


CITY OF PHOENIX

i.

ENGINEERING DEPARTMENT • 700 MUNICIPAL BUILDING • 251 WEST WASHINGTON • PHOENIX, ARIZONA 85003

December 27, 1972

Col. John C. Lowry, Chief Engineer
and General Manager

Maricopa County Flood Control District
3325 West Durango Street
Phoenix, Arizona 85009

Dear Col. Lowry:

Salt River Low-Flow Channel
Relocation at Sky Harbor.

We are sending you a copy of a report by Quinton-Budlong on the expansion
of Sky Harbor and a drawing of the master plan.

The plan contemplates a third runway south of the existing south runway.
This can be accomplished after the Salt River is controlled by the con­
struction of Orme Dam. When the dam is built, the river flows can be
contained in a low-flow channel. The location of the channel is shown
on a plate after page 72. In addition, we are enclosing a larger scale
drawing of the proposed channel location from 48th Street to the Maricopa
Freeway. Planning for the Airport and channel location must be done now.
We therefore solicit your review and approval of this channel location.

Very truly yours,

JEA:fhs

Attachments

J.
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February 28, 1972

Honorable John Driggs
Mayor of City of Phoenix and
Members of the City Council
Phoenix, Arizona 85007

Q-B 118201
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Honorable Council Members:

Quinton-Budlong takes pleasure in presenting to you this final plan
report for the Master Plan Study of Sky Harbor International
Airport. This report represents the final summary of all the
action taken to develop the master plan and growth for the airport
over the next 30 to 40 years.

This report addresses itself to the ultimate and phased develop­
ment of the airport. We have inc1udec;l within this report a
discussion of all the items and facilities which will be included
in the master plan.

One additional report remains to be prepared for the City and
this will include specific details related to the first phase of
development. This report is based upon all of the historical
data and forecast developed by other consultants to the City of
Phoenix earlier this year.

Robert P. Cralle
Director of Airpor~ Planning

CABLE ADDRESS; QUINTONAEI
LOS ANGELES SEA'ITLE

Loo Angeles Saigon

SAIGON
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FOREWARD

Aviation has always played a dominant

role in Phoenix' past. From the early

pioneers to the present jet travelers,

air travel has been an important

element in the day-to-day business of

the community. Sky Harbor has grown

to meet those travel needs, and the

master plan presented here will insure

that the citizens of Phoenix will always

have a beautiful and efficient airport.
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CHAPTER I

RECAPITU LATION

Meeting the Challenges

Phoenix has been involved in aviation since the early pioneer days when
transcontinental flights took two full days to fly from. coast to coast. The
challenges to aviation in those days were not on the ground, but in
the air. As long as there was an open field with a sm.ooth surface, air­
craft could be accom.m.odated on any type of airfield. The aircraft
presented a num.ber of challenges to the designers in order to m.ake them.
m.ore reliable, m.ore efficient, and m.ore durable.

1



Today, however, aircraft design has reached a plateau of sophistication
whereby aircraft of almost any size and speed can be manufactured
with great accuracy and precision. On the ground, the challenge is
becoming much greater. The small, open field will no longer suffice
to handle today 1 s aircraft. In this modern age, runway lengths of
over two miles are needed to provide a safe operating surface for
the sophisticated aircraft in the airline fleets. The volume of people
and cargo moving in inter-city travel is of such a magnitude that the
facilities needed to handle these travelers presents an ever increasing
challenge to the designer.

Phoenix has participated in this growth of aviation to a large extent. From
the earliest days, the citizens of this area have used aviation to a great
advantage. One of the best measures of aviation usage is the number of
passengers carried on the airline aircraft.

TABLE I

AIRLINE PASSENGER TRAFFIC

Airline Passengers

Year Enplaned Deplaned Total

1957 270,950 264,076 535,026
1958 317,436 311,472 628,908
1959 361,180 356,895 718,075
1960 423,693 418,532 842,225
1961 433,267 430,450 863,717
1962 525,806 510,498 1,036,304
1963 583,955 568,713 1,152,668
1964 682,352 659,291 1, 341, 643
1965 745,636 725,938 1,471,574
1966 893,899 894,709 1,788,608
1967 1,041,452 1,032,191 2,073,643
1968 1,207,135 1,204,114 2,411,249
1969 1,363,226 1,328,629 2,691,855
1970 1,441,296 1,428,546 2,869,842
1971 l~ 507,503 1,498,370 3,005,873

Source: City of Phoenix, Official Revenue Bond Statement,
January 1971

2



><
z
w
o
J:
Q.

-

a:
o
m
a:
c:t
J:

..J
<C
Z
0
.-

NEW <C
MEXICO

Z
a:
w
I-
Z-

JOHN CARL WARNECKE & ASSOCIATES

LOCATION MAP

ALAN M. VOORHEES AND ASSOCIATES, INC.

MEXICO

MASTER
PLAN
STUDY
QUINTON-BUDLONG

I UTAH t-

I
a:
0

NEVADA
Q.

I
a:
c:t

I

I
I
I
I
I
I
I
I
I
I
I--~--~~--~---!

I
I
I



-------------------
20

15

lit
C
o·--.-
~

c.-

en 10...
~

bO
c

"ill
lit
III

,Q..

5

o

~
V

~

-'
~.

" . ,;AIRLINE PASSENGERS.
~---

V..
~

~

~
...-

: ~
~

l/
~

~
~

/"

l.-'
l.'

J
"I'

~
.,'~

~
...

[7'
~

V
iI'"

-
~ ....

~

--'~~

1960 1970 1980 199 2000



-------------------

350

VI
"0
C

~ 300
:J
o
..c
I-

c
.- 250
VI
~

Q)

tlG
c
Q)

~ 200
I'll

Cl..

150

MONTHLY AIRLINE PASSENGERS

/~ V
~) r---.....

~
~ II\.

V ,\f/

1\ ./

~
V \V

~, V
~ V V~

/ V

J J A SON D J F M A M J J AS 0 N D J F M AM J J AS 0 N D

1969 1970 1971



TABLE 2

FORECAST OF AIRLINE PASSENGERS

Source: Report No.1, General Plan for Ultimate Land Development,
City of Phoenix, December 1970

By the late 1960's it became apparent that Phoenix, being one
of the nation's leading air traffic cities, would need to have a terminal
design capable of handling substantial growths of pas senger traffic in the
future. Forecasts of passenger travel indicated that the 4000 passengers
per day boarding in 1970 would increase to almost 40, 000 passengers per
day by the year 20 15.

43
50
55
60
66
72
83

Enpl. Pax/Departure

2,000
2,800
3,500
4, 100
4,800
5,500
7, 100

Peak Hour

A irEne Pas sengers

6,000,000
9,000,000

12,000,000
15,000,000
18,000,000
21,000,000
28,000,000

Annual TotalYear

1975
1980
1985
1990
1995
2000
Saturation

The design of airport terminal buildings to accommodate this phenomenal
rate of growth is no easy task. As Phoenix discovered, the 50, 000 sq. ft.
terminal building built in the early 1950' s was quickly outgrown. It was
decided that the next terminal building to be built for Phoenix should be able
to grow in increments to accommodate future passenger travel. The first
of these buildings contained over 135, 000 sq. ft. and three additional
increments were considered to be adequate to meet the forecasted growth.

Between 1928, when Sky Harbor was first used as an airfield, and the late
1940 I s there was little demand placed upon the ground facilities at the field.
Beginning in that late decade, air travel became the fastest and most
efficient way to move people around the country. As the popularity of this
method of travel began to increase, the need for additional terminal and apron
space began to climb sharply. In the late 1940's around 150 passengers per
day were boarding aircraft. This number began to climb sharply and by 1950
it increased to around 235 passengers per day. In 1955 over 600 passengers
per day were enplaning at Sky Harbor; by 1960 almost 1200 pas sengers per
day were enplaning; in 1965 and 1970 the numbers had increased to 2000
and 4000 respectively.
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Several factors influence the forecasts of activity. One such factor is the
identification of the cities which exchange the greatest number of passengers
with Phoenix. Correlations can be run to identify those that will have the
greatest growth rates, and those that will, in turn, tend to have a significant
number of non-stop flights to serve them. The top twenty cities exchanging
passengers with Phoenix are given in Table 3 below, and the top ten cities
outside the conterminous United States are also given in Table 4.

TABLE 3

TOP TWENTY ORIGIN - DESTINATION CITIES, 1967

City o & D Passengers Ranking

Los Angeles 313,890 1
San Francisco 117,690 2
Chicago 97, 190 3
New York City 72,070 4
San Diego 64,940 5

Denver 60,950 6
Las Vegas 60,540 7
Tucson 53,280 8
Salt Lake City 39,780 9
Santa Ana 34,630 10

Albuquerque 34,590 11
Dallas 28,990 12
Minneapolis 28,720 13
Seattle 24,710 14
El Paso 24,220 15

Kansas City 22,750 16
Washington, D. C. 20,670 17
Yuma 20,450 18

St. Louis 20,370 19
Detroit 19,390 20

Average distance traveled by Phoenix passengers:
Average distance traveled by United States passengers:

Phoenix ranking in United States totals: 24th

847 miles
740 miles

Source: Domestic Origin-Destination Survey of Airline Pas senger
Traffic, 1967

4
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TABLE 4

TOP TEN INTERNATIONAL ORIGIN - DESTINATION CITIES ':<

I
I
I

City

Honolulu, Hawaii
Toronto, Canada
Vancouver, Canada
Calgary, Canada
Montreal, Canada

o & D Passengers

6,528
3,000
1,814
1,764
1,550

>:< In 1967 Alaska and Hawaii were reported as "International"

Sources: International Origin-Destination Survey of Pas senger
Journeys via U. S. Domestic/Foreign Flag Airlines 1967

I
I
I
I

Winnepeg, Canada
Lihue, Hawaii
London, England
Anchorage, Alaska
Mexico City, Mexico

956
954
768
756
756

I
International Origin-Destination Survey of U. S. Flag
Airline Passenger Traffic 1967

I
I
I

These two tables ,indicate that many of the distant cities playa significant
role in passenger generation trends. This trend toward flying to more
distant cities is shown in the following table. This table indicates that the
average trip length is increasing and is averaging about 150/0 to 160/0 over
the United States averages.

TABLE 5

AVERAGE PASSENGER TRIP LENGTH

5

Trip Length in Statute Miles
Phoenix Average United States Average

Domestic Origin-Destination Survey of Airline Pas senger
Traffic, Civil Aeronautics Board

682
687
689
686
694
710
728
740

808
808
804
797
796
826
840
847

1960
1961
1962
1963
1964
1965
1966
1967

Source:

YearI
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In working on the terminal problem, one other element that needs to be
understood is the magnitude of transfer passengers at Sky Harbor. These
are the passengers that deplane at Phoenix and then enplane again usually
without leaving the terminal. They may enplane on aircraft operated by
the same airline (on-line connecting passengers) or on aircraft operated
by another airline (interline connecting passengers). These two classes
of passengers make up around 16% of the total passenger traffic. Fore­
casts indicate that transfer passengers will continue to account for 15%

to 20% of the total passenger traffic.

Fot the convenience of the transfer pas sengers, it is desirable to locate
airline gate positions and companies with the greatest incidence of
interline connecting passengers clese to each other. For those
passengers making on-line connections, there is no problem since an
airline normally has all of its gate positions in the same general area.
For those passengers transferring between airlines, the problem can be
lessened by having airline gate areas located as close as possible to the
gate areas of the connecting airline. The table given below shows the
percentage of transfers between various carriers. From these statistics,
it can be seen that American Airlines and Airwest should be located close
together since they have around 18% of the transfer passengers. The
details of actual terminal design should take these correlations into account.

The data presented in Table 6 is based upon statistics at Phoenix
before Delta Airlines began service. An analysis of the market penetration
by Delta indicates that this carrier will probably reduce the number of
passengers transferring between American and Airwest by 1% or more.
Since Delta provides the greatest competition with American, it will
probably penetrate the transfer market now existing between American and
Frontier, Trans World, and Western. The penetration into the passenger
traffic is estimated at less than O. 1% of the transfer passengers between
those carriers. The conclusion, therefore, is that Delta will not be a
dominant carrier from the standpoint of providing or carrying transfer
passengers when compared to the other carrier combinations.

6
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TABLE 6

INTERLINE TRANSFER PASSENGERS

Percentage Interline Passengers
Carriers 'l< 1964 1966 1968

AA - RW 19.4 18.0 17.8

AA - CO 2.8 3. 3 3. 7

AA - FL 7.9 7.2 6.2

AA - TW 4.9 5. 5 8.8

AA - WA 9.4 6.9 9.7

RW - CO 7.5 6.0 7.0

RW - FL 7.6 9.8 5. 3

RW - TW 5.4 8.9 9. 7

RW - WA 4.5 3.4 5. 3

CO - FL 1.1 1.8 1.2

CO - TW 1.5 2.4 2. 6

CO - WA 5. 6 2. 3 3. 6

FL - TW 2.9 6. 2 2.8

FL - WA 14.8 13.9 8. 7

TW - WA 4.7 5. 2 7.6

100.0 100. 0 100.0

* AA = American Airlines
RW = Airwest (formerly Bonanza)
CO = Continental Airlines
FL = Frontier Airlines
TW = Trans World Airlines
WA = Western Airlines

Source: Letter Report. Landrum and Brown, May 12, 1970
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TABLE 7

TOTAL CONNECTING PASSENGERS

Year
Total Passengers

Enplaned /Dep1aned

On-Line Connecting
Passengers

Number Percent

Interline Connecting
Passengers

Number Percent

Total Connecting
Passengers

Number Percent

1964

1966

1968

1,408,610

1,906,948

2,569,914

35,628

26,180

85,500

2. 5

1.4

3. 3

190,460

303,640

306,280

13.5

15.9

11. 9

225, 746

329,820

391,780

16.0

17.3

15. 2

00 Forecast: 12 to 16% 15 to 20%

Source: Letter Report, Landrum and Brown, May 12, 1970
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TABLE 8

PEAK HOUR CONNECTING PASSENGERS

Peak Hour Peak Hour
Total Passengers Peak Hour On-Line Connections Interline Connections

Year Enplaned (Deplaned Passengers Low High Low High

1980 9,000,000 2,800 85 110 335 450

Saturation 28,000,000 7, 100 210 285 850 1, 135

Source: Letter Report, Landrum and Brown, May 12, 1970



Forecasts:

Most of the forecasts of activity on the airport were prepared by consultants

other than Quinton-Budlong. These consultants have indicated that their
forecasts are based upon detailed analysis through the year 1985 and then
are projected beyond that year. Recognizing that airport planners have, for years,
underestimated the levels of activity that would develop, the consultants
have adopted an optimistic forecast which is felt to be a sound basis for
planning. They offer this comment: "It is much better to prepare long-
range planning on an optimistic rather than a pessimistic basis. The
detailed staging and financing can then be developed in increments at a later
date. Such increments can address each case at an exact point in time.
Optimistic or high potential penetration planning will give a framework to
construct within, whereas ales ser level may prove inadequate in the future.
A irport planning in general has, in the past, been too shortsighted and les s
optimistic than desirable." This master plan report is working within the
framework of these forecasts.

The New Terminal Concept

A study was inaugurated to review the general concepts that were
feasible for the Phoenix Sky Harbor International Airport in order to
determine which terminal configuration would best meet the forecast travel
demands. After reviewing a number of designs, two similar configurations
evolved. Thes e were later modified and the third, or combination,
design was also considered. These designs were felt to have some
limitations when applied to the particular problems that Phoenix had.
It was at this point that a more comprehensive review of terminal
configurations and techniques of handling large volumes of passengers
was felt to be neces sary.

Future Activity

In beginning the analysis of the new terminal design three major inputs were
required. The first of these involved the forecast of future activity that the
airport would need to accommodate. A s discus sed in a previous section,
pas senger travel was expected to increase from 4000 enplanements per day
to almost 40,000 enplanements per day by the year 2015. Other analysis
indicated that the air carrier flights to carry these passengers had been
increasing from around 73 per day in 1960 to 114 flights per day in 1970.
The forecast indicated that these would increase to almost 400 flights per day
by the year 2015. Los Angeles is the major city which exchanges passengers
with Phoenix, there being some 1000 passengers per day traveling both ways
at the present time. San Francisco, Chicago and New York are next in rank
order.

10
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Military activity however has shown a generally declining usage of the airport.
In 1960 there were approximately 60 military operations per day. This
declined to 34 operations per day by 1965 and further declined to 22 operations
per day by 1970. A continued level of activity of approximately 22 operations
per day is projected into the near-term future. It is recognized that at some
point the entire Arizona Air National Guard facility may be relocated away from

Phoenix Sky Harbor Airport.

General Aviation has shown two distinct trends. The long term trend indicates
that there is a gradual increase in itinerant >:' flights at the airport. These have
increased from approximately 371 operations in 1960 to 523 operations in 1970.
On the other hand, the long term trend also indicates that there is a gradual
decrease in local>:'>~ flights, going from 228 per day to 172 per day in 1970. The
forecasts indicate that a continued moderate increase in itinerant flights can
be expected and that the decrease in local flights should continue to be encour­
aged. Some restrictions on general aviation local flights may be required in
the future. These restrictions will probably take the form of limitations on
touch-and-go flying during certain prescribed hours. It is not anticipated
that severe restrictions will be necessary. Such severe restrictions as are
currently imposed on certain airports in the northeast part of the United
States will not be neces sary at Phoenix Sky Harbor.

Air cargo has shown dramatic increases, going from approximately 2200 lbs.
per day in 1950 to 8500 lbs. per day by 1960 to over 60,000 lbs. per day in
1970. Forecasts show that air cargo will increase to nearly 745, 000 lbs. per day
by the year 2015. A significant amount of cargo will be carried in pas senger
aircraft as "belly cargo". The rest will need to be accommodated through the
cargo center on all-cargo flights. Up to six aircraft positions will be needed

in the air cargo cente r.

Another major element which needed to be evaluated was the runway
length required to accommodate larger aircraft. Calculations based
on critical aircraft indicate that a runway length of 11,500 feet will be
sufficient to carry a full payload in Boeing 747 type aircraft from Phoenix
eastbound non-stop to New York City. Two 11,500 foot runways have been
programmed for this type of equipment. The third parallel runway,
which will be used to provide the airport with dual simultaneous IFR
capability will need to be built only to a length of 9200 feet, since this
runway will be used primarily for landing aircraft under these conditions.

>:' Itinerant flights are those whose origin or destination is away from the
the local area.

** Local flights are within sight of the control tower or known to be going
or coming from a nearby practice area.

11



TABLE 9

RUNWAY LENGTH REQUIREMENTS

Take-Off Landing
A ircraft Type Weight Rwy Length Weight Dry Runway Wet Runway

B-707-100 238,000 10,650' 191,000 6, 700' 7,700'
-200 ,.~ 248,000 10,500' 185,000 6,850' 7,880'
-300 279,000 11,400' 198,000 7, 550' 8,680'
-400 280,000 10,700' 207,000 7,950' 9,140'

DC-8 - 10 265,000 11,000' 193,000 7,400' 8,510'
- 20 264,000 9,500' 193,000 7,100' 8,170'
- 30 278,000 10,400' 207,500 7,550' 8,680'
- 40 271,000 9,500' 207,000 7,550' 8,680'

B-747 665,000 11,500' 565,000 7,100' 8,170'

L-I0ll 425,000 10,500' 355,000 6,200' 7,130'

DC-8 - 61 320,000 11,300' 240,000 6, 500' 7,480'
- 62 340,000 11,500' 240,000 6,300' 7,250'
- 63 340,000 11,500' 258,000 6, 700' 7,710'

DC-I0- 10 420,000 10,200' 363,300 5,800' 6,670'
- 20 510,000 11,000' 403,000 6,300' 7,250'
- 30 530,000 11,500' 403,000 6,200' 7,130'

* Range limited to 2000 miles

Design Conditions:
1) Elevation: 1128' MSL
2) Range: 2141 statute miles (New York City)
3) Temperature: 106° (Std. day + 15° + 25°)
4) Maximum weight as applicable.
5) Effective gradient: 0.23%

Source: Appropriate Flight Manuals

12
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Constraints

The second major input to this study was to list all the major constraints
on design. Three constraints on growth were identified. First of
thes e is the Salt River, located on the south and east parts of the airport.
This river has infrequent flow, but is subject to flooding during heavy
storm run-offs in the watershed area. Several times in the past 30 years
the river has flooded and encroached upon the airfield. The Corps of
Engineers has proposed to create a low flow channel which would contain
the normal water release from the dams upstream. It is estimated that
the construction of this low flow channel will be completed by 1985. No
development of the south runway complex can take place until the channel
has been relocated since future extens ions of the south runways will
need to encroach on the existing river channel.

The second constraint identified as limiting the ability of the airport
to grow is the road and highway network surrounding the airport. These roads
limit the length and orientation of the runways. When analyzed from the stand­
point of runway alignment, the east-west direction is the only feasible direction
in which runway lengths of 11, 500 feet can be satisfactorily accommodated. An
alignment in any other direction will conflict with the roads and highways, as
well as adver sely affecting the residential land uses north and south of the
field. Sky Harbor is fortunate in that the wind patterns for the area distinctly
favor operations in an east or west direction. During the late evening and
early morning hours winds favor take offs and landings to the east. During
the afternoon hours winds favor take offs and landings to the west. Since the
east-west runways provide 99% wind coverage there is no need for a crosswind
runway at Sky Harbor.

The constraints caused by the highway network and the river channel
created the third constraint on the terminal evaluation study. This was the
amount of space that was available between the parallel runways to accommo­
date a terminal facility. Between the existing east-west runways there is
approximately 1600 feet available between the obstacle clearance lines. The
master plan for the a irport provides for the relocation of the existing south
runway some 600 feet farther south. This will allow the existing south
runway to be converted into a taxiway and will open up the terminal area
by some 300 feet to 1900 feet between the obstacle clearance lines.

13



Design Criteria

The third major input to the study was to establish the criteria which would
govern the concept to be adopted. In addition to the normal safety require­
ments outlined in Federal Aviation Administration Advisory Circulars,
seven additional criteria were added to the study. These have been discussed
in detail in other reports. Briefly, these seven are as follows:

1. The design must be modular. Since the anticipated growth demands
on the terminal complex will not take place all at one time, the adopted
scheme must be able to grow in small increments as the demand develops.
In addition, modular units have the advantage of allowing the designers
to take advantage of the latest advances in technology and construction
techniques as each of the modules is scheduled for construction.

2. The design must be flexible. The interior configuration of a modular
terminal must be flexible enough to be responsive to the individual air
carrier needs. In addition to this 'particular flexibility, the airport
should have the option to build either concourses or rotundas as future
technology may allow, or airline desires may prefer. The design must
also be flexible enough that any single module can be built at any time,
thus allowing the terminal complex to be responsive to the existing land
leases on the airport. Furthermore, the design must be flexible enough
that it will accommodate any type or size of aircraft that can be foreseen
in the airline inventory.

3. Design must be able to phase in with the existing East Wing terminal
building. Since this existing structure is functional and efficient, there
is no requirement to remove it from service in the immediate future,
Therefore any terminal design which is adopted should be able to work
well with the existing East Wing.

4. There must be acces s to the airport from east and west. Vehicular
studies of passenger ground origin and destination indicate that a
significant portion of the citizens living to the east and northeast will
find it easier to travel to the airport by way of the Hohokam Freeway.
From the downtown area and for the citizens living on the west side of
town, the Squaw Peak Freeway will be the easiest route. These freeways
provide excellent access routes to the airport.
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5. The design must not force the building of a new runway. It is recognized
that the relocation of the existing south runway is desirable at some point

in the future. However, the terminal design to be adopted by the airport
must not be such that it would force the immediate relocation of this
runway.

6. The design must not obsolete new construction. Several new projects
are underway at the airport and the new terminal complex must be
designed in such a manner that it will not force the early removal of
the new International Building, the terminal concourse expansion, or
the new executive aircraft terminal.

7. The design must be compatible with future transportation networks.
Phoenix may, some time in the future, require a rapid trans it
network within the metropolitan area. An airport is a logical
terminus for a great many of the travelers on such a network. The
terminal design, therefore, must be able to accommodate such a
rapid transit system regardless of the type which may be adopted
in the future.

Recommended Plan

On the following page isa drawing which shows the terminal concept
selected as the best plan to meet the needs of Phoenix Sky Harbor
International Airport. This plan incorporates all of the features which
have been discussed above and will be discussed at a greater depth in
the following sections of this report.
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CHAPTER II

RECOMMENDED MASTER PLAN PROGRAM

The recommended plan which will be discussed in this chapter is based upon
the ultimate configuration of the entire terminal complex. Ail of the factors
which will have a bearing on the ultimate configuration of the airport will be
discussed, emphasizing the results which will be achieved when the program
has run its full course. The staged construction of the airport, together
with a sequence of events to reach the ultimate development are discus sed
in Chapter 3.
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AIRSIDE FACILITIES

Runways

Sky Harbor presently has two east-west runways. These are Runway
8L/26R (north runway) which is 150 feet wide by 8,750 feet long.
Runway 8R/26L (south runway) is 150 feet wide by 10, 300 feet long.
Both of these runways can accommodate 747 type aircraft. These
runways are currently rated at 100,000 lbs. gross weight strength
for a single wheel gear aircraft, 200,000 lbs. for dual wheel gear
aircraft and 350,000 lbs. for dual tandem wheel gear aircraft. Runway
8L/26R has an effective gradient of 0.23%, its west threshold elevation
being 1108 feet MSL and its east threshold elevation being 1128 feet MSL.
Runway 8R/26L has an effective gradient of 0.15%. Its west threshold
elevation is 1107 feet MSL and its east threshold elevation is 1116 feet
MSL. Both runways are equipped with type L 802 medium intensity
lights.

Studies of future runway demands for the airport have been conducted by
other consultants and the conclusions are that three parallel east-west runways
will be needed to provide operational flexibility for the airport. The existing
runway 8L /26R is to be lengthened to 11,500 feet and widened to 200 feet to
accommodate wide bodied air carrier aircraft. The existing Runway 8R /26L
is to be converted in the future and remarked as a 100 foot wide
parallel taxiway. A new runway, located 600 feet south of the present runway
8R /26L will be built to a length of 11,500 feet. It will have a width of 200 feet
to accommodate wide bodied aircraft and will be designated Runway 8C/26C.
A far south runway will be constructed 1800 feet south of the existing Runway
8R /26L. This far south runway will be 9200 feet long by 200 feet wide and
will be known as the new Runway 8R /26L. The distance between the outer
runways is over 5000 feet in order to give the airport the capability for dual
simultaneous IFR approaches. All runways are to be constructed to strengths
capable of handling the largest aircraft anticipated in service.

The runway length calculations have been eros s checked against current data
and found to be accurate. Computations given in Table 9 indicate that a stage
length of 2150 miles from Phoenix to New York is reasonable for planning
purposes. Accommodating full pay load, sufficient fuel reserves for "holding!1
and flight fuel to alternate airports indicates that aircraft departing Phoenix
will need to have runway lengths in the order of 11,500 feet to safely fly this
stage length. The length of 9200 feet for the new Runway 8R /26L is based
upon landing aircraft requirements for air carrier aircraft. This far south
runway will receive little usage as a take-off runway for air carrier aircraft
because of its proximity to the longer Runway 8C/26C, but will be used
extensively by several aviation aircraft.

It can be seen, therefore, that the runway lengths developed in the original
"General Land Use Plan" adopted by the City early in 1971 are adequate for
the aircraft that will be operating from Sky Harbor.
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Capacity

In calculating the capacity of any runway system, there are a number of
factors which must be taken into consideration. Among these are
(I) the mix of aircraft that will be using the facility; (2) the length of the
runway and the location and angle of the exit taxiways from that runway; (3) the
configuration of the runway network as a whole; (4) the airspace around
the airport; (5) the weather; and (6) total number of flight operations.
Most of these items are fairly stable inputs to the calculation process.
For example, the runway layout is subject to minor variations, and the
airspace utilization is infrequently altered. It might be well, therefore,
to briefly discuss some of these items so that a fuller understanding of the
meaning of "capacity" can be gained.

Mix of aircraft is the most volatile of the items to be studied. The types
of aircraft using the airport vary from day to day, and there is no such
thing as a standard mix of aircraft types. But over a longer period of time,
usually one year, a pattern of aircraft usage can be developed and identified.
The types of aircraft in service with the air carriers is subject to slow change
as newer models are introduced, and older models are phased out. The trend
is definitely toward the wide body aircraft since these planes are more efficient
and profitable for the air carriers to operate. On the other hand, the smaller
aircraft, such as the DC -9 or 737 are also neces sary for the shorter range
flights and service to cities that generate lower load factors.

The other side of this coin is the general aviation fleet. These are the smaller
types of aircraft, usually owned by individuals or corporations. Ranging from
the small single seat, single engine airplanes to the sophisticated corporate
jets seating up to 20; this fleet usage of the airport varies from. day to day.
It is possible, however, to detect trends in this fleet mix. In the following
table, the current and forec asted fleet mixes are given.
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TABLE 10

FORECAST OF AIRCRAFT MIX

Aircraft Mix
Clas s of Aircraft (%) "- Clas s of'f'

Year AA + A B C D E Aircraft

1975 10+37 29 24 A ir Carrier
4 17 79 General Aviation

1980 14+15 38 33 Air Carrier
5 20 75 General Aviation

1985 18+11 39 32 Air Carrier
7 25 68 General Aviation

1990 21+ 8 42 29 Air Carrier
10 28 62 General Aviation

2000 25+ 5 45 25 Air Carrier
15 35 50 General Aviation

Source: Landrum and Brown, letter report

A review of these numbers reveals that the subtle shift in the
percentage of larger air carrier aircraft is partially counter­
balanced by the steady level of Class C aircraft. The growth of
the Class AA aircraft is parallel to a decrease in the Class A
aircraft, representing the phasing out of the 707 and DC-8 type
aircraft from the fleets.

The general aviation fleet also shows increases in the larger
Clas s C aircraft (such as the corporate jets) and a decline in the
smallest class, Class E, single engine aircraft. These trends,
it must be noted, reflect the aircraft mix at Sky Harbor, and may
not necessarily be representative of the Phoenix area as a whole.

* Aircraft Classes
AA Jet aircraft over 300,000 lbs. gross weight
A 4-engine jet aircraft under 300,000 Ibs.
B 2 and 3-engine jet, 4-engine piston and turbo-prop aircraft
C Executive jet and transport type twin-engine piston aircraft
D, E Light twin-engine piston and single-engine piston aircraft
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Another iteITl involved in capacity calculations is the length of the runway and
the location and angle of the exit taxiways. The length of the runway deter­
ITlines the types of aircraft that can safely operate on it, and the location of
the exit taxiways influences the aITlount of tiITle that a landing aircraft
occupies the paveITlent surface. TiITle is the key eleITlent in this equation.
By locating the exit taxiways in the best possible position, lower runway
occupancy tiITles can be achieved. These lower tiITles result in ITlore aircraft
being able to use the runway during any given period of tiITle, hence a higher
capacity of the runway systeITl.

A third eleITlent is the configuration of the runway layouts as a whole.
Parallel runways give the best utilization of space, since they allow siITlul­
taneous operations. Intersecting runways, naturally, would slow operations
since aircraft would have to wait until an arriving aircraft or departing
aircraft had cleared the intersection. Open V runways provide good utiliza­
tion of space provided the operations are away froITl the point of the V.
Operations toward the point have the saITle restrictions as intersecting
runways. Phoenix is in the enviable situation of having parallel runways,
hence the ITlost efficient configuration for airport capacity.

A fourth eleITlent is the airspace around the airport. For the ITlost part, the
airspace in the vicinity of Sky Harbor is "uncluttered ". However, the proxiITlity
of two ITlilitary air bases tends to cOITlplicate the surrounding airspace. In the
future, the addition of a third parallel runway will result in a ITlore cOITlplex
airspace utilization. Therefore, the calculation of the capacity for the runway
systeITl has been based on "norITlal" conditions until such tiITle as the third
parallel runway is operational, and "highly restricted" after that tiITle.

The fifth element is the weather. This is ITlore of a factor in coastal cities
than in Phoenix. Since 99% of the weather is VFR (Visual Flight Rules, or
good flying weather) there is little or no penalty due to weather in the capacity
calculations.

The last significant iteITl is the total nUITlber of aircraft operations. Obviously,
a low level of activity will not iITlpose any burdens on the runway systeITl,
whereas a high level ITlay tax the ability of the sy steITl to safely and efficiently
accept and dispatch aircraft. It is this last iteITl - the total nUITlber of aircraft
operations - that needs further study.

Having identified the ITlajor eleITlents of the capacity prograITl, the one addition­
al eleITlent that needs to be developed is the actual nUITlber of aircraft that would
be using each of the parallel runways, and then deterITlining the air carrier and
general aviation ITlix of the fleet that will use each runway. The following
table gives the estiITlated air carrier usage of the runways.
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TABLE 11

ESTIMATED AIR CARRIER RUNWAY UTILIZATION

Total Runway Usage
Year Operations 8L/26R 8C /26C 8R /26L

1975 140,000 37,800 102,200 .,- -0--,'

1980 180,000 61,200 118,800 ::::: -0-
1985 218,000 85,000 119,700 13,300
1990 250,000 97,500 137,200 15,300
1995 274,000 139,700 120,900 13,400
2000 294,000 135,200 142,900 15,900

':' Existing 8R /26L

General aviation demand, however, is not equated to any scheduled pattern.
Two trends have been identified in analyzing the statistics. I!Local" flying,
which is usually associated with proficiency flying, had a fairly stable trend
except in 1967 when it increased somewhat. Mter this, the tr end has been
downward as pilots are encouraged to practice proficiency flying at some of
the outlying fields rather than at Sky Harbor. "Itinerant l ! flying generally
represents those pilots travelling between cities, or those leaving the local
area. This trend has been generally increasing over the years, with some
leveling in the past few years.

A special computer run was made of all aircraft registered in Arizona, and
statistical tables were made to identify the activity levels of these aircraft.
It is not possible to identify which aircraft are flying I'local l

.' and which are
"itinerant ll since each aircraft will log hours in both categories. In order
to establish a forecasting base, the number of aircraft based at Sky Harbor
has been used as a springboard against which activity levels have been
measured. The mix of general aviation aircraft in the Phoenix area has
been established and is given in the following table:

TABLE 12

MIX OF GENERAL AVIATION AIRCRAFT IN PHOENIX AREA

Type of Owner
Type Aircraft Indiv. P1ship Corp Co-owner Government--
Single Engine 4+ Seats 360 23 202 70 14

Single Engine 1- 3 Seats 390 32 203 145 7
Multi- Engine 48 11 152 17 3
Rotorcraft 18 52 1 2
Other 17 1 14 2

Total = 1784
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Of these 1784 aircraft, some 600 are based at Sky Harbor. Aircraft owners
are requested to submit certain data to the Federal Aviati~n Adminis~ration

annually. Among these data is the number of hours flown In the prevlOus year.
The following table gives the average number of hours flown for the various
categories of aircraft.

TABLE 13

GENERAL AVIATION AIRCRAFT UTILIZATION

Type Aircraft Indiv P'ship Corp Co-owner Government--
Single Engine 4+ Seats 150 63 487 150 450
Single Engine 1- 3 Seats 150 137 284 195 376
Mult i-Eng ine 243 153 257 75 400
Rotorcraft ~, 423','

Other 17

Average = 229 hours

':< Sample too small to be meaningful.

As Sky Harbor becomes more fully develop'ed, the types of aircraft based
at the field will change. At the present time, approximately 35% of the
aircraft are smaller single engine aircraft. The trend is expected to shift
toward the bigger multi-engine aircraft and away from the single engine
types. Exactly how much of a shift will occur in the nature of this mixture cannot be
predicted at this time, but estimates can be made of the levels of activity
that can be expected if certa in mixes are achieved. Three mixes of aircraft
have been developed which reflect this shift toward the multi-engine aircraft.
These are:

Single Single Multi Rotor- Other
Eng. +4 Eng. 1-3 Engine craft

Mix #1 (existing) 35% 47% 14% 3% 1%
Mix #2 25 40 29 5 1
Mix #3 10 20 64 5 1

Based upon computer runs of the raw data, it has been estimated that the
average aircraft in Mix #1, without any restrictions on proficiency flying,
will average 573 operations per aircraft per year. With some restrictions
on this proficiency flying, the average will drop to 403 operations per
aircraft. For Mix #2, with no restrictions, the average is 523 operations;
and with restrictions, 378 operations. For Mix #3, with no restrictions, the
average is 400 operations, and with restrictions, 300 operations.
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As a matter of fact, two restrictions already exist at Sky Harbor. First
is the general agreement that proficiency flying will be conducted away
from Sky Harbor for most aircraft. The second is a requirement that
all aircraft operating at Sky Harbor have a radio transmitter/receiver.
In Arizona, about 47% of the aircraft may not be able to meet the radio
transmitter /receiver requirement, hence could be restricted from
operations at this field.

Having identified the character and activity levels of the general aviation
fleet in the Phoenix area, the remaining element in determining the general
aviation contribution to the activity at Sky Harbor is to determine the number
of based aircraft that will be using each of the runways.

All of the general aviation activity presently uses Runway 8L/26R. With
approximately 620 aircraft based in the northwest corner of the airport, the
activity level that can be expected is around 250, 000 annual operations with
the Mix #1 and restrictions on proficiency flying. The actual level of opera­
tions in 1970 was 253,650 operations, which correlates well with the calcula­
tions. The following table gives the location and number of aircraft parking
positions that have been planned for the airport.

TABLE 14

LOCATION OF BASED AIRCRAFT

Year /Phase Location Based Aircraft

1975 Ia Adjacent to 8L/26R 512
1980 Ib Adjacent to 8L/26R 512
1985 II Adjacent to 8L/26R 262

Adjacent to 8R /26L 400
1990 II Adjacent to 8L /26R 262

Adjacent to 8R /26L 400
2000 IV Adjacent to 8L/26R 262

Adjacent to 8R /26L 400

In forecasting the general aviation fleet, it has been estimated that the mix
will generally approximate Mix # 1 through 1980. During the 1980' s, the mix
will approximate Mix #2, and beyond the year 1990 will approximate Mix #3.

Taking this data, and smoothing out the irregularities in statistical
analysis, results in the following graph.
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These data can not be translated into activity levels for each of the runways.
In the table below, the estimated general aviation usage by runway is given.

TABLE 15

ESTIMATED GENERAL AVIATION RUNWAY UTILIZATION

Total Runway Usage
Year Operations 8L/26R 8C/26C 8R/26L

1975 206,000 206,000 -0- -0-
1980 200,000 200,000 -0- -0-
1985 ,~ 220,000 105,000 -0- 115,000
1990 235,000 95,000 -0- 140,000
1995 215,000 85,000 -0- 130,000
2000 200,000 80,000 -0- 120,000

* Runway 8R/26L assumed to open in 1985.

Combining these data with the data presented in Table II, the total aircraft
operations by runway is as follows:

TABLE 16

AIRCRAFT OPERATIONS BY RUNWAY

Aircraft Operations
Year 8L!26R 8C!26C 8R !26L Total

1975 243,800 120,200 * -0- 364,000

1980 261,200 126,800 * -0- 388,000
1985 190,000 119, 700 128,300 438,000
1990 192,500 137,200 155,300 485,000
1995 224,700 120,900 143,400 489,000
2000 215,200 142,900 135,900 494,000

* Existing 8R /26L, and includes 8,000 military operations.
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Utilizing these base data, the capacity of each of the runways can now be
calculated.

TABLE 17

RUNWAY CAPACITIES

Runway Peak Hour Capacity
I
I Year

8L/26R 8C/26C
PHOCAP ,;, DeITland PHOCAP DeITland

8R /26L
PHOCAP DeITland

~~* Existing Runway 8R/26L

I
I
I

1975
1980
1985
1990
1995
2000

80 67 48';0~ 3 o,;,~:'

72 73 50';0:' 32 >:~*

56 57 44 30 82 43
52 52 44 34 84 46

S5 S9 46 30 84 43

55 56 44 37 83 40

I
I
I
I
I
I
I
I
I
I
I

This analysis is based upon the peak hour deITlands that are expected to be
placed on each of the runways. It can be seen that in the 1980 to 1985 tiITle
period, the deITland virtually equals the capacity on Runway 8L/26R. This is
the ITlain reason for liITliting the nUITlber of based aircraft in the northwest
corner of the field to 512 initially, and 262 later. However, these nUITlbers
are based upon ITlatheITlatical calculations and ITlay not fully reflect the
existing situation. When analyzed on an annual basis, the north runway
is now substantially "exeeeding" its annual capacity. Note also that the
capacity of the north runway in 1995 is sOITlewhat less than the deITland during
the peak hours. The nUITlbers are close, but they do indicate that SOITle delays
will occur during peak hour activity in the ITlid-nineties. DeITland exceeds
capacity by only 4 operations per hour and peak hour activity is
predicted somewhat on a continuation of today' s operational ITlethods. It is
possible that the actual ITlethod of scheduling air carrier aircraft, and the
actual nUITlber of general aviation aircraft based in this corner of the airport
will vary froITl the forecast data enough to eliITlinate this excess. On the other
hand, it could be greater, in which case, a review of the number of general
aviation aircraft based in this part of the airport ITlust be carefully
evaluated to bring their activity into balance with the capacity of the system.

* PHOCAP is Practical Hourly Capacity
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One other fact needs to be brought out here. The ITlatheITlatical calculations
of annual capacity are not felt to be truly indicative of the capacity of the
system. For example, the calculations for the north runway indicated that
this runway is now handling ITlore operations than its capacity. The forITlulae
are not fully responsive to the total range of situations that can exist at an
airport. We feel that the peak hour capacities, given in Table 17 above, are
ITlore indicative of the true situation than are the practical annual capacities
(PANCAP) of the runways. The PANCAPs should not., therefore, be taken
as a liITliting factor in analyzing the runway systeITl.

The table below gives the PANCAP figures for each of the runways, and it is
included in this report for inforITlation only.

TABLE 18

RUNWAY PANCAP CALCULATIONS

8L/26R
Year PANCAP';< DeITland

Runway Annual Capacity
8C/26C

PANCAP DeITland
8R /26R

PANCAP DeITland

1975 216,000 243,800 248, 000':< 120, 200';<

1980 229,000 261,200 253,000"" . 126,800*
1985 207,000 190,000 223,200 119,700 183,500 128,300

1990 211,000 192,500 222,000 137,200 188,000 155,300

1995 223,000 224,700 236,000 120,900 188,000 143,400
2000 216,000 215,200 228,000 142,900 194,000 135,900

,;< Existing Runway 8R /26L

The ITlatheITlatical calculations thus show a deITland level in excess of the
available "capacity" on an annual basis for the north runway in 1975 and
1980, with a close situation existing throughout the remainder of the time.
We feel, that this may be sOITlewhat pessimistic, especially since the
demands generated by general aviation tend to be spread over a wider tiITle
period than do those of the air carrier activity. Hence general aviation
can be more flexible and responsibe to the pressures and permit more
operations to be handled on the runway systeITl on an annual bas is than the
calculations would indicate. Note, too, that on an annual basis, the demand
virtually equals the PANCAP for 1995, whereas the peak hour capacity
calc.ulations indicate that some over-deITland ITlay exist, hence some delays
can be expected. Allowing for SOITle ITlargin of error in the ITlathernatical

>:< PANCAP is Practical Annual Capacity
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model, it can be generally said that the design of the airport has kept
the capacity of the runways in balance with the demand - recognizing
that curtailment of general aviation activity on the north runway will be
neces sary in order to maintain this balance. The master plan has been
arranged in such a manner that the removal of general aviation facilities

takes place at the times that demand builds up to the point where the capacity
is ~trained, thus relieving the pressure. The only true way to insure that
unneces sary delays do not build up on this runway is to monitor the activity on this
runway over the year s, and keep the general aviation fleet in balance with the
capacity of the field. Note, too, that the overall capacity of the entire runway
system is less than the demands generated by the military, the air carriers,
and the general aviation fleet. Treating the capacity of the airport as a whole
is deceptive, since it would indicate that the based aircraft could be increased
substantially. Whereas, an analys is on a runway- by-runway basis indicates that
some close situations do exist, and the number of based aircraft must be kept
in balance with the air carrier activity and the ability of the system to handle
all the aircraft movements.

Weather Analysis

Table 19, which follows, highlights the fact that the Phoenix weather is
predominantly visual flying ("VFR"). An average of 22.7 hours per year
is in cloudy weather conditions ("IFR II) and these 22. 7 hours are reasonably
distributed over the ceiling and visibility categories. What this means
in terms of runway design is that the need for sophisticated landing
equipment is minimal. The installation of Instrument Landing System
(ILS) equipment on the airport itself is not justified from strictly a
weather standpoint, but may be justified from a traffic control standpoint.
Because of this safety reason, the master plan makes provision for the
installation of ILS equipment on Runway 26R and on Runway 8C or 8R.

TABLE 19

WEATHER ANALYSIS

Average AnnualI
I
I
I

Weather *
Condition
All Wx
VFR

cm
VOR
ILS
TWO
CLO

Total Hrs.
Per Year
8,761. 80
8,739.10

7.00
6. 3
3. 5
2. 3
3. 6

Rwy
8

4,545.6
4,539.2

2. 1

1.4
1.2
0.8
0.9

Rwy
26

3041. 7
3033. 9

2. 9
2. 9
0.7
O. 5
O. 8

Hours

Calms
1098.8
1094. 1

1.2
1.3
0.4
O. 5
1.3

Total
Coverage

8686. 1
8667.2

6. 2
5. 6
2. 3
1.8
3. 0

I
I

* Weather conditions shown here relate to the various ceiling and

visibility minimal which are applicable to Sky Harbor. See the
Appendix for more detailed explanation of symbols.
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An analysis of the wind patterns indicates that the runway alignment 8/26
provides adequate wind coverage for aircraft operations 99.2% of the time.
This is based upon a maximum cross-wind component of 13 knots. If the
maximum eros s -wind component is reduced to 10 knots the runway align­
ment 8/26 still provides ::-.clore than 95% wind coverage. Unlike many
coastal communities, the occurrence of instrument weather does not follow
any definable pattern and tends to occur during all months of the year to
some degree. Over 62% of the IFR weather occurs with wind speeds less

than 10 knots.

Since VFR weather is such a dominant factor in the Phoenix area, a special
analysis of this weather condition was run on an hour by hour basis. A

distinct pattern was identified which showed that the majority of the winds
occur in an east or a west direction. From late evening through the night and
morning hours the winds favor Runway 8 (west to east operations). During
the afternoon hours and early evening hours the winds tend to favor Runway
26 (east to west operations). In calculating the amount of time that the
runways could be used on an operational program, it was found that if
Runway 8 is the "calm wind runwayl' it can be used 64.4% of the time.
If, however, Runway 26 is designated as the "calm wind runway" it would
be used only 47.2% of the time. (The designation of a runway as a l'calm
wind runway" simply means that the usage of that runway is established by
policy rather than wind velocity and normally applies at any time the winds
are les s than 4 knots. However, for the purposes of this study, calm
winds are considered to be zero winds. )

Wind speeds in the Phoenix area exceed 20 knots on an average of 28. 9 hours
per year. Of these 28.9 hours, some 64% occur in the 20 to 22 knot range.
The remaining time drops sharply as the wind velocity increases. High
winds, when analyzed on a time of day basis, occur at every hour of the
day, but tend to occur more frequently in the late afternoon and early evening
hours. Analyzed on a month-to-month basis, high winds tend to favor the
summer months with July being the most predominant with an average of
4. 7 hours of high winds out of the total 28. 9 recorded over a specific 10-year
span.

Details of all this weather analysis are given in the appendix of this report.

The conclusions which can be drawn from the weather analysis support the
fact that the Runway 8/26 alignment is the best pos sible one for the Phoenix
Sky Harbor A irport. Analysis also ind icates that there is no need for a eros s-
wind runway to be built at this airport for any type of aircraft activity. The results
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of this study also illustrate that there is little justification to install
sophisticated instrument equipment to handle aircraft during bad weather conditions
since frequency of these low visibility and low ceiling weather conditions
is minimal. It has been determined that winds tend to favor Runway 8
for 52. 3% of the time, Runway 26 for 35% of the time and that for 12.6%
of the time either runway can be used.

Taxiways

Careful studies have been made of the ground taxiing requirements for
aircraft and a taxiway network has been planned for the smooth flow of
aircraft to and from the various runways. There is a requirement for
dual parallel taxiways adjacent to Runway 8L/26R and Runway 8C/26C.
One of these dual parallels can be an apron edge taxiway. A single
parallel taxiway will be required for aircraft operating on Runway 8R /26 L.

Exit taxiways fall into two general categories. Angled taxiways have been
provided at a number of points along the runways to allow for expedited
clearance of aircraft from the active runway. These angled exit taxiways
are not of the high speed design since it has been found that the need
for fast exiting under close runway time tolerances is not necessary and
subjects aircraft to a high speed turn that is not deemed desirable.

The other type of exit taxiway which has been provided is the standard 90
degree taxiway. All taxiways have been placed at strategic points to allow
aircraft to move across the airport in a logical manner and with a minimum
amount of interference with other taxiing aircraft. All taxiways to be
used by air carrier will eventually be 100 feet wide and built to the wide
bodied jet standards. All taxiways to be used by general aviation aircraft
on the north s ide of the airport and on the far south s ide of the airport can
be as wide as 75 feet.

Several holding aprons have been provided near the runway ends for those
piston engine aircraft which need to complete their engine warm-up. These
aprons are of a size and location to permit an aircraft to taxi past without
obstruction and to minimize effects from prop wash or jet blast.

The obstruction plan for the airport has been drawn to the new criteria
outlined in Part 77 of the Federal Aviation Regulations. This new criteria
represents the latest thinking in safe operating "surfaces" on and around
a major airport. It will be noted on the plan that instrument approach
zones have been provided for each runway. This permits continuance of
instrument landings on Runway 8R/26L and furnishes the opportunity to
instrument other runways in the future. As such time as the existing
Runway 8R/26L is converted into a taxiway and the new Runway 8C/26C
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(
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and 8R/26L are constructed, the obstruction plan can be modified
by deleting from it the approach zones applicable to the present 8R/26L.
The other major change in the new criteria from Part 77 is the controlling
dimensions for the horizontal surface around the airport. The old
criteria required a circular horizontal surface based on the airport
reference point. The new criteria is based upon a fixed distance from
the runway thresholds.

Clear zones and approach zones to the airport have been shown on the revised
airport layout plan which will be submitted to the Federal Aviation Adminis­
trahon. The approach zone for each runway is programmed to be 50: 1 for
the inner 10, 000 feet for each runway on the airport. Maintaining this level
of protection will not only ensure the safe operation of air carrier aircraft,
but will also provide the required clearances for the ILS equipment when it
is installed on any of the runways.

Land Acquisition

Land acquisition for the airport has been established in the areas between the
Squaw Peak Freeway and the Hohokam Freeway and as far south as the
Maricopa Freeway and the Salt River low flow channel. No additional land
purchases north of Airlane are anticipated. The acquisition of land
has been timed in such a manner that additional parcels will be added to the
airport as construction is scheduled. There is no requirement to buy all of
the additional land in the immediate future. The land which will be incorpora­
ted into the airport boundaries will be purchased over the next 20 years.

Controlling Dimensions

In designing the airside of the terminal complex, a number of factors were
taken into consideration. The controlling dimensions from the existing and
proposed runways were used as <t lirniting factor in determining the amount of
space that is available for terminal construction. In order to have the smooth
flow of traffic to all runway thresholds it is necessary to provide for two-way
aircraft movement parallel to each of the major runways. This may be
accomplished by providing a parallel taxiway located 600 feet from the runway
centerline. Rather than provide a second parallel taxiway 400 feet from the
main parallel taxiway, it was decided to conserve space and allow aircraft to
taxi along the apron edge. This is double utilization of the apron space
which permits aircraft to maneuver around the concourses as well as pass
enroute to or from the runway. From the centerline of the apron edge taxiway,
a controlling distance of 180 feet is proposed to the obstacle clearance
line around the terminal concourses. This obstacle clearance line, in the
scheme which has been adopted, will restrict the point at which aircraft can
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be parked around the various tertninal concourses. This 180 foot dimension
was extracted from FAA Advisory Circular 150- 5335 -lAo In des igning
the gate positions at each of the terminal piers, flexibility was again one

of the keynotes for planning. With the exception of the two innermost gate
pos itions (which will accommodate only 707 type aircr aft) all gate pos itions
will accommodate the wide bodied jets or the stretched vers ions of these
wide bodied jets. Around a standard terminal pier, the design allows for
eight aircraft of maximum size. If, however, an airline desires to use a
pier for minimum size aircraft (such as the Boeing 72 7 or 737) 12 aircraft
can be accommodated around the pier. In all probability, the aver age pier
will contain a mixture of all aircraft types and will probably have around
ten gate positions of mixed sizes. In order to allow aircraft to be pushed back
from the gate position and from that point to taxi under power out to the
runway complex, a careful study was made to determine the distance that
would be necessary between each set of terminal concourses. It was found
that a distance of 1,250 feet (centerline to centerline) between the tertninal
piers would provide sufficient room for the maneuvering of aircraft on
the apron space. This would allow two wide bodied jets to pass with safety
to or from any uf the interior gate positions.

Fuel System

The master plan also provides for the installation of an underground fuel
dispensing system throughout the apron area. It is recognized, however,
that the flexibility gained by allowing any size of aircraft to be positioned
at any point along the terminal face, causes a design problem in positioning
the fuel hydrant outlets. At the present time these hydrants are generally
serviced by a small service vehicle which connects a hose to the fuel
hydrant and a second hose to the aircraft fueling point. In order to maintain
the desired flexibility in concourse design these connected hoses may have
to be somewhat longer in the future. As an alternative to this problem it is
possible to install additional fuel hydrant locations on a modular basis in
the apron area thus permitting gate positions to be modified in the future
with a minimum amount of reconstruction of the fuel dispensing network.

Fuel Storage Sites

At the present time there are several fuel storage sites located on the airport.
A small one is located next to the intersection of Sky Harbor Boulevard and
40th Street, and several others are located in the maintenance area south of
Buckeye. The master plan provides for a single large satellite fuel storage
area south of Airlane and west of 44th Street. From this satellite facility,

distribution lines can be run to the apron area.
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During the interim the fuel lines can be run to a proposed interim fuel
dispensing station located adjacent to taxiway X and south of the existing Sky Chef
In-Flight Meal Packing Kitchen facility. The multiplicity of fuel dispensing
sites located around the airport at the present time should be phased out

as soon as possible.

Air Cargo Area

Another area directly related to the airside operations of the airport is the
air cargo center. In reviewing the forecast of air cargo tonnages to be
enplaned at Phoenix, it was estimated that the percentage of total cargo
being moved via all-cargo flights would increase from the present level to
approximately 55% by the year 2015. A parallel assumption was also made
that the number of tons of Phoenix cargo that would be enplaned on each flight
would increase from approximately 6 tons in 1975 to 20 tons by the year 2015.
This conservative approach to establishing the air cargo apron requirements
would indicate that approximately 6 all-cargo gate positions will be needed to
move this amount of express, freight and mail. Cargo which is not carried
in the all-cargo flights is normally carried in the belly compartments of the
passenger aircraft. At the present time the carriers tend to favor continua­
tion of this policy since it means better utilization of their fleets. The
cargo center, therefore, has been designed in a m.odular form. so that it
can be responsive to the changing air cargo handling techniques used by
the airlines.

TABLE 20

FORECAST OF AIR CARGO AND AIR MAIL

Enplaned Tons

Source: Letter Report, Landrum. and Brown, September 17, 1971

Air Cargo Air Mail
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Year

1975
1980
1985
1990
1995
2000
Saturation

17,900
32,600
47,300
62,000
76,700
91,400

135,500

7,700
12, 300
16,900
21,500
26, 100
30,700
44,500
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Although it is felt that the ultimate need for six all-cargo gate positions will
be realized only after the year 2000, there is no way to forecast unusual or
unexpected changes in the Phoenix economy which would result in an
unusually heavy demand for air cargo facilities. Should such an event
materialize, the master plan is capable of modification to accommodate
three additional all-cargo gate positions along the extension of Pima Street.

Airline Maintenance Areas

The present major airline maintenance area lies just east of taxiway X.
Minor maintenance facilities are located west of the existing West Wing
terminal building. The master plan provides for an airline maintenance
center to be located to the east of future taxiway Z. Although the
design which has been shown in this report indicates three airline mainten­
ance hangars, it should be realized that these are simply shown as schematic
hangars and should not be considered as recommended configurations for the
hangar structures. There is sufficient room for expansion in this area
between the terminal complex and the Hohokam Freeway. Minor maintenance
facilities, wash racks, and overnight parking positions are located at the
outboard positions from Modules No. 1 and No.6. There are sufficient areas
between these two modules and the crossover taxiways Y and Z for some minor
airline facilities.

Fixed Base Operator Areas

For the general aviation fleet, the entire fixed base operations area is located
in the northwest corner of the airport, adjacent to the threshold of
Runway 8L. Facilities located on the north side of tq.is runway will remain
virtually intact during the entire expansion program for the airport. A
few of the T-hangars will need to be removed in order to meet the 50:1
approach zone clearance criteria.

On the south side of Runway 8L/26R, however, the fixed base operator
facilities will need to be removed in the ultimate plan. When Modules #1
and #2 are completed, it will be neces sary to extend future taxiway B
through this area in order to provide the necessary clearance for air
carrier aircraft. There is an area set aside on the far south side of
the airport adjacent to the future Runway 8R/26L for fixed base operators.

Space is provided in the extreme corner of the approach to Runway 8L
for one latively large general aviation hangar. This hangar is programmed
to replace some of the T -hangars which will be removed for clearance
criteria. On the far south side of the airport, a large general aviation apron
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has been designated for major fixed base operator facilities. No
T -hangar s have been shown on the master plan. However, there is no
reason why T-hangars could not be built on the apron area if desired.
The airport presently has parking positions for slightly over 600 general
aviation aircraft. In the ultimate development, Sky Harbor will continue
to have the space for over 600 general aviation aircraft even though some
reduction in this number will be necessary in Phase 1.

Military Aviation

The Arizona Air National Guard Facility is presently located just south of the
existing Runway 8R /2 6L. This facility consists of two major hangars and a
number of support buildings on approximately 50 acres of land. It is antici­
pated that the future expansion of the airport will give the Air National Guard
an opportunity to relocate their facilities to another airport in the Phoenix
area. Sky Harbor1s master plan has made no provision for relocating

the Guard facilities.

Crash/Fire/Rescue Station

The existing crash/fire/rescue site is located west of the existing West
Wing terminal building. The master plan makes provis ion for two
permanent sites to be located adjacent to Taxiways Yand Z. During
the phased construction stages, it is possible to install an interim
crash/fire/rescue station at the point where Sky Harbor Boulevard
intersects the existing Taxiway X. This facility will be usable for a
substantial time before relocation to a permanent site is required.
(This situation is discussed in detail in the construction phasing portion
of the report.) Each site on the master plan has been des igned in such
a manner that it will accommodate up to 10 pieces of equipment, together
with associated maintenance and housing facilities for the crews.

Water System

Potable water supply for the airport is provided by and purchased from the
City of Phoenix municipal water system. A 54 -inch transmis s ion rna in is
located in Air Lane, bordering the north side of the airport. .A l2-inch main
in 24th Street provides service on the westerly perimeter. A major trans­
mission main is programmed from the Val Vista Treatment Plant by 1975.
This line will be installed immediately east of the airport. Nominal service
pressure on the airport is 55 p. s. i. Services and repairs for the airport
water system are provided by the City and paid for by the Airport.
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An adequate and dependable source of water

expansion requirements of the Master Plan.
cedures or policy appear warranted.

is as sured to meet the future

No change in the current pro-

Construction of additional mains and improvements within the airport can be
accomplished in a logical phased program without any disruption of service.

Design of distribution mains within the airport must include provision for
fire flows in addition to reasonable service demands. Primary structures,
such as the new terminal buildings and large hangars, represent a tremendous
capital investment. Fire insurance underwriter s are very demanding with
respect to the capacity of water supply and fire fighting systems when insuring
such structures. Premium rates vary sharply in direct relationship to the
level of protection provided.

Fire flows need not be computed for more than one major structure. This
demand is not considered excessive when added to the total normal service
requirement. With the ability to supply from three sides of the airport,
pressure losses can be reduced. Substantial cost savings in new mains may
be realized. Other connections could be available only for emergency
service during system repairs or fire emergency_

With multiple source connections and several sources of supply for the City
water system, it is not expected that a secondary water supply, such as tank
storage, will be required on the field. Before detail design of new mains is
undertaken, however, this as sumption should be verified by consultation with
insurance underwriters. If a standby system is deemed necessary or more
economical over the long term, comparative systems should be evaluated.
Possible designs could include separate storage, pumping and main systems
for specific structures (i. e., hangars), storage and pumping into a common
fire system for the entire airport, etc.

Anticipated cost of water system improvements has been included in the
construction cost estimates of each project, where applicable.

Ava ilability of high capacity fire fighting equipment on the field at crash­
rescue stations is of great value. While this equipment is not designed for
use on structural fires in buildings, it could and would provide a high level
of effectiveness in many instances. The immediate availability of trained
personnel is also of immense value.
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Sewer System

The City of Phoenix sanitation system receives airport sewage in a
24-inch main located in Air Lane, northerly of the airport and in a 30-inch
main located in 24th Street on the west side of the airport. The system
flows west and south, by gravity. The City has a 5.0 M. G. D. discharge
agreement into the 69 -inch Four Cities Sewer which is located on the
southerly side of the airport. A new 24-inch interceptor sewer is under
study. This main would serve areas north of the airport and provide a
measure of relief to the existing system. An alignment through the westerly
side of the airport is one alternative under consideration.

Extension of the existing sewer mains within the airport and continued use of
segments of the present system is contemplated. With the complexity of
proposed construction, it is possible that some pumping may be required.
However, at present, a completely gravity operated system is anticipated.
Flow will be divided among all existing mains. A total discharge approach-

ing 4 ds may be expected for design purposes.

No treatment of sanitary waste on the airport is proposed. Waste from air­
craft will be discharged directly into the system at buildings designed to
provide this service. In the event international flights are to be serviced,
special facilities will be required to meet health standards.

Telephone

Service is provided by Mountain Bell. It is expected that telephone circuits
will be installed in the proposed utility tunnel. Individual terminals will
receive all telephone, telex and related telephone company services from this

COlnmon source. Security and maintenance will both be enhanced by such an
ins tallation.

Electric Power and Gas

Electric power and gas service are provided by Arizona Public Service
Company. Design concepts envision load centers in each terminal complex.
High voltage transmission lines would be installed in the service tunnel. The
utility will install high voltage facilities and substations. The cost of service
from the customer service side of the substation is included in building costs.

Gas service is installed to the customer meter location. From this point, gas
lines are included in building costs. Main pressure is presently 27 psi.
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Airport Maintenance Center

The airport building and field maintenance center is presently located
adjacent to 27th Street. The airport Inaster plan Inakes provision
for a large airport Inaintenance center to be located on the east
side of the airport in the vicinity of the future Central Power Plant. This
new maintenance center will have a maintenance building, associated storage
yard, parking places for maintenance employees, and will also be connected
to the airfield system by a small driveway. This will allow the maintenance
center personnel to control those vehicles which are permitted on the airfield
itself.

Commercial and Industrial Sites

A number of sites have been set aside on the master plan for commercial and
industrial uses. Along the north boundary of the airport is the existing Garrett
AirResearch manufacturing facility. There is no need foreseen to relocate any
of this industrial property. Some additional commercial sites will be available
along the access routes into the airport from each end. A few small commer­
cial sites will also be available on the south side of the airport for airport
related activities. In the approach zones, it is possible to have some type of
commercial or agricultural activity which would be compatible with the
approach zone clearance criteria. Any activity which takes place in the
approach zone area must recognize the right of aircraft to make noise in that
area.

Special Probletns

In designing the master plan for the airport, a number of special problem areas
have been identified and have been taken into consideration during all future
expansion programs. The most obvious of these is the Salt River relocation.
Present Corps of Engineers studies have indicated a proposed low flow channel
to be constructed south and east of the airport to contain the water released
upstream during rainfall times. It is not anticipated, according to the Corps
of Engineers, that waters will exceed the boundaries of the low flow channel
during normal conditions. Some further relocation of this flow channel may
have to be studied by the Corps of Engineers in order to provide sufficient
clearance around the far south runway as it has been designed. The best
estimates that have been given thus far indicate that the low flow channel will
be operational in the mid 1980' s. This will coincide with the airport's con­
struction program which indicates a need for expansion into the existing Salt
River river bed at about the same time.
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Another problem area which was given consideration 1n laying out the master
plan was the existence of the Park of the Four Waters. This archeological
site, located in the approach to Runway 26R has been specifically excluded
J rom any type of airport development.

One particular problem that was encountered in designing the terminal
complex was the existence of a 90" stonn drainline crossing the airport from
north to south. This large line creates some problems in designing the
term inal since it affects the depth to which the first level of the terminal can
be established. At the present time it is not felt that this storm drain line
will have to be modified, although detail engineering studies will have to be
made at the time the tenninals are being designed.

One additional problem which exists in the Phoenix area 1S that of dust. All
construction programs on the airport should take into consideration the dust
problem for the neighborhood and control should be exercised to minimize
any type of dust from aircraft or construction operations as has been the practice.

TERMINAL FACILITIES

Throughout the world today there are four basic types of airline terminals.
The first basic type is the single sided facility. In this design the terminal
building acts as a transition point between the aircraft on one side and the

vehicles on the other. The second basic type is the double-sided
terminal facility. In this design, aircraft park on both sides of the terminal
building and the central core is reserved for limited vehicular activity.

The third basic type of terminal facility is the satellite design. Los Angeles
International is an example of multiple satellites being serviced by one or
more core buildings. The fourth basic type is the mobile lounge approach
to pas senger handling. Dulles International is an example of the mobile
lounge concept.

Each of these basic types was evaluated for the Phoenix situation. Each
terminal concept has its own advantages and disadvantages when applied to
the limitations existing at Sky Harbor. It was found that the single sided
terminal, such as Phoenix has today, does not lend itself to expansion
to the 84 gate requirement. It also provides an imbalance on the

aircraft operations to the runways.

The double sided terminal, also known as a linear terminal, eliminates a lot
of the problems inherent in the single sided design. The linear terminal also
is a better utilization of space when the parallel runways, such as those at
Phoenix, are close together.
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The satellite concept and the :mobile lounge concept also have certain advantages
inherent in their design, however, because of a nu:mber of other factors these
particular concepts were not felt to provide the greatest nu:mber of advantages
to the Phoenix situation.

The ter:minal design which has been adopted for Phoenix Sky Harbor Inter­
national Airport is the linear design. In adapting this particular design to
the Phoenix situation, it was found that six ter:minal :modules would be
adequate to :meet the projected de:mands for aircraft and passenger travel.
Each of the ter:minal :modules contain three floors - two of which are
utilized by the public and the third exclusively by the tenants and conces­
sionaires. Each of the ter:minal :modules have two connecting piers
used pri:marily as holding roo:ms for the gate positions. One pier would
ulti:mately be used as an international facility. At such ti:me as all six
ter:minal :modules are co:mpleted, the ter:minal facility will be able to acco:mo­
date up to 100 large bodied aircraft positions around the 12 connecting piers.

It can also be pointed out that the flexibility inherent in the linear design
allows the airlines to adapt the piers to various co:mbinations of airline
aircraft. For exa:mple, if every airline flying into Phoenix were to use the
s:maller jet equip:ment such as the DC-9 or Boeing 727, it would be possible
to build the ter:minal piers to acco:m:modate up to 144 of these aircraft. This,
naturally, will not be the case, but it does highlight the flexibility which this
design offers. .

Fro:m the passengers point of view there are a nu:mber of distinctive advantages
to linear concept. Each of the ter:minal :modules alternates with the parking
structure, thus keeping walking distances to a :mini:mu:m for those driving to
the airport in their own auto:mobiles. The ter:minal design provides for sever..

of these parking structures. The ter:minal :modules and the parking
structures are repeating ele:ments in the design and conceivably could be
continued even beyond the six :modules shown in this :master plan. By
providing right hand loading and unloading of passengers the safety of
operations is enhanced for the traveling public. Auto:mobiles can approach
the airport fro:m either the east or the west using the existing and the future
freeway networks. By providing a one way loop road syste:m interfacing
with the north and south sides of the ter:minals and garages. drivers can use
any side of the ter:minal, yet be able to return with ease in the direction. fro:m
which they ca:me. Turn-arounds are provided between each of the :modules
to facilitate this reverse traffic.

Over 6000 lineal feet of curb space has been provided to facilitate the right
hand loading and unloading of passengers. This distance does not include any
additional curb space which is available along the face of the garage structures.
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For taxis, buses or liITlousines, there has been designed into the plan
sufficient space for these cOITlITlercial vehicles to park alongside the
garage structures froITl which point they can ITlove to the terITlinal building

on a call-up basis.

TerITlinal Core Building, First Level. This. level of the terITlinal building,
which is depressed 17 feet below the aircraft apron level, is used
priITlarily for airline ticketing and baggage reclaiITl facilities. In addition,
this level would be used for insurance counters, rental car facilities, and
SOITle public storage lockers. There is direct passenger access froITl the
roadway to the ticketing counters and froITl the baggage reclaiITl areas to the
curb side.

This level of the terITlina1 is designed priITlarily to serve vehicular
traffic for the air carrier passengers. This particular feature separates all
autoITlobile traffic froITl the service vehicles and allows the uninterrupted
ITloveITlent of traffic.

An analysis of curb frontage for enplaning passengers reveals that there will
be over 500 lineal feet of frontage per terITlinal - or, for six terITlinals,
3,000 feet. This results in curb space for 120 autos based upon an estiITlate
of 20 cars per terITlinal (10 on each side) with each autoITlobile using
approxiITlately 25 feet of space. On each side of the terITlinal there would
be curb-side baggage check-in positions.

For the deplaning pas sengers there is 500 lineal feet of curb frontage per
terITlinal for pas sengers wanting to load their cars at curb side. This is
again based upon an estiITlate 20 cars per terITlinal using 25 lineal feet of
curb each, for a total of 3000 lineal feet for the entire cOITlplex. The curb
frontage is based upon a standard of 3 ITlinute curb occupancy tiITle even
though it is recognized that SOITle autoITlobiles will exceed this tiITle liITlit.
When calculated on 4 ITlinute overall occupancy tiITle for the autoITlobiles,
the total curb space is still adequate.

Inside of the terITlinal building passengers will find that the siITlplicity of the
design eliITlinates confusion and congestion. For the enplaning passengers
approxiITlately 340 lineal feet of ticket counter has been des igned into each
terITlinal ITlodule. Linear counters have been shown on the drawinga. However,
other configurations can also be incorporated into the basic design. Other
configurations which have been used successfully by various airlines include
the flow-thru ticketing counter and the wrap-around ticketing counters.
Behind the ticketing area airline operations space has been provided. This
office space is approxiITlate1y 33 feet deep and extends the full length of the
ticket counters thus providing flexibility to the airlines in arranging the areas
to ITleet their various operational ITlethods. IncoITling baggage is processed
vertically to the second level of the terITlinal froITl the ticketing counter.
Direct vertical flow of baggage froITl the curb side is an option which is
possible depending upon the desires of the individual airline.
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At the other end of tJ::1e first level is the baggage claim area. In each of the
terminal buildings eight baggage claim device positions have been provided
(48 total for the entire complex). These eight circular devices provide a
total of 3840 lineal feet of display space for arriving baggage. Other con­
figurations can be incorporated into the space that has been provided. Such
other methods would include the r ace track device or other belt type
moving systems. Baggage flows ve'rtically from the second level
directly down to the baggage claim area.

By reducing the number of airport functions taking place in this part of the
terminal, securi.ty of the baggage claim area can be maintained. By
requiring passengers to pass by a security guard, theft of public baggage is
reduced to a minimum. The design also allows for direct public access
to the customer service functions, such as public storage lockers and the lost
and found office. Centrally located within this level of the terminal building
is the airline information booth. It is als 0 pos sible that the insuranc~

counter might be located in this same area of the first level, together
with hotel reservations display boards and telephones. The rental car
counters also have direct access to the baggage claim area and to the
ready car parking lot.

Public telephones and baggage lockers are provided in convenient spaces.

The vertical circulation of passengers by means of an escalator will
take place at the central point in the first level and provide direct flow
from the ticketing to the concourse level (third level). In addition, two
elevators and two stairways are planned in each terminal building. Elevators
in the parking structures adjacent to the terminals will give passengers
th r opportunity to travel to any level of the terminal or parking structure.

One additional feature is the view the passengers have from the
first level. By having landscaped slopes across the roadway system, an
"oasis feeling" is created which lessens the need of seeing aircraft on the
apron. These landscaped slopes also are valuable from a standpoint of
erosion control and general aesthetic appearance of the buildings.

Terminal Core Building, Second Level. This level of the terminal building,
which is located at the apron level of the airport, contains the general
service functions for the terminal activity. Inbound and outbound baggage
facilities and baggage I cargo transfer areas are among the major activities
taking place on this level. In addition, concessionaires can have storage and
receiving docks on this level. The second level also contains mechanical

space and some airport operations space.
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The placeITlent of this service level at apron level was one of the specific
objectives of this terITlinal design. This eliITlinates the up and down raITlps
that are typical of so ITlany airports for airline baggage vehicles. It also
allows for the cOITlplete separation of cOITlITlercial vehicles from the public
or passenger vehicles. It also perITlits the ITlid-level feed between the
ticketing and baggage levels below and the concourse level above. Restaurant
receiving and storage areas can be located directly beneath the restaurant
area in order to ITliniITlize their use of the prime third level space. By
keeping ITlost of this floor as an open air activity, it will be ITlore econoITlical
to construct since enclosed space is reduced to a ITliniITlum. The location of
the second level also perITlits the eliITlination of crawl spaces and extensive
furred areas and reduces conveyor and utility runs. This level can be
expanded and ITlodified without extensive excavations and costly operational
interruptions to other airport functions.

TerITlinal Core Building, Third Level. This IS the upper level of the passenger
core building and contains the ITlain lobby, the concourse level. conC'Pssions,
airline and adITllnistrative offices and general public aITlenities. The direct
flow of passengers to and froITl the central core circulation area allows
ITlaxiITluITl e4posure to all concessionaires on this third level. The third
level provides an excellent view of all airside operations. The con-

ces sionaires located on this floor should be visually open and only furniture
or fixtures should define the various areas. SOITle types of concessions
which can be included on this level are the restaurant, coffee shop and
cocktail lounge. There can also be bankiu'g facilities, news stands, sundry
or gift shops, flower shops, gaITle rOOITlS and post office facilities. Elevators
installed on the third level will allow the public to travel directly froITl

this level to any level in the parking structure or to the first level of the
terITlinal core building.

The installation of a ITlezzanine level above· the third level is an option;
in the terITlinal design. This would allow for the expansion of office
space and create the possibility of providing the transfer point for an
externally installed people ITlover systeITl.

Concourse Building, First Level. The first level of the concourse building
is at the apron level of the airport. Located here are the various service
facilities, airline operations, SOITle ITlaintenance space and sOITle equipITlent
and ITlechanical space. Direct access to all apron activities and services is
possible. Open areas beneath the buildings can be used by airline operations,
if desired. This level is cOITlpletely cOITlpatible with the second level of

the terITlinal core building since they are adjacent to each other, thus per­
ITlitting airlines to· enjoy a ITlore efficient utilization of personnel and equipITlent.
Enclosed space on this first level will be needed only for offices or security
areas. The reITlainder of this space can be left open.
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Concourse Building, Second Level. This is the upper level of the concourse
building and corresponds to the third level of the terminal core building.
Located on this level are the holding rooms, a few concessions and some of
the circulations space for the public. This level is located some 15 feet
above the apron level. It consists of open holding rooms for airline passengers
waiting to board aircraft. It is envisioned at this point that no partitions or
railings be installed and that space areas within the concourse be
defined by informal seating arrangements, planters, miscellaneous furniture
and fixtures. All concourse buildings are designed in a modular manner thus
permitting only as much of each building to be constructed as is necessary.
This is one of the key items to provision of flexibility and ease of meeting airlines 1

particular operating needs and future growth patterns. It is anticipated that
all a lrcraft park perpendicular to the terminal build and be serviced by jet
loading bridges to facilitate passenger loading and unloading. For those
airlines not wishing to install telescoping or extra jet loading bridges
it is possible to install stairs and/or escalators to the ground level to
permit ground level loading of adjacent aircraft. Wide body aircraft
have been assumed for the majority of all aircraft parking positions, but
provision has been made for these positions to accept stretched versions
of all known aircraft. The holding rooms do not surround the nose of any
aircraft. Plane positions and gate locations and type of aircraft can be
changed to meet the needs of airlines over the years. This is one of the
key items in the modularity and flexibility criteria adopted for the concours e
design.

Graphics

A consistent graphics system should be established for all signs and
markings to be used throughout the terminal complex. These signs
and graphics should be an integral part of the overall design of the
terminal. There should also be a common flight information system
in order to minimize confusion of passengers. Design standards for
all tenant occupied space should be established in order to insure design
coordination, continuity and consistency. The concessions in the holding
room areas in the concourse buildings should remain visually open.
Furniture, seating arrangements, planters and fixtures should be used
to define the various areas in this space.

Landscaping

Landscaping has been concentrated on the sloping sides of the passenger
roadway system. This landscaping should consist of ground cover,
some flowering shrubs and palm trees. This maximizes the impact of the
green area and creates a pleasant outdoor vista from the ticketing and
baggage levels. The palm trees provide foreground interest for the apron
activity. This landscaping minimizes maintenance and should be easily
achieved with economical native plants that thrive in the warm, dry climate

of Phoenix.
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Piers vs. Pods

Offering the pod as an alternate des ign to the pier configuration was
intended to provide each airline with the maximum choice of gate
arrangements, passenger convenience, and flexibility. Either design
can grow in regular, orderly increments. The pier offers maximum
apron space for a limited choice of aircraft without reducing the number
of gates. The pod offers more restricted apron space but virtually

unlimited ability to handle any size of aircraft without reducing the number
of gates. The alternatives are not mutually exclusive. It is possible for
the airport authorities to allow the airlines to build either kind of holding
area according to the individual airline's desires. The central linear spine
is such a strong design element and establishes such a clear circulation
pattern that the development of the satellite structures can be free to vary
within the general guidelines of a standard structure.

Construction Techniques

The master plan concept shown on the pages in this report provides for a
structural grid system of modular design. This is not rr~e"l!1t to be a final
recommendation, but is intended to indicate the wisdom of developing a
structural system that can be repetitive and responsive to all alternate
building functions. The parking structure, the terminal core buildings and
concourses /pods are all areas which are subject to modular growth. The
development of a standard structural module could lead to cost savings and
more flexibility for the space. Adoption of a standard module will permit
the use of prefabricated structural construction material and use of these
prefabricated units should result in cost savings to the airport because
of the reusable nature of the material.

Central Power Plant

The master plan provides for a Central Power Plant to be built just east of
the future Module #6. Engineering study will reveal which of the power and
utility requirements will be most economically provided through this central
location. By purchasing power from the utilities in large qu~ntities it is
possible to take advantage of discount rates, thus effecting savings to the
airport operation. The location of the Central Power Plant was given careful
analysis and the site which has been shown on the master plan is felt to be
the most feasible one available. Placing the Central Power Plant
to the west of the terminal complex has a number of drawbacks.
First, the Modules #1 and #2 will probably be the last ones to be built,
thus requiring a longer utility run from the Central Power Plant to the
easternmost Module #6 fClr the longest period of time. Furthermore,
the location of the Central Power Plant in this area would necessitate
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costly circuitous routing of utility lines through the areas now occupied
by les sees and the existing terminal facilities. Sites located north or
south of the airport offer no distinct advantage since long utility rWlS
would have to be made before the distribution system would become
possible. By placing the Central Power Plant at the east end of the airport,
the distribution line is acknowledged to be a long run to Module #3.
However, it offers the opportunity to place junction boxes at the location
of each of the future terminal modules, thus eliminating the need to
modify the system each time a terminal module is built.

Utility Tunnels

Included within the master plan of the airport is a utility tunnel extending
from the Central Power Plant along the spine of the terminal complex
from Module #6 to Module #1. The tunnel is programmed to be extended
as each terminal module is built, thus maintaining a continuous link with
the power plant. The tunnel is presently envisioned as being beneath one
of the sidewalks on the lower level; however, detailed architectural studies
may find a better location. This tunnel would house the heating and cooling
lines to each terminal, as well as power lines, water lines, and telephone
and communication lines.

FAA Control Tower

After careful consideration of the potential sites around the airport at
which a control tower could be located, it was decided that the most logical
location was in the terminal spine. Basic studies indicate that a facility
can be developed in a portion of the parking structure adjacent to Module #3.
This site will allow the control tower to have the best possible view of all
aircraft operating surfaces. When the terminal building and garage
structure are completed, FAA personnel can be allocated a few reserved
parking places in the garage structure for the government automobiles.
This also allows the FAA personnel to have access to the terminal amenities
That portion of the control tower which is to be included within the terminal
spine would have to be rectangular construction with floor levels designed to
be compatible with the future structure which will be built around it. Above
the terminal level the standard FAA control tower design can be erected.

Other Facilities

Hotels and Motels. There is one hotel facility presently on the airport
land. This is the Sky Riders Hotel occupying some 3.6 acres of land
adjacent to Sky Harbor Boulevard. This facility provides a needed service
for airport users. The ground lease for this facility expires in 2006.
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Service Station. No public use service stations have been shown on the
master plan for the area occupied by the airport itself. The acces s roads
have been rlesigned to enhance the flow of passenger traffic, and locations
on these roads would not be desirable for service stations which need
exposure to general street traffic. There are a number of potential service
station sites available in the land to the west of 24th Street (which will be
needed for noise protection or clear zone uses). The desirability of
locating a service station in this area will have to be evaluated by the
various oil companies.

Recreational Land. The land which is being acquired for clear zone protection
and noise areas may lend itself in certain instances to use for recreational
purposes. The exact types of recreational activity which would be compatible
with aircraft noise should be carefully evaluated by the Parks and Recreation

Department.

Corrunercial Uses. The major commercial user of land at the airport at the
present time is the Garrett AirResearch Facility on the north side of the
airfield. This manufacturing facility has been maintained on the master
plan since no direct aeronautical use is required for that area.

Other aviation related activitie!!l include the fixed baee operators in the
northwest corner of the airport, the airline maintenance facility and the
Sky Chef In-flight Meal Packing Kitchen facility located to the east of
Taxiway X, the air cargo and airline maintenance facilities located to
the west of the existing west wing terminal building, the Arizona Air
National Guard facility located on the south side of the airport, and aviation
fuel storage areas occupied by the oil suppliers. These have all been
discus sed elsewhere in this report.

Other commercial uses of airport land include the motel, valet parking facility,
public parking lot, car rental agencies, office space, and ground and building
space occupied by federal agencies.

In developing the master plan for the airport, all forecasted commercial
activity which is aviation oriented has been allocated space on the airport.
These commercial activities range from the Garrett AirResearch Facility
to the fixed base operators. Space not needed for aviation related
activity can be utilized by other commercial operators.
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Roads and Parking

An airline passenger - vehicular traffic survey was prepared by the City
Traffic Engineering DepartInent and the Airport Master Plan Study Team
for Sky Harbor during April of 1971. In this particular research document,
the present airline passenger origins were plotted on a Phoenix map and
the percentage of origins generated in the various sub-elements of the
map were identified. This research showed that over 800/0 of the
passenger originations were within ten miles of the airport, and most
of these were in the immediate area to the north of the airport. The
three largest single areas generating airport traffic were (1) the airport
itself, (G) the north Phoenix area, (5) and the Scottsdale area.

Projections of airline passenger ortgtns were made based upon survey
data. In this projection the areas that will generate airline passengers
expand to approximately a 15 -mile radius from the airport but, again,
most of the traffic is generated north and east of the airport. It is
projected that there will be some 16 areas in the Phoenix region that
will generate over 850/0 of the airline passenger traffic compared to
14 areas generating an almost equal amount of traffic at the pre sent time.
These maps also indicate that the perimeter districts around Phoenix
will begin to generate greater percentages of pas senger traffic by the
time the horizon year has occurred. Some of the areas which show
significant gains in pas senger generation percentages are the Paradise
Valley area, the Scottsdale area, the Tempe and the Mesa areas. Some
of the other outlying districts which at the present time are generating
less that G% of the origins will increase their share of the market to over
G% during the intervening years. Those areas which will experience some
percentage decline in origins are those districts which are closest
to the airport, such as the Central Phoenix area, the central business
district, the east Phoenix district, and the airport district.

This study also indicates that when the street and freeway system has been
completed in the Phoenix area, some 65% of the Sky Harbor surface traffic
will enter the airport from the west and 350/0 from the east. By the time the
satur.at~on year arrives, the passenger forecast indicates that nearly
28 mtlhon passengers will be using Sky Harbor annually and will produce
around 95,000 daily vehicle two-way trips.

Because of its widely dispersed urban growth patterns, Phoenix has
developed into a predominantly auto-oriented community. This is evidenced
in the low residential and business density land use. Because of this wide
dispersion pattern, the automobile is the only logical means of transportation
for a large percentage of the population. Projections of urban growth in
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the Phoenix area indicate that this low density land use and expanding urban
growth will continue, and the emphasis on automobile travel will not
diminish in the future. It appears, then, that the master plan for the
airport must continue to make provision for a large number of automobiles
to serve the Phoenix community.

In the vicinity of the airport the only completed freeway SYS~t:an is the
Maricopa Freeway (Interstate 10) which provides excellent access to the
airport from the east and from the northwest part of the community. The
southern half of the Squaw Peak Freeway has been completed and the inter­
change with the Maricopa Freeway allows a large percentage of the public
to use these two freeway networks to reach the entrance to Sky Harbor.
The completion of the Squaw Peak Freeway to the north will eas e the traffic
loads on city streets from the north Phoenix and Paradise Valley areas. The
completion of the Hohokam Freeway will make travel to the airport easier
for people from the Scottsdale, Telope and Mesa areas as well as some
people from the area just to the northeast of the airport. The completion
of the Papago Freeway, which is an east-west freeway, will allow greater
acces s to the airport from most of the areas lying to the north of the airport.

The only public transportation system which now provides transportation
to the airport is the bus system. Very few riders use this method of
reaching the airport, and the studies conducted by the Planning Team
indicate that only 0.2% of the passengers use this system. It is possible
that a future bus system will provide better service to Sky Harbor since
improvements in the system are now being implemented. Even with these
improvements the number of passengers using the bus system is not expected
to grow materially. Private automobiles, on the other hand, provide
almost two-thirds of the pas senger I s travel method.

Future Mass Transit System. Will the terminal facility as designed here be
compatible with any type of future mas s transit system? The answer is
I yes ' since this is one of the advantages of linear concept as it has been
developed for the Phoenix situation. What can be foreseen at this time is
that in the near term future any type of mass transit system would be a
rubber-tired vehicular system using the street and highway system. The use
of a rubber-tired system - let's call them buses - will function in the same
manner as the existing public transportation system does today.

Technologically, there are many companies working on ways to solve mass
transit vehicle and facility problems throughout the country. These companies
are working on ways to reduce the capital and construction costs as well as the
operating costs for the various systems under study. All are intended to
attract riders in low density areas, such as Phoenix, and to provide structures
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of a more aesthetic appearance. Under study by thes e firms are systems
which function above ground, on the surface, and underground. For Phoenix
any future system must be adaptable to the highway system or highway
right-of-ways since autos will serve Phoenix for a long time to corne and
the automobile facilities and right-of-way could provide the best corridors
for any type of mass transit system.

Since Phoenix is of such low density land use it can be expected that in the
future some of these land uses will change. This means that any type of mass
transit system that is evolved for the area must be flexible enough to permit
routes to be moved as needed. Fixed rail types of mass transit are not
flexible. Since a future mas s transit system for Phoenix and Sky Harbor is
difficult to forecast, the airport must be designed so that it is flexible enough
to accommodate any future type of mass transit system. This has been
achieved in the design of the facility since there are a number of methods
of s erving the terminal facilities at the airport.

Access Routes. Upon completion of the freeway system surrounding the
airport, access routes into the terminal facility will be second to none. The
roadway system which runs parallel to the terminal spine provides a minimum
of confusion and circuitous routing for the airport traveller. There is a
minimum amount of back-tracking necessary for those passengers wishing to
approach the airp'Jrt from one direction and depart in the other direction.
Furthermore, for those passengers who do desire to approach the airport
from one direction and return the same way, the provision of turn-arounds
at frequent intervals in the terminal spine allows these people to easily
return in the direction from whence they came. Yet this parallel road system
adjacent to the terminal spine is not so attractive and free -flowing that non­
airport traffic would use it for short cuts. The roadway system will provide
for future daily and hourly airport volumes of 95, 000 and 9,180 two-way trips
respectively. These 9,180 peak-hour two-way trips will impose a load on
the west access road of only 3, 000 hourly one-way trips per direction~ This
is well within the design limits for the access roads that have been planned.
The access routes have been designed in such a manner that they can be
phased over the years with the existing system of roadways. Interim routes can
easily be developed using some new roadway surfaces and some existing
roadway surfaces. This provides a most economical way to accomplish the
bi-directional acces s road system. It will create a minimum amount
of disruption to airside, terminal and roadway facilities in use at any point

of time.
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The circulatiun of automobiles within the terminal spine and acces s to the
parking structures has been designed in such a manner as to provide total
freedom of flow (travel from anywhere to anywhere) within the airport
terminal area. Phoenecians will like this since there are no restrictions

placed on auto travel within the area.

The plan provides for gent'rul.s parking within struc.~urcs along the
terminal spine. Seven garage structures have been designed which
will accommodate over 21, 000 vehicles. It is estimated that some
17, 000 long term parking spaces, 3, 000 short term spaces and
approximately 1, 000 rental car spaces will be necessary. The design
of these parking structures is such that a reoallocation of these parking
volumes can be made at any time.

By having a multi-level parking garage instead of a large, open lot,
the walking distances into the terminal module are held to a minimum.
Furthermore, the use of the parking structure allows the people to walk
directly from any floor of the parking structure directly into the adjacent
terminal core building and use vertical transportation to the ticketing level
or to the third level pas senger floor. This can also be accomplished with
elevators or other moving belts or sidewalks. The parking structures
are des igned so that phased construction of °more floors than are neces sary
will not be required. At such time as demand increases, additional floors
may be added to any parking garage until it reaches its maximum elevation.

The use of structures vs. surface lots has been taken into consideration in
this master plan study. Surface lots can not provide enough spaces near
the terminals to accommodate the volume of automobiles that will be
anticipated in the future. Furthermore if sufficient land were available
to construct these enormous parking lots the walking distances would
be extreme for those parking in the more remote areas. Furthermore,
structures protect the automobiles from extreme weather conditions and
are generally aesthetically pleasing and are more desirable to the public
for their automobiles. The use of surface lots, therefore, should be
restricted to interim facilities to solve overflow or excess groowth situations.

The parking structures are designed in such a manner that valet parking
can be provided remotely away from the terminal complex or on the higher
floors of the parking structures if desired. This is another flexible feature
of the terminal spine scheme. The parking structures are also flexible in
that the methods of entering the upper floors provides an option to the
traveling public to approach them directly from the outs ide ramps and enter
on the third level, or to use the spiral ramps in the center of the terminal.
Short term parking spaces are the first areas that drivers would come to
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after leaving the curb space. These are also the closest parking spaces to
the ticketing and baggage handling. (In the event short-term space is needed
i.n the future the redesign of the second or third floors can easily be ITlade to
accommodate this type of parking usage.) The longer terITl parkers would
drive to the higher floors. This is justified since they have lower traffic
turnover and ITlay have ITlore tiITle to drive the sOITlewhat greater distance
in the building.

Horizontal walking distances are relatively the saITle regardless of which
floor is used. Therefore, the fees that are charged for parking the
autoITlobiles can be equated to the character of the parking. The longer
terITl (and lower cost) parking spaces will be on the upper floors and the
short terITl (and more expensive parking spaces) would be on the lowest
floor s. The numbers of each type of parking will be deterITlined by experience
in the long run. However, estiITlates have been ITlade in this report of the
expected distribution of 10ng-terITl short-terITl parking requireITlents.

The optiITlization of the parking efficiency will be realized by:

a. The cost/revenue relationship.

b. By des igning the garages with one-way aisles, angle parking,
self parking stalls, and express exit raITlps.

c. By using "ticket spitters" and cashiers rather than parking ITleters.

d. By using loop detector counters and "full" signs on each floor so
par:fers don't circulate looking for non-existent spaces, but can
continue on the spiral raITlps to the next upper floor.

e. By using color coded tickets and adequate interior informational signs.

Taxis and liITlou3ines, by their very nature, ITlust be close to the first
level ticketing and baggage reclaiITl areas. Rental car space also needs
to be close to these airline functions. It has been estimated that ultimately
875 spaces will be needed for ready cars and an additional175 spaces for
check-in. Rental car spaces will be given preferential locations over other
parking areas since they are a higher generator of revenue. Taxis and
limous ines can be provided space on the ground floors, or along the curbs
adjacent to the parking structures. The flexibility that is inherent in the
terminal spine schemes will perITlit taxi and limousine curb space to be
designed with ease. The spine scheme also provides for the free flow
feature for taxis, limous ines and rental cars just as it does for private
autoITlobiles. This allows commercial vehicles to conduct loading and
unloading operations along the terITlinal modules as necessary.
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Pedestrian Considerations. The scheme will elilllinate pedestrian conflicts
with vehicles by bridging traffic ways and by having right-hand loading and
unloading for those arriving by vehicle. Pedestrians will have the shortest
possible walking distances because of the compact nature of the entire
lllodular scheme. Elevators and escalators will provide vertical systellls
to those passengers not wanting to use the stairs. Moving belts, ralllps
and possibly people movers (or mini buses) will be available for horizontal
assistance to the pedestrian. All avenues used by pedestrians should be
well marked with signs and floor lllarkings giving instructions or information
on routes and destinations.

Public Transportation. Since the spine schellle fulfills so well the free
flow concept (frolll everywhere to everywhere) and since it provides for
straight through lllovelllents (no U-turns out of direction), it is ideally
adaptable to service by a bus system with lllany routes passing through the
airport itself. It is hoped that an improved bus system will be in Phoenix's
near future. This iree flow aspect also lllakes it possible for airport
limousine and/or buses to serve the airport from any origin, such as a
hotel or central business district airport terminal, in the most efficient
and economical manner.

With direct access frolll the freeway system, the scheme is able to accept
any transitional phase of mass transit, such as increased use of high speed
buses on freeway lanes or exclusive freeway right-of-ways into which the
surface bus systelll for Phoenix lllay evolve. Mass rapid transit can also
be well accollllllodated. The provision of a ground transportation center at
each end of the airport would perlllit the interface of any forlll of mas s
transit, a people lllover system, and pedestrian pathways. The center would
most logically be located at the west end of the airport, in the initial terlll
between the roadways and possibly underground. With regard to the future
mass transit systems now in various stages of study and development
throughout the world, Phoenix will be able to choose from any number of
systems, all of which will be compatible with the airport. People mover
systems are evolving into the smaller trains, vehicles, capsules or belts.
Mass rapid transit hardware is under intensive study and experimentation in
order to improve on existing fixed rail or guide beam equipment, whether it
be above ground, on the surface, or underground in a tunnel or tube. Much
work is being done on trying to solve monorail switching problellls. Much
work is being done us ing a combination 6f an air cushion vehicle for a smooth
ride on an exclusive guideway and a linear induction motor to propel it. Other
experiments are being conducted on various forms of tube trains underground
with numerous types of propuls ion.
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Special Considerations

The use of automated equipment is possible in the terminal configuration.
Such equipment could include special devices to handle baggage, moving
it from either the parking structure or the curb side area directly to the
second £loor for processing by the airlines. Furthermore, the garage
structures permit electronic credit cards or computerized parking fee
collection to be handled at central points.

Baggage handling for passengers is one of the real restraints in the total
transportation picture. It limits the use of mass transit because of the
clumsy nature of handling baggage on vehicles which are primarily designed
for people. It forces many passengers to drive to the curb side of the
terminal to unload baggage before proceeding directly to a parking space.
This new terminal design provides an unusually high amount of curb space
and is adaptable to any type of future baggage handling developments by
utilizing the space that is open at the second level of the terminal. It can
be seen, therefore, that baggage handling problems, which will always be a
constraint on passenger travel, have been minimized in the scheme developed
for Phoenix.

The installation of signs to guide drivers is particularly easy since they can
be installed on the various overhead ramps. From the standpoint of airport
design, the long linear nature of the terminal minimizes confusion and avoids
congestion around a single terminal. Because the route to and from the
various terminal modules is not complicated, the installation of signs will
ins ur e the smooth £low of tr affic in the airport.

Pedestrian walkways can be provided within the terminal to give acces s from
any point of terminal to almost any other point. Walking is still the
preferred mode for some people, particularly those not in a hurry. On the
ground levels, sidewalks are shaded by cantilever awnings which protect
the passengers from the weather. It is also possible to install high level
promenades along the top of the terminal facility which would provide a
spectacular view of the Phoenix area as well as the entire airside activity.
Pedestrian walkways are separated from vehicular routes, thus. avoiding
conflicts and increasing the safety aspects of the terminal.

The last special consideration that is necessary is the circulation patterns
that are used by non-passenger vehicles. These include service vehicles, food
supply vehicles, cargo, refuse collection, and general delivery trucks and
baggage carts. All of these will use the special roadway at apron level and
will have access to the service level of the terminal. None of this commercial
or airline traffic will need to mix with the general public traffic on the
lower level.
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CHAPTER III

PHASING

In the Reconunended Plan Report submitted on October 25, 1971,
a preliminary phasing schedule was included which gave a broad-brush
treatment to the implementation of the construction schedule for the
terminal modules. In developing that preliminary phasing schedule,
the time periods which were utilized generally ran in five -year increments.
Since then, a more detailed analysis has been given to the phasing of
construction for the airport, The time periods now utilized in the
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phasing vary from four years to fifteen years, depending upon the
forecasted demands that will be placed upon the facility as a whole.
At the present time the phasing of airport construction has been
broken down into the following time increments:

Phase

Ia
Ib
II
IIIa
IIIb
IV
V

Fiscal Years

1972/73 - 1975/76
1976/77 - 1983/84
1984/85 - 1991/92
1992/93 - 1995/96
1996/97 - 2005/06
2006/07 - 2015/16
Beyond 2015/16

Each of these phases has been structured around the addition of a
terminal module or concourse to the overall complex. It is recognized
that the datee established for each of these phases are subject
to revision in the future as circumstances might dictate. The addition
of each module to the terminal should be based upon the demand which
has developed and should not be programmed merely to conform to a
present time schedule.

The two busiest phases of the entire construction program are Phase Ia
and Phase II. In Phase Ia the entire airport is subject to bringing the
runway and taxiway network into conformity with the overall master
plan program. It brings the raodway and freeway access route
network into conformity with the future alignments of the terminal complex.
This, naturally, results in a heavy construction program to remove those
facilities which are no longer needed or will be in the way of scheduled
construction, as well as adding to the airport the first phase
facilities of the development program. In Phase II, most of the activity
centers around the addition and reconstruction of the runway and taxiway
networks. In Phase II the new runways 8C/26C and 8R/26L are
scheduled to be added to the airport complex, together with the conversion
of the existing 8R/26L into a parallel taxiway. Other phases of the
airport program will tend to center around the addition of terminal modules
to the overall complex.
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Phas e Ia - 1972 /73 - 1975 /76

In this report we are going to treat this phase of the airport construction
in the same broad manner as all phases. A detailed report has been
prepared which gives greater detail for Phase la. This marks the
beginning of a long-term redevelopment program for the airport. New
facilities are needed, and many older facilities are excess to the needs
of the airport. Some roads and parking' lots need to be realigned to bring
them into conformity with the master plan. Some interim facilities will
need to built to insure continuity of the activity - both of the public and of the
aircraft. Most of the interim facilities will remain in service over a
reasonably long period of time - long enough to amortize their cost. In the
following sections a brief description of each work element is given, some
requiring explanation, others needing little or no explanation. The various
elements are given, insofar as is practicable, in the chronological sequence
that they should occur. Variations from this sequence may be desirable
as time goes on, but to begin the planning process some sequential listing
is necessary.

1) Buy Land. Three tracts have been identified which need to be
added to the airport. The first is the land adjacent to the Wilson
School area. The second tract is the land on the south side of the
field, north of Watkins Road. The third tract is in the approach to
Runway 26R.

2) Extend East Sky Harbor Blvd. to Hohokam Freeway. On the east

side of the airport, there is a small section of Sky Harbor Blvd.
which is to serve as an interim roadway. This roadway connects
the new passenger terminal with the Hohokam Freeway at a IT I
intersection. Until such time as the freeway interchange is
constructed, this IT I intersection will adequately handle the
traffic. This element of work begins at the new bridges under
Taxiway X, extends to the Hohokam Freeway and includes one
fly-over bridge.

3) Build service road. This is the airport service road and is
intended for use by authorized vehicles only; it is not a public
road. This road, protected by gates where necessary, begins
in the vicinity of the Sky Harbor Blvd. connection to the Hohokam
Freeway, extends parallel to and west of the Hohokam Freeway
until reaching the satellite Fuel Storage Area, whence it turns
westward and parallels the new Taxiway A until connecting to
the aircraft apron on the northwest corner of the field.
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4) Establish fuel storage area, north side of airport. This is the
satellite fuel area mentioned in 13) above. This l2-acre area is
located adjacent to the Southern Pacific Railroad right-of-way.
Fuel from the bulk storage plant on 51st Avenue can be shipped
by rail, by pipeline or by truck on Airlane. A seven-day
supply of fuel should be sufficient to handle normal aircraft
requirements, and this amount of fuel can be adequately accommodated
in the 12 acres provided. A seven-day supply will amount to
approximately 160, 000 gallons in 1975, increasing reasonably
uniformly to 300, 000 gallons by 2000.

5) Construct interim fuel dis pens ing station. In the area adjacent
to Taxiway X, south of the Sky Chef kitchen facilities, is an
area that will not be needed for twenty year s. The location of
the satellite fuel storage area is on the north boundary of the
airport, near 44th Street. It is suggested that a pipeline be
constructed from the satellite fuel area to this interim fuel
dispensing station. In the future, when this facility is removed,
the pipeline can be used to connect to the in-pavement fuel hydrant
system that is recommended for installation around the terminal
concour ses.

It is recommended that this fuel disp'ensing station be
available for all aircraft refueling trucks so that they will
not have to use the city streets carrying aviation fuel from
the bulk storage plant near 16th Street.

6) Close 40th Street, vicinity of Runway 8L/26R. The only expense
involved here is the removal of the pavement so that the runway
extension can be accommodated. The service road constructed in
3) above may be used to route traffic around the end of the runway

extension until such time as the Hohokam Freeway is opened for traffic.

7) Build l.m.derpasses beneath Taxiway X. As mentioned earlier, the
depres sed roadway adjacent to the terminal rrlOdule and its
parking structure is some 17 feet below apron level. This
provides an excellent configuration to allow the roadway to
pass beneath the aircraft taxiway. These two bridges will
be three lanes wide each and will probably remain in service
into the 1990 IS. This should be sufficient time to amortize

their cost.
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8) Extend Runway 8L/26R to 11,500 feet. This w ill bring this
runway up to its ultimate length. The present 8,750 feet has
been strengthened to meet 747 standards, and the new extension
should also be built to the stronger pavement requirements. The
extension is scheduled to be 200 feet wide, with the runway lights
set in to match the alignment of the lights on the 150 foot wide
pavement. In a later expansion program the widening of the
original 8,750 feet to the full width of 200 feet is scheduled.
In the event that construction of this pavement to the initial
width of 2 00 feet is not eligible for federal fund participation,
then it should be constructed to 150 feet to match the existing
width, and later widened to 200 feet. However, we recommend
that the extension of the runway also include the construction
to the 2 00 foot width, thus saving the expense and trouble of
widening the paveITlent at a later tiITle. This recoITlITlendation
recognizes the minor trouble of resetting the lights in the future.

9) Build portion of Taxiway B. This is the taxiway connecting to
the new extension of 8L/26R. This taxiway should be built
to its ultimate width of 100 feet and located 6 00 feet center -to- center
from the runway centerline. This will require a sITlall jog in the
pavement where it joins the existing parallel taxiway. In the
future, when the ultimate extension of Taxiway B is completed,
this jog will be removed and the entire length of Taxiway B will
be 600 feet from the runway. In this phase of construction,
however, there is no need to relocate the entire taxiway to
the 6 00 foot clearance.
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10)

It is worth noting here that the west end of Taxiway B is to
remain as is. It is recognized that the clearance from the
runway is non- standard for 747 operations, and a waiver of
the clearance will be necessary until such time as the fixed
base operators are moved to their new location on the south
side of the airport. This will be in Phase II. A small blast
fence to protect light air craft from turning 747' s may be
necessary in the vicinity of the threshold of 8L.

Construct interim crash/fire/rescue station. This facility,
located in the same area as the fuel dispensing area above,
will also have a twenty-year life expectancy. At the end of
the present Sky Harbor Blvd. is an area ideally suited for this
building. Access to the landing area can be via Taxiway X.
Access to the road network will be via Sky Harbor Blvd. This
location is important to the safety of aircraft, since it is midway
between the runways and approximately at the midpoint of the
runway system. Ground access time to the farthest points will

be minimized from this pas ition.
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11) Build cargo building. A cargo facility (located in the vicinity
of 28th Street) has been planned to serve the airlines, the freight
forwarder s, and the Post Office, if they wish. Aircraft will
have access to the east face of this building and the truck docks
will be on the west side. This cargo facility is located adjacent
to the apron constructed during the 1971/72 fiscal year. The apron
extension connected the aircraft apron area adjacent to the old
West Wing to the air cargo facility. Two aircraft parking positions
are planned regardless of which side is being used.

12) Construct Pima Street. This is an extension of an existing
street. Located south of the Wilson School tract, this road
will give acces s to the cargo area and provide a better
circulation pattern for truck traffic which must now use
Buckeye exclusively. Location of this road will have to skirt
the new FAA radio transmitter site on the south side. This
part of the street, and its extension to the cargo building, will
be an interim facility. Later, in the late 1980 1s, this road will
be straightened out and merely connect with 25th Street. It
will still provide a better circulation system, although it will
not connect with the east cargo building.

13) Revise road system to terminals. The existing Sky Harbor
Blvd. will continue to bring traffic into the airport. However,
a division of traffic is necessary, since part of the traffic must
go to the existing East Wing and part must go to new Module #3.
Some re-routing of traffic lanes is necessary, plus the construction
of a "fly-over" bridge to insure the smooth flow of traffic.
Transition roads connecting the East Wing with Module #3
are also neces sary. Revision of the parking lots will be
required where the new connector roads cross the corner of the lots.
After the area south of Buckeye Road is cleared out, some clean
up of the roadway system will be needed in this area.

14) Build Module #3. This is the first of the new terminal modules
-to be built. Located adjacent to the existing International
Building, it poses a few challenges with regard to road alignment.
The first level is approximately 17 feet below apron levei, thus
neces s itating a depres sed roadway system. The depres sed
roadway area must be extended to Taxiway X. This however, ,
allows some of the depressed space to be used as interim parking
until it is needed at a later time. The module consists of a
central core building and two concourses, one extending south
432 feet and one extending north 480 feet. One of the interior
aircraft gate positions on the north side will be "closed" as
long as the interim roadway connections are utilized. At that
time, the gate positions will be fully available to all aircraft.
Preliminary estimates indicate that about seven gate positions
will be installed on the north, and six on the south.
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15 ) Build parki~ structure. Adjacent to Module #3 is a multi-level
parking garage. This structure is needed to accommodate the
passenger cars, visitor cars, and rental cars. It will be built
concurrently with Module #3.

16) Build Control Tower (FAA). Before the existing West Wing can
be razed, a new Federal Aviation Administration (FAA) facility
must be provided. Funds have already been requested by the FAA
for a new control tower. The location recommended is in the
terminal spine, adjacent to Module #3. Construction could be
scheduled to begin before Module #3 is started. However, it
appears that the lead time for the tower may coincide with the
lead time for the terminal module, thus allowing each to built
simultaneously.

17) Build Central Power Plant. This is the power hub of the airport
complex; Located in this plant will be the heating and cooling
equipment, as well as central distribution of certain utilities.
Although this plant is located east of 40th Street, its location
is planned to be in the optimum place when the terminal spine
is complete. All development of the terminal spine w ill be
toward the plant for the next 20 to 25 years, hence the utility
becomes more efficient as each new terminal element is added.
The plant should be constructed in such a manner that it can be
easily expanded to meet the needs of new mechanical equipment as
the airport grows. A modular type of building may be the solution,
thus allowing the structure to be responsive to the type
of equipment purchased in the future. Utility runs should be made
in a tunnel to enhance maintenance and to simplify adding new runs
in the future. A location beneath the sidewalk adjacent to the
first level of the terminal may prove to be the best location.

18 ) Raze West Win~d other buildings. When the new Module #3
is in service, the air carriers will vacate the West Wing, thus
allowing it to be torn down. The FAA control tower will also
be completed in its new location, hence there will be no need
for this building. It should be torn down and the area leveled and
paved for employee parking or possibly long-term public parking.
Other buildings located in the area south of Buckeye Road should
be torn out and the area cleaned· up and prepared for its ultimate
uses. The construction of interim buildings, wash racks,
maintenance sheds, etc. can be permitted, but should not be
a cost to the' airport.
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19 ) Remove Tee Hangars. The square tee hangars located in the
vicinity of the threshold to 8L will interfere with the instrument
clear zone for this runway. All the tee hangar s, except the
last rowan the north side, will need to be removed since
they violate the 50·1 approach or the 7~1 side slopes established
in Part 77 of the Federal Aviation Regulations. These hangars can
be relocated to another part of the airport, or moved to
another field.

2 a ) Build general aviation hangar. This is a new 140 foot by 280 foot
hangar which has been located south of the threshold to 8L, but
far enough away to be under the 7:1 side slopes discussed in
21) above. It is estimated that the roof of this hangar will be
no higher than 30 feet above pavement, and it would be located
close to 24th Street. There is sufficient room behind this
hangar for auto parking, and parking can be permitted alongside
the hangar. This hangar is intended to replace some of the
indoor storage facilities lost when the tee hangar s are removed.
The use of this facility by multi-engine aircraft should be encouraged.

Phase Ib - 1976/77 - 1983/84

This phase is concerned primarily with meeting the needs of the travelling
passengers. There is no airside construction programmed, and the
only major terminal construction is the addition of Module #4 to the
terminal. Some roadwork is scheduled.

1) Buy land. Two parcels are scheduled to be added to the airport
property. One is to purchase the land south of Watkins Road.
The other is the land in the approach to Runway 8L, completing
the land purchase program protecting the approach zones to this
instrument runway.

2.) Build Module #4. This module and its two concourses is the
second one to be added to the terminal complex. Preliminary
estimates have placed one wide body jet on the north concour se
with eight 737 or DC-9 type aircraft. On the south concourse, .,
six 737 or 727 type aircraft, plus two "commuter II size aircraft
can be easily accommodated. This particular mix is not a
recommended configuration but rather illustrates the versatility
of the concourse design to, accommodate a wid.e mix of aircraft types.
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3)

When Module #3 will have been built, the land between it and the
crossover taxiway will have been excavated to the lower leveL
Interim parking lots in the space to be occupied by Module #4
will have to be abandoned. The one parking structure, which
holds 2,800 cars will not be sufficient to handle all the parking
.demands generated by two modules. It will be necessary, therefore,
to augment the surface parking in the vicinity of the East Wing,
and to provide some interim surface parking to the east of Taxiway X.
The existing surface lots, plus the parking structure will
accommodate approximately 4,200 cars, but will still fall 2,700
short of meeting the demand. Approximately 800 car spaces can
be created in the vicinity of the old West Wing by re-arranging
the service streets and mall areas. The remaining 1,900 cars
will need to be accommodated on the interim parking lot east of
the Taxiway X. During these first phases of the terminal development,
the use of a small tram or bus to circulate around the terminals is
recommended. This will provide the link between the terminals
until such time as an integral people-mover system is installed,
and can also provide the link to the parking lots. The use of this
small tram or bus requires no new technology and is similar to
operating procedures at most large airports today.

The existing underpass beneath Taxiway X is to be used by
the contractors during Phases Ia and Ib to gain access to the
construction sites so that construction vehicles and equipment
will not need to use the aircraft aprons and areas. When
Module #4 is completed and the apron is ready for completion,
this existing underpas s (located next to the Sky Chef kitchen)
will have to be filled in and abandoned.

Complete connection to Squaw Peak Freeway. A portion of the
elevated roadway connection to the Squaw Peak Freeway lies
on airport land and a cost item has been included for all roadway
construction east of 24th Street. Cost of construction west of
24th Street is as surned to be covered by the Highway Department.

I
I
I
I
I

4) Add Employee and Public Parking. As the terminal grows, so
'does the level of employees, hence the need to add to the various
employee parking lots.

5) Remove Arizona Air National Guard facilities. In order for the
runway construction program to begin, the Air Guard facilities
must be removed. Conversations with airport authorities indicate
that the Air Guard will be relocated to another airport in the Phoenix
area. No provision, then, will have been included in the south
fixed base operator area for Air Guard facilities.
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6) Build 4200' of 8R/26L. This is the initial part of the far south
runway and is scheduled to be constructed as soon as the
channelization of the Salt River is completed and the power line
south of the airport is moved. This short runway will be used
by the aircraft to be based at the new South Fixed Base Operator
area as soon as it is completed. For a more thorough discussion,

see #9 in Phase II.

7) Raze Unnecessary Structures and Ci!LPrison Compound. In order
to clear the landing area and approach zones for the new runway
construction, these facilities will need to be removed. All
unneces sary structures between the landing area and the Salt River /
Maricopa Freeway will not have been removed to make way for
airfield improvements.

Phase II -1984/84 - 1991/92

During the two preceding phases, most of the "old" part of the airport
will have been cleared of unnecessary buildings and structures, and the roadway
system "cleaned up". ThlS phase sees the beginning of the major airside
construction program. Not only is another module to be built, but the
runway and taxiway system on the south side of the airport undergoes
its greatest transformation. It is assumed, naturally, that the completion
of the Salt River Channelization has taken place, or will be nearing completion
in the vicinity of the airport. This will allow the construction of the
runways to take place during the 1983 to 1985 time period. For the purposes
of this phasing schedule, it is assumed that the new runways will be in
service by 1985. This date is not mandatory, but it is possible that by this time
the need will have warranted the new runway system. Again, it should be pointed
out that a few years delay will not overtax the system, should the Salt River
Channelization be incomplete in 1985 or thereabouts.

The key item to be watched during this time frame is the build-up of general
aviation activity. During the early years, the aircraft hangared in the
square tee hangars will have been relocated. The total number of based
aircraft will have dropped from the 620 level to around 512. This lower number
will have existed until completion of the south fixed base operator area
concurrent with the new runway system. At such time as the south FBO
area is completed, around 250 of the aircraft based adjacent to Runway
8L/26R will have to be moved to the south FBO area. An additional
150 aircraft can now "come back" to Sky Harbor because of the increased
ability of the airport to handle their operations.
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Additional land is shown in the Ibuy' category. It is anticipated that
some of this land will already be owned by the airport, but for the
purposes of this study, the "pur chase" of the land is shown in this phase.
Land will have been added to the airport as facilities dictated, not necessarily
as it might become available, although this does not preclude the airport
purchasing land in advance of its need. In fact, such advance purchase
rnay prove more economical in the long run since inflation and increased
valup. will not have taken place.

1) Buy land. Four areas are shown for purchase. The first is
in the Module #6 area and it extends to the Hohokam Freeway.
Part of this land may, in fact, be purchased prior to this time
frame, but its need will at this time, become necessary. The
second parcel is in the southeast corner of the airport. This
area is now dominated by the flood plain of the Salt River. The
land for the channel of the Salt River has been excluded from this
purchase, since it is assumed that ownership will involve other
agencies.

This completes the land buying requirements for airport development.
Additional parcels may be added to airport ownership in noise
sensitive areas, but they are not included in this tabulation since
they are not directly related to airport development.

2) Remove 40th Street to River Channel. That portion of 40th Street
north of Magnolia Street will have to be removed to make way
for the construction of the runway complex. Actually, this
portion of the street may have been removed at the time the
Salt River channelization was accomplished, but for the purposes
of this report it is assumed that the airport will have been responsible for
the removal of the pavement. Hohokam Freeway replaces this
artery.

j) Relocate power line south of airport. The relocation of this
high voltage line will be neces sary before any runway construction
can begin. A suggested route for the relocated line is south
of the revised channel alignment of the Salt River. At the hme
this line is to be moved, it is advisable that electronics engineers
from the Federal Aviation Administration check the alignment
to insure that its location will not interfere with any ILS
equipment that may be installed on Runway 8R/26L.
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4) Route public road around Airwest Hangar; redesign parking lot.
As one of the elements of this phase of construction, it will be
necessary to straighten the alignment of the access road between
the Hohokam Freeway and Taxiway X. This element of work
will bring the alignment close to its ultimate location (subject
only to embankment requirements) and will, therefore, require
a new parking lot to be paved for the Airwest employees adjacent
to the hangar.

5) Build ModuleA Concurrent with the straightening of the acces s
road mentioned above, will be the excavation of the area for the
terminal and parking structures. Module #6 may then be constructed.
Both north and south concourses, and associated aircraft apron,
will complete this e:!1d of the terminal complex.

Two parking structures will be constructed with Module #6 to

accommodate the demand for approximately 6, 000 additional spaces.
When this module is complete, the interim parking lots constructed
during Phase Ib will be closed and the area cleaned up.

It should be noted that the Airwest Hangar, the Sky Chef In-Flight
Meal Packing Kitchen, the interim Fuel Dispensing Station, and
the interim Crash/Fire/Rescue Station have been kept in service.
Access to these facilities is via the ramps into the parking structure.
There will not be heavy traffic demands to these facilities, hence
the connection to the ramps should not impose any burdens on the
design of that facility.

6) Build aprons and east crossover taxiway (Taxiway Z). Concurrent
with the construction of Module #6 is the construction of the
aircraft aprons and the east crossover taxiway. This will be
first time that two crossover taxiways have been available for
aircraft. Note that the existing crossover taxiway (Taxiway X)
will have been kept in service during this phase. This completes all
the apron construction on the east end of the airport.

7) Build access connections to Hohokam Freeway. At the same

time as the access road around Airwest Hangar is being straightened
and the Module #6 area is being constructed, the acces s roads
including overpasses, to Hohokam Freeway should be built. '
Up to this time the intersection has been a 'T I intersection with
signalization. With the construction of this free-flowing ramp
system, traffic into and out of the airport should be easier and
faster.
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8) Build Runway 8C /26C. This runway, to be 200 feet wide by
11,500 feet long, will be located 600 feet south of the existing Runway
8R/26L. One of the primary reasons for building this runway
farther to the south is to open up the terminal complex, thus allowing

the south concourses to be extended to their full length. Relocating
this runway 600 feet south also allows the taxiway-to-runway
separation to be established at the recommended distance for
wide body jet operations. Construction to the 200 foot width
is recommended for heavy jet aircraft operations. Provision
has been made on the Airport Layout Plan for the installation of
ILS equipment on this runway with the approach to Runway 8C.
This is not to be construed as a reccmmendation for the installation
of ILS equipment, but is in recognition of the fact that air traffic
control demands may dictate the need for positive controlled
approaches. In this event, the installation of ILS equipment on
Runway 8C will impose certain siting requirements for the
electronic equipment to function properly. The master plan,
therefore, reserves this land for ILS equipment even though no
immediate need is forecast. It would be extremely difficult,
in the future, to "clean up" an area for the installation of such
equipment; therefore, the reservation of this land will insure
adequate pruiection when such an installation is programmed.

9) Build Runway 8R/26L. This is the far south runway, and is
designed to be 200 feet wide by 9,200 feet long. The width,
again, is recommended since this runway will be used by wide
bodied jet aircraft. The length is dictated, not by take-off
requirements, but by landing requirements of all known aircraft.
This runway w ill be an operational replacement runway for those
times when one of the other two is out of service. It will also
be available during peak operating hours to relieve the demand
on Runway 8C/26C.

For the most part, however, this runway will be used by the
general aviation aircraft based in the south fixed base operator
area. The length of 9,200 feet is ample for all general aviation
aircraft and will permit general aviation pilots to operate in
a pattern essentially independent from the air carriers.
This runway will be located 1,200 feet south of the new Runway 8C/26C.
thus allowing for a parallel taxiway to be installed at the mid-point.
This satisfies the 600 foot clearance requirement for wide bodied

jet operations. This lac ation is also some 5, 350 feet south of
Runway 8L/26R, thus allowing for the installation of dual ILS
equipment should it be desired to provide the capability for dual,
simultaneous ILS approaches. For this reason, land should be
reserved for the installation of ILS equipment on this runway.
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Again, this is not to be construed as a recommendation to install
such equipment, since justification for ILS transmitters will have
to be made on the basis of air traffic control demands. This
decision point will be reached at some time in the future; therefore,

the reservation of land protects the airport should such a decision
be made in the future to install ILS equipment. It should be noted
that the front course approach has been set up for Runway 8R, but
there is sufficient room to reverse this and install the equipment
on Runway 26L if desired.

Taxiways associated with these two runways will also be built
at this time. High- speed exits, which spiral off the runway, have
not been designed into the master plan since pilots show a definite
reluctance to initiate an exit at 60 miles per hour. They will,
however, exit at 40 miles per hour, and the "angled" exits
illustrated on the master plan have been placed at those points
along the runway which will "intercept!' the greatest number of

o
aircraft. The remaining connecting taxiways will be standard 90

exits with wide fillets.

10 ) Build South FBO Area. On the south side of the airport is
a triangular tract which has been reserved for the Fixed Base
Operators (FBO). Three hangars have been shown, one for each of
the fixed base operators which will have been "displaced" from the area
south of Runway 8L/26R. More hangars can be built, and tee
hangars can be added as des ired. Aprons and taxiways south of
Runway 8R/26L will be built to general aviation standards. This area
has been designed to accommodate 400 based aircraft. Only
experience will indicate whether the operations generated by
400 aircraft exceed the predicted levels. If the fleet is not
generating the predicted levels, then more based aircraft can be
allowed into this area; but at this point in time, no more than 400
are recommended.

11) Convert old Runway 8R/26L into a taxiway. As the new Runway
8C/26C is finished, the conversion of the old Runway 8R/26L
into a taxiway w ill provide the parallel taxiway neces sary for
the smooth flow of traffic to and from the runways. Basically,
all that is required is to re-mark the pavement as a taxiway
and to move the light fixtures inboard to indicate a 100 foot wide
taxiway. If high intensity light fixtures are installed, they will
have to be converted to the standard taxiway light fixture.
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12) COITlplete service road on east and south sides of airport.
Beginning at the service road parallel to the HohokaITl Freeway
access road, the new service road will turn south, parallel the
Salt River channel, cross behind the new fixed base operator
area, parallel the Maricopa Freeway, and join 24th Street in
the vicinity of the present Holiday Inn. With the cOITlpletion of
this service road, the airport will have an access route to any
part of the landing area for ITlaintenance or eITlergencies. This
is not intended to be a public road, and gates should be installed
at locations where the public could inadvertently turn on to it.
Use of the road should be by authorized vehicles only.

13) ReITlove old FBO area south of Runway 8L/26R. As soon as the
new FBO area on the south side of the airport is cOITlpleted and
the operators and aircraft have ITloved into the new location, the
old facilities fronting on the south side of Runway 8L/26R should
be razed. With the cOITlpletion of this deITlolition, the only
structure reITlaining in this area will be the new hangar in the
extreITle western corner and it will not violate any clearance criteria.

14) COITlplete Taxiway B. With the reITloval of the FBO facilities
ITlentioned in 14) above, the way is now clear to cOITlplete
Taxiway B. At this tiITle, the strength of the paveITlent should
be tested to deterITline if an overlay will be necessary. Re-marking
of the taxiway centerline and edges will need to be done. Taxiway
lights will need to be installed or relocated from the old
alignment of this taxiway.

15) Widen Runway 8L/26R to 200 feet. In order to bring this runway
up to the same standards as the new Runways 8C/26C and
8R/26L, the 8,750 foot original portion of the runway will
need to be widened from 150 feet to 200 feet. Concurrent with
this widening w ill be new and iITlproved fillet connections to the
taxiways, relocation of the lighting fixtures, new runway marking
and shoulder stabilization. With the cOITlpletion of this widening
program, the improveITlents to the landing area, both north and
south, will be cOITlplete. The entire airside of the airport will
be built to its ultimate configuration and no further improveITlents
or additions are anticipated, bas ed upon today' s criteria and
standards.
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16) Build air cargo apron. Up until this point the air cargo facility
will have been facing the existing tenninal apron. Two gate positions
for all cargo aircraft will have been available and trucks will have been

able to reach the building from (temporary) Pima Street. See
comments in 18) and 19) below. The air cargo apron, together
with an acces s taxiway to Taxiway C, is to be built in the area
between 26th Street and 28th Street. This apron, approximately
500 feet wide, will serve the existing air cargo building and the
new air cargo building (see 18) below. The strength of the
pavement will be determined by the "critical" aircraft that will
be expected to use the air cargo facilities. The desirability of installing
in-pavement fueling facilities can be decided at the time the air
cargo apron is programmed for construction. No cost of in-pavement
fueling has been included in this report.

17) Build air cargo building. On the west edge of the air cargo apron
mentioned above, the second air cargo building is to be constructed.
This building, approximately 100' by 500', will double the freight
and express capacity of the field. Truck access will be from 25th
Place and Pima Street. It should be noted here that Pima Street,
which had been connected to the original air cargo faci lity, will
now be relocated into its permanent alignment adjacent to the
Wilson School property. It will terminate at 25th Place, thus
providing a loop road system for trucks in this area.

18 ) Switch sides on original air cargo building. As mentioned 111

the discus sion on constructing this building in Phas e la, this
building was to be constructed in such a manner that its functions
could be reversed. At this time, the truck activities and the
aircraft gate positions will need to switch sides. Aircraft which
used to park on the east face of the building will now park on the
west face. The only structural work that is contemplated at
this time is the rebuilding of the truck docks. Otherwise, all
functions in the building should be able to reverse with a minimum
of rehabilitation. The new acces s road to Buckeye Road will
need to be completed, thus completing this portion of the air
cargo center.

19) Add employee parking as necessary. Expansion of the employee
parking lots south of Buckeye Road on the west end of the field,
and north of Sky Harbor Blvd on the east end of the field
be necessary to keep available parking spaces in balance with
the expected demand.
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Phase Ilia - 1992/93 - 1995/96

This phase of construction will see the removal of the last of the facilities
in the terminal area that have influenced the design of the terminal spine.
From this point on, the terminal spine is "cleaned up" and the addition of
new elements is relatively simple.

1) Remove Airwest Hangar. The hangar, its as sociated office
structure, and parking lots will need to be removed to make way
for the construction of the next element of the terminal building.

2) Remove Sky Chef In-Flight Meal Packing K.itchen. This unit
also, will need to be removed and relocated. Although no specific
site has been designated for the relocated facility, ample space
is available in the airline hangar area for such a facility. It is
also possible that the airlines may wish to handle the food preparation
from one of the central kitchens in a terminal module.

3) Remove interim Fuel Dispensing Station. This is an optional
item at this point. The space occupied by this facility has been
designed in such a manner that it can remain in this location
during this Phase. The parking structure located between
Modules #4 and #5 is not to be built at this time (in order to
keep Taxiway X open), and the continued use of the fuel dispensing
station is an option available to the airport authorities.

4) Remove interim Crash/Fire/Rescue Station. This is also an
optional item. This facility, together with the fuel dispens ing
station above, has been designed in such a manner that it can
continue to function during this phase if desired. Access to these
two facilities is by ramp from the roadway system.

5) Build airline hangar. In order to replace the Airwest Hangar
which will be removed in this phase, a replacement hangar has
been programmed to be built in the new airline maintenance
hangar area. Cost of this hangar has been included in the cost
estimates.

6) Build Crash/Fire/Rescue Station, adjacent to Taxiway Z. This
is the permanent location of the east CFR station and is intended
to supplement the interim station adjacent to the existing Taxiway X.
This location, adjacent to the Central Power Plant, will serve the
east end of the field and provide back-up service to the other station.
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7) Build Module #5. It might be wise to point out again that the
design of the terminal concourses is flexible and modular. The
master plan shows the rectangular concourses, but there is nothing
to prevent the construction of the rotunda type of holding area if
it is desired by the airlines. With the construction of this module
and the razing of the East Wing (see 10) below) the airport has the
potential of providing 63 to 94 gate positions, depending on the
mix of aircraft. It is estimated that 70 gate positions will be
the probable result of the anticipated mix of airline aircraft.

8) Build parking structure. This parking structure is not the one
adjacent to the Module #5 constructed above. It is the one to
the west of Module #3 and is to be built as soon as that area is
"cleaned up" as discussed below. It is important, at this point,
to keep two crossover taxiways open for aircraft; and the
construction of Taxiway Y, the west eros sover taxiway, will not
occur until the next phase. Furthermore, the construction of this
particular parking structure will result in each terminal module
having an adjacent parking structure, bringing the availability of
parking stalls more into balance with the demand centers.

9) Add employee parking. Again, this element is intended to
keep the availability of parking lots for employees in balance
with the expected growth in number of employees on the airport.

10) Raze East Wing Terminal Building. This building, which at this
time will have seen at least thirty years of service, will be obsolete and
will have been replaced with the newer Module #5. With the removal
of this building and the International Arrivals Building, the last
remaining obstacle to the completion of the acces s road system
to the west will be eliminated.

11) Complete road network to west. Demolition of the East Wing will
remove the last obstacle to completion of the road network and
temporary and interim land uses can be realigned or removed.

12) Extend South Concourses, Modules #3, #4, and #6. At the time
these three concourses will have been built, the old Runway 8R/26L
and its associated taxiways will have placed restrictions on the
space available for these buildings. Since the runway and restriction
lines will have been relocated, the concourse may then be extended
to their full design length. This full length will match the full
length just completed on Module #5. This extension of the concour ses
is optional, depending on the demand for gate positions at the time.
It is anticipated, however, that the extension will be needed and this
construction has been included in the cost estimates.
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Phase lIIb - 1996/97 - 2005/06

The growth of the airport from this point on will involve only the extension of
the terminal complex. Little will remain to be done in the way of airfield
improvements except as shown below. Undoubtedly, minor alterations
and adjustments to the master plan will be required as the year spas s,
but these will have to be evaluated as they arise. The items listed from
here on reflect the known growth requirements.

1) Build Module #2. Actually, the demands placed on the airport
during this time frame are not expected to be great, thus allowing
the construction of the south concourse, but not the north concourse.
The core building, of course, should be constructed in its entirety.
It can be pointed out here that as each module is added to the terminal
spine, it is possible that the airlines may wish to play 'musical
chairs I and realign their terminal space. This may seem wasteful,
but in practice is more economical since it allow s airline space
to "grow" by trading for larger space, or space in a new
building. Smaller airlines can then "grow" into the space
vacated by the larger airline, and the process of realignment
thus keeps the demand in balance with the space available.

2) Build parking structures. Two parking structures, adjacent to
Module #2 and between Modules #4 and #5 are to be built at this
time. This will add 4925 parking spaces to the terminal spine.
This will also require the closure of Taxiway X and the removal
of any interim land uses that may have been left in the area.

3) Extend employee parking lots. As employment in the airport
grows, additional parking for these employees becomes necessary.
Off-site parking (say across 24th Street) is also possible, but
tram or bus service is generally neces sary from the remote lots.
If a mas s trans it system is operational by this time, the need
for additional employee lots may be lessened since employees
are logical user s of a mas s trans it system.

4) Build West crossover Taxiway Y. At this point in time a new
crossover taxiway at the west end will become feasible and necessary.
With the closure of Taxiway X, the terminal spine will be complete.
and aircraft needing to transit from the north side of the field
to the south, or vice versa, will need two taxiways to insure
smooth flow of traffic.
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Phase IV - 2006/07 - 2015/16

This phase takes the master plan up to the end of the forecasts. t.8, 000, 000
passengers are forecast to arrive and depart the Phoenix terminals during
this target year of GalS. If gate utilization and passenger densities prove
to be close to those estimated in this report, then five full nlOdules
should suffice to meet this passenger and aircraft demand.

1) Build North Concourse, Module #2. This addition to the
existing terminal building will provide the 84-gate-requirement
forecast to be neces sary to handle the G94, 000 annual air
carrier movements.

2) Complete the air cargo area. Two additional aircraft parking
positions are to be added to the cargo terminaL The extension
of the cargo apron and the west cargo building will provide the
ultimate six aircraft parking positions forecast to be needed.
As mentioned earlier, this does not preclude the use of land
adjacent to Pima Street in the event demand far exceeds the
forecasted growth to 135,500 tons of air cargo.

5) Complete employee parkin~ lots. Again, the expansion of employee
parking lots is assumed to be required since the number of
employees that would be using a mass transit system is unknown.
Therefore, sufficient parking space is provided to accommodate
all airport employees.

4) Add airline hangars. The addition of two airline maintenance
hangars on the east end of the airport has been shown on the
master plan. It is not known at this time whether or not the
airlines wi 11 actually want these two hangars. They have been
shown to illustrate the fact that sufficient space is available
in the area to accommodate at least three normal type hangars
and as sociated office and auto parking space. It is conceivable
that one or both of these hangars would be built in an earlier phase,
or may never be built.
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Phase V - Beyond 2015/16

Although the master plan is not required to cover any period beyond lOIS,
the flexibility of the terminal design allows additional terminal facilities
to be added as demand increases. Module #1 and its adjacent parking
structure can be added when needed. It is even conceivable that additional
modules could be added; however, this would entail the relocation of the
air cargo center and the Wilson School. To pursue this idea for a moment,
it could be conceivable that l4th Street could be re-routed closer to the
Squaw Peak Freeway, thus opening up additional terminal space. The air
cargo center could be redesigned to fit into the new space, and the terminal
modules could be continued as neces sary. That is one of the benefits of
this flexible, modular terminal design.
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CHAPTER IV

COST ESTIMATES

In developing the cost estimates for the recommended program of
development for Sky Harbor, consideration was given to several elements.
First, naturally, was the primary cost of the facility or item itself.
In addition, consideration was given to the ancillary costs which often
are associated with a facility, such as fencing, landscaping, driveways,
utility connections, etc. These extra costs have been included in the
cost of construction of the primary facility, hence the "unit costs" of
any single element may seem to be high.
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The tables which follow present the construction program by Phase
and all the major construction items are listed. The dashed lines

preceding each time period represent the time necessary for engineering
or architecture. The solid lines represent the time necessary for
actual construction.

With one exception, all the costs shown on the table are to be counted.
The exception is the numbers shown in parenthesis next to each cost
figure for the terminal modules. This number represents the estimated
amount of the terminal costs that would be eligible for federal aid and
is primarily apron paving costs.

The costs included for the terminal modules is the estimated cost of the
building structure only, and does not include interior partitions or other
tenant- installed material.

Land Costs

In Phase Ia the cost of purchasing land in fee or easement has been
estimated to range from a low of $2, 000, 000 per year to a high of
$4,183, 000 or more. Fee simple ownership is not necessary for all
parcels and where ownership is deemed to be unnecessary, aviation
eas ements should be secured. For cost estimating purposes, the high
figure has been included iIi the cost summaries for each year.

In all subsequent phases where land purchase is included, only the high
figure is included.

It would be wise for the city to pursue a program of early land acquisition
to preserve the airport's integrity and ability to expand.

Financing

The portion of each year I s costs that are the city's share will need to
be included in the airport's capital construction budget. Typically these
are funded from internally generated funds or from revenue bond financing.
The city should, however, explore all pas sible means of alternate financing
to insure that the best possible debt structure can be created.

Federal Aid

The Airport and Airway Development Act of 1970 provides for funding
by the federal government of a portion of the cost of eligible land and
construction items. All facilities that are eligible for federal participation
have been identified in the tables which follow. For Arizone, the federal
share of costs is 6 o. 8%. All costs are given in 1971 dollars and no element
has been included for inflation.
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PROJECT COST 8609 13095 17482 19753
Contingency @ 10% 861 1310 1748 1975
Sub-total 9470 14405 19230 21728

FAA Eligible 5637 7984 10227 8076
FAA Participation @60.8% 3427 4854 6218 4910
Contingency @ 10% 343 485 622 491
FAA Share 3770 5339 6840 5401

Sponsor's Share 5700 9066 12390 16327

LEGEND
Engineering/ArchitecturePlanning Time - - - ----
Construction/Demolition Time

Amounts Shown ar-e in Thousands of Dollars
wi>

1972/73 1973/74 1974/75 1975/76.
6,000,000

364,000
35

2000 - 4183 2000 - 4383 2000 - 4383 2000_ - 5503
__ 2..3__ 35 1~?
__2~___ 235

232

(1342) 7772 (671 ) 3886
___ a21 __ 8220

13
3334 1670

__ 1.9__
3 56----

176-------

12
-"600-

232 232
133267

75 777
--75- 500

Y
N
Y
N
N
N
Y
Y
Y
Y
Y
N
N
Y
Y (Apron only)
N
Y
Y
N
N
N

Federa1
Participation
(Yes or No)

Table 21

Buy land or easements (Probable range of costs)
Extent Sky Harbor to Hohokam Freeway
Build Service Road, East and North sides of field
Establish fuel storage area, vicinity Air1ane
Establish Interim Fuel Dispensing Station, Taxiway X
Close 40th St. between Sky Harbor and Air1ane
Build bridges under Taxiway X
Extend utilities, including tunnels
Extend Runway 8L/26R to 11,500'
Build extension to Taxiway B
Build Interim C.F.R. Station adjacent to Taxiway X
Build Cargo building
Build Pima Street on airport
Revise road system in vicinity of terminals
Build Module #3
Build parking structure
Build FAA Control Tower
Build Central Power Plant
Raze West Wing and other buildings
Remove tee hangars
Build 140 1 x 280' general aviation hangar

PHASE Ia

YEARS

Passengers
Aircraft Operations
Gate Requirements

D EVE LOP MEN T COS T S C H E D U L E

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



PROJECT COST 6888 7565 4171 4262 3446 7,835 8675 2714
Contingency @ 10% 689 756 417 426 345 784 868 271
Sub-tota1 7577 8321 4588 4688 3791 8,619 9543 2985

FAA Eligible 5503 7555 4161 4252 2174 992 1615 2599
FAA Participation @60.8% 3364 4593 2530 2585 1322 603 982 1580
Contingency @ 10% 335 459 253 259 132 60 98 158
FAA Share 3681 5052 2783 2844 1454 663 1080 1738

Sponsor's Share 3896 3269 1805 1844 2337 7,956 8463 1247

GENERAL NOTES
1) Costs include design, administration, soils, supervision, etc.

@ 15% for Buildings, 12% for civil projects and 5% for demolition.
2) Figures in ( ) are amounts eligible for FAA funding and are

included in adjacent totals. This is only where a fraction of
total cost is eligible.

3) Where Federal participation is indicated, 60.8% is assumed

Amounts Shown are in Thousands of DollarsFedera 1
Participation
(Yes or No) 1976/77 1977/78 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84.

9,000,000
388,000

45

Y 5503 7536 4033 4034 1936 314 1314
Y __ l9__ __2Q_ 108 218
N

-t~-
'?P.7

Y (Apron only) _l2l~_J~0.9 (992 7491 (993) 7491

N 10 10 10 10 10 10 10 10
N _l2_ J)_ 539
N -~- 100
Y _JOB ___ 1285
N 200
N 1175

CON TIN U E D

Buy land or easements (possible maximum)
Build access connections to Squaw Peak Freeway
Build Employee and Public parking
Build Module #4

Miscellaneous utilities
Remove Arizona Air National Guard facilities
Remove structures on south side of field
Build 4200' west part of 8R/26L
Raze West Wing and other buildings
Build 140' x 280' general aviation hangar

D EVE LOP MEN T COS T S C H E D U L E

Passengers
Aircraft Operations
Gate Requirements

PHASE Ib

YEARS

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I

1991/921990/91

9,351 14,016 5,856
935 1,402 585

10,286 15,418 6,441

2,476 3,848 26
1,505 2,339 15

151 234 2
1,656 2,573 17

8,630 12,845 6,424

1989/90

8,699
870

9,569

3,164
1,924

192
2,116

7,453

1988/89

7280
728

8008

2758
1677
167

1844

6164

1987/88

6306
631

6937

4521
2749

275
3024

3913

1986/87

Amounts Shown are in Thousands of Dollars

8524
852

9376

3671
2232

223
2455

6921

1985/86

4659
466

5125

3770
2292
229

2521

2604

1984/85

Federal
Participation
(Yes or No)

12,000,000 15,000,000
438,000 485,000

55 63
Y 1~14 1000
N _1. __ 17 18
Y 80 80 660 659
N _3_ 60 ---- - ---

Y 72 559-----
500N 3350

Y ----1285---
N 3 10 20
Y ____ ~31l____ 2213 2212
Y ____ f..9_ 237
Y 368 1530 1530
Y - ----- -- -

322 2690
N ==3~==_ 491
Y 400 _4.QQ. __ 1769 3540
N JJ_ 87

-----

N 308 1285 940------.
72 720N

N
---

7 60
Y (Apron only) ----

1Z-.41_1~6J_ (307) 6806 (308) 6806
N _rXL 3660 3660 _162___ 3660
N L 46
N _E5___ 4500
Y 26
N -228
N ___-_-~l(
y 10 10 10 10 10 10 10 10
N __5 100 5 lQO

CON TIN U E D

FAA Eligible
FAA Participation @ 60.8%
Contingency @ 10%
FAA Share

Passengers
Aircraft Operations
Gate Requirements
Buy land or easements (possible maximum)
Reroute Sky Harbor Blvd. around Airwest hangar
Build access connections to Hohokam Freeway
Remove 40th St. between Sky Harbor and Magnolia
Complete service road on East and South sides of field
Build south F.B.O. area
Complete 4200' of 8R/26L
Reroute Pi rna St.
Build Runway 8C/26C to 11,500'
Convert old Rwy 8R/26L to a taxiway
Complete Runway 8R/26L to 9,200'
Complete taxiway B
Widen Runway 8L/26R to 200'
Build aprons and east crossover Taxiway Z
Add employee parking
Build air cargo apron
Build south part of West Air Cargo Bldg.
Switch sides on East Air Cargo Bldg.
Build Module #6
Build parking structures
Add employee parking
Build airline hangar
Build C.F.R. station adjacent to Taxiway Z
Extend south concourses of Modules #3, 4 and 6
Build parking structure adjacent to Module 3
Miscellaneous utilities
Remove facilities

PROJECT COST
Contingency @ 10%
Sub-total

Sponsor's Share

D EVE LOP MEN T COS T S C H E D U L E

PHASE II

YEARS
I
I

I

I
I

I

I

I

I

I

I

I
I

I
I
I



PROJECT COST 7,147 8,343 8,364 5,209
Contingency @ 10% 715 834 836 521
Sub-tota1 7,862 9,177 9,200 5,730

FAA Eligible 556 1,589 1,601 67
FAA Participation @60.8% 338 966 973 41
Contingency @10% 34 97 97 4
FAA Sh-qre 372 1 ,063 1,070 45

Sponsor's Share 7,490 8,114 8,130 5,685

I

18,000,000
489,000

69

Y 175
4

I

N 75
-- I

N __ I, 5
N --~ 50
N 1455
Y (Apron On ly) ___ (3.?lt 16.§Z (1589) 8333 (1589 ) 8332
N 10 200
N 3600 ___8.?.? 4110
Y 12 67

10 10 --- -10 10
2 40

Amounts Shown are in Thousands of Dollars

1995/961994/951993/941992/93

Federal
Participation
(Yes or No)

CON TIN U E 0

Build C.F.R. Station adjacent to Taxiway Z
Remove Ai rwest Hangar
Remove Interim Fuel Dispensing Station
Remove Interim C.F.R. Station adjacent to Taxiway X
Extend South Concourses of Modules #3, #4, and #6
Buil d Modul e #5
Raze East Wing and International Building
Build Parking Structure
Revise Road System , West End of Terminal Area
Miscellaneous Utilities
Remove Sky Chef Kitchen

Passengers
Aircraft Operations
Gate Requirements

PHASE I II a

YEARS

D EVE LOP MEN T COS T S C H E D U L E

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



PROJECT COST 4,153 -0- 960 9,107 4,307 12,171 5,181 4,620 -0- -0-
Contingency @10% 415 -0- 96 911 431 1 ,217 518 462 -0- -0-
Sub-total 4,568 -0- 1,056 10,018 4,738 13,388 5,699 5,082 -0- -0-

FAA Eligible 33 -0- 24 209 596 596 -0- -0- -0- -0-
FAA Participation @ 60.8% 20 -0- 14 127 362 362 -0- -0- -0- -0-
Contingency @ 10% 2 -0- 2 13 36 36 -0- -0- -0- -0-
FAA Share 22 -0- 16 140 398 398 -0- -0- -0- -0-

Sponsor's Share 4,546 -0- 1,040 9,878 4,340 12,990 5,699 5,082 -0- -0-

2005/062004/052003/042002/032001/022000/01

Amounts Shown are in Thousands of Dollars

1999/20001998/991997/981996/97

21,000,000
494,000

74

Y 33
N 11 93
Y ______ 11 196
N 5 100
Y (Apron On ly) _jJ]2 ___ 681 (524) 3403 (524) 3403
N 822 8220 ____ .. _8.?g ~.ff.Q
N 4110

------ ____4§l 461 4610 4610
N 10 10 10 10 10 10 10
Y 72 72

Federal
Participation
(Yes or No)

CON TIN U E D

Revise Road System West End of Terminal Area
Add Employee Parking
Build West Crossover Taxiway Y
Remove Crossover Taxiway X
Build Module #2 (Core and South Concourse Only)
Build Parking Structure
Build Parking Structure
Miscellaneous Utilities
Complete Utility Tunnel

Passengers
Aircraft Operations
Gate Requirements

D EVE LOP MEN T COS T S C H E 0 U L E

PHASE II Ib

YEARS
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D EVE LOP MEN T COS T S C H E D U L E

PHASE IV

YEARS

Passengers
Aircraft Operations
Gate Requirements

000

2014/152013/142012/132011 /122010/112009/10

Amounts Shown are in Thousands of Dollars

2008/092007/08

-0- -0- 691 6,892 2,353 4,674 -0- -0- -0-
-0- -0- 69 689 235 467 -0- -0- -0-
-0- -0- 760 7,581 2,588 5,141 -0- -0- -0-

-0- -D- B 1,048 -0- -0- -0- -0- -0-
-0- -0- 8 636 -0- -0- -0- -0- -0-
-0- -0- 1 64 -0- -0- -0- -0- -0-
-0- -0- 9 700 -0- -0- -0- -0- -0-

-0- -0- 751 6,881 2,588 5,141 -0- -0- -0-

2006/07

28,000,
---
84

Y (Apron Only) ____ Ll}1_6_81 (l048) 6806
N _J~ 146
N In 10 10 10
N ______ I6 633
N __JJ5 900
N ________61§ 4500

Federa1
Participation
(Yes or No)

CON TIN U E D

*
*
*

*Beyond the Year 2015

Build Module #1
Build Parking Structure
Build Airline Hangar

PROJECT COST
FAA Eligible
FAA Participation
Sponsor Funds
Contingency @ 10%
TOTAL BUDGET

TOTAL BUDGET PER PHASE
FAA Participation + 10% Contingency
Sponsor Budget + 10% Contingency
Sponsor Budget Assuming only 50% FAA Grants Received

Build North Concourse, Module #2
Complete Employee Parking
Miscellaneous Utilities
Complete Air Cargo Apron
Build North Half of West Air Cargo Building
Build Airline Hangar

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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DEFINITION OF WEATHER MINIMA

All Wx is the total number of observations.

VFR is all weather observations when the ceiling is equal to or greater
than 1000 feet and the visibility is equal to or greater than 3 miles.

CIR corresponds to "circling minima" and consists of all observations
when the weather is less than VFR, but equal to or greater than 800 foot
ceilings, and/or equal to or greater than 2 miles visibility.

VOR corresponds to "VOR minima" and consists of all observations when
the weather is less than CIR, but equal to or greater than 500 foot ceilings,
and/or equal to or greater than 1 mile visibility.

ILS corresponds to the instrument landing system minima, and consists
of all observations when the weather is less than VOR, but equal to or
greater than 200 foot ceilings and/or equal to or greater than 1/2 mile
visibility.

TWO corresponds to Category II ILS mmlma, and consists of all observations
when the weather is less than ILS, but equal to or greater than 100 foot
ceilings and/or 1/4 mile visibility.

CLO corresponds to the time when the airport would be closed, or possibly
instrumented for Category III ILS minima, and consists of all the
observations when the weather is less than TWO.
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TABLE A-I

POPULATION

Population
Census Phoenix

Year Arizona Metro-Area'~ Total % of State % of Metro-_.'---

1910 204,000 34,488 11, 134 5.5% 32.3%

1920 334,000 89,576 29,053 8.7 32.4

] 930 436,000 150,970 48,118 11. 0 31. 9

1940 499,000 186,193 65,414 13. 1 35. 1

1950 750,000 331,770 106,818 14.2 32.2

1960 1,302,000 663,510 439,170 33.7 66.2

1970 1,752,000 963, 132 580,275 33. 1 - 60.2

,:c Metro-Area is the saIne as Maricopa County.

Source: City of Phoenix, Official Revenue Bond Statement, January 1971
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TABLE A-2

I
AIRCRAFT OPERATIONS

I General Aviation Military Total
---~--_. -

Year Air Carrier Local Itinerant Local Itinerant

I 1960 53, 518 83,203 135,431 7,208 14,684 294,044

1961 49,418 77,594 139,725 7,498 14,352 288,587

I 1962 51,266 72,902 140,279 3,273 7,178 274,898

I 1963 54,216 74,873 145,202 5,747 8,169 288,207

1964 57,423 78,507 151,980 4,609 7,133 299,652

I 1965 54,597 80,268 151,246 5,225 7,103 298,439

I 1966 56,540 91, 381 176,319 4,916 6,351 335,507

1967 66, 701 105,587 197,396 4,063 5,781 379,528

I 1968 78,224 71, 043 196,015 2,371 5,723 353,376

I 1969 82,966 73,932 182,324 3,642 5,000 347,864

1970 83,462 62,672 190,978 3,060 4,766 344,938

I
I Sources: 1960 - 1969 FAA Air Traffic Activity

1970 City of Phoenix, Activity Report

I
I
I
I
I

83
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TABLE A-3

FORECAST OF POTENTIAL AIRCRAFT OPERATIONS

Year Air Carrier Gene ral A . t· * Military TotalVia ion

1975 140,000 392,700 8,000 540,700

1980 180,000 478,000 8,000 666,000

1985 218,000 572,000 8,000 798,000

1990 250,000 667,000 8,000 925,000

1995 274, 000 755,000 8,000 1,037,000

2000 294,000 864,000 8,000 1,166,000

*Unrestrieted growth of general aviation activity.

Source: Letter report, Landrum. and Brown, April 1, 1969

84



TABLE A- 4

85

UNITED STATES TOTALS
FOR AIR CARGO AND AIR :MAIL

___O_r_igj.n3ting Tons
Air Mail Air Cargo

289,490.6
286,836.4
296,468.5
316,580.2
310, 894. 3
389,307.9
422,517.1
434,788.4
431,562.3
501,713.6
510,4: 92. 5
553,465.2
646,663. 1
70 l, 990.3
863,811.4

1,080,239.3
1,242,338.6
1, 33 7 , 8 94 . 9
1,588,325. 1

69,672.5
90,056.6·
98,052.0

100,341.3
113,607.6
124,263.2
132,112.7
142,052.3
150,788.3
164,216.2
J.83,663.1
201,875.7
221,676.7
230,878.5
250,369.0
296,102.8
369,631.8
528,667.0
718,530,1

Air Comrnerce Traffic Pattern, Federal Aviation Agency.
Airpol·t Activity Statistics of Certificated Route Air Carriers,

Fede 1'al Aviation Adrninis t ra tion.

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

Sou rees:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



TABLE A-S

AIR CARGO

Tons of Percent
Year Originating Cargo of U.S.

1950 406.0 0.140%
1951 686.2 0.239
1952 718.7 0.242
1953 719.0 0.227
1954 873.6 0.280
1955 902.0 0.231
1956 1,048.0 0.248
1957 1,117.4 0.256
1958 1,250.8 0.289
1959 1,341. 3 0.267

1960 1,547.7 0.303
1961 1,522.6 0.275
1962 2,069.31 0.319
1963 2,489.25 O. ~54
1964 2,852.22 0.330
1965 3,279.12 0.303
1966 4,231.00 0.340
1967 4,711. 11 0.352
1968 6,304.80 0.396
1969 7,208.75 0.414

Sources: Airport Activity Statistics of Ce rtificate Route Air Carrie rs,
Federal Aviation Administration
Air Commerce Traffic Pattern, Federal Aviation Agency.
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-------------------
TABLE A_6

AIR CARGO BY CARRIER

Tons of Originating Car go-----------
Year Type AA RW CO DL FL TW WA Total----
1962 Freight 944.28 255.39 107.63 99.86 208.23 110.15 1725.54

Expres s 186. 17 32.63 32.15 26.86 42.52 23.44 343.77

1963 Freight 1091. 70 312.87 121.83 134.51 296.34 142.31 2099.56
Express 182.04 29.55 46.78 49.60 59.41 22.31 389.69

1964 Freight 1192.14 390.43 139.33 191. 94 341. 68 193.77 2449.29
Express 157.02 28.00 41. 14 76.28 78.76 21. 73 402.93

1965 Freight 1321.20 422.71 199.22 180.32 430.54 265.08 2819.07
00 Express 162.58 41. 22 46.82 63.47 121. 08 24.88 460.05-J

1966 Freight 1787.93 519.56 211.86 284.80 548.68 355.04 3707.87
Express 201. 37 55.75 55.30 63.03 97.52 50.16 523. 13

1967 Freight 1880.54 481. 12 301. 50 377.52 613. 02 525.91 4179.61
Expres s 189.69 46.86 37.07 63.18 117. 14 77.56 531. 50

1968 Freight 2468.09 784.71 366.95 428.94 664. 98 978.95 5692.62
Express 223. 10 76.57 54.55 59. 16 108.87 89.93 612.18

1969 Freight 2656.06 866.78 521. 55 441. 34 882.27 1136.69 6504.69
Expres s 236.53 60.67 76.25 21. 83 55.60 149.83 103.35 704.06

Source: Airport Activity Statistics of Certificated Route Air Carriers. Fede l'a1 Aviation Administration



TABLE A-7

FORECAST OF AIR CARGO

Year

1975

1980

1985

1990

1995

2000

SatIn

Tons of
Enp1ancd Cargo

17,900

32,600

47,300

62,000

76,700

91,400

135,500

Source: Letter report, Landrum and Brown, September 17, 1971
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TABLE A-8

AIR MAIL

Tons of Percent

Year Originating Mail of U.S.
-

1950 226.4 0.324%

1951 298.9 0.331

1952 352.3 0.3:'9

1953 346.3 0.345

1954 395.6 0.348

1955 406.1 0.326

1956 398.8 0.301

1957 418.0 0.294

1958 457.7 0.303

1959 529.9 0.322

1960 625.6 0.340

1961 784.6 0.388

1962 827.31 0.373

1963 802.08 0.347

1964 908.54 0.362

1965 1,186.34 0.400

1966 1,628.88 0.440

1967 2,471. 19 0.467

1968 3,514.16 0.489

1969 3,562.31 0.473

Source: Airport Activity Statistics of Certificate Route Air Carriers,
Federal Aviation Administration, and
Air Commerce Traffic Pattern, Federal Aviation Agency
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TABLE A-9

FORECAST OF AIR MAIL

Tons of
Year Enplaned Mail

1975 7,700

1980 12,300

1985 16,900

1990 21,500

1995 26, 100

2000 30,700

SatIn 44,500

Source: Letter report, LandnuTl and Br<;>wn, September 17, 1971
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TABLE J\-lO

AUTO TRAFFIC DESI RE Ll NES

Flow

1. Directly into the parking lot.

2. To the curb front, then to the parking lot

3. To the curb fron, then leave the airport. . . .

4. Di re ctly f rom the pa rking lot.

5. F ron1- the pa rking lot to the cu rb front, then exit. .

6. Same as #3 above ..

Source: Report No.2, Terminal Area Evaluation,
City of Phoenix, February, 1971
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63%

19

18
---_.-
100

38%

44
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TABLE A-ll

CURB FRONTAGE

Peak Hr. Pax.
Less 15% Lineal Feet of Curb Needed

Year Total Transfers @ 3 min. @ 4 min. @ 5 min.

1975 2,000 1,700 ],040 ' 1,390 ' 1,730'

1980 2,800 2,380 1,460 1, 94-0 2,430

1985 3,500 2,975 1,820 2,420 3.030

1990 4,100 3,485 2,130 2,840 3,550

1995 4,800 4,080 2,500 3,330 4,160

2000 5,500 4,675 2,860 3,810 4,770

Satin 7,100 6,035 3,700 4,920 6,160

Based on: 1) 0.49 vehicles using loading zone per passenger*
2) 3 min. = 1 /20th hour at curbside

4 min. = 1/ 15th hour at curbs ide
5 min. = 1/ 12th hour at curbside

3) 25' per vehicle, average

Example: 1700 pax x 0.49 x 1/20 x25 1 =1,040'

* Page 32, Report No.3, Airline Passenger - Vehicular Traffic Survey,
City of Phoenix, April 1971
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TABLE A -.12

FORECASTED AUTO PARKI NG REOUI H..EMENTS

Public Rental Car._---
Year Short Te rrn Long Terrn Employee Rea d y . Check-iE._ StoraGe--
1975 640 3,360 1,586 286 48 884

1980 900 5,100 2,366 430 75 1,300

1985 1,360 7,140 3,250 550 100 1,610

1990 1,760 9,240 4,400 668 111 1,950

1995 2,100 11,900 5,400 740 120 2,200

2000 2,400 13,600 6,318 795 140 2,340

SatIn 3,000 17,000 7,280 875 175 2,500

Source: Report No.1, General Plan for Ultimate Land Developrncnt,
City of Phoenix, Decembe r, 1970
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TABLE A-13

INSTRUMENT FLIGHT AC TIVITY

Instrument Instrument A p P l' 0 a c h e s
Year Operations Air Carrier Military Gen. Avn. Total

1958 43,500 744 874 74 1,692
1959 40,177 589 612 40 1,241
1<)60 24,243 373 53 38 464
1961 28,994 575 79 101 755
1962 27,659 630 108 165 903
1963 27,960 329 27 53 409
1964 32,608 481 44 94 619
1965 38, 191 1,305 71 304 1,680
1966 48, 122 372 35 105 512
1967 62,944 504 25 96 625
1968 79,091 414 13 62 489
1969 86,587 611 18 187 816

Source: FAA Ai r Traffic Activity Report, Fede raj Aviation Administration
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1980 18 11 38 33 Air carrie r at peak hou r

5 20 75 Genera] aviation ctu ring V FR

2000 30 45 25 Air carrier at peak hour
15 35 50 General aviation during VPR

New Category for aircraft over 300,000 Ibs.
Includes some 707, DC-8, etc.
727, 737, DC - 6, 7, 9
F-27, DC-3, Lear Jets
Light Twins
Single Engine Aircraft

RCrYla rks
Actual Air Carrier mix
Actual Gene ral A viatio:n H1"!X"

FORECAST i\IRCRAFT MIX

AA
9

_____A_i_r_C_l_"~_~ i. x __ (%J ,~

ABC D E-- --
61 17 13

2 13 85

TABLEA-14

Land rum and Brown

Year
1968

Source

,;, AA

A
B
C
D
E

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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TAB LE A-IS

AIRCRAFT UTILIZATION

Average H ou rs Flown Per Year By Registrant Type
Type of Aircraft Individual Partnership' Co rpo ration Coowne rs hip Government Average

Single Engine 150 63 487 150 450 244
1-3 Seats

Single Engine 150 137 284 195 376 197
4+ Seats

Multi -Engine 243 153 267 75 400 251

'" Rotorcraft >,'< .'- 423 * ':( 423".
0"-

Others 17 .... ,~ *
.... 17'r 'r

Average 151 127 357 179 396 229

* None reporting, or data base too small.

Source: Quinton-Budlong (FAA Airc raft Computer Tapes)



I TABLE A-16

I TERMINAL PHASING

Gates

I
Phase alld Terminal BuildiQ.gs Potential Es t ~ rio,) tec1----- - -

Phase Ia 1972 - 1975

.1
East Wing South side 22
r~odule 3 North Side 7 to 10

South Side (short) 6 to 8 35 to 40 30

I Phase Ib 1976 to 1983
East Wing South Side 22
Module 3 North Side 7 to 10

I
South Side (short) 6 to 8

Module 4 North Side 8 to 12
South Side (s hort) 6 to 8 49 to 60 53

I Phase II 1984 to 1991
East Wing South side 22
Module 3 North Side 7 to 10

I South Side (short) 6 to 8
Module 4 North Side 8 to 12

South Side (short) 6 to 8

I
Module 6 North Side 8 to 12

South Side (short) 6 to 8 63 to 80 64

I Phase II Ia 1992 to 1995
Modul e 3 North Side 7 to 10

South Side (fu11) 8 to 12

I Module 4 North Side 8 to 12
South Side (full) 8 to 12

Module 5 North Side 8 to 12

I
South Side (fu11)8to12

Module 6 North Side 8 to 12
South Side 8 to 12 63 to 94 70

I Phase IIIb 1996 to 2005
Module 2 South Side (only) 8 to 12

I Module 3 North Side 8 to 12 .
South Side 8 to 12

Module 4 North Side 8 to 12

I
South Side 8 to 12

Module 5 North Side 8 to 12
South Side 8 to 12

Module 6 North Side 8 to 12

I South Side 8 to 12 72 to 108 78

I
I

Rev. 12/28/11
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Table A-1G (Continued)

Phase IV 2006 to 2015
Module 2 North Side 8 to 12

South Side 8 to 12
Module 3 North Side 8 to 12

South Side 8 to 12
Module 4 North Side 8 to 12

South Side 8 to 12
Module 5 North Side 8 to 12

South Side 8 to 12
Module 6 North Side 8 to 12

South Side 8 to 12

Phase V Beyond 2015
Module 1 North Side 8 to 12

South Side 8 to 12
Module 2 North Side 8 to 12

South Side 8 to 12
Module 3 North Side 8 to 12

South Side 8 to 12
Module 4 North Side 8 to 12

South Side 8 to 12
Module 5 North Side 8 to 12

South Side 8 to 12
Module 6 Nort~ Side 8 to 12

Sbuth Side 8 to 12

Rev. 12/28/71
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80 to 120

96 to 120
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TERr~INAL SPACE BREAKDOVIN

TABLE A- 17

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TERMINAL CORE BUILDINGS

Airline Space
Ti cketi ng Area

Counter areas
Operations Space
Curb Check-in
Information Center

Sub-tota1

Baggage Area
Claim Areas
Cus tomer Servi ce

Sub-tota1

Servi ce Level
Baggage, Outbound Make-up
Baggage, Inbound
Baggage/Cargo Transfer
Operati ons Space

Sub-tota1

Concourse Level
Offices

Sub- total

Total *

Concession Space
Ticketing Areas

Toilets

Sub- total

Baggage Areas
Toilets
Lockers/Telephones
Renta 1 Ca rs
Hotel Boards

Sub-total

99

3,400 20,400
11 ,220 67,320

448 2,688
544 3,264

15,612 93,672

13,600 81 ,600
960 5,760

14,560 87,360

13,360 80,160
14,800 88,800
2,400 14,400
1,800 10,800

32,360 194,160

9,200 55,200

9,200 55,200

71,732 430,392

900 5,400

900 5,400

900 5,400
448 2,688

1,160 6,960
340 2,040

2,848 17,088



TAnLE AM 17 (Continued)

Service Level
Receiving/Storage 2,544 15,264
Restaurant/Coffee Shop Storage 6,000 36,000

Sub-tota1 8,544 51 ,264

Concourse Level
Miscellaneous Concessions 7,650 45,900
Restaurant/Coffee Shop/Bar 16,400 98,400
Restaurant/Coffee Shp Public Sp. 3,180 19,080
Toilets 1,800 10,800
Telephones 800 4,800

Sub-total 29,830 178,980

Total * 42,122 252,732

~1anagement Space
Baggage Areas

Pol i ce/Securi ty 300 1,800

Sub-total 300 1,800

Service Level
Airport Operations 3,600 21 ,600

Sub-total 3,600 21 ,600

Concourse Level
Nursery 450 2,700

Sub-tota 1 450 2,700

Total 4,350 26,100

Mechanical Space
Ti cketi ng Area

Jani tor 100 600
Duct Space 216 1 ,296

Sub-tota1 316 1,896

Baggage Areas
Janitor 100 600
Duct Space 200 1,200

Sub-tota1 300 1,800
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I
I TABLE A-17 (Continued)

I Service Level

I
Mechan; cal Equipment 2,400 14,400
Duct Space 216 1,296

Sub- tota1 2,616 15,696

I Concourse Level
Jani tor 200 1,200

I
Duct Space 720 4,320

Sub-total 920 5,520

I Total 4,152 24.912

I Public Circu1ation~~

Ti cketi ng Area
Ticketing Lobby 12,688 76,128

I
Circulation 7,432 44,596

Sub-total 20,120 120,720

I Baggage Area
C1 ai m Area 6,688 40,128
Circulation 14,252 85,512

I Sub- tota1 20,940 125,640

I
Service Level

Non-Public, Open Space 25,600 153,600
Public Circulation 2,280 13 ,680

I Sub-total 27,880 167,280

Concourse Level

I Main Lobby 12,000 72,000
Circulation 22,600 135,600

I
Sub-total 34,600 207,600

Total 103,540 621,240

I Terminal Core Building Total 225,896 1,355,376

I * Rental Space 113,854 683,124
Non-Rental Space 112,042 672 ,252

I
I

101



TABLE A-17 (Continued)

CONCOURSE BUILDINGS ( PIER DESIGN)

Airline Space
Upper Level

Holding Rooms, North Side
Holding Rooms, South Side
Optional Passenger Circulation
for Ramp Level Loading, North

Optional Passenger Circu1aion
for Ramp Level Loading, South

Sub-total

27,800
31 ,900

2,800

3,500

66,000

166,800
191,400

16,800

21,000

396,000

Ground Level
Offices, Operations,

Lounges, North Side
Offices, Operations,

Lounges, South Side
Ground Equipment, Cargo, North
Ground Equipment, Cargo, South
Optional Passenger Circulation

for Ramp Level Loading, North
Optional Passenger Circulation
for Ramp Level Loading, South

Sub-tota1

Total *

Concession Space
Upper Leve 1

Snack Bar, North Side
Snack Bar, South Side
Telephone/Lockers, North Side
Telephone/Lockers, South.Side
Toilets, North Side
Toilets, South Side

Sub-total

Lower Level
Receivinq/Storage, North Side
Receiving/Storage, South Side

Sub-total

Total *

13,020 78, 120

13,020 78, 120
9,735 58,410

13 ,515 81 ,090

'L680 28,080

5,850 35,100

59,820 358,920

125,820 754,920

2,892 17,352
2,892 17,352

736 4,416
736 4,416

1,488 8,928
1,488 8,928

10,232 61,392

1,150 6,900
1,150 6,900

2,300 13,800

12,532 75,192
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TABLE A-17 (Continued)

Mechanical Space
Upper Leve 1

Mechani ca1 Equipment~ North 1,404 8~424

Mechanical Equipment~ South 1~404 8~424

Jani tor ~ North Side 100 600
Jani tor ~ South Side 100 600

Sub-tota1 3~008 18~048

Ground Level
Mechani cal Equipment, North 2~925 17~550

Meehan; eal Equipment, South 2,925 17~550

Sub-tota1 5,850 35 ~ 100

Total 8~858 53~148

Public Circulation Space
Upper Level ~ North Side 21 ~980 131 ~880

Upper Level, South Side .21 ~980 131 ~880

Ground Level ~ North Side 3~375 20~250

Ground Level ~ South Side 3~375 20~2S0

Un-rented Ground Level ~ North Side 17,915 107.490
Un-rented Ground Level, South Side 17~765 106,590

Sub-total 86~390 518~340

Total 86~390 518~340

Concourse Building ( Pier Design ) Total 233,600 1~401 ,600

* Renta 1 Space 138~352 830 ~ 112
Non-rental Space 95~248 571 ~488
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TABLE A-17 (Conti nued)

CONCOURSE BUILDING ( ALTERNATE POD D~SlG[.J

Airline Space
Upper Level

Holding Rooms
Optional Passenger Circulation

for Ramp Level Loadi ng

Sub-Total

Ground Level
Offi ces, Operati ons, )

Lounges, Etc. )
Ground Equipment, Cargo )
Optional Passenger Circulation
for Ramp Level Loading

·Sub-total

Total *

31 ,800

1,$00

33,600

25,460

4,830

30,290

63,890

381 ,600

21,600

403,200

305,520

57,960

363,480

766,680

Concession Space
Upper Leve 1

Snack Bar/ Bar )
Telephone/Lockers 1
Toil ets

Sub-total

Ground Level
Receiving/Storage

Sub-total

Total *

Mechanical Space
Upper Level

Mechanical Equipment
Janitor

Sub-total

Ground Level
Mechanical Equipment

Total

3,256 39,072

1,600 19,200

4,856 58,272

1,506 18,072

1,506 18;072

6,362 76,344

1,040 12,480
100 1,200

1,140 13,680

2,200 26,400

3,340 40,080
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TABL[ A-17 (Continued)

Public Circulation Space
Upper Leve 1 24,404 292,848
Lower Level 2,104 25,248
Un-rented Open Space 21,500 258,000

Total 48,008 576,096

Concourse Building (Alternate Pod Design)
Total 121 ,600 1,459,200

* Rental Space 70,252 843,024
Non-Rental Space 51 ,348 616,176
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Table A-I8

CORRELATION BETWEEN FORECAST DATA AND PHASING SCHEDULE

For e cas t Oat a P has ; n 9 S c h e d u 1 e
Air Carrier Air Carrier

Year Airline Pax Operations Gates Year Phase Airline Pax Opera ti ons Gates---

1975 6,000,000 140,000 35 1975 Ia 6,000,000 140,000 30

1980 9,000,000 180,000 45
1983 Ib 10,800,000 202,800 53

1985 12,000,000 218,000 55

1990 15,000,000 250,000 63
...... 1991 II 15,600,000 254,800 64
0 1995 18,000,000 274,000 69 1995 II Ia 18,000,000 274,000 700'

2000 21,000,000 294,000 74
2005 I IIb 23,300,000 314,000 78

2015 28,000,000 n.a. 84 2015 IV 28,000,000 n.a. 84

2015+ V n.a. n.a. 100+






