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THE SECRETARY OF TRANSPORTATION
WASHINGTON, D.C. 20590

SEP B ]

Honorable Thomas P. O'Neill, Jr.
Speaker of the liouse of Representatives
wasnington, D.C. 20515

Decar Mr. Speaker:

I am pleased to transmit the "Establishment of New Major
Public Airports in the United States" report. This report
is submitted in accordance with Section 26 (2) of Public
Law 94-353 signed by the President on July 12, 1976.

The report assesses nceds for major new airports in the
United States Lhrough the year 2000. Potential airport
locations, the general size requirement of new airports,
financing, and airport devclopment issues and problems
arc also analyzed under a variety of future conditions.
The potential neced for new major airports is highly
sensitive to the future forecasted activity, extent of
accomuodation of general aviation, effectiveness of the
upgraded third generation air traffic control system in
increasing capacity, and peak spreading, in that order.
Since the report does not attempt to say that an airport
should or should not be built at a particular location,
which is a highly complex decision, it should not be
considered a final answer. Instead, the report should
serve as a principal basis for further dialog on the
subject.

A report has also been sent to the President of the Senate.

Sincerely,

Enclosure Brock Adams




THE SECRETARY OF TRANSPORTATION
WASHINGTON, D.C. 20590

SEP § 91T

Honorable wWalter F. Mondale
President of the Senate
Washington, D.C. 20510

Dear Mr. President:

I am plcased to transmit the "Establishment of New Major
Public Airports in the United States" report. This report
is submitted in accordance with Section 26(2) of Public
Law 94-353 signed by the President on July 12, 1976.

The report assesses needs for major new airports in the
United States through the year 2000. Potential airport
locations, the general size requirement of new airports,
financing, and airport development issues and problems
are also analyzed under a variety of future conditions.
The potential need for new major airports is highly
sensitive to the future forecasted activity, extent of
accommodation of general aviation, effectiveness of the
upgraded third generation air traffic control system in
incrcasing capacity, and peak spreading, in that order.
Since the report does not attempt to say that an airport
should or should not be built at a particular location,
which is a highly complex decision, it should not be
considered a final answer. Instead, the report should
serve as a principal basis for further dialog on the
subject.

A report has also been sent to the Speaker of the House
of Representatives.
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EXECUTIVE SUMMARY

Through analysis of the runway capacity of 24 major air carrier airports
under a variety of possible future conditions, the study concludes that the
capability of major airport hubs to handle air traffic through the year 2000
is principally a function of:

A e The extent to which forecast future traffic actually develops.

e The effectiveness of the Upgraded Third Generation Air Traffic
Control System.

e The extent to which forecast future traffic can be dispersed
from peak periods.

e The extent to which major air carrier airports experience, or :
do not experience, shifts in general aviation activity. ¢

Under the most adverse conditions, up to 19 major air carrier airports may
experience serious capacity deficits by the year 2000. Under the most favor-
able conditions, only two airports will experience such deficiencies.

Even with planned expansion of existing airports, construction of new
major air carrier airports will be necessary in 1 to 10 hubs to handle fore-
cast air carrier, commuter, and other air taxi activity alone by the year
2000. The cost is estimated at $0.24 to $2.58 billion. However, even with this
construction hubs with major air carrier airports would on the average accom-
modate only 73 percent of general aviation traffic. At a few hubs, less than
15 percent of general aviation activity would be accommodated. In ¢ ‘es such
as this, alternatives to additional major air carrier airports, such as use of
new or existing reliever airports, would be less feasible.

The study relies principally on an analysis of runway capacity as a deter-
minant of airport need. While other constraints, such as a terminal access
problem at Los Angeles by 1995, are identified as being potential reasons for
new major airport construction, the study does not analyze these problems in

detail. Further, the study does not attempt to reconcile potentially valid
differences between national and local perspectives of when a new major air-
port is necessary. llence, the results should not be viewed as a warrant to

build new airports or a denial of their need.

If Federal airport assistance continues at historic rates of participation,
and if it is assumed that total Federal fund levels are adequate, airports will
likely be able to arrange suitable revenue bond financing. If Federal assist-
ance is limited, or curtailed entirely, financing problems become serious or
prohibitive at a significant number of locations. Situations may also exist
where new airport jurisdictions are created which are not currently eligible
for Federal financing. While a single local jurisdiction is desirable, it
might not always be possible.

No attempt is made to identify specific sites of new major airports except
insofar as such sites are already identified or are under study by local com-
munities. In many hubs potentially requiring airports, such sites are not
identified.




[t is presumed that a new airport is required when average annual runway
delay exceeds 6 minutes. New airports are sized on the assumption that new
airports will supplement and not replace existing airports and that delay at
all airports at a hub will be reduced to an average of 4 minutes.

The study highlights the major influence of Upgraded Third Generation Air
Traffic Control improvements on the potential need for new major airports.
Because UG3RD is not yet installed and capacity increases from these improve-
ments have not yet been demonstrated, the timing and effects upon capacity will
need to be monitored closely.

Study assumptions tend to be somewhat conservative concerning:

e The possible limited accommodation of general aviation--which
may be neither desirable nor practicable.

e The development of supplemental and not replacement airports--
which may not always be feasible.

e A O-minute average annual delay developing before a potential
need is identified--which represents a highly congested condition.

As a result, the study estimate of potential need may also be conservative.

The study does not propose a definite course of Federal action. Instead,
it forms a basis for further discussions regarding:

e Planning cffectively for new airports so as to accommodate
future traffic, recognizing future uncertainty.

e HMethods of accommodating expected general aviation activity.

e Integrating Federal financial assistance for new major airports
with other airport development needs.

e LEncouraging a single airport financial jurisdiction for all air
carrier hub airports, or providing Federal financial assistance to
new airport authorities.

e Identifying and preserving needed airport sites.

Such discussions will form an important basis for developing an appropriate
extension of the current Airport and Airway Development Act.

1i
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CHAPTER 1. INTRODUCTION, SUMMARY, AND FINDINGS

This report has been developed in response to section 26 of the Airport and
Alrway Development Act Amendments of 1976 which directed the Secretary of Trans-
portation to conduct a study on ''the establishme.t of new major public airports
in the United States, including (A) identifying potential locations, (B) evalu-
ating such locations, and (C) investigating alternative methods of financing the
land acquisition and development costs necessary for such establishment..,."

INTRODUCTION

Fhis report develops a national overview of potential needs for major new
airports through the year 2000. Future nceds for major public airports will
depend upon many variables that cannot be predicted with a high degree of
certainty. Among the more notable variables are various categories of airport
activity; regulatory actions by Federal, state, and local jurisdictions; and
expected capacity enhancement of airports and navigation and air traffic control
systems., The analysis deals with the possible variations by developing sets of
scenarios of future conditions to provide contexts for potential major airport
nceds. Potential need is assessed in terms of average delay and the cost of
total delays. By developing airport needs in relationship to user delays, air
carrier airport configurations are proposed which are designed to bring delays
within reasonable bounds in a timely manner.

It should be recognized that the identification of a potential need at the
national level for airport facilities will not necessarily correspond to what
is perceived as a need at the local or regional level. Local and regional
decisions on the need and configuration of major airports during the past decade
have given substantial weight to both passenger convenience and concepts of the
future development of their communities.

SCOPE

The findings of this study are predicated on several alternatives concerning
future growth of air carrier traffic, increases in airport capacity attributable
to improvements in air traffic control, and greater utilization of available
airport capacity through spreading of peak period operations. The study findings
derive from investigation of the following questions:

e How many new airports would be neceded when existing airports reach
perceived levels of congestion?

e What plausible site options exist for new airport locations in the
metropolitan areas where a potential need is identified?

e What general sizes of new airports are required to accommodate the
expected demands to be placed upon them?

e What are the likely costs of land acquisition and facilities
development for new airports, and how can their investment costs
be financed?

e What important airport development issues and problems are generally
common among metropolitan areas, and what roles should the Federal
Government play in assisting state and local agencies in mitigating
them?

1-1
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® Is it potentially feasible and practicable to completely relocate
air carrier services and facilities from an existing airport to a
new airport?

This study is concerned with the following hubs as given in Airport
Activity Statistics:!

Atlanta Minneapolis/St. Paul
Boston Newark

Chicago New Orleans

Cleveland New York

Denver Philadelphia/Camden
Detroit & Ann Arbor Pittsburgh/Wheeling
Honolulu St. Louis

Houston San Diego

Las Vegas San Francisco/Oakland
Los Angeles/Burbank/Long Beach Seattle/Tacoma
Miami/Ft. Lauderdale Tampa & St. Petersburg/

Clearwater § Lakeland

The above hubs are equivalent to the following (combinations of) Standard
Metropolitan Statistical Areas (SMSA's):?2

Atlanta Minneapolis-St, Paul
Boston New Orleans

Chicago New York

Cleveland Newark

Denver-Boulder Philadelphia
Detroit-Ann Arbor Pittsburgh and Wheeling
Honolulu St. Louis

tHouston San Diego

Las Vegas San Francisco-0Oakland
Los Angeles-Long Beach Seattle-Tacoma
Miami-Fort Lauderdale Tampa-St. Petersburg and

Lakeland-Winter llaven

A1l of these are single SMSA's with the exception of the Detroit, Miami,
Pittsburgh, Seattle, and Tampa areas, which are combinations of two SMSA's.
In addition, the Detroit, Miami, and Seattle areas are defined as Standard
Consolidated Statistical Areas (SCSA's). All of these areas are referred
to by the name of the principal city. The New York and Newark areas are
treated as a single hub and referred to as New York.

e L IO ) o < s N
Civil Aeronautics Board and Federal Aviation Administration, Airport
Activity Statistics of Certificated Route Air Carriers: 12 Months Ended

June 30, 1976 (Washington: U.S. Government Printing Office, undated).

20ffice of Management and Budget, Standard Metropolitan Statistical Areas

(Washington: U.S. Government Printing Office, Revised Edition, 1975).

1-2
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There are a total of 24 airports analyzed; New York includes lLa Guardia
Airport (LGA) and Newark Airport (EWR) as well as John F. Kennedy International
Airport (JFK), since each of the three airports would be, by itself, a large
hub. Similarly, Ft. Lauderdale-Hollywood International Airport (FLL) is
analyzed as well as Miami International Airport (MIA), since FLL by itself
would be a medium hub and had 1,776,000 enplaned passen%crs in fiscal year 1975,
which was 31 percent of the enplaned passengers at MIA.

Given the calendar time and resources available for this study, it was not
possible to analyze each airport to the level of detail found in a master plan,
or even in a system plan. Fortunately, such detail is not necessary to meet
the overall objective of this study, which is to address national problems
which may be associated with the provision of major new airports. Consequently,
the results of the study need be valid only for the hubs as a group and not
necessarily for any particular hub. It is important that this report be re-
viewed carefully in this context.

The methodology for this study places great emphasis upon the existing
literature on major airports. This has been supplemented only where essential
by the collection of primary data, and supplemented only where feasible by
additional analysis. This additional analysis is limited to the estimation of
delay, the cost of delay, and the financial requirements due to new airports.
Other matters, such as environmental concerns, are limited to the analysis
found in the literature. The varying scope of that analysis implies that the
general results of the study are somewhat subjective, especially in view of the
greater range of possible future events that are considered as opposed to the
range usually found in the literature. These possible future events are
described by three sets of scenarios.

The first set of scenarios consists of low, middle, and high scenarios of
airport activity as expressed in air carrier (including commuter and other air
taxi) enplaned passengers and operations and in general aviation operations
associated with a considerable need to use a major airport.

The air carrier operations and enplaned passengers in the middle airport
activity scenario arc the same as in the Upgraded Third Generation Air Traffic
Control System (UG3RD) delay reduction study,? which represents an extension of
the Terminal Area Forecast (TAF) methodology.3 Through passengers are calcu-
lated using factors developed in another study.® The low and high scenarios
represent variations around the TAF.

SFederal Aviation Administration, Terminal Area Forecast: 1978-1988
(Washington. Federal Aviation Administration, January 1977).

“Robert A. Rogers, Vincent J. Drago, and Edward S. Cheaney, Estimation of
UG3RD Delay Reduction (Washington: Federal Aviation Administration,
January 1977).

SJuan F. Bellantoni, llelen M. Condell, Irwin Englander, Louis A. Fuertes,
and Judith C. Schwenk, The Airport Performance Model - Extensions, Validation,
and Applications (Cambridge: Transportation Systems Center, undated).
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The second set of scenarios are low and high estimates of the effects upon
capacity of the possibilities concerning implementation of UG3RD. To be sure
of covering all possibilities the low scenario is no change in capacity, and
the high scenario represents the capacity given full implementation of UG3RD.

The third set of scenarios are low and high estimates of the effects upon
peak hour operations of such peak spreading alternatives as limits on peak hour
operations with consequent quotas and greater fees during peak hours. DPossi-
bilities concerning implementation of such alternatives and their effects are
captured by letting the low and high estimates of the reduction in peak hour
operations be 0 percent and 30 percent, respectively, with a 6 percent floor
on the ratio of peak hour to average day operations.

The three airport activity scenarios, the two air traffic control (ATC)
scenarios, and the two peak spreading scenarios yield a total of 12 scenario
combinations. The scenario years will be calendar years 1985, 1990, 1995, and
2000. Rather than estimating year-by-year capital costs, they are centered
5 years before the identified scenario year.

OVERVIEW OF METHODOLOGY

For each of the 24 airports and for each of the 12 scenarios, potential
needs are assessed in terms of estimates of runway capacity surpluses or
deficits. The study is in a context of a longstanding FAA guideline that an
airport is considered to be approaching a congested state when delays average
4 minutes per aircraft. Average delay is allowed to rise to ¢ minutes per
aircraft before a potential need for a new airport is identified.® The 6-minute
point is a congested state that will result in delays on the order of 30 minutes
during peak hours. Beyond this point the percentage of passengers who perceive
a substantial degradation of service reaches unacceptable levels. New airports
are sized to result in average delays of 4 minutes or less.

The delay analyses are augmented by a synthesis of master plans, regional/
state system plans, environmental impact reports, and the results of interviews
at airports and regional planning commissions. Information was sought con-
cerning land use compatibility, community and environmental impacts, access,
and jurisdictional arrangements.

The planning data and results of the delay analyses are used as a basis for
generally locating new airports in those scenario-specific instances where a
potential need is identified. The capital costs of new airports are compared to
the delay reduction benefits, and to operating surpluses to obtain cstimates of
the coverage for revenue bond financing. Common problems in developing new
airports and a discussion of the practicability of shifting air carrier services
from an existing airport to a new airport are based on the synthesis of avail-
able secondary information.

éWilliam R. Fromme and John M. Rodgers, Policy Analysis of the Upgraded
Third Generation Air Traffic Control System (Washington: Federal Aviation
Administration, January 1977).
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INTERPRETING THE STUDY RESULTS

This report identifies future potential needs for major new airports
predicated on a criterion of reaching passenger and aircraft delay times
at a level that may not necessarily represent acceptable quality of service
to the communities. Delay times for the 24 airports that were analyzed
depend on the magnitudes of the scenario-specific traffic growth rates
(especially on peak period operations) and on predicted capacity increases
attributable to full implementation of UG3RD. The growth rates of aviation
cannot be predicted with certainty nor’ can the capacity increases due to
UG3RD be fully known until the systems are installed and evaluated. Indeed,
it is because of these uncertainties that the decision was made to employ
scenarios, and hence, conditional determinations of potential needs in this
study. Therefore, it is emphasized that the potential needs for major new
airports should be carefully interpreted with respect to the antecedent
scenario conditions from which they derive. This care in interpretation is
further amplified by the high sensitivity of the number of new airport
potential needs to the alternative traffic growth scenarios, the impact of
UG3RD on capacities at existing airports, and the 6-minute average aircraft
delay deficiency criterion.

The reductions in delay costs associated with new airport developments
are compared to the costs of new airport land acquisition and facilities
construction. However, a final decision to build (or not to build) a new
major airport follows from exhaustive assessments of demand and supply, site
studies, land use and environmental impacts, need for and availability of
financing, jurisdictional and 1nstitutional relationships, and socio-
demographic and economic impacts. While interview information pertaining to
these assessment factors was collected for this study, its principal purpose
was to facilitate characterization of common problems impairing the ability
of a community to locate and develop new airports. Evaluation of all of
the benefits and costs of major new airports was beyvond the scope of this
investigation. Hence, the service-based potential needs identified in this
study should not be interpreted as warvants for new airport development.

Several assumptions have been made in sizing and locating new airport
services and facilities which significantly influence estimation of capital
requirements. Most importantly, sizing of new airport needs is based on the
assumption (treated in chapter 7) that future major new airports serving
large metropolitan areas will supplement rather than replace the existing
airport or airport system. Air carrier operations are assumed to be split
between the existing and new airports in such a manner as to reduce average
aircraft delays to a maximum of 4 minutes at each airport serving the hub.
Stated alternatively, new airports are sized to provide that capacity needed
to accommodate the incremental activity at the existing airport above the
4-minute delay design criterion. Where new airport potential needs and sizes
are identified, new site locations have been determined mainly on the basis
of information reported in the literature or in the interviews.
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FINDINGS

Potential Major New Airport Needs

In identifying potential needs for new airports in the 21 hubs, findings are

scenario-specific, that is, conditional statements of needs with respect to

alternative combinations of assumptions about airport activity levels, UG3RD air

traffic control system capacity increases, and reduction of capacity require-

ments through peak spreading.

to adequately represent the feasible range of alternatives. The findings are
also dependent upon the assumptions embodied in the methodology. Given these
conditions, key findings are:

lising total operations (air carrier, commuter, other air taxi,

and general aviation) in the four scenarios, 10 to 19 airports

are expected to have an average delay exceeding 6 minutes by the
year 2000. However, this assumes that general aviation will not

be severely constrained at several of the airports with extensive
general aviation activity. Similar analysis in the absence of
general aviation indicates the number of airports exceeding the
o-minute criterion is from 2 to 12. Results are summarized in
table 1-1. Realistically, it must be expected that general avia-
tion operations will not be entirely eliminated from major air
carrier airports. In fact, at a few hubs, less than 15 percent

of general aviation activity would be accommodated at existing
major air carrier airports without exceeding the delay criteria

and without additional facilities for general aviation, with the
average accommodation at existing and new airports being 60 to

84 percent, depending upon the scenario. However, general aviation
cannot be cxpected to continue at high levels when air carrier air-

- ports approach congestion.

At airports where gencral aviation activity increases the delay
beyond the o-minute criterion, general aviation activity averages
360 percent of total operations. For airports in the study where
air carrier and air taxi activity alone results in an average delay
of more than 6 minutes, general aviation averages 17 percent of
total operations. Because of the high percentage of general avia-
tion at many of those airports exceeding the delay criterion when
total airport activity is considered, it appears to be appropriate
to determine potential major new airport nceds based upon air
carrier, commuter, and other air taxi activity and determine the
percentage of general aviation activity that could be accommodated.

A detailed examination of methods (including incentives) for
diverting general aviation to satellite airports should be the
subject of further analysis.

Anticipated potential needs for major airports in the range of
four scenarios are shown in table 1-2 for air carrier and air
taxi activity. Under the varying conditions, potential nceds
vary from a high of 10 airports to a low of 1 airport,

1-6
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TABLE 1-1. AIRPORTS WHERE AVERAGE DELAY EXCEEDS 6 MINUTES IN 2000

Scenario Combination

Airport Peak

Activity UG3RD Spreading
Middle No No
High Yes Yes
Middle Yes Yes
Low No Yes

1-7

Operations

Air Carrier, Air Carrier
Air Taxi, and and
General Aviation Air Taxi

19 12

14 6

10 3

10 2




6°€v 6°9¢L 0°220°1 9°185‘C [eioL
S*'Ive 0002 913338
6°¢vC S861 6°¢¥e 0661 6°¢¥C G861 gZ68 5861 03STdUBI UES
6°912 0661 SINoT 3§
[°S8¢ 000z 1°987 0661 etydiaperryd
17122 0002 | ) £ S661 L 9ve S86T YIOX MaN
c'ciIe 0002 strodesauuTty
L V61 S661 JBAU3(]
L-¢le S86T o8ed1Yy)
6°1LC 000¢ 6°1.LC S661 G lLe S86T uolsog
9°L0% S661 BIUBTIY
1s0) 31d138q 1s0) 3131330 1s0) 1121397 3s0) 3131320 qny
[eiol A£iroede) [eiop A3roede) [eiol A3roede) 1®30] A310edE)
Sax SAL Sak o\ Butpesads yeaq
ON S9A S9A ON ayeon
M07] STPPTN Y3ty STPPTI A31a130y 3zodaty
7 ¢ 4 I OTJIBUSDS
(s4ep1OpP 9L61 3O Suorlllw)
IXVL YIV ANV d919dVD YIV HLIM SA4IN LY0ddIV MIN UOLVIW TVIINILOd “Z-1 3FT8VL

1-8




e In addition to airports required for airside capacity, Los Angeles
is expected to reach a ground access limit of 40 million enplaned
and deplaned passengers by 1995. If groundside access cannot be
improved, other airport facilities will be required to handle
excess passengers.

e Average runway delays are sensitive to airport activity, implementa-
tion of UG3RD, and peak spreading, in that order. An increase of
11 percent in airport activity (from middle to high levels) increases
average delay by 73 percent, and a decrease of 24 percent in airport
activity (from middle to low) decreases average delay by 74 percent.
UG3RD reduces average delay by 76 percent, and peak spreading reduces
average delay by 30 percent.

e The numbers of airports exceeding the delay criterion are also sensi-
tive to airport activity, implementation of UG3RD, and peak spreading,
in that order. An increase of 11 percent in airport activity (from
middle to high levels) increases the numbers of airports with capacity
deficits by 40 percent, and a decrease of 24 percent in airport activ-
ity (from middle to low) decreases the numbers of airports by 73 ner-
cent. UG3RD reduces the numbers of airports excceding the delay
criterion by o0 percent, and peak spreading implies a reduction of
26 percent.

e It appears likely that future major new airports will almost
exclusively supplement, rather than replace, existing air carrier

airports in the major metropolitan areas.

New Airport Costs and Their Financing

e - New airport capital costs range from $0.2 billion to $2.6 billion in
the four scenarios with the Federal share (as specified in existing
legislation and with no ceiling on the absolute levels) ranging from
$0.1 billion to $1.2 billion,

e It appears that revenue bond financing will probably continue to be
a preferred method for raising capital for building new airports.
[f there 1s no ceiling on the absolute levels of the Federal share
and we assume that a 125 percent ratio of the sum of the operating
surpluses (at the existing airport(s) and the new airport at the
levels of the first year of the new airport) to the bond payments
is required for successful revenue bonds, revenue bond financing
appears feasible with a few exceptions (table 1-3). If there were
a $50 million ceiling on Federal aid to any one airport, revenue
bond financing would still be generally feasible, but the exceptions
would be more numerous, with most of the exceptions now requiring
state or local funding instead of only lending or guarantees of
bonds. If there were no Federal participation, the exceptions would
be even more numerous and more serious. Some kind of assistance
would be required more often than not, usually financing rather
than merely guaranteecing or lending. A single airport financial
jurisdiction for all air carrier hub airports should be encouraged
or Federal financial assistance provided to new airport authorities.




TABLE 1-3. BOND COVERAGE®
(percent)

Federal Participation

75 percent of Limit of

Year eligible expenditures’  $50 million® None
Scenario 1
Atlanta 1995 407 309 235
Boston 1990 147 89* TAr*
Chicago 1985 351 248 190
Denver 1995 192 153 114%
Minneapolis 2000 249 181 139
New York 1985 294 197 169
Philadelphia 1990 105* 63 x* S2%*
St. Louis 1990 145 103* 79**
San Francisco 1985 9g** 65%* S7**
Seattle 2000 101* 68** S
Scenario 2
Boston 2000 264 160 130
New York 1995 803 564 437
Philadelphia 2000 205 122* 101*
San Francisco 1990 240 166 132
Scenario 3
New York 2000 720 506 392
San Francisco 1990 203 140 L™
Scenario 4
San Francisco 1985 147 102* 30 bt

d0perating surpluses (at existing airport(s) and new airport at levels

of the first year of the new airport) as percentage of equal annual pay-
ments for 25 years at 10 percent on a bond to finance the local share of
new airport capital costs.

bFifty percent of eligible terminal expenditures; eligibility as defined
in P.L. 94-353 for large air carrier airports.

CFive years of construction at $10 million per year.

*Less than the amount required for a successful revenue bond; guarantees
or lending required.

**Less than the amount required for bond payments; income required.
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Impacts at Existing Airports

e Expansion of existing major air carrier airports is planned or
judged to be possible at 13 of the 24 airports which were investi-
gated in this study. These expansions include feasibility of land
acquisition and new construction. However, in 9 of the 13 airports,
expansion is judged to be feasible with major constraints stemming
principally from land use incompatibilities.

e The principal impacts associated with expansion of existing airports
concern noise and access/egress. Noise is cited as a major impact
at 11 of the 24 airports. Access/egress congestion associated with
airport expansion is cited as increasing in severity at 9 of the 24
airports.

Possible Actions for Improving the Planning Process

e Establishment of recommended standards to be applied by local juris-
dictions and promotion of one common noise rating system.

e Promulgation of better citizen participation and public awareness
programs.

e Evaluation of the long term benefits and costs of converting selected
military air bases to air carrier airports.

Feasibility of Relocating Major Air Services

e Of the 10 hubs having a potential need for a new airport in the
maximum need scenario, it appears feasible at only 4 locations to
_relocate, rather than supplement, existing major airports.
The principal advantages of relocation are:

e Ability to acquire sufficient land to meet long term needs at
costs which are relatively low.

e Opportunity to influence the development of environmentally
compatible land uses in the new airport impact zone.

e Ability to optimize facilities layout and construction with respect
to long term needs.

e Provision for concomitant long term landside accessibility relatively
free from competing ground transportation demands.

e Easier routing and scheduling for a single new airport in contrast
to multiple hub airports.

The principal disadvantages of relocation are:
e Multijurisdictional issues of financing, land acquisition, land use

control within the new airport environmental impact area, and ground
transportation.
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e Typical remoteness of new sites from users and employees.
or i
3

e Disruption of airport-related or induced economic activity

near the existing airport.
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CHAPTER 2. METHODOLOGY
SECTIv.4 1., TIDENTIFICATION OF CAPACITY DEFICIENCIES

In order to form a common basis of evaluation, an aircraft runway delay
analysis was performed on each airport in the study. This analysis consisted
of using the various airport activity scenarios and the estimated runway
capacities of various operational scenarios to determine average aircraft
runway delays.

DELAY CRITERION

The function of an air carrier airport is to serve as a connecting point
between the air transportation system and various forms of ground transporta-
tion. The primary service unit of an airport is its runway system which
typically occupies the greatest percentage of the airport property, is the
least flexible to change, has the greatest impact on airport operations, and
consequently, is greatly impacted by land use patterns surrounding the airport.
Although delays can occur at any point in the airport system (runways, gates,
terminals, access roads), congestion of the runway system can generally serve
as a primary measure for identifying a need for additional capacity at an
airport., Therefore, the average runway delay per aircraft opecration was
selected as the primary measure for identifying a need at the various air-
ports analyzed in this study. For FAA planning purposes, an airport runway(s)
may generally be considered to be approaching a congested state when delays
average 4 minutes. However, after discussions among the FAA and the study
team, it was concluded that a somewhat higher average delay at existing air-
ports would be used in identifying capacity deficits. Accordingly, a crite-
rion of a 6-minute average annual runway delay per aircraft operation was
established as the point at which a serious capacity problem would exist.!
The 6-minute point was chosen based on the judgment that at this point, the
level of service becomes unacceptable. A conventional rule of thumb is that
peak hour average runway delays are on the order of five times annual average
runway delays, Total peak hour average delays would be another multiple of
peak hour average runway delays.

In this study, runway delay is defined as the time an aircraft must wait
for a runway to become available for its use. The delay time does not include
the service time of either the runway or the final approach airspace (that
space traversed just before and during the final approach after an aircraft
has been cleared for landing).

DELAY ANALYSIS

To accomplish the objectives of the delay analysis, it was necessary to
develop a methodology capable of efficiently analyzing the delay situation
for the airports and scenarios of interest. The methodology described below

'william R. Fromme and John R. Rodgers, Policy Analysis of the Upgraded
Third Generation Air Traffic Control System (Washington: Federal Aviation
Administration, January 1977).
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is based on a delay model developed for the FAA.” Adapting this model for use
in this study facilitated achievement of the study objectives within the strict
time and cost constraints imposed on this project and served as a common basis
for analyzing the airports of interest.

Queuing Model Formulation

The primary computational tool used in the delay analysis was the Airport
Integrated Design System (AIDS), AIDS is a computer program that uses
queuing models to establish relationships between airport activity, capacity,
and delay. The mathematical structure of these models is developed in the
cited reference. It was determined at the outset of the study that it would
be beyond the resource and time constraints of this project to make a separate
AIDS run for each airport, year, and scenario of interest. Therefore, AIDS
was used to develop an abbreviated estimation procedure.

The delay analysis discussed below is based on a generalized computer
methodology that could be easily applied to the airports, years, and scenarios
of interest. It must be realized that the method developed yields only approx-
imate delay estimates, and its results should be considered in this light.

Aircraft Runway Delays

A similar approach for determining aircraft runway delays was taken for
each scenario of interest. The runway system capacities used in this study are
defined as the number of operations possible in 1 hour if there were always an
aircraft waiting to use the runway system and are those capacities determined
by the MITRE Corporation and used in its UG3RD analysis.3 The MITRE study,
however, did not include airport capacities for Fort Lauderdale or San Diego
(SAN). For these two ailrports, surrogate runway system capacities were deter-
mined by matching the respective system configurations to similar airport con-
figurations for which system capacities were known. (FLL was matched with
La Guardia Airport and SAN was matched with Washington National Airport.)

For each airport, scenario, and year of interest, MITRE calculated eight
capacities which it felt best typified the airport's mode of operation. The
eight different capacity cases correspond to low and high capacities, Visual
Flight Rules (VFR) versus Instrument Flight Rules (IFR) conditions, and
whether or not the Wake Vortex Avoidance System (WVAS) is in use. These
rates reflected forecasted runway improvements, aircraft mix, and in-trail
separation standards.

AIDS was used to generate eight generalized delay curves. Each curve
represents the average delay per aircraft operation as a function of the ratio
of annual operations to runway hourly capacity. One set of four curves
represents a low diurnal peaking factor of 6.0 percent, while the other set
of four curves represents a high diurnal peaking factor of 10.65 percent.
These low and high peaking factors represent the extremes that prevailed at
the 30 airports investigated by MITRE. At this time slightly higher peaking

“Battelle-Columbus Laboratories, Estimation of UG3RD Delay Reduction
(Columbus: Battelle-Columbus Laboratories, July 1976).

3Arthur P, Smith, Estimation of UG3RD Capacity Impacts (Washington: The
MITRE Corporation, May 1976).
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factors exist at some airports. The four curves in each set represent
different capacities; 50, 100, 125, and 150 operations per hour, respectively.
Each of these curves was formulated under the assumption that the typical
number of operations per day is the same for either a weekday or a weekend.

Once the annual aircraft demand is known, the delay per operation associated
with each capacity can be found by interpolating between the low curves and

the high curves on the basis of each airport's diurnal peaking
capacity. Therefore, eight values of delay are calculated for
scenario, and year. These eight values are then combined into
weighted average of delays per operation. The weights used in
average are the fractions of the time the airport is operating
eight capacity situations.

Unbalanced Arrival/Departure Scheme

factor and hourly
each airport,

a single
calculating this
in each of the

For a number of the airports considered, MITRE calculated the runway
capacity based upon an unbalanced arrival/departure scheme, i,e., more departures
than arrivals. In some cases, the ratio of departures to arrivals was as great
as 3:1. Naturally, in a real world situation, this arrival/departure unbalance

fluctuates throughout the day. The abbreviated procedure used

in this analysis

assumes that the runway capacity is constant throughout the day, and therefore,
the MITRE capacity was assumed to apply throughout the day. The exact effect

of this assumption on the delays estimated in this analysis is
would vary from airport to airport.

APPLICATION OF DELAY CRITERION

uncertain and

The delay analyscs were performed for each airport, year, and scenario of
interest. For each case in which a 6-minute or greater average aircraft delay

was reached, a capacity deficiency was identified.

Possible Airside Expansion

For each airport where a capacity deficit was identified, the study team
made a subjective determination as to whether sufficient land was potentially
available for possible airside expansion, Such expansion was found not to be
possible for any of the airports being considered, beyond the planned expan-

sions already incorporated into the delay analyses.

Diversion to Other Air Carrier Airports

An investigation was made to determine if there were any other air carrier

airports in the hub area to which traffic could be diverted.

If enough air-

port activity could be diverted to reduce the aircraft delay below the 6-
minute level, the airport could be removed from the deficit category. Such

diversion was found not to be possible for any of the airports

Potential Need for a New Airport

being considered.

Since after the above steps, the estimated average delay still remained at
or above the 6-minute level, the hub was identified as having a potential need
for a new air carrier airport., It is emphasized that the establishment of
potential need is based strictly on capacity deficit vis-a-vis the 6-minute
delay criterion and the quality of airport service implied by this criterion.
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NEW AIRPORT SIZING

If a hub was identified as potentially needing a new airport, it was assumed
that the new airport would be used in conjunction with, rather than completely
replace, the present airport. The size of the new airport would be such that it
would have sufficient capacity to insure no greater than a 4-minute average delay
at both the new and current airports.

SITE LOCATION

In order to determine the cost of the new airports, the land cost and, there-
fore, the general location of new airport sites required identification. At
hubs where new sites have already been identified, the land costs at such sites
were used for this purpose. Where no new sites have been or could not be
identified, the average land cost in the hub area exurban fringe (a distance
of approximately 30 miles from the city center) was assumed.

SECTION 2. COSTS AND REVENUES

NEW AIRPORT CAPITAL COSTS

Land Acquisition

In most cases, land values are difficult to estimate for a hypothetical
airport at an undetermined site inasmuch as land values are intrinsically site-
specific. Order of magnitude land value estimates in terms of cost per acre
were solicited from an airport planner or land use planner in each of the 10
hub areas. In certain cases, new sites have already been purchased, and better
cost estimates were obviously available.

New Airport Design Size

The physical size of new airports which can handle traffic diverted in the
year 2000 is developed from a combination of actual construction experience and
information derived from existing literature. In addition to the guidance
provided by the FAA Federal Aviation Regulations (FAR) and advisory circulars
(AC), two other sources were of great value:

a. Horonjeff, R., Planning and Design of Airports (New York: McGraw-
Hill, 1975).

b. Ralph M. Parsons Company, The Apron and Terminal Building Planning
Manual (Washington: U.S. Department of Transportation, July 1975).

More specific design information is provided as follows:

a. Airfield: The general configuration is derived from Horonjeff and
from FAA AC 150/5060-3A, Airport Capacity Criteria Used in Long Range Planning,
instrument landing system and navigation aids criteria from AC 150/5300-2C,
Airport Design Standards - Site Requirements for Terminal Navigational
Facilities, typical runway length from AC 150/5325-4, Runway Length Requirements
for Airport Design, taxiway design from AC 150/5335-1A, Airport Design Standards,
Airports Served by Air Carriers - Taxiways, runway design from AC 150/5335-4,
Airport Design Standards, Airports Served by Air Carriers - Runway Geometrics,

and terminal apron size from Parsons.




r———‘ . . —
t
|
?

T, PR AN A P D SR

b. Terminal complex: The passenger terminal gross building area is
derived from the following sources:

(1) Horonjeff, p. 256-7, states that "typical peak-hour passenger'
figures are in the range of 0.03 to 0.05 percent of the annual passenger volume,
Total gross area (domestic) is approximated by 25,000 square feet per typical
peak hour passenger.

(2) Parsons, figure 6-5, gives data for estimating terminal area
per gate as a function of annual enplanements.

(53) Trends in new terminal area planning were extracted from data
for existing airports summarized in Capacity/Demand Survey for lLarge Hub
\irports, by D. E. Gentry, J. D. Howell, and N. K. Taneja for the FAA.

¢. Access: Parsons provides a method for estimating terminal curbside
length and parking requirements. Parking area is based on a figure of 2,000
wvee and passenger parking spaces per one million annual enplanements.

Building and Construction Costs 3

Unit 1976 prices for construction costing were developed from the annual

bodge Manual for Building Construction Pricing and Scheduling of the McGraw-
11111 Information Systems Company, the annual edition of Means Building Con-
struction Cost Data of the Robert Snow Means Company, Inc., the March 24, 1977 i
ssuce of Ingineering-News Record, as well as from past experience with con-
struction estimating practices. L §
:
COMPARISON OF CAPITAL COSTS WITH DELAY REDUCTION BENEFITS
Since the airport system in a hub is assumed to be designed for an average ]
delay of 4 minutes if there is a persistent capacity deficiency, and since no
ore traffic is assumed to be diverted than that traffic necessary to bring the i
existing airport down to an average delay of 4 minutes, the average delay at |
the new airport will be 4 minutes or less. It is assumed that the average delay
will be 4 minutes at the new airport and consequently throughout the hub.
[t is also assumed that the reduction in delay will be constant throughout
the life of the new airport. The reduction in average delay is the difference

between 4 minutes and the estimated average delay for the year of capacity !
deficiency. If the life of the new airport is 25 years, the value of the delay
reduction over the entire airport life at a point 2.5 years before the year of
capacity deficiency is 7.5 times the annual delay reduction, using the discount
rate of 10 percent.” The point 2.5 years before the year of capacity deficiency
and hence of airport opening is assumed to be the midpoint of construction.

Ihe reduction in total aircraft delay is the reduction in average delay
multiplied by the number of aircraft operations, and is valued at $700 per hour,
Ihe reduction in total passenger delay is the reduction in average delay multi-
plied by the number of passengers (including through passengers), and is valued
‘Office of Management and Budget, Discount Rates To Be Used in Evaluating
fime-Distributed Costs and Benefits (Washington: Office of Management and
Budget Circular No. A-94, Revised, March 1972).
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at $12.50 per hour.® It is then possible to compare the total value of delay
reduction with the total capital cost of a new airport, sized to handle traf-
fic diverted in the year 2000.

OPERATING SURPLUSES

Revenues by source vary widely from one airport to another. To a lesser
extent, cven the definition of cost and revenue varies; that is, a revenue at
one airport might be a negative cost at another, or a cost at one airport might
be a negative revenue at another. Because of this, and because the basic
purpose of estimating operating costs and revenues is to determine to what
extent operating surpluses will fund new airport construction, operating sur-
pluses are estimated directly rather than first estimating operating costs and
operating revenues by source.

Estimates are made of the sum of the operating surpluses at the present
airport(s) studied plus a new airport in a given hub. These estimates are
based upon a least squares regression developed for an HNTB master plan:®

S =1.505 E - 91,586

where S denotes operating surplus in 1971 dollars and E denotes enplaned pas-
sengers. This equation fits 89 percent of the variation in data for 92 air
carrier airports.’ Operating surpluses were put into 1971 dollars using the
implicit price deflator of state and local government purchases of goods and
services. According to the State and Government Branch of the Government
Division of the Burcau of Economic Analysis, the 1971 and 1976 deflators are
now 94.5 and 138.7, respectively, which can be used to put the equation into
1976 dollars:

S = 2.209 E - 134,423

According to this equation, operating surplus is zero when enplaned passengers
are approximately 61,000.

This relationship is applied to the airport activity scenarios to develop
estimates of operating surpluses. Note that the estimates are not affected by
the ATC or peak spreading scenarios. The peak spreading scenario with a
reduction in peak hour operations may embody greater fees during peak hours.
Consequently, the operating surplus estimate may be conservative for this
scenario,

SFederal Aviation Administration, Establishment Criteria for Category I
Instrument Landing System (Washington: Federal Aviation Administration,
December 1975).

®Howard, Needles, Tammen § Bergendoff, Burlington International Airport
Master Plan: Technical Report (Burlington: City of Burlington, April 1975).

’Federal Aviation Administration, Economics of Airport Operation;
Calendar Year 1972 (Washington: Federal Aviation Administration, April 1974),
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BOND COVERAGE

The local share of the new airport capital costs are centered 2.5 years
before the opening of the new airport, A bond is posited that covers the
construction costs and grows at a given rate of interest for 2 years. The
bond then is repaid in equal annual payments for a period equal to a given
economic life of the new airport. If the operating surpluses devoted to the
retirement of these bonds are assumed to remain constant for the economic
life of the new airport, increases in the operating surpluses at both the old
and new airports can then be devoted to capital replacement at the old airport(s).
The coverage of the bond payments (the ratio of the operating surpluses to the
bond payments) is compared to the 125 percent requirement for a successful

3 revenue bond. The range of interest rates is from 1 to 20 percent and the range
i of airport cconomic lives is 10 years to 40 years.

From a local point of view, the financial considerations are basically how
| money for capital costs can be borrowed and how this money can be repaid. In
this context, there are three possible outcomes of the preceding: the first

I is that operating surpluses arc estimated to be generally sufficient for

| coverage on revenue bonds. In this case, the traditional revenue bond

i financing is feasible, and the operating surpluses will more than cover the

i bond payments.

The second possible outcome is that operating surpluses are estimated to be
generally larger than the bond payments but not sufficient for the revenue bonds
to be sold. The local alternative would be general obligation bonds, which might
encounter local debt ceilings. Since debt ceilings are beyond the purview of
this study, the recommendations in this case would concentrate upon mechanisms
by which the Federal Government could induce the market to accept revenue bonds.

The third possible outcome is that operating surpluses would be less than
bond paymchts. In this case, the recomnendations would focus upon local capac-
ity to finance the difference and perhaps greater Federal and state shares of
costs as well as mechanisms to make revenue bonds more attractive.

SECTION 3. AIRPORT IMPACTS AND POSSIBLE FEDERAL ROLES

In addition to analyzing delays at each of the 24 airports in the 21 hubs
under study, two equally important objectives of this study were first, to
identify and characterize common environmental and community problems cur-
rently encountered during the expansion of the existing airports and/or
during the selection of a location for a new airport site, and second, to
identify areas for possible Federal actions designed to alleviate the impact
of these problems. The threefold approach employed to accomplish these objec-
tives is as follows:

a. Identification of relevant airport problems based on a literature
review.

b. Identification and characterization of airport problems during
interviews.

¢. Synopsis of relevant airport problems and identification of possible
roles for Federal action in the airport planning process.
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Specific results of this study segment are presented in chapter 6, "Capacity
Expansion Options', and in chapter 8, '"Possible Roles for Federal Action."

AIRPORT PROBLEMS IN THE LITERATURE

At the outset of the study, airports and local planning agencies were
contacted to inform them of the existence and nature of the study, to seck
their cooperation in the study, and to procure current airport master plans,
regional/state airport system plans, airport layout and arca maps, urban
transportation and land use studies, environmental impact reports, and other
appropriate documents. All documents received from the agencies as well as
those documents already available were subsequently reviewed and a draft
profile paper was prepared for each airport hub. These profile papers in-
cluded brief descriptions of the location and configuration of the existing
airports, identitied community and environmental impacts resulting from air-
port operations, and contained the status of airport cxpansion and/or airport
planning activities to the extent that such existed. The draft profile papers
also served as a basis for preparing a common list of specific topics to be
discussed during the field interviews.

TDENTIFICATION UF AIRPORT PROBLEMS DURING INTERVIEWS

Follewing FAA protocol, interviews with the appropriate airport agency,
A-95 review agency, and regional transportation authority were arranged.
(A-95 agencies are arcawide planning agencies designated under provisions of
the Intergovermnmental Cooperation Act of 1968 to coordinate federally assisted
projects and to stimulate intergovermmental cooperation in planning and devel-
opment activities.) A letter was mailed to each agency which included the
draft profile paper and activity and delay projections for agency review
prior to the scheduled interview.

SYNOPSIS OF AIRPORT PROBLEMS AND POSSIBLE FEDERAL ROLES IN THE AIRPORT
PLANNING PROCESS

Upon completion of the field interviews, the draft hub profile papers were
expanded and corrected as required. They were subsequently mailed to personnel
at the respective airports for verification in order to insure that all infor-
mation obtained during the field interviews had been correctly stated.

From the hub profiles and all other pertinent information acquired during
the literature review and field interviews, a summary matrix of common environ-
mental and community impacts of the major airports was prepared. The environ-
mental and community impacts associated with both current airport operations
(e.g., land use compatibility, noise exposure, traffic congestion, and air and
water quality) as well as those similar impacts commonly expericnced during air-
port expansion or new airport site selection are identified and discussed in
chapter 6. An overview of the status of airport expansion programs and new air
carrier airport planning by hub is also discussed and presented in a second
matrix in chapter 6. The identified environmental and community factors are
qualitatively assessed because of data unavailability and data inconsistencies.
Additionally, the impacts at each hub are subjectively analyzed in relation to
the severity and frequency of the impacts at all other hubs to reflect the
severity of the identified impacts in a national context.
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SECTION 4. RELOCATION OF MAJOR AIRPORTS

This task addresses the feasibility and practicability of shifting air car-
rier services and facilities from an existing airport to a new site. The output
of this task consists of:

a. A broad general discussion of the factors influencing feasibility
and practicability; in other words, a summary portrayal of advantages and dis-
advantages of relocation generally applicable to any metropolitan area.

b. Classification of metropolitan arcas where potential new airport
needs are related to relocation feasibility.

The distinguishing feature between this task and the preceding task is the
explicit consideration of removal of major air carrier operations from an ex-
isting metropolitan airport in the present case. Both tasks entail summary
assessment of a common set of tactors (enviromment, land use, jurisdictional
matters, etc.). Thus, the methodological approach to the relocation task
closely parallels that of the preceding task. Specifically:

a. Using information reported in the hub profile papers and analyses of
this information summarized in the impact matrices, a preliminary assessment of
relocation feasibility was made for the 21 hubs.

b. To establish a factual empirical basis for refined examination of
the relocation guestion, interviews were held with officials in Dallas/Ft. Worth,
Kansas City, and Montreal for the purpose of documenting their experiences in
the relocation actions that occurred in those cities.

¢. Based on the findings of these steps, a general analysis of the ad-
vantages and disadvantages of airport relocation was prepared and is presented
in chapter 7.

d. Finally, the hubs where potential new airport needs had been identi-
fied were classified with respect to relocation feasibility and practicability
based on judgmental assessment of the advantages/disadvantages associated with
expansion/new airport planning factors for the areas in question.

With respect to the second step in this task design on a realistic appraisal
of the relative success of selected major airport relocations, two major re-
search perspectives are presented. First, the analysis of airport relocations
is based upon generalizations of findings drawn from three case studies.

a. In Kansas City in the early 1970's, scheduled air carrier service
was transferred from a central city municipal airport to the new Kansas City
International Airport located approximately 19 miles north of the city's center,
This case study was chosen because it provides an example of an airport reloca-
tion where most steps in the process went smoothly, and only minor problems or
disruptions were encountered.

b. The development of the new Dallas-Fort Worth International Airport
was chosen as a case study characterized by a number of implementation prob-
lems, involving both local political jurisdictions as well as the new airport
configuration and equipment.
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¢. The new Mirabel air facility in Montreal was chosen as an airport
relocation that has been characterized by a great number of implementation
problems.

By cxamining these somewhat divergent airport relocation processes, each with
its own degree of success in specific areas, it was possible to identify some
of the major factors that may facilitate or impede the relocation of other
major metropolitan airports.

lhe second perspective deals with the major types of questions that were
askhed i1n the analysis. It was beyond the scope of this resecarch to carry out
an in-depth analysis of the plans for each of the airports, the specific facil-
1ty development benchmarks accomplished, or to present a detailed financial and
air operations evaluation of the relocation action. However, by focusing the
research upon the general characteristics of the move, three basic questions
have been explored:

a. First, in the case of each of the three airports noted above, the
major reasons cited for causing a relocation were identified.

b. Sccond, the general characteristics of the relocation process werc
examined, including the identification of major problems that had been antici-
pated, but focusing on those which arose during the relocation process and had
not been adequately foreseen.

¢. Finally, an examination of the relative success of the new facility
1s presented, including an evaluation of the degree to which the new airport
satisfies the objectives that led to the move. An important part of this third
perspective is an examination of the activities that characterized the old air-
port, especially the roles of general aviation and air freight,

In chapter 8, the common role of planning and governmental agencies in the
airport planning process at the local/regional and Federal levels is character-
ized; suggestions are made as to possible roles of Federal agencies and new
opportunities for Federal involvement to alleviate and/or resolve the common
airport planning problems identified in chapter o.




CHAPTER 3. SCENARIO DEVELOPMENT

Three airport activity scenarios are combined with each of four operational
scenarios to form 12 scenario combinations which are analyzed at 5-year incre-
ments from 1985 to 2000. As discussed in the previous chapter, the criterion
for a potential runway capacity need is an average delay per aircraft operation
of 6 minutes or greater.

SECTION 1. AIRPORT ACTIVITY SCENARIOS

The first set of scenarios consists of low, middle, and high scenarios of
airport activity as expressed in general aviation operations and air carrier
(including air taxi) enplaned passengers and operations. These scenarios are
given in the appendix.

The air carrier operations and enplaned passengers in the middle airport
activity scenario are the same as in the UG3RD delay reduction study, which
represents an extension of the TAF methodology. The low and high scenarios
represent variations around the TAF.

The general approach to the facility forecasts presented in the TAF is
top-down. For each series, the national forecasts are distributed to the
regions, states, and then the individual airports. For the top 30 air carrier
airports, adjustments are made according to state population, state income,
and tower forecasts. In addition, tower and market characteristics are used
to modify the forecasts at these locations. Average aircraft size, the car-
riers serving the airport, their historic and present capacity in terms of
frequency and aircraft type, the markets served, and the composition of future
fleets of the relevant carriers are used to test the internal consistency of
the air carrier forecasts. In addition, changes in carrier status from com-
muter to certificated carrier influence the forecasts.

Because the commuter and nonscheduled air taxi service scem to be the most
volatile of the series projected, special consideration is given to these fore-
casts. By using the number of commuter or scheduled air taxi operators as an
indicator, a growth rate for air taxi operations is determined individually
for cach airport served. Judgments made about both the strength of the carrier
itself and the strength of market served are the basis of these rates. As air-
ports reach a certain level of operations, aircraft will tend to use other
nearby airports unless additional facilities are installed.

After the forecasts are generated and the adjustments made, the FAA
regional planning offices are asked to comment on them. Updates of based
aircraft and activity at nontowered airports are included in these regional
comments. In addition, information is received on plans for new runways,
on the possibility of new commuter service, and on airports expected to
deviate from the national trends. These comments are incorporated in the
TAF subject to the constraints imposed by the national forecasts.

SECTION 2. OPERATIONAL SCENARIOS
Four airport operating scenarios are considered: (1) a baseline scenario

which assumes the airport's present mode of operation, (2) a peak spreading
scenario which assumes that the airport has the same runway capacity as the
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baseline, but the operations are spread more evenly throughout the day, thus
reducing the number of peak hour operations, (3) a UG3RD scenario which assumes
the runway capacity benefits of UG3RD, and (4) a UG3RD and peak spreading
scenario which assumes the runway capacity of UG3RD plus the benefits of peak
spreading.

PEARK SPREADING

The shape and amplitude of the diurnal pattern (the pattern throughout the
day) of aircraft arrivals and departures at an airport affects aircraft delays.
It was beyond the scope of this study to include in the analysis a detailed
description of each airport's diurnal pattern. However, one variable, the
diurnal peaking factor, was chosen as the single variable that best represents
the effects of the diurnal pattern on aircraft delay. The peaking factor is
the ratio of the number of peak hour operations to the number of average daily
operations. The higher the peaking factor, the higher will be the average air-
craft runway delay. Typically peaking factors run between approximately 6 and
11 percent. The peaking factors used in this study are those that existed at
each airport on November 7, 1975.1

The purpose of the peak spreading scenario is to show the effect on air-
craft delay of reducing the peaking factor by spreading operations more evenly
throughout the day. This is done by reducing the peaking factor to 0.7 of its
original value, but never lower than the floor of 6 percent.

BASELINE AND UG3RD CHARACTERISTICS

In its analyses of the cost and benefits of UG3RD, the FAA defined five
systems: a baseline system that contained no UG3RD advances and four groups
containing various levels of UG3RD advances with group 4 being the most ad-
vanced. Associated with each system is a different level of runway capacity
with the baseline having the lowest capacity and group 4 having the highest
capacity. In this study, only the baseline and the group 4 systems are con-
sidered, and wherever UG3RD is indicated in this report, group 4 is implied.
Group 4 is taken to represent full implementation of the UG3RD system.

There are nine major elements of UG3RD.? They are:
a. Discrete Address Beacon System
b. Airborne Separation Assurance System
¢. Flight Service Stations
d. Upgraded ATC Automation (including Metering and Spacing)
e. Airport Surface Traffic Control
'Federal Aviation Administration, Profiles of Scheduled Air Carrier Airport

Operations. Top 100 U.S. Airports: November 7, 1975 (Washington: Federal
Aviation Administration, February 1976).

“Arthur P. Smith, Estimation of UG3RD Capacity Impacts (Washington: The
MITRE Corporation, May 1976).
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f. Wake Vortex Avoidance System

g. Area Navigation

h. Microwave Landing System

i. Aeronautical Satellite
The various combinations of the above elements that could be implemented are
numerous. A detailed discussion of the possible implementation options is

given in the previously cited MITRE study.

Baseline Configuration

The baseline configuration assumes the existence of certain new items of air
traffic control equipment, such as the completion of the Automated Radar Terminal
System (ARTS) III program and highly probable additions to the airport facilities
(e.g., instrument landing systems). The following assumptions characterize the
baseline configuration:

a. The National Airspace System Stage A will be implemented at all en
route centers,

b. ARTS III will be implemented at 63 terminals,
c. ARTS II will be implemented at 69 terminals.

d. Improved capability will be added to the Air Traffic Control Radar
Beacon System.

e.. Extended Radar Advisory Service may be provided at additional
terminals as permitted by existing regulatiors.

f. Ground proximity warning indicators will be installed on all air
carrier aircraft.

UG3RD Groups

The groups are based on a progression of increased airport capacity and
their most probable implementation dates. Group 1 is the current system with
a Wake Vortex Avoidance System. This avoidance system is supplemented in
group 2 by basic Metering and Spacing. Group 3 has a more sophisticated Wake
Vortex Avoidance System and an improved surveillance system including automated
controller aids in the form of digitized displays and computer generated alarms.
Group 4 is the most sophisticated group which includes advanced Metering and
Spacing, Discrete Address Beacon System, Microwave Landing System, and Area
Navigation to aid the airside, and Airport Surface Traffic Control and high
speed exits to ensure efficient movement on the taxiways and aprons,
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Estimated Implementation Dates for UG3RD Groups

The particular combination of elements that comprise the groups discussed
were chosen not only because of their potential for increasing airport capacity,
but also because of their expected time of availability. Since there are risks
involved in development programs, the estimates of the FAA as to when the groups
will be fully operational at the first location is a range of years. These esti-
mates are given in table 3-1. The optimistic, most likely, and pessimistic dates
are based on accelerated, normal, and deferred budget, procurement, and imple-
mentation cycles. The most likely implementation dates are assumed to be the
most appropriate dates on which to base the capacity estimates.
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CHAPTER 4. POTENTIAL NEEDS FOR MAJOR
NEW AIRPORTS

The basic thrust of this chapter is the assessment of the airside capacities
of each of the 24 study airports through the year 2000. Based upon this assess-
ment, the potential needs for new airport facilities for the 21 hubs are identi-
fied. The airside capacities are assessed by applying the delay methodology and
delay criterion described in chapter 2 to the airport activity and operational
scenario combinations outlined in chapter 3.

SECTION 1. DELAY ANALYSES

DELAY ANALYSES

The analysis of each airport is based on the airport activity scenarios con-
tained in the appendix and on the runway capacities developed by the MITRE
Corporation.

Expanded Facilities

For three airports, the capacities represent estimates for presently
planned or proposed expanded airside facilities, These three airports are
Atlanta, Cleveland, and Pittsburgh,

At Atlanta, the layout plan shows a fourth parallel runway in the 9/27
direction. If this new runway were to prove environmentally acceptable, it
would significantly reduce aircraft taxi time and gate congestion.

At Cleveland, an environmental impact assessment has already been prepared
for a proposed major airside program which would entail the relocation of
runway 5L/23R to a point 1,100 feet apart from runway 5R/23L, and the
construction of a 710-foot extension on the south end of runway 18R/36L.

At Pittsburgh, plans call for the completion of a third runway (a new
10R/28L) in fiscal year 1979 if approval can be obtained for phase III funds
in fiscal year 1977. Federal funds in the amount of $15 million have been
requested to allow for the completion of this runway.

Delays with Air Carrier, Air Taxi, and General Aviation

The average aircraft delays with air carrier, air taxi, and general
aviation operations for each airport, for each scenario combination, and
for the years 1990 and 2000 are given in the appendix. The distribution of
these delays for the year 2000 are summarized in table 4-1. The number of
airports with average delays greater than 6 minutes ranges from 21 airports
for the high airport activity, no UG3RD, and no peak spreading scenario
combination to 2 airports (Miami and Minneapolis) for the scenario combination
with low airport activity, UG3RD, and peak spreading. Changing the delay
criterion by 2 minutes in the range from 2 to 10 minutes changes the number
of airports with a capacity deficit only by an average of two.

In what might be called the most likely scenario combination (middle air-
port activity with UG3RD and peak spreading), there are 10 airports with average
delays greater than 6 minutes. Assuming for the moment that it is not
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possible to expand any of these airports to the extent necessary to bring
average delays down to 6 minutes, .t becomes necessary to divert traffic to
another airport, or (if necessary) to a new airport. Since a higher percentage
of general aviation could be diverted to a reliever or smaller airport, the mix
of diverted operations would have a higher percentage of general aviation opera-
tions than the operations remaining at the major airport. Rather than attempt
the difficult task of estimating the relative likelihoods of diverting general
aviation versus air carrier and air taxi operations, the simplifying assumption
was made that general aviation operations would be diverted before air carrier
and air taxi operations. However, the percentage of general aviation opera-
tions that could be accommodated at new airports is estimated below.

Delays with Air Carrier and Air Taxi Operations

The average aircraft delays with air carrier and air taxi operations only
are also given in the appendix for each airport, for ecach scenario combination,
and for the years 1985, 1990, 1995, and 2000. The distributions of these delays
for the year 2000 are summarized in table 4-2. The number of airports with
average delays greater than 6 minutes ranges from 15 airports (6 less than when
general aviation is included) for the high airport activity, no UG3RD, and no
peak spreading scenario combination to no airports (a reduction of two) for the
scenario combination with low airport activity, UG3RD, and peak spreading.
Increasing the delay criterion from 6 minutes to 8 minutes or from 8 minutes to
10 minutes would decrease the number of airports with a capacity deficit by an
average of only one. But decreasing the delay criterion from 6 minutes to 4
minutes would increase the number of airports with a capacity deficit by an
average of two, and decreasing the delay criterion further to 2 minutes would
further increase the number of airports with a capacity deficit by an average
of four. Table 4-2 also gives the total aircraft delay at all of the airports
in millions of minutes. The scenario combinations are ordered according to the
total aircraft delay.

EFFECTS OF SCENARIOS UPON DELAYS

Table 4-3 rearranges the total aircraft delays with air carrier and air taxi
operations only in the year 2000 at all airports by scenario to highlight the
scenario effects. It is seen that peak spreading reduces delays by 30 percent
overall and UG3RD reduces delay by 76 percent overall. The sum of total delays
in the low airport activity scenarios is 80 percent less than in the middle
airport activity scenarios, made up of a 24 percent decrease in operations and
a 74 percent decrease in averagc delay. The sum of total delays in the high
airport activity scenarios is 92 percent greater than in the middle airport
activity scenarios, made up of an 11 percent increase in operations and a 73 per-
cent increase in average delay.

SECTION 2. CAPACITY DEFICITS

CAPACITY DEFICITS BY AIRPORT

The number of airports with average delays greater than 6 minutes in the
year 2000 is given in table 4-2 for each scenario combination. Table 4-4
expands upon this data by identifying the airports and also the first year in
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TABLE 4-3. INTERRELATIONSHIP OF AIRPORT ACTIVITY,
UG3RD AND PEAK SPREADING ON TOTAL AIRCRAFT DELAY
(Air carrier and air taxi millions of minutes in 2000)

Reduction due to

No peak Peak peak spreading
spreading spreading Amount Percent
Low airport activity
No UG3RD 44 29 15 34
UG3RD 13 9 4 31
Reduction due to UG3RD
Amount 31 20
Percent 70 69
‘ Middle airport activity :
No UG3RD 224 156 68 30 i
UG3RD 55 34 21 38 ?
:
Reduction due to UG3RD i
Amount 169 122 ‘
Percent _ 75 78
High airport activity
No UG3RD 418 307 111 27 ;
UG3RD 108 68 40 37 i
Reduction due to UG3RD i
Amount 310 239
Percent 74 78

Overall weighted* percentage decrease in total delay due to

UG3RD - 76 percent

Peak spreading - 30 percent

*Overall weighted percentage is obtained by averaging all percentage
reduction figures for UG3RD and peak spreading, weighting each figure by its
associated total delay.
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.which there is a capacity deficit. The scenario combinations are ordered as

in table 4-2, that is, according to total aircraft delay at all the airports
combined. There are a total of 80 airport-scenario combination cases with
capacity deficits or 28 percent of the total number of cases. The high airport
activity scenario combinations include 42 of these cases, the middle airport
activity scenario combinations include 30, and the low airport activity
stenario combinations include the remaining 8. The UG3RD scenario combinations
have 23 of the capacity deficit cases, and the scenario combinations without
UG3RD have the remaining 57. The peak spreading scenario combinations have

34 of the capacity deficit cases, and the scenario combinations without peak
spreading have the remaining 46. These results parallel the scenario effects
upon total aircraft delay.

REDUCTION IN SCENARIQ COMBINATIONS

Table 4-2 indicates the four scenario combinations to be retained for
further analysis. These four combinations were arrived at by the following
reasoning. The two scenario combinations with the greatest total aircraft
delays are both combinations with high airport activity but no UG3RD. These
combinations were ruled out on the grounds that, given high growth, full
implementation of UG3RD would be closer to what would actually happen than no
UG3RD. The two scenario combinations with the lowest total aircraft delays
both have low airport activity with full UG3RD. These two combinations were
ruled out on similar grounds.

This reasoning left a set of eight scenario combinations. The highest and
lowest of this set in terms of total aircraft delay were retained for further
analysis. Of the two scenario combinations in the middle of this set of eight,
the combination with high growth, UG3RD, and peak spreading has a total aircraft
delay closer to the average of the highest and lowest total aircraft delays in
the set of eight. Consequently, this middle combination was also retained.
Finally, the combination with middle growth, UG3RD, and peak spreading is
perhaps a likely scenario combination, and was retained for this reason. The
four scenario combinations retained for further analysis will be referred to
as scenarios 1, 2, 3, and 4, in order of descending total aircraft delay.

These four scenarios can be summarized as follows:

a. Middle airport activity growth with neither peak spreading nor
UG3RD. This scenario provides a baseline consisting of the impacts of expected
growth on the existing airport system without operations improvements.

b. High airport activity growth with implementation of peak spreading
and UG3RD. This scenario permits the examination of the greatest possible
improvements under the most pressing demand situation.

c. Middle airport activity growth with UG3RD and peak spreading. This
may be a likely case.

d. Low airport activity growth with implementation of peak spreading
but not UG3RD. This scenario allows the examination of peak spreading alone in
a situation of low airport activity.




W

CAPACITY DEFICITS BY HUB

In cach of the four scenarios, one or more of the New York airports has a
capacity deficit. In scenarios 1 and 2, all three New York airports have
capacity deficits and alternatives clearly must be examined. In scenarios 3
and 4, the situation is less clear-cut, since only JFK has an average delay
greater than 6 minutes. In such a case it is necessary to address whether a
redistribution of traffic among the three airports could bring average delays
at each of the airports under 6 minutes. In 1990 in scenario 3, this would
clearly be possible, since the weighted average of the delays at the three
airports is 4.7 minutes. But in 1995, the weighted average reaches 6.5
minutes. Even here, because of the nature of the relationship between delay
and airport activity, it might be possible to redistribute traffic so that
average delay would be less than 6 minutes at each airport. Consequently, the
delay model was used to estimate by linear interpolation the numbers of opera-
tions at each New York airport that would » wult in a 6-minute average delay,
given the combinations of UG3RD and peak sp:ciding. The sums of these operations
tfor the three airports are as follows: 1,239,000 operations with UG3RD and peak
spreading, 1,115,000 operations with UG3RD alone, 986,000 operations with peak
spreading alone, and 902,000 operations with neither peak spreading nor UG3RD.
These sums were compared to the sums of airport activities at the three airports
to result in the capacity deficits for the entire hub as shown in table 4-5.

In scenario 2 the hub capacity deficit is 1995 as opposed to the first airport
deficit, which is 1985 at JFK. In scenario 3, the weighted average of the air-
port delays of 0.5 minutes in 1995 turns out not to be binding; a hub deficit
does not appear until 2000. And in scenario 4, a hub deficit never appears,
even with a deficit at JFK in 198S5.

SECTION 3. TRAFFIC DIVERSIONS

DIVERSIONS OF AIR CARRIER AND AIR TAXI

To determine whether or not operations which must be diverted can be handled
at another airport in the hub (complete relocations are discussed in chapter 7),
and to determine the approximate size of a new airport if diversion to another
existing airport is not feasible, it is necessary to estimate the number of
operations which must be diverted. For this purpose, it is then necessary to
estimate the activity which could be accommodated at the existing airport with-
out violating the design standard of 4 minutes of average delay, again using the
delay model with linear interpolation. These estimates are given in table 4-5,
along with the ensuing estimates of diverted operations and diverted enplane-
ments and deplanements. The last estimates are calculated by assuming that
enplanements and deplanements per diverted operation are the same as at the
existing airport.

Based upon investigation of activity and capacity, it was determined that it
would not be possible to accommodate diverted operations in the year 2000 in
another air carrier airport in any of the hubs in the four scenarios. While it
is recognized that some would argue that such accommodation would be possible
at another air carrier airport or possibly at a general aviation airport with
albeit substantial upgrading, it was decided as a consequence to formulate new
airports in a somewhat Spartan fashion with somewhat reduced costs, thus strik-
ing something of a balance between the cost of a new airport and the cost of
substantial upgrading and renovation of an existing nonmajor airport.
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To determine the approximate size of a new airport, linear interpolation
was used again with the delay model. In conjunction with the San Diego data,
this produced the following estimates of activity at an airport with a single
runway which would not violate the design standard of 4 minutes of average
delay: 285,000 operations with UG3RD and peak spreading, 242,000 operations
with peak spreading alone, and 212,000 operations with neither peak spreading
nor UG3RD. These capacities comfortably accommodate the diverted operations
in table 4-5 with the exceptions of New York and San Francisco in scenario 1.
In these two cases 1t is necessary to posit two runways. Using data on Dallas-
Fort Worth from the HMITRE study, the activity which would not violate the
design standard of 4 minutes of average delay was estimated as follows:
668,000 operations with UG3RD and peak spreading, 571,000 operations with peak
spreading alone, and 505,000 operations with neither peak spreading nor UG3RD.

ACCOMMODATION OF GENERAL AVIATION

lable 4-6 demonstrates that overall 80 percent of general aviation operations
in the year 2000 could be accommodated without exceeding the design standard of
4 minutes of average delay in hubs that provided an additional major new air-
port. This percentage ranges from 75 percent and 76 percent in scenarios 1 and
2, respectively, to 100 percent in scenarios 3 and 4. This accommodation is
due to the lumpiness of capital investment in runways; that is, the number of
additional runways must be one or two.

S—

Tables 4-7 through 4-10 add similar calculations on the accommodation of J
general aviation in hubs without a major new airport, where the average delay i
criterion is 6 minutes rather than 4 minutes. Overall, 72 percent of general
aviation operations could be accommodated in hubs without a major new airport,
ranging from 51 percent in scenario 1, through 74 percent in scenarios 2 and
4, ta 8Z percefit im scenaric 3.

The percentage of general aviation operations accommodated in all hubs
(both with and without a major new airport) would range as follows: 60 percent
in scenario 1, 74 percent in scenario 2, 75 percent in scenario 4, and 84 per-
cent in scenario 3, with the overall figure being 73 percent.

If advantage were taken of the construction of a major new airport to
provide the necessary additional facilities for general aviation at much less
cost per operation, the accommodation of general aviation would range from 70
percent in scenario 1, through 75 percent in scenario 4 and 78 percent in
scenario 2, to 84 percent in scenario 3, with the overall figure being 77 per-
cent. In scenario I, 5 of the 10 new airports would require additional facili-
ties to fully accommodate general aviation. In this case, 15 of the 21 hubs
would fully accommodate general aviation while the remaining 6 hubs would
accommodate 32 percent of general aviation activity. Hubs impacted would be
Cleveland, Houston, Las Vegas, Miami, New Orleans, and San Diego. Of the
general aviation activity not accommodated, 81 percent would be attributed to
Cleveland, Miami, and New Orleans.

In scenario 2, one of the four new airports would requirc additional
facilities to fully accommodate general aviation. In this case, 14 of the 21
hubs would fully accommodate general aviation while the remaining 7 hubs would
accommodate 49 percent of general aviation activity. Hubs impacted would be
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Cleveland, Denver, Miami, Minneapolis, New Orleans, St. Louis, and Seattle.
Of the general aviation activity not accommodated, 76 percent would be
associated with Minneapolis, New Orleans, and St. Louis.

In scenario 3, none of the three new airports would require additional
facilities to fully accommodate general aviation. At 16 of the 21 hubs,
general aviation would be fully accommodated while the remaining 5 hubs would
accommodate 56 percent of general aviation activity. Hubs impacted would be
Miami, Minneapolis, New Orleans, Philadelphia, and St. Louis. Of the general
aviation activity not accommodated, 62 percent would be associated with
Minneapolis and New Orleans.

In scenario 4, the single new airport would not require additional facilities
to fully accommodate general aviation. At 13 of the 21 hubs, general aviation
would be fully accommodated while the remaining 8 hubs would accommodate 54
percent of general aviation activity. Hubs impacted would be Boston, Cleveland,
Miami, Minneapolis, New Orleans, New York, Philadelphia, and St. Louis. Of
the general aviation activity not accommodated, 59 percent could be attributed
to Minneapolis, New York, and St. Louis.

Including all general aviation operations would increase the number of hubs
with capacity deficits in the year 2000 by five to eight, depending upon the
scenario. Building an additional five to eight major new airports to accommo-
date general aviation activity to provide acceptable delays at the airports
analyzed would not be prudent. An analysis of alternatives for accommodating
general aviation activity at existing or new reliever airports should be
accomplished prior to any firm decision to construct a major new airport.
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CHAPTER 5. COSTS AND REVENUES
SECTION 1. NEW AIRPORT CAPITAL COSTS

DESIGN AIRPORTS

Utilization of Design Airports

In actual practice, development of a new major airport on a virgin site
requires an enormous planning effort involving a vast amount of background
data. Once this data has been collected, a number of alternative plans can
be generated which will eventually result in the selection of a specific air-
port design, precisely tailored for the particular site in question. For the
purposes of this study, however, such precise planning is not necessary in order
to satisfy the objective of determining airport capital costs at the national
level, it is sufficient to utilize design airports which can be developed to

! represent typical conditions and costs. This procedure will obviously intro-

§ duce errors into the estimated cost of each hub airport, but it is safe to
assume that these errors will substantially cancel out on the average in

{ approximating the total cost of new airports in the hubs under study.

In selecting representative cost factors for the design airports, it is
necessary to consider such site-dependent variables as access, site preparation,
aircraft mix, atmospheric and wind condition§, and site altitude. Some of
these variables are dependent on regional characteristics (i.e., aircraft mix)
while others are a result of actual site selection, which in most hubs has not
taken place. Therefore, unit costs are employed which will tend to compensate
for all variables at a national level. For example, a long access road over
difficult terrain at one airport would likely be balanced by a shorter simple
access road at another site. Additionally, individual hub airport costs are
refined by applying regional construction cost indices and land values.

The introduction of a design airport into any one of the hub areas will
result in a major increase in that hub's air traffic capacity. In some areas,
where introduction of a new airport would suddenly provide a great deal of
surplus capacity, it could be argued that expansion of existing facilities
would be a more cost-effective strategy. In this respect, the concept of a
design airport represents an additional simplification. However, this simplifi-
cation scems justified by the fact that capital costs associated with the
expansion of existing facilities might very well approximate the costs of
constructing a completely new fac