6 -.7.a|nuununuuuumuummuum l!lUlN I llmllmnll TFIVIY T -
0
.o B.? G Munununlmmlnmuu'mmnnmumumunmmuuu

0.0

o mnant dan ) i Bl - e A e e v A ..

A4 PEAK SF E
R .-Y MF S LB A TO L0 oo AM_ lo 00 AM TO 4 oo PM 430 PM IU u _PM
CrETTYThRS e e e L0k W L e gt koe aieet
HRS/YE 1?7-«.0 21B4,0 llobh 0
EROUY B R B L e hs TROUND.TRIP. T HEADWAY . HELS. " T'ONE wAY
hl>lhhl* BLOCK TIng NEEDED  FLIGHTS PER YEAR
MILES MINUTES MINUTES PER YR,
1o SFOINTL-OKLHD INT) -SF l*_lll_(_k,"_ e “‘QWK 45, l. I i<, ) .1699,
= MR 2 €N BY AL 1L G R AR AL IR A Vo ganatid - | £ - 1 PO et 368 2184,
pPMpX 0. . 5824, 2912.
NITF 60 e le 1820. 910
g e '01415 FO" ""HIf o le 156409 _ TT05.
2 SFI=MARTN=FMFRYVILLF=SF1T 48.? 29.6  AMBK 60, 1. IA22, 1274,
e A e AT R T e e T e e VA S E . 90 o u{.".:ﬂ 436H. ... 1496,
B R R R, e e S i s PMPK 60.. :a o e 436R, i - 1456, -
l f“' le 1365, 455,
TOTALS FOP out le 13923, 4641,
P By Sl S e (R g AT T SRS L2 ORI RO S A e e s A0 TR T LET0 ¥

910.0

"ROUND TRIPg ~ BLNCK HOuURg - DOC PER
PER YEAR

YEAR
1975 ¢

1083627, .

1212045,

NIG
..8:00 PH 70510 130 PM

EESE

~ostoiee esbuidlg

TO0C PER CngY PFR
YEAR SEAT MILF
1975 % 1975 ¢

2193671,

2441897,

0+4563

N.4199



San Francisco: Network No. 1 (continued).

',- P R SR ,r—.—q-. 4,-._-‘.—-.' ey e -,...:...... - b e e e B R T R e e

T TSR FRANCISCO T USySTEM TOTALS

N P 3 AP

LDATEY PERTNDS XTIl Il AW PE AR U7 T RAGE. TP BEAK T UNTGHT T TOTALS O AVFRAGES ~ /7
! mnnuav MINIITFS

_— INT ND TN 1 __,,..«5 60 C30. A0
I S m-Hmw“:LLu;lr' b TThB e i 298 e TN A0 L TR 30 S .
SYSTEM TOTALS
HEL ICOPTEPS mlmn ot - A 2. ‘
[ 4 FL!GHT? o 0 () PR e AR Ao RN 74 & TSI B, s 1% S f0]922"'. J185.. 55332.J S
ROULD TRIPS PEQR vFAR e9li. In4( 43nhn, 1365, 12346.
SFay MILFS PFR YEAR 265645413, 11"7674. 364) 746, 1138045, 10623800,
HLOCK HOLS PP YF LR 1047, 1256, 1435, 444, 4187.
1.t DOC PFR YFAR, 1978 § = =~ H Jon 2B 4 Pl I RIS Ly 3 A HIREFRNRET 04 7, : ¥ : 1935471. ~
100 PER YEARL Ju 76 8 380R174.
COST PER SEAT MILF, 1975 § 0.3585%
<2 2o A SRR SN '..-_. DR ol L) -
1
Eg B T T RARF PRASPFATTY o0 %~ LR N s B AR
1
. 1. ‘>F INTL=0KLND IHIL SF INTL 4.30)
¢ . — =) > . N—— 4,301
' . . 2. Sfl--AMHM ~EMERYVILLE=SFI 6.739
5.054
N S AP e A R Dt ; < . —_— i Se4fl4
TFARE Pl PASSEMGER AT 40.4% LOAD FACTOR. 1975 %
R T S " Cleob, INTL=ORLND INTL=SF. INTL . . 0.754
r:_ﬂ, B e O 4 : e 2 e 2 2 3 . o 0.754
e S5FI=MARIN=EMERYVILIF=-SF] 6.847
T— P ————— - R - i " ‘?.6'\6
[T ST Ty ey e ey e == §:97%
&1 SFN }A TCOPTER SYSTEMS AVERAGE FARE. 1979 $= 12,835
pA«c.Fh F.{& FEDED TO vgr Av L vEN AT THIS FARF=

8.
i OAKLAND IMTL = 10367000.

29610
TOTAL AIR PASSENGFRS FXCLUNING TRAMSFERS AT S. F. “INTL:
ATE = XL LE)

HELTCOPTFR SYSTEM nmm FVEN MARKE [ PEiE WMIUN R
o
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[ AR SRRAEHPA AN T b A AT i T S et R 5 0 i
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R e L o i B s MILES L ELMINUTES " HINUTES
1 JHATL - DULlFs -MATL N ’hel AAPK 45,
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| =R WAL e e e e v 2 44 NITF
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B DN Y D . e e e e R e A S T A T AP 2607 ]
HASE 90
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r St A i k. A . HBASF . Qp
FHEK 60
N1 n
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Washinaton, D.C.:
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R b

Network No. 1.
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Plet Zlab 04D

.l: 0.0 Ualf

? ?
lﬂ,u 2eH T
6.6 13.8

o pe ~r

60.. .

WASHINGTON DC
1N Tre FOLLOYING TIME PERIODS: )
AM PEAK ") : Sersigh e

4100 VM

Mt S

ED

3

4
1
1
1
|
1

(R pap—p—
“ s e e

«e 0 0

S ot o s s

N.0 <0 o0 N 0.0 040
3. 2unuunuuuuuuuguuuﬂguuunuuuuugugunnuguuuug‘.u

040 20 0el) 0s0 00 0a0 0.0
0 2 3VUUUUUHOOUUBUOUUNUTIUNEGUULUUYUULU

ONF WAY
lebnrs_

T PER_YR.

2« ZUUHUUUTIOUUUUYUUOUUOTIIOUEEOE RO RIOUUL

e PM PEAK
4:00 PM 10 8:00 PM

1456.0

_ PFR YEAR
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; 975 1975 .
745,
958,
1277,
399, :
3379. 1645566. 3266469,
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Washinqton, D.C.: Network No.

WASHINMGTON OC SYSTEM TOTALS

Ve pany brﬁlnhsi“ o TTAM PeaKk T HASE S PM PEAK NIGHT
HF ADWAY MIHNITES W =TS - - . N .

Lo eNATL=NDULLES=NATL" -7 0F i ¥ 49, : 60, 30, 60.
2.0C=MNATL -DC fle Y0. 60. 120,
FRFTH=NDC=DIIL L FS=-RFTH nh. 0. 60 120.

< aakAE sl ph5. A B RS - ;

L ENEYEN T AL S Y SIS WL . . 4
HELTCOPTEPS MEEUED EN 3. 3. 3.
FLIGHTS PFR YEAR 9Inl, 1164R, 13104, 4095,
ROULD TRIPS pro yFARQ el b4l H09h. SH24 ., . 1820,

€7 SEAT MILFS PEK YEAR ATH4YnA. 4595716, 5405834, 1689372,

A HLOCK HOURS PLIE vE A 149l I61) 2130, 6h6 .
DOC PFR YFAR. 1975 %

_ln( PHL. YE AR | C AR = e

= COST PER SEAY MILE. 1978 %

" FAGE PER ScAle 1975 &

B e R ) sl B ROGE 1, P SRR 1 .NATL-DULLES=NATL

, L _2eDC=nATL=-DC
| A i g D SPT P OS MAR LR I - R A
JoUETH=DC=NULLES=-BFTH
. T A i 3 ) ; Ry )
FLOE PR PASSENGFR AT 40.% | GAD FACTOR. 1975 %
| SEATIRNG B A a5 LS YRR . A ] «NATL=DULLES=-NATL
6 2.UC=-NATL-DC
FedE TH=DC=DULLFS=HFTH
f
I3 GFO & LAHFLICOPTER SYSTFMG AUFRAGF FARF, 1G7% $=  12.A15
PASSENOERS HEEDED TO kKt A¥ EVEN AT THIS FARE= igatog,

TOTAl ATR PASSEFNOFRS FxOlonIMG TRANSFERS AT NATTONALS DULLES INTL

HELTCOPTES QYSTEM Bl A b VEN AARKET PLUETRATION KATE= 3,

36%

1 (continued).

IOTALS OR AVERAGES

SN

N
DWW ~NewwWw

" NOOIPNOTe

= 11455000,
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