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Intercity Automobile Travel Data - Method of using 1970 Traffic Volumes

Travel demand by automobile is difficult to determine and estimates of
origin and destination traffic on a particular highway between the city-pair
under consideration are difficult to make. )

In general, the method used to determine automobile traffic to and from
the Bay Area was as follows:

That is:

Now:

a) A chokepoint was found on all main routes between the Bay Area
and the city under consideration (for this discussion, call
the city "City M").

b)

c)

Weighting Factor = WF_ = Population

From the chokepoint traffic was subtracted a figure for local
and through (LTT) traffic.

To estimate O and D traffic for several cities along the same
route, weighting factors were calculated for each city using
a gravity approach.

s ¥ PopulatlonM

r2
SF-M

City M M

where TSp-M is the distance between the Bay Area and City M.

Note:

Straight line distance in statute miles was used for r,

- Road distance was not used because of the difficulty and

inherent uncertainity of the value obtained (as well as

the lack of one value for each city due to several possible
routes), and because of the need to correlate air travel
with auto travel and the corresponding costs of each mode
later in this study. Since the percentage difference be-
tween straight line and road mileage is similar for all
city-pairs, the weighting factors are not affected sig-
nificantly.




Therefore,
WFM = Fraction of total 0 and D traffic on a route bound from
N City M to the Bay Area along a particular route (7% - M)
WFi
i=1

This is reducible,

PSFPM P PM PM
SF
WF, r2 r2 r2
Fraction to M = M = SF-M = SF-M = SF-M
N ' N PSFPi P N Pl N Pi
2_:1 WFl Z=:]_ 2 SF gl 2 z=1 2
. 7L Tspeg Rl ] Rl 1

The fraction to M is multiplied by the adjusted chokepoint traffic or the
chokepoint traffic, whichever is less, to arrive at the daily number of vehicles
between the Bay Area and City M. This daily traffic figure is then checked
against the chokepoint traffic between City M and the Bdy Area. (Prior to this
point, the chokepoint may have been prior to City M enroute to the Bay Area.)

STOCKTON Route No. of daily vehicles

99 (21,900; 7 mi north of junction with 104)

4 (2,650; county line-

Contra Costa-San Joaquin) 88 (4,500; junction with 12)

26 (1,400; 11 mi east)

205 (14,500; Tracy) 4 (700; Farmington)

99 (20,500; junction with 120)

14,500 (chokepoint; 205)
+_ 2,650 (chokepoint; 4)
17,150
- 5,717 (1/3 1LTT)
11,433 wveh/day, SF0-SCK
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RENO
89N
A a%
11,400 10,000 \,+1,600 )\,
80 ' amerwe »-en \\}' .
d 2,6 50 11,000

\l

s

267

(Area shaded is Truckee, chokepoint traffic San Francisco-Reno is 10,000,
located at the "x" in the diagram above.)

The most difficult portion of the analysis is determination of local traffic
at the chokepoint, because of its location. The task was somewhat eased because
80 is a controlled access highway, with exits in the vicinity of the chokepoint
only as shown. ‘

Breakdown of local traffic in immediate vicinity is as follows:

a) 89S: 1If all traffic is assumed to move eastward on 80, 3,600
autos must exit on 89S, and 2,200 must enter 80 from 89S. If
all traffic is assumed to movée westward on 80, 2,200 autos must
exit on 89S, and 3,600 must enter 80 from 89S, In either case,
2,200 autos cross the chokepoint which are not origin and des-
tination, San Francisco-Reno. (10,000 - 2,200 = 7,800)

b) 89N and 267: Treat this as one exit with traffic totalling 4,250
autos., The breakdown of this number is 2,625 and 1,625, with each
entering or exiting 80 depending on assumed traffic direction, as
described in a) above. The number of autos that cross the choke-
point in this analysis that are not origin and destination San Fran-
cisco-Reno is 1,625, (7,800 - 1,625 = 6,175)

Assume that 1/2 of the 6,175 autos are local and/or not origin and destin-
ation San Francisco-Reno, leaving 3,088 autos daily, San Francisco-Reno. The
large percentage of local traffic is justified because of the large number of
ski resorts in the vicinity, and because of Lake Tahoe.



LAKE TAHOE

80
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«—267 (2,650) -

89 (1,400)

SFO

2,650
+ 1,400
+ 7,700

11,750

- 5,875

5,875

MONTEREY

X

(7,700)

Tahoe

89

(chokepoint; 267)
(chokepoint; 89)
(chokepoint; 50)

(1/2 LIT)
veh/day, SFO-LTA

1 (3,500; county line - San Mateo, Santa
Clara)

SFO

156 (8,500; junction

SFO with 101)

SFO 68 (8,100; 1/2 mi. east)

(chokepoint; 1)
(chokepoint; 156)
(NLR; 68)

(1/3 LTT)
veh/day, SFO-MRY



FRESNO, BAKERSFIELD, LOS ANGELES, SAN DIEGO (interior route)

a) The gravity approach was used to determine traffic

WEp = Poo = 407ooo2 = 15.1
2 ©(164)
SFO-FAT
WRo = Popo = 325002 = 5,33
2 (247)
SFO-BFL
WEL, = Py = 9926030 = 79.2,
2 (354)
SFO-LAX
WEg, 0 = Pguo = 1351003 = 6.50
2 (456)
SFO-SAN

b) Chokepoint traffic (assume traffic flow from Bay Area)

99 (20,500; near Modesto)

132
(5,700)

140
(1,000)

152 (1,650; near
_ Gilroy)

FAT

v

5 (4,200; between 152 and 140)

1,650 (chokepoint; 152)
4,200 (chokepoint; 5)
1,000 (NLR; 99)
700 (NLR; 132)
150 (NLR; 140)
7,700
-2,567 (1/3 LIT)
5,133 veh/day, SFC-FAT, BFL, LAX, SAN



¢) Calculation of O and D Traffic

(1) Fresno: WF

FAT x 5,133 = 15,1 (5133) =
WFFAT + WFBFL + WFLAX + WFSAN 106.73

730 veh/day, SFO-FAT

.

(2) Bakersfield: WFpp, x (5133 - 730) = 5.33  (4403) =

WFBFL + WFLAx + WFSAN 91.03

258 veh/day, SFO-BFL

(3) Los Angeles: WF;,y x (4403 - 258) = 79.2 (4145) =
8

WFLAX + WFSAN 5.7

3830 veh/day, SFO-LAX

(4) San Diego: 5133 - 730 - 258 - 3830 = 315 veh/day, SFO-SAN

SANTA BARBARA, LOS ANGELES, SAN DIEGO (coastal route)

a) A modified gravity approach was used to determine traffic:

(1) -
WFgpy = Booy = 2600002 = 3.54
2 (271)
TSFO-SBA
WE o = Py = 9926020 = 79.2
2 (354)
TSFO-LAX _ .
WFg, o = Poan = 1351002 = 6.50
2 (456)
SFO-SAN

b) Chokepoint traffic on 101 is 8400 vehicles/day, located well north
of Santa Barbara, but south of all possible routes to Monterey.
Highway 1 was considered NLR and no traffic along this route was used.
Subtracting 1/3 LTIT leaves 5600 vehicles/day as a bare figure.

(D

The Santa Barbara value of air patronage (% air) falls rather high
(air + auto) patronage
on the modal split curve (page I-21). This is now believed due to an under-
estimation of auto traffic, Santa Barbara is largely a recreational city
and its traffic attraction would be expected to be large compared to its
population. Thus a factor of, say, 2 might well be applied to the weighting
factor based on population. The resulting would be a 50% reduction in % air
which would be in close agreement with the modal split curve.




c) Calculation of O and D traffic:

(1) Santa Barbara: WFSBA x 5600 = 3.54

WFSBA + WFLAX + WFSAN 89.24

222 veh/day, SFO-SBA

(2) Los Angeles: WF x 5378 = 79.2 (5378) =

WFLAx + WFSAN 85.7

4970 veh/day, SFO-LAX

v

(3) San Diego: 5600 - 222 - 4970 = 408 veh/day, SFO-SAN

d) Total San Francisco-Los Angeles, San Diego Traffic
(1) Los Angeles: 3830 + 4970 = 8800

(2) San Diego: 315 + 408 = 723

(5600) =

Note: These calculations show that more traffic travels over
101 to Los Angeles than on Interstate 5. It must be
remembered that, in 1970, Interstate 5 was only partially

completed.
LAS VEGAS
58 (3,050)
15

3,050 (chokepoint; 58)
- 2,287 (3/4 LIT)
763 veh/day, SFO-LAS



PORTLAND, EUGENE

101 (3,050) o . 99 (6,600)

Assume 7% of route 99 traffic and 5% of route 101 traffic are San Francisco-
Portland O and D traffic. :

616 veh/day, SFO-PDX

Assume 20% of traffic on 99 and 101 which go to Portland are O and D San
Francisco-Eugene.

.20 (600) = 120 veh/day, SFO-EUG
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TABLE A-1 iy
" Summary
Metropolitan Chokepoint Load
Area r Traffic Routes Autos/Day Factor People/Year
Bakersfield 247 a a 258 2,56 237773
Eugene 441 b b 120 2,96 127872
Fresno 164 7,700 ‘ 152, 5, 730 2,40 63q720
99, 132,
140 _
Las Vegas 419 3950- 99, 58 763 2,92 802066
15
Los Angeles 354 c c 8800 2.80  §870400
Monterey 87 13000 éé-156, 8667 2,24 @98%069
Portland -541 9650 99, 101 616 , 3.19 70[414
Reno 187 10000 80 3088 2,44 2712999
Sacramento 79 34000 80 15891 2,22 12700087
San Diego 456 c . c 723 3.00 780840
Santa Barbara 271 8400 101 222 2.61 208591
Stockton 65 17,150 205, 4 11433 2.19 9013777
Lake Tahoe 154 11,750 80, 82, 3875 2.38 5033700
267, 50

a - Bakersfield traffic was estimated by gravity approach from choke-

point traffic to Fresno

b - Eugene traffic was estimated by gravity approach from chokepoint

traffic to Portland

¢ - Los Angeles and San Diego traffic was estimated by gravity approach
from chokepoint traffic to Fresno and Santa Barbara,

d»- From Figure A-1
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TABLE A-5

Travel from the Bay Area

Auto: 1965 1966 1967 1968 1969 1970
Bakersfield 180,259 193827 201693 213p58 228024 237773
Fresno 478160 514150 535016 5667 54 604860 630720
Santa Barbara 158137 170040 176941 187437 200039 20%591A
Stockton 6833502 7347852 7646048 8099627 . 8644212 9013777
Air:

Bakersfield 24860 29380 33280 35800 32120 30700
Fresno 67,240 75710 93900 104330 115290 98000
Santa Barbara 36140 42580 55150 65473 70370 75250
Stockton 6570 9430 11500 12730 12330 9,230
Auto and Air:

Bakersfield 205119 223207 234973 249458 260,144 268473
Fresno 545400 589860 628916 671084 720150 72820
Santa Barbara 194277 212620 232091 252910 270409 283841
Stockton 6840072 7357,282 7,657,548 8112357 8656542 9023007
Population: '

Bakersfield 325600 328900 . 331,000 334500 . 340000 325500
Fresno 405100 410,500 415400 415200 417500 413700
Santa Barbara 245500 249500 253200 256,100 269900 258200
Stockton 275200 282100 285400 290700 293900 291,900
Bay Area 4255000 4331100 45433,000 4512500 4565200 4,578)293
k:

Bakersfield .0090 © .0096 .0098 .0101 .0102 .0110
Fresno .0085 .0089 .0092 .0096 .0102 .0103
Santa Barbara  .0137 .0145 .0152 .0161 .0161 .0176

Stockton .0247 .0254 .0256 .0261 .0273 .0285
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TABLE A-8

OREGON POPULATION AND FORECASTS FOR COUNTIES
AND METROPOLITAN STATISTICAL AREAS

Study Group Population Forecast

. Metropolitan |, iies Included| 1960 | 1970 | 1980 1985
Statistical Area :
Eugene Lane 162,890 | 215,401 |280,000 | 320,000
Portland Mul tnomah 522,813 | 554,668 {590,600 | 610,000
Source: U.S. Bureau of the Census.
Study Group Population Forecast
TABLE A-9
NEVADA POPULATION AND FORECASTS FOR COUNTIES
AND STATISTICAL AREAS
Statistical Area | Counties Included 1960 1970 1980 1985
Reno Washoe 84,773 | 121,068 | 160,000 | 185,000
Las Vegas Clark 127,016 | 273,288 | 500,000 | 650,000
Source: U.,S. Bureau of the Census
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Table A-12

NUMBER OF TELEPHONE STATIONS IN CALIFORNIA

County 1965% 1966° 19672 19682 1969% 19702
Alameda 616,114 642,612 662,672 689,834 713,195 | 735,650
Contra Costa 247,185 264,704 | 281,905 300,550 314,404 328,771
'E1 Dorado 22,503 23,485 24,166 25,236 26,596 28,534
Fresno 197,030 205,643 211,586 220,552 227,730 236,728
Kern 158,125 164,406 167,869 175,825 184,243 190,219
Los Angeles 4,251,132 | 4,451,315 | 4,639,004 | 4,851,001 | 5,019,829 | 5,102,157
Marin 111,032 117,264 123,240 129,759 134,877 137,403
Monterey 108,460 114,680 118,910 123,973 129,217 134,632
Napa 35,918 37,902 40,081 42,111 44,118 46,417
Orange 624,879 688,281 752,864 821,250 877,910 925,627
Placer 41,210 43,970 45,816 48,746 51,527 55,414
Riverside 205,658 222,192 236,698 255,777 270,273 | . 285,718
Sacramento 352,421 370,591 383,570 397,806 | 409,513 | 424,979
San Bernardino 258,905 275,027 295,150 317,046 331, 307 346,128
San Diego 634,136 678,352 718,610 771,355 820,093 | 866,726
San Francisco 636,154 658,216 671,801 693,787 713,534 723,909
San Joaquin 128,526 135,794 141,680 148,116 | * 152,313 158,509
San Mateo 229,658 245,817 262,874 275,447 285,845 294,469
Santa Barbara 129,564 137,036 147,886 157,866 166,628 171,761
Santa Clara 554,560 600,576 640,367 685,459| 730,689 763,282
Solano 80,115 85,636 90,989 95,064 97,751 102,351
Sonoma 95,152 100,824 105,858 112,613 118,997 125,393
Ventura 143,176 154,153 166,266 183,107 195,799 207,588
Yolo 27,182 30,122 32,359 34,368 36,547 38,724

Sources: California Statistical Abstract, 1970 and 1971.

#As of December 31 of the indicated year,




10.

11.

12.

13.°

14.

15.

16.

17.

18.

A-26

REFERENCES

Annual Report, Regional Planning Commission of Reno, Sparks, and
Washoe County, 1970-1971,

California Community Economic Profiles, California Chamber of
Commerce, 1971.

California Division of Highways, 1970, Annual Traffic Census.

California Public Utilities Commission, 1970, Annual Report.

Civil Aeronautics Board Ten-Percent Origin-Destination Survey,
Third Quarter, 1962, 1964, 1965 through 1970.

" Civilian Population Projections, 1970-2000, California Chamber of

Commerce Research Department, Economic Survey Series, October, 1971.

Cully, Eric. '"Forecasting Intercity Travel,'" Transportation Re-
search Forum Journal, Vol. II, 1968, pp. 49-67.

Daniel, Mann, Johnson, and Mendenhall, Statewide Master Plan of
Aviation, Interim Progress Report, 17 March, 1971. .

Factbook, The Wells Fargo Bank, NA, April, 1970.

Greater Reno Area Profile, Greater Reno Chamber of Commerce, Reno,
Nevada.

Greyhound Bus Lines, Passenger Survey, July, 1971,

Los Angeles Regional Transportation Commission, Los Angeles Regional
Transportation Study, 1960.

Martin, Memmot, and Bone. Principles and Techniques of Predicting
Future Demand for Urban Area Transportation, MIT, June, 1961

Nevada Business Review, University of Nevada, February '61 through
February '72.

"Problems and Prospects in Collecting Data on Travel Demand,'" Studies
in Travel Demand, Mathematica, Princeton, N,J., 1968,

Southern Pacific Railroad.

Stanford Research Institute, Analysis of [ntercity Passenger Traffic
Movement Within the California Corridor Through 1980, April, 1966.

Survey of Airline Passengers Departing the San Francisco Bay Area,
Stanford Research Institute, May 1968.




19.

20.

21,
22,
23.
24,

25.

26.

Taxable Retail Sales - California - 1960, 1964-1970, California
Chamber of Commerce Research Department, Economic Survey Series,
July, 1971.

Total Telephone Stations in California by Counties, January 1, 1950,
1960, 1971, California Chamber of Commerce, Economic Survey Series,
May 1971, -

Traffic Volume Trends, U.S. Department of Transportation, Federal
Highway Administration, 1965-1971.

Transportation, Facts and Trends, Transportation Association of
America, April, 1970.

U.S. Department of Commerce, Interstate Commerce Commission Reports.

U.S. Department of Transportation, Northeast Corridor Transportation
Study, Final Report, September, 1971,

1970 Traffic Volumes, State of California, Division of Highways.

California State Department of Finance, Population Research Unit,
October, 1971.



B-1

APPENDIX B

A Study of the Distribution of
1985 AIR PASSENGER TRAFFIC IN THE SAN FRANCISCO BAY AREA
Forecast Model Using 98 BASAR Traffic Generation Zones

’

This study is concerned with the nine-county Bay Area as a generator
and collector of commercial air passenger traffic in 1985. Any method for
forecasting future travel must first consider the great number of factors
which determine the level of air traffic demand. These factors must then
be combined, with each factor given a relative weight of influence on air
passenger travel,

Systems Analysis and Research Corporation (SARC) developed a forecast
equation for use in the Regional Airport Systems Study (RASS) which analyzes
the effects of alternate inputs for the three independent variable factors
considered to be the most important indicators of air passenger travel:
population, employment, and income. 1

The equation is:

E Y
T =P A, (3.8915 == + 1.5439 =% - 469.966) '
2 z2j P P
z z
where
T_ = annual enplaned and deplaned passenger traffic, in
z thousands, generated in the zone,
Pz = resident population of the zone in hundred thousands, and
A, = adjustment factors 1975 = ,885
] 1980 = .901

1985 = .969

Adjustment factors are used to reflect possible changes in future con-
ditions and trends--they are derived from a number of assumptions/predictions
in the following areas:

national and international economy

- national air traffic growth patterns

- number and location of markets

- tourism

- technological development of aviation; aircraft types and mix
- competing modes of transportation

- air travel cost and quality



- access and capacity

- flying patterns; percentage of business travel; origin and
destination from home or work

- spending patterns and the use of discretionary income and
leisure time ’

[ea)
]

number of people working in the zone, in thousands

<
1t

total annual personal income of residents of the zone, in millions
of dollars

It is important to note that connecting traffic is not computed in the
above formula. The formula is for determining the zone's capacity as a
point of origin or destination. Connecting traffic is estimated to be 15
-per cent of total traffic; therefore, the product of this formula (Tz) is
85 per cent of the total traffic.

Clearly, the air passenger forecasts derived from the above equation
depend on accurate forecasts of the three variable indicators. It is impor-
tant that estimations of population, employment, and income be as reliable
as possible.

Population:

Population is an important factor for determining the generating capa-
bility of an area and for 'deflating" the effects of the other independent
variables. The original BASAR forecast model used population figures com-
puted by the Bay Area Transportation Study Commission (BATSC) in 1965. These
projections are broken down by county in Chart B-1. Compared with later down-
ward revisions by the Department of Finance, the BATSC forecast would appear
to be a '"ceiling" for 1985 population. The "floor" for 1985 population is
the 1970 Census figure, with an assumed zero population growth, that is, a
1985 population which is identical to present population levels.

If estimation of population growth was ever easy because of well-defined
historical trends, the task today is complicated by factors not previously
applicable. These include concern for envirommental quality, discussion of
the Bay Area's ''carrying capacity,' and the desire for population growth
control. It may no longer be sufficient to merely predict growth rates in
an area where many people feel that growth trends must be consc1ous1y guided
by public policy decisions.

Employment:

Employment figures indicate high employment areas from and to which business
travel is likely to occur. (Business travelers currently make up at least
50 per cent of the_total airline passenger traffic enplaned and deplaned at
Bay Area airports.3) Projections listed by county in Chart B-2 show an estimate-
range between the high employment estimate of 2,970,000 (BATSC forecast plus’
5 per cent) and the low estimate of 2,011,000 (BATSC forecast less the per-
centage that Census Population in 1970 is lower than BATSC Population in
1985) . Note that the BATSC forecast is by far the highest employment estimate,
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Chart B-1

1985 Population (000) Projection Used for Equation Input

Dept., of Finance

1970 Census

County BATSC Forecast Forecast (zero population growth)
Alameda 1548 1289 1078
Contra Costa 949 772 558
Marin 358 296 206
Napa 122 124 79
San Francisco 817 714 716
San Mateo 831 645 556
Santa Clara 1606 1572 1065
Solano 311 239 170
Sonoma 324 320 205

TOTAL 6866 5971" 4628

*Does not include 50,000 military personnel
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excepting, of course, the BATSC plus 5 per cent estimate., Downward revision
may be necessary, thus the various other employment totals in Chart B-2,

Income:

Income is a good indicator of the economic ability of residents to
use air service. (The mediag family income of travelers surveyed in the
State Aviation Study by DMJM® was $17,700.) Chart B-3 shows various estimates -
of 1985 personal income (by county, in millions of dollars)., The highest
estimate is that made by Systems Analysis Research Corporation--SARC fore-
cast (61,163), also SARC forecast plus 5 per cent (64,218). The lowest
income estimate is one using the SARC forecast less the percentage that
Census Population is lower than BATSC Population (on a county-by-county
basis) .

Given the variations in these indicators (which cause consequent vari-
ations in the 1985 passenger forecasts, since the forecasts are a function
of these indicators), it is necessary to apply several values to population,
employment, and personal income. The goal is to obtain predictiomns for
future travel which give a useful range of estimates for each county in 1985.

To arrive at such a range, twelve combinations of 1985 estimates for
population, employment, and personal income were plugged into the formula.
All twelve configurations are listed in Supplement 1. The annual air passen-
ger traffic is derived for each of the nine counties in every configuration.
Configuration 1 is the base run, which is the set of estimates used by SARC
in the BASAR Aviation Forecast, May 1970. Chart B-4 summarizes the
results of these calculations. For example, Configuration 1 yields passenger
estimates of 14,237,000 for Alameda County, 8,648,000 for Contra Costa
County, and so on, for-a total annual passenger estimate of 71,075,000 for
the nine-county region (83,500,000 when connecting traffic is included).
Regional totals appear along the left-hand margin of Chart B-4. .Reading down
each column shows how the county's estimated 1985 traffic varies depending
on the configuration of the population/employment/income values. The
symbol (L) denotes the configuration yielding the lowest estimated 1985
traffic in each county--this is Configuration 9 for six counties, Configura-
tion 6 for two counties, and Configuration 10 for one county. Similarly,

(H) denotes the configuration yielding the highest estimated 1985 traffic
in each county--this is Configuration 12 for eight counties, and Configura-
tion 2 for one county. The base run (Configuration 1) is, in the case of
every county, definitely closer to the value of (H) than the value of (L).
Regional totals align themselves in nearly the same manner--Configuration 9
being the lowest estimate for 1985 traffic, Configuration 12 being the
highest estimate, and the base run being closer to (H) than (L) .

Some detailed comparisons between the base run and other configurations
are as follows:

BATSC Population:

- Increase of per capita employment and income by 5 per cent yields

Increase of total passengers by 5.1 million (Configuratioan).
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- Decrease of per capita employment and income by 10 per cent yields

Decrease of total passengers by 12.0 million (Configuratiomn 4),.

DOF Population:

- No change in per capita employment and income yields

Decrease of total passengers by 11 million (Configuration 5).

- OBERS figures used, which generally decrease per capita employment;
income proportionally decreased yields

Decrease of total passengers by 14.8 million (Configuration 6).

- OBERS figures used, which generally decrease per capita employment; in-
crease of per capita income by approximately 10-15 per cent yields

Increase of total passengers by 2.7 million (Configuration 7).

1970 Census Population (zero population growth) :

- No change in per capita employment and income yields

Decrease of total passengers by 25,6 million (Configuration 9).
Lowest regional 1985 traffic estimate.

t

- Increase of per capita employment and income by approximately 30 per cent
yields

Increase of total passengers by 12 million (Configuration 12).
Highest regional 1985 traffic estimate.

Although data have been presented for total county traffic, one can further
narrow the scope of 1985 traffic estimates by studying the generation
capability of 98 BASAR zones--shown in the large accompanying map of the
nine~county Bay Area (See Supplement 2 for a discussion of the basis for
establishing these traffic generation zones).

SARC has estimated the 1985 totals (also 1975 and 1980, see Supplement
3) for "Enplaning and Deplaning Passengers Generated by BASAR Zone,"
These estimates are identical to the base run forecasts discussed earlier -
they do not, of course, include the 15 per cent connecting traffic.

The following tables (Charts B-5 through B-11) summarize the 1985 traffic
generation totals for each zone derived from the base run - configuration 1.
Note that each "County Total' is the total found in the first row (base
run) of Charts B-4 and B-5). Calculatioms were then performed to determine what
percent of each county's traffic for 1985 would be generated in particular
zones, This percentage figure appears in the third column, e.g., 1 per
cent of Alameda County's traffic in 1985 will be generated by BASAR zone
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Chart B-5

ALAMEDA COUNTY

Revised 1985

% of Lowest Highest Forecast
BASAR| 1985 BASAR| Total Forecast Forecast Revised % of|Configuration

Zonme| Forecast | County Configuration [Configuration|Total County (2_;!—_9
No. | (Base Run) |Traffic 9 12 Traffic 2
40 225,111 1.0 100,140 163,990 1.0 109,050
41 447,127 3.0 300,420 491,970 2.0 218,110
42 370,842 3.0 300,420 491,970 2.0 218,110
43 237,127 2.0 200,280 327,980 1.0 109,050
4 | 696,126 | 5.0 500,700 819,950 3.0 327,165
45 | 1,169,995 8.0 800,120 1,311,920 6.0 654,330
46 226,904 2.0 200,280 327,980 1.0 109,050
47 525,247 4.0 400,560 655,960 3.0 327,165
48 | 1,244,820 9.0 901,260 1,475,910 8.0 872,440
49 | 1,872,024 13.0 1,301,820 2,131,870 14.0 1,526,770
50 934,168 6.0 600,840 983,940 6.0 654,330
51 865,797 6.0 600,840 983,940 6.0 654,330
52 795,856 6.0 600,840 983,940 6.0 654,330
53 648,296 5.0 500,700 819,950 4.0 436,220
54 492,790 3.0 300,420 491,970 5.0 545,275
55 455,446 | 3.0 300,420 491,970 5.0 545,275
56 640,604 | . 4.0 400,560 655,960 5.0 545,275
57 262,065 2.0 200,280 327,980 2.0 218,110
58 552,115 4.0 400,560 655,960 4.0 436,220
59 591,481 4.0 400,560 655,960 5.0 545,275
60 342,926 2.0 200,280 327,980 4,0 436,220
61 | 640,780 5.0 500,700 819,950 5.0 545,275

14,237,647 10,014,000 16,399,000 10,905,000




Chart B-6

CONTRA COSTA COUNTY

Highest

Revised 1985

% of Lowest Forecast
BASAR |1985 BASAR| Total Forecast Forecast [Revised 4 of|Configuration
Zone | Forecast | County|Configuration |Configuration|Total County 2+9
No. {(Base Run) |Traffic 9 12 Traffic 2
62 692,618 8.0 408,800 834,160 10.0 604,950 -
63 225,766 3.0 153,300 312,810 4.0 241,980
64 - 560,713 6.0 306,600 625,620 8.0 483,960
65 508,144 6.0 306,600 625,620 6.0 362,970
66 759,115 9.0 459,900 938,430 7.0 " 423,465
67 685,328 8.0 408,800 834,160 7.0 423,465
68 - 596,547 7.0 357,700 729,890 8.0 483,960
69 585,321 7.0 357,700 729,890 6.0 362,970
70 |1,204,211 14,0 715,400 1,459,780 16.0 967,920
71 11,384,394 16.0 817,600 1,668,320 15.0 907,425
72 152,578 2.0 102,200 208,540 1.0 60,495
73 661,024 8.0 408,800 834,160 7.0 423,465
74 482,535 6.0 306,600 625,620 4.0 241,980
8,498,293 5,110,000 10,427,000 6,049,500
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Chart B-7

MARIN COUNTY

Revised 1985 |
% of Lowest Highest Forecast
BASAR |1985 BASAR| Total Forecast Forecast |Revised 4 of|Configuration
Zone | Forecast | County|Configuration|Configuration| Total County 5+ 9
No. | (Base Run) [Traffic 9 12 Traffic 2
93 490,613 10.0 270,400 534,100 9.0 298,350
94 1,196,905 26.0 703,040 1,388,660 20.0 663,000
95 (1,062,400 23.0 621,920 1,228,430 26,0 861,900
96 468,839 10.0 270,400 534,100 9.0 298,350
97 1,025,530 22.0 594,880 1,175,020 - 26,0 861,900
98 406,664 9.0 243,360 480,690 10.0 331,500
4,650,951 2,704,000 5,341,000 3,315,000
NAPA COUNTY
Revised 1985
% of Lowest Highest Forecast
BASAR (1985 BASAR| Total Forecast Forecast |Revised % of Configuration
Zone | Forecast | County|Configuration|Configuration|Total County 5+ 9
No. |(Base Run) |Traffic 9 12 Traffic 2
81 69,885 28.0 84,000 313,880 22,0 166,980
82 129,877 39.0 117,000 437,190 41.0 311,190
83 15,727 5.0 15,000 56,050 5.0 37,950
84 45,884 12.0 36,000 134,520 15.0 113,850
85 51,922 16.0 48,000 179,360 17.0 129,030
926,888 300,000 1,121,000 759,000




Chart B-8

SAN FRANCISCO COUNTY

Revised 1985

% of Lowest Highest Forecast

BASAR 1985 BASAR| Total Forecast Forecast |Revised % of|Configuration

Zong Forecast Coun?y Configuration Configuration|Total Co?nty (2_1_2)
No. (Base Run) |Traffic 9 112 Traffic 2

1 733,446 6.0 575,220 788,640 8.0 863,640
2 | 1,745,838 15.0 1,438,050 1,971,600 17.0 1,835,235
3 825,665 7.0 671,090 920,080 7.0 755,684
4 907 ,650 7.0 671,090 920,080 9.0 971,595
5 11,135,499 9.0 862,830 1,182,960 8.0 863,640
6 |1,402,125 11.0 1,054,570 1,445,840 11.0 1,187,505
7 1,263,833 10.0 958,700 1,314,400 10.0 1,079,550
8 740,736 6.0 575,220 788,640 5.0 539,775
9 823,422 7.0 671,090 920,080 6.0 647,730
10 |1,102,954 9.0 862,830 1,182,960 7.0 755,685
11 435,378 3.0 287,610 394,320 3.0 323,865
12 805,655 7.0 671,090 920,080 5.0 539,775
13 418,314 3.0 287,610 394,320 3.0 323,865
12,340,515 9,587,000 13,144,000 10,795,000
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Chart B-9

SAN MATEO COUNTY

Revised 1985

% of Lowest Highest Forecast
BASAR| 1985 BASAR| Total Forecast Forecast |Revised % of[Configuration
Zone| Forecast County [Configuration|Configuration|Total County 5+ 9
No.| (Base Run) {Traffic 9 12 Traffic 2
14 921,334 8.0 602,320 998,720 6.0 . 489,120
15 | 1,944,675 17.0 1,279,930 2,122,280 13.0 1,059,160
16 570,819 5,0 376,450 624,200 3.0 244,560
17 841,131 7.0 - 527,030 873,880 10.0 815,200
18 | 1,000,611 9.0 677,610 1,123,560 13.0 ’1,059,760
19 | 1,421,354 13.0 978,770 1,622,920 11.0 896,720
20 360,721 3.0 225,870 374,520 2.0 163,040
21 | 1,724,734 15,0 1,129,350 1,872,600 16.0 1,304,320
22 | 1,585,439 14.0 1,054,060 1,747,760 16.0 1,304,320
23 581,599 5.0 376,450 624,200 6.0 489,120
24 281,293 3.0 225,870 374,520 2.0 163,040
11,233,710 7,529,000 12,484,600 8,152,000
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Chart B~-10
SANTA CLARA COUNTY
Revised 1985
% of Lowest Highest Forecast
BASAR| 1985 BASAR| Total Forecast Forecast |Revised % of|Con iguration
Zone| Forecast | County|Configuration|Configuration|Total County &1j;2
No.| (Base Run) |Traffic 9 12 Traffic 2
25 944,137 6.0 593,820 1,049,580 10.0 1,231,700
26 960,850 6.0 593,820 1,049,580 | 8.0 . 985,360
27 371,433 2,0 197,940 349,860 3.0 369,510
28 551,133 4.0 395,880 699,720 4.0 492,680
29 | 1,478,862 10.0 989,700 1,749,300 11.0 1,354,870
30 665,966 4.0 395,880 699,720 5.0 615,850
31 730,146 5.0 494,850 874,650 4.0 492,680
32 | 1,407,286 10.0 989,700 1,749,300 9.0 1,108,530
33 11,090,007 } 7.0 © 692,790 1,224,510 7.0 862,190
34 | 1,617,374 11.0 1,088,670 1,924,230 12.0 1,478,040
35 |1,087,236 | 7.0 692,790 1,224,510 8.0 985,360
36 11,196,470 8.0 791,760 1,399,440 6.0 739,020
37 1,584,232 11.0 1,088,670 1,924,230 7.0 862,190
38 (1,117,569 8.0 791,760 1,399,440 . 4.0 492,680
39 227,165 'i.O 98,970 174,930 1.0 123,170
15,029,867 9,897,000 17,495,000 12,317,000




Chart B-11

SOLANO COUNTY

Revised 1985
% of Lowest Highest Forecast

BASAR|1985 BASAR| Total Forecast Forecast [Revised % of|Configuration

Zone| Forecast County|Configuration|Configuration [Total County 5+ 9
No.| (Base Run) |Traffic 9 12 Traffic 2
75 683,506 33.0 331,980 796,950 42.0 606,900
76 418,470 20.0 201,200 483,000 15.0 216,750
77 478,389 23.0 231,380 555,450 20.0 289,000
78 51,986 2.0 20,120 48,300 2.0 28,900
79 263,674 12,0 120,720 289,800 12,0 173,400
80 215,529 10.0 100,600 241,500 10.0 144,500
2,111,554 1,006,000 2,415,000 1,445,000
SONOMA COUNTY

Revised 1985
% of Lowest Highest Forecast

BASAR|1985 BASAR| Total Forecast Forecast |Revised % of] Configuration

Zone| Forecast | County|Configuration| Configuration|Total County 5+ 9
No.| (Base Run)|Traffic 9 12 Traffic 2

86 410,980 20.0 260,400 523,200 20.0 335,800
87 240,034 12,0 156,240 313,920 12,0 201,480
88 185,002 9.0 117,180 235,440 7.0 117,530
89 546,010 26.0 338,520 680,160 31.0 520,490
90 232,167 11.0 143,220 287,760 12.0 201,480
91 162,069 8.0 104,160 209,280 10.0 167,900
92 297,270 14.0 182,280 366,240 7.0 117,530
2,073,532 1,302,000 2,616,000 1,679,000
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No. 40. (See Supplement 4 for tables concerning each county's percent of
total regional traffic in 1962, 1967, 1968, 1975, 1980, and 1985.)

Assume that these ''relative strength" zone percentages are the same
for the totals derived from each of the twelve configurations; i.e., the
third column was derived from a "what percent of the county total is the
zone estimate?" calculation, now, using these percentages (from base run),
plug in eleven other county totals (Configurations 2 through 12), multiply
by given percentages, and one obtains eleven new estimates for each zone--
in fact, an estimate range for 1985 generated travel in each zone.

Charts B-5 through B-11 show four 1985 air travel forecasts for each of
the 98 Bay Area zones--enplaning and deplaning passengers generated by zone,
not including 15 per cent connecting traffic., The first column of each
chart shows the zone breakdown for the original BASAR forecast for 1985--
Configuration 1 in Supplement 1. Column 2 shows the percentage relationship
between the zone and the county traffic in 1985, Columns 3
and 4 show the zone estimates for each county which are the lowest and
highest 1985 forecasts, respectively. (See Chart B-4). These are the totals
derived from the configurations yielding the lowest traffic forecasts--
usually Configuration 9--and the highest forecast--usually Configuration 12,

From an aviation planning perspective, one can reasonably expect that
1985 traffic will be between the two extreme estimates. Note that for each
zone this is a numerical range of approximately 200,000 to 300,000 passengers
annually. (Where BASAR Forecasts--Column 1, Charts 5 through ll--do not
lie between high and low estimates, error is due to rounding and subsequent
multiplying of rounded numbers in the calculation process.)

One must note, however, that Configuration 9 (which gives the lowest
1985 forecast--see Chart B-ll—) assumes NO POPULATION GROWTH, a highly improb-
able, if not impossible assumption for 1985. Similarly, Configuration 12
(which yields the highest 1985 forecast--see Chart B-4) is based on an even
more unlikely assumption--that population will be at the 1970 level, with
large increments in per capita employment and income.

It was decided, therefore, that a realistic 1985 traffic forecast would
be between Configuration 9 (a lower bound) and Configuration 5 (an upper
bound) . Configuration 5 assumes a population forecast (Department of
Finance) which is lower than the original BASAR base run, while per capita
employment and income are assumed to be the same as the base rum.

Further, the zone percentages in column 2 (derived from 1985 base run
estimates for each county) were revised to represent more realistic growth
forecasts for each zone. Revised estimates are derived from the 1975  fore-
casts (instead of the 1985 forecasts) in the tables of Supplement 3, 1In this
way, account is made for the recent changes in public attitude toward
development and population growth that has occurred since the base run
estimate was calculated in 1968 for the BASAR report. The assumption is
that the revised percentages better reflect the decelerated growth rate
of air travel to and from each zone in recent years.



Using these revised percentages and a configuration éompromise

Config. 5 + Config. 9
2

which falls between the realistic upper and lower bounds of the forecast range,
the last column of Charts B-5 through B-11 is derived.. This is the revised fore-
cast for 1985 air travel. (Note that the totals under the colummns on Charts

B-5 through B-11 show at a glance the range of configuration-dependent forecasts

for each county in 1985.)

It is difficult to summarize findings which have such wide variation in
traffic forecasts--such as in each zone. Yet it is important to realize that
this degree of flexibility does exist, due to the wide spectrum of possible
development in each zone and county, as well as economic development at a
regional or national level.

Further, other factors affecting air travel (access, travel comfort, etc.)
may be quantified, pending more study in this area. This should yield more re-
fined estimates and narrower estimate ranges, thus raising the confidence level
of the-forecast. Lastly, one must note the fact that it is very likely that
one of the configurations discussed (especially the revised estimate) will be
an accurate representation of population, employment, and income in 1985. The
given forecasts--variable though they be--are an important basis from which a
useful aviation system may be planned, '

Another way to look at confidence levels in these forecasts is to relate
to probable time bands, rather than to the traffic percentage ranges as of a
particular time usually used. This way of viewing the confidence range in the
forecasts is prompted by the long lead-times in airport planning and the rapid
rates of growth in air traffic. For example, if two domestic passenger traffic
forecasts were to differ by 20 percent for 1985--an apparently large disagree-
ment--the actual difference with traffic growing 10 percent annually, would be
that the higher forecast would project a particular level of traffic that
would be attained in 1984, while the lower one would expect the same level in
1986. 1In an airport's long-range planning for expansion, such a variation
would be a matter of fine-tuning the timing of later development phases. As
a practical matter this would be done anyway, based on actual experience accum-
ulated during the course of the next decade.



3.

4,
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Appendix B - Supplement 2

PASSENGER TRAFFIC GENERATION ZONES

To fulfill the objective of preparing traffic forecasts by sub-regional
zones, several zonal breakdowns for the nine-county Bay Area were evaluated.
It was decided that approximately one hundred zones would be necessary to
provide the geographical detail required for the airport access part of the
overall analysis. 1Ideally, each zone should represent, as closely as
possible, a circular geographic form of approximately equal traffic generat-
ing potential. That is, areas of high traffic generating potential should
be broken down into more zones than areas of lower traffic generating poten-
tial. In addition, insofar as possible, the zones should be designed in
such a way as to facilitate collection of basic data necessary to derive
equation inputs,

The ninety-eight ''districts'" established as part of the Bay Area Trans-
portation Study (BATS) appeared to best fulfill these requirements. These
"districts'" were comprised of combinations of census tracts established for
the 1960 federal census., In addition they were made up of one or a combina-
tion of BATS '"map zones" for which forecasts of population and employment
through 1990 had already been prepared as part of previous BATS work. There-
fore, it was agreed early in the analysis that these 98 BATS 'districts"
would be the passenger traffic generating zones used in this analysis.

A map of the approximate boundary of each of these ninety-eight zones
is shown in the large map. Each zone is wholly containad within one of the
nine counties making up the Bay Area Region.

At the time these zones were adopted for this study the 1970 federal
census tracts had not been completely designed. However, we were led to
believe after talking with people from the Census Bureau in Washington that
the 1970 census tracts could be relegated into any zonal definition defined
in terms of the 1960 tracts. This later proved to be nearly true but there
were some exceptions. A definition of the BASAR passenger traffic generating
zones in germs of census tracts and BATS map zones are shown in Appendix A
of BASAR. In a few cases, the 1970 census data will have to be broken
down below the census tract level in order to accurately reflect these data
in terms of the BASAR traffic generating zones established for this study.
Because these cases are the exception rather than the rule, they are not
expected to create a major problem in using the 1970 census data, when it
becomes available, to update inputs for the BASAR traffic generating zones.

#Aviation Forecast, May 1970.

%
--SARC, Aviation Forecast, May 1970,

pp. I1I-20, 21,

*see pages B-26 and B-27




Bay Area Transportation Study (BATS) Zones used in this study

Figure B-1
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BASAR PREDICTION
ENPLANING AND DEPLANING PASSENGERS GENERATED BY BASAR ZONE
(1975 - 1985)

BASAR Zone Fraction Fraction
County Number 1975 of Total 1980 1985 of Total
Alameda 40 72,466 .01 128,492 225,111 .01
41 132,875 .02 249,114 447,127 .03
42 114,209 .02 197,609 370,842 .03
43 68,506 .01’ 121,002 237,127 .02
44 149,464 .03 354,726 696,126 .05
45 343,533 .06 671,085 1,169,995 .08
46 64,069 .01 119,920 226,904 .02
47 153,29 .03 289,603 525,247 .04
48 476,390 .08 773,611 1,244,820 .09
49 785,607 .14 1,219,931 1,872,024 .13
50 354,274 .06 578,062 934,168 .06
51 360,646 .06 552,360 865,797 .06
52 330,872 .06 500,759 795,856 .06
53 257,006 .04 407,153 648,296 .05
54 291,007 .05 368,286 492,790 .03
55 273, 504 .05 350,899 455,446 .03
56 303,726 .05 428,436 640, 604 .0
57 110,106 .02 163,850 262,065 .02
58 224,553 .04 349,922 552,115 .04
59 276,041 .05 393,417 591,481 .04
60 208,998 .04 265,350 342,926 .02
61 301,994 .05 435,972 640,780 .05
County "
Total  (2,551,000) 5,653,141 8,919,559 14,237,647

1968 totals computed from results of 1968 survey (SRI) adjusted to subtract
connectlng traffic,



B-29

BASAR Zone Fraction Fraction
County Number 1975 of Total 1980 1985 of Total
Contra 62 - 238,351 .10 413,708 692,618 .08
Costa
63 86,283 .04 142,233 225,766 .03
64 198,597 .08 339,661 560,713 .06
65 144,940 .06 270,450 508,144 .06
66 161,559 .07 374,818 759,115 .09
67 169,904 .07 348,665 685,328 .08
68 206,681 .08 360,740 596,547 .07
69 146,626 .06 317,735 585,321 .07
70 391,255 .16 669,923 1,204,211 .14
71 358,223 .15 705,871  1,384,39% .16
72 31,019 .01 72,337 152,578 .02
73 180,280 .07 354,944 661,024 .08
74 93,827 .04 228,046 482,535 .06
County (896,000)" 2,407,543 4,599,129 8,498,293
Marin 93 125,779 .09 263,273 490,613 .10
9% 290,121 .20 605,650 1,196,905 .26
95 363,644 .26 621,826 1,062,400 .23
96 128,725 .09 251,913 468,839 .10
97 373,915 .26 614,410 1,025,530 .22
98 140,198 .10 230,609 406,664 .09
C;g:;{ (341,000)" 1,422,383 2,587,680 4,650,951
Napa 81 69,855 .22 138,799 261,239 .28
82 129,877 41 211,772 362,312 .39
83 15,727 .05 29,394 46,625 .05
84 45,884 .15 72,739 111,466 .12
85 51,922 .17 89,363 145,246 .16
ngzz{ (52,000) " 313,295 542,067 926,888

*
1968 totals computed from results of 1968 survey (SRI) adjusted to subtract
connecting traffic.



BASAR Zone Fraction Fraction
County Number 1975 of Total 1980 1985 of Total
?::ncisco 1 526,543 .08 590,356 733,446 .06
2 1,089,698 .17 1,330,509 1,745,838 .15
3 442,994 .07 596,279 825,665 .07
4 549,448 .09 688,554 907,650 .07
5 521,361 .08 769,166 1,135,499 .09
6 717,567 .11 984,593 1,402,125 .11
7 594,447 .10 835,33 1,263,833 .10
8 337,507 .05 503,798 740,736 .06
9 368,491 .06 549,284 823,422 .07
10 44,439 .07 688,909 1,102,954 .09
11 225,551 .03 308,998 435,378 .03
12 %5, 944 .05 532,225 805, 655 07
13 210,902 .03 295,69 418,314, .03
C;gz:z (5,046,000)* 6,374,891 8,673,699 12,340,515
;:2eo 14 259,302 .06 505,712 921,334 .08
15 519,389 .13 940,181 1,944,675 .17
16 125,863 .03 294,991 570,819 .05
17 401,892 .10 556,861 841,131 .07
18 513,285 .13 707,716 1,000,611 .09
19 458,829 .11 838,004 1,421,354 .13
20 80,717 .02 182,222 360,721 .03
21 652,080 .16 1,061,047 1,724,734 .15
22 647,717 .16 985,713 1,585,439 .14
23 226,624 .06 373,090 581,599 .05
24 95,715 .02 172,261 281,293 .03
ngzz{ (1,185,000)" 3,981,411 6,617,797 11,233,710

*
1968 totals computed from results of 1968 survey (SRI) adjusted to subtract
connecting traffic.
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BASAR Zomne Fraction Fraction
County Number 1975 of Total 1980 1985 of Total

ETZE: 25 536,633 .10 690,272 944,137 .06
26 407,494 .08 607,285 960,850 .06
27 136,358 .03 233,064 371,433 .02
28 191,599 .04 308,817 551,133 .04
29 587,479 11 921,318 1,478,862 .10
30 248,345 .05 408,932 665,966 .04
31 201,712 .04 402,149 730,146 .05
32 469,428 .09 814,089 1,407,286 .10
33 375,866 .07 660,581 1,090,007 .07
34 606,661 .12 1,000,759 1,617,374 .11
35 407,802 .08 668,188 1,087,236 .07
36 294,999 .06 631,796 1,196,470 .08
37 395,877 .07 916,433 1,584,232 .11
38 226,641 .04 610,907 1,117,569 .08
39 53,148 .01 121,628 227,165 .01

County "

Total  (2,922,000) 5,140,042 8,996,217 15,029,867

Solano 75 283,104 42 421,582 683,506 .33
76 98,528 .15 317,249 418,470 .20
77 132,658 .20 256,806 478,389 .23
78 11,158 .02 27,540 51,986 .02
79 81,513 .12 150,151 263,674 .12
80 67,580 .10 129,098 215,529 .10

ngg:{ (133,000) " 674,542 1,302,426 2,111,554

"1968 totals computed from results of 1968 survey (SRI) adjusted to subtract
connecting traffic,



BASAR Zone Fraction Fraction
County Number 1975 of Total 1980 1985 of Total
86 131,992 .20 239,775 410,980 .20
87 77,788 .12 138,587 240,034 .12
88 42,522 .07 94,953 185,002 .09
89 202,805 .31 327,347 546,010 .26
90 78,159 .12 137,175 232,167 .11
91 66,599 .10 105,379 162,029 .08
92 48,400 .07 141,660 297,270 .14
County *
Total (185,000) 648,266 1,184,876 2,073,532
Nine

County (13,311,000)" 26,615,514

Total

43,423,450 71,102,957

*
1968 totals computed from results of 1968 survey (SRI) adjusted to subtract

connecting traffic.

-- SOURCE:

Systems Analysis and

Research Corporation
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Appendix B- Supplement &

PERCENTAGE DISTRIBUTION OF PASSENGER TRAFFIC IN THE BAY AREA
*
BY COUNTY OF LOCAL ORIGIN AND DESTINATION

1962 1967 1968

County Percentage Percentage Percentage
Alameda 16.8 16.5 19.2
Contra Costa 5.6 6.2 6.7
Marin 3.8 3.3 2.6
Napa 0.4 0.3 0.4
San Francisco 40.9 30.5 37.8
San Mateo 13.5 20.8 9.0
Santa Clara 17.5 19.3 22,0
Solano 0.9 2.2 1.0
Sonoma 0.6 0.9 1.3
TOTAL 100.0 100.0 100.0

ZONAL PASSENGER DISTRIBUTION BY COUNTY*

1975 1980 1985
County Percentage Percentage Percentage

Alameda 21.2 20.6 20.0
Contra Costa 9.0 10.6 12.0
Marin 5.3 6.0 6.5
Napa 1.2 1.2 1.3
San Francisco 24,1 20.0 17 .4
San Mateo 15.0 15.2 15.8
Santa Clara 19.3 20.7 21.1
Solano 2.5 3.0 ’ 3.0
Solano 2.4 2.7 2.9
TOTAL 100.0 : 100.0 100.0

oo

"Based on original BASAR Base Run Forecast.

--SOQURCE: Systems Analysis and Research
Corporation (From data developed
in surveys by Port of Oakland,
Wilbur Smith and Stanford Research
Institute, op.cit.).




APPENDIX C

Details of Calculations of
Airport Demand, Access Times and Access Costs

The access time and cost and the distribution of demand by airport was
originally calculated for the 12 terminal system: 6 terminals in the Bay Area
and 6 in the Los Angeles area. Preliminary system computer runs showed in-
adequate demand at some airports. Therefore, new airport networks were created.

In the Bay Area 5 STOLport and the 5 RTOLport systems, the Gnoss Field
terminal is omitted and its traffic re-distributed to the CBD and Buchanan
STOLport or to the San Francisco and Buchanan terminals as applicable. Data
for San Carlos, San Jose and Hayward are the same as given for the 6 STOLport
system,

In the Los Angeles 2000-ft STOLport system, Torrance and El Monte are
eliminated. For the Los Angeles 3000-ft RTOLport system, only Torrance is
dropped. 1In each case, the new calculations are shown for the affected airports
at which patronage is increased.
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Table C-1
COST OF TRAVEL FROM BASAR ZONE TO STOLPORT . BAY AREA 6
: 2000 Foot Runways._. . _ STOLPORT SYSTEM
TIME ON -
;Qiiixc NEAREST E;LES gi;;sT oyEs Eé”s TOTAL | TOTAL Zééﬁ‘GE Zé?? PARKING| TOTAL ;ﬁ“g&::gis :§;$:¥§3TION
GENERATION STOLPORT | CITY (30 MPH) | FREEWAY FREEWAY MILES TIME AT AT COST QST FROM ZONE TO AVERAGE
ZONE STREET | oinutes) | (55 MPH) titn” S5 _¢MUT{ _6 $/uR $2.00 cosT
(Minutes) v
N CED [ 1 . 0 T 1% ] .05 I 3.45] 1.56 | 5.38
N CBD 1.8 3.6 0 0 1.8 {15.6 .09 {1.56 3.65 3.32 12,12
) CBD 2.5 5 0 0 2.5117 .12 11.70 3.82 1.37 5,23
4 CBD 3.5 7 0 0 3.5119 .18 11.90 4,08 1.76 7.18
s CBD 3.5 7 0 0 3.5119 .18 11,90 4.08 1.56 6.36
6 CBD 2.5 5 3 3.3 5.5120.3 .28 12.03 ,4,31 2,15 1. 9,27
7 CBD 1.8 3.6 0 0 1.8115.6 .09 11.56 3.65 1,95 1 7,12
8 CBD 3.6 7.2 0 0 3.6 [19.2 .18 11.92 4.10 0.98 4,02
s CBD |1 2 2,5 | 2.7 {3.5016.7] .18 |1.67 3.85] 1,17 | _4.50
10 CBD 1 2 4 4.4 | 5  ]18.4 .25 [1.84 4,09 1.37_ | 5.60
11 CBD 5.3110.6 0 0 5.3122.6 26 12.26 4.52 ¢ 0.59 1. 2 67
12 CBD 6.7 | 13.4 0 0 6.7 125.4 .34 12.54 4. 88 0.98. 4.78
13 CBD 2.8 5.6 4.3 4,7 7.1122.3 .36 }12.23 4.59 0.59 2.71
% CBD | 2 4 6.8 | 7.4 | 8.8 [23.4 b 12,34 4.78 | 0.88 4,21
15 CBD | 1 2 9 9.8 ]10 23,81 .50 }2,38 4,88 | 1.90 | 9.27
16 CBD 5 10 9.5 110.4 |14.5 i32.4 12 13.24 5.96 0.44 2.62
17 SCS 0.6 1.2 10.6 (11.6 11,2 j24.8 .56 12.48 5,04 1.46 1.36
18 scs | 1.6 | 3.2 | 5,3 15,8 |6,9P1 .34 $2,10 i 44 | 1,90 | 8.44
19 SCS 0.6 1.2 3 " 3.3 3.6 6.5 .18 |1.65 3,83 1.61 6.17
20 Scs 111 22 1.5 1.6 112.5 B5,6 .62 13,56 .18 | 0,29 1,79
21 SCS 2 4 0 0 2 16 .10 |1.60 3.70 2.3 8.66
22 SCS 3.2 6.4 1 1.1 4.2 19.5 .21 11.95 v, 16 2,34 9,73
23 SCS | 7.3 114.6 1 1.1 8.3 P7.7 42 12.77 5.19 0.88 4,57
24 SCS |25 50 3 3.3 |28 5.3 |1.40 16.53 - 0.93 0.29 2.88
25 SCS 2 4 9 9.8 |11 5.8 .55 12.58 .13 2.23 11.44
2 SCS [ 2.5 5 11|12 [13.5 P9 .68 12.90 .58 | 1.78 | 9.93 _
27 SJE | 3 6 14 15.3 |17 33.3 }1.66 [3.33 .99 | 0.67 4,68
28 SJE 4.5 9 0 0 4.5 p1 .22 12.10 .32 0.89 3.84
29 SJE 6 12 Q. 0 [ 3 30 12,30 . L. .60 2.45 11.27
10 SJE 2.5 5 0 0 2.5 117 .12 11.70 3.82 1.12 } 4.28
a1 SJE 2 4 8 L 8.7 110 24.7 .50 | 2.47 4,97 0.89 4.42
32 SJE 3 6 3.5 3.8 6.5121.8 .32 12.18 4.50 2,01 9.05
1 SJE 3 6 9 9.8 |12 27.8 .60 12.78 5.38 1.56 8.39
2% - SJE 3.5 7 1.5 1.6 5 20.6 .25 12.06 4. 31 2.68 11,55
s SJE | 2 A 6 6.5 | 8 [22.5] .40 [2.25 V..651 1.78 8.28
36 SJE | 3.5| 7 4.5 4.9 | 8 23.9 .40 12.39 791 1.34 6.42
37 SJE 1 2 13.5 j14.7 |14.5[28.7 72 |2.87 5.59 1.56 8,72
38 SJE T 2 33 36 34 0 1.70 |5.00 .70 0.89 7.74
39 SJE 18 30 [ 6,0 1724 3,0 11,20 [5,36 .26 0,22 1.88
40 HAY 4 8 30 32.7 134 52,7 11.70 5,27 .97 0.20 1.79
41 HAY 2 4 23 25.1 |25 1.1 11.25 14,11 7 .36 0.39 2.87
42 HAY 4 8 18 19,6 22 39,6 11,10 13,96 L06.1_0.39 2.15
43 SJE | 2 4 10 10.9 {12 26,9 .60 12,69 29 1 0.20 1.06 .
44 SJE 1 2 14 15.3 |15 29.3 .75 12.93 5.68 0.59 3.35
45 HAY | 4.51 9 9 9.8 ]13.5130.8 68 13:08 5,76 | 1,17 6.74
46 HAY | 1 2 9.5 |10.4 110.5 R4.4 | .52 2,44 :.96 | 0,20 0.99
47 HAY 4.5 9 0 0 4.5 21 .22 12.10 .32 0.59 2.55
a8 HAY 3 6 0 0 3 18 .15 |1.80 3.95 1.56 6.16
49 HAY | 1 2 4 4.4 5 8.4 25 11.84 ;.09 2,713 11.17
50 HAY 3 6 6 6.6 9 24, 6 45 12.46 5,91 1,17 5.74
st HAY 3.5 7 7,5 8.2 (11 27.2 55 12,72 21 L.17 6.17
52 HAY | 4 8 8.5 1 9.3 [12.5 9.3 62 12,93 5,55 | 1,17 6.49
3 HAY 2,51 5 10 10.9 112.5 PR7.9 62 12,79 - 5.41 0.78 4,22
54 CBD 3 6 10 10,9 413 28.9 65 12.89 5.54 0.98 5.43
3 CBD 1.5 3 10 10,9 11.5 J25.9 58 12.59 5,17 0.98 5.07
56 CBD | 1 2 8 8.7 |9 22.7 45 12,27 ,,72 | 0.98 4.63
5? CBD | 2 4 7,8 1 85 9.8 4.5 49 12,45 4,94 1 0,39 ] 1,93
S8 CED T 2 S.7 9.2 .40 23,7 R 2.3/ 80 Q.78 3./8
s CBD |1 2 10.5 [11.4 [11.5 P5.5] .58 [2.55 5.43 | 0.98 | 5.32




Table C-1 continued

COST OF TRAVEL FROM BASAR ZONE TO STOLPORT

2000 Foot Runways

p

age C-3

BAY AREA 6
STOLPORT SYSTEM

ASA TLEON me . :
TAFIC NEAREST ;élfs e oEs fox TOTAL | TOTAL ZAéiACE cost | eaein| ToTAL gikgiﬁzgﬁﬁ 23&?2?33r10x
;g;;RATION stourort | city (3?0 TPH; Peruay | TREBIA || MLLES | TiNG ) Eg_t/nx » < EZST cost | OF FRAVEL O AVERAGE
finutes (Minutes) (Min.) - -00
|60 | BUC | Z 4 127 15.1114 [29.1] .70f 2.91 5.61] 0./8 | &.38 .
61 CBD 2.5 S5 12 13,1 114,.5]30,1 2721.3,01 5.73 0.98 5.62
62 CBD 2 4 13.5] 14.7 115.5]30.7 .78 ] 3.07 5.85 1.09 .6.38
| 63 CBD 2 4 16.5] 18 18.5]| 34 .92 3.40 6.32 0.44 2.78
| 64 CBD 2 4 16.5] 18 18.5| 34 .92 1 3.40 6.32 0.87 5.50
65 BUC 1.5 3 16.5] 18 18 33 .90} 3.30 6.20 0.65 4.03
% BUC | 2 4| 10 |10.9 (12 [26.9] .60] 2.69 5.29] 0.76 | 4.02_
_(67 BUC 1 2 5 5.4 6 19.4 .30] 1.94 4,24 0.76 3.22
B HAY |5.5 | 11 551 6 111 |29 55172.90 5.45| 0.87 | 4.74
69 BUC 1 2 14 15,3 115 29.3 L1701 2.93 .08 U0.65 3.69
A BUC ) 2 5.6 6.1 6.6120.1 .33} 2.01 4.34 1.74 7.55
7‘71 BUC 1 2 1 1.1 2 15,1 L1011 1.51 3.61 1.64 5.92
72 BUC 5 10 8,5 9.3113,5131,3 681 3.13 5.81 0.11 0.64
_,JS BUC 1 2 11,241 12,2 112,2126,2 .6112.62 5.23 0.76 3.97
% BUC 110 20 18 19.6 | 28 51.6] 1.401] 5.16 8.56 0.44 3.77
5. BUC 2 4 13 14.2 115 30.2 .75 3.02 5.77 1.13 6.52
i BUC 1 2 7 7.6 8 21.6 401 2.16 4.56 0.41 1.87
7 BUC |1 2 23.2125.3 [ 24.2[39.3] 1.21]3.93 7.14] 0.54 | 3.86
8 BUC 2.5 5 40 43.6 {45 60.6| 2.1216.06 10.18 0.05 0.51
19 BUC 2 4 36 39.3 ]38 55.31 1.90 | 5.53 9.43 0.32 3.02
80 BUC 2 4 48 52.4 150 68.4] 2.50]16.84 11.34 0.27 3.06
81 BUC 1 2 23 25,1 124 39.11 1,201 3.91 7.11 0.31 2.20°
82, BUC 1 2 29 31.6 | 30 45.6) 1.50.| 4.56 8.06 0.57 4.59
83 BUC 3 6 34 37.1 137 55.1] 1.85} 5.51: 9.36 0.07 0.66
| B BUC 1 2 46 50.2 {47 64.2] 2.3516.42 10.79 0.21 2.27
5 GNO |5 10 50 | 54,5155 |76.5] 2.75]7.65 12.40| _0.24 | 2.98_
% GNO 1 2 10 |10.9 {11 [24.9] .55 2.49 5.04] _0.60 | 3.02
| & GNO 3 6 21 22.9 | 24 40.9) 1.2014.09 7.29 0.36 2.62
|68 GNO |4 8 20 21.8 124 41.811.2014.18 .38 0.21 1.55
89 GNO 1 2 22 24 23 38 1.15]13.80 6.95 0.93 6.46
90 GNO 3 6 28 30,5 131 48,51 1.55 | 4.85 - 8.40 0.36 3.02
91 GNQ 4 8 48 52.4 152 72,41 2,60 17,24 11.84 0.30 3.55
92 GNO 1 2 42 45.8 143 59.8] 2.15] 5.98 10.13 0.21 2.13
93 GNO 3 6 20 21.8 | 23 39.81 1.15( 3.98 7.13 0.55 3.92
9 GNO 1 2 4 4.4 5 18.4 .25 11.84 4,09 1.22 4,99
95 GNO | 2 4 10.5 | 11.4 112.5]27.4 .6212.74 5.36 1.59 8.52
96 GNO 3 6 13 14.2 |16 32.2 .80 13.22 6.02 0.55 3.31
97 GNO 2 4 16.5] 18 18.5{34 .92 13.40 6.32 1.59 10.05
98 CBD K [ S/ 9.0 T1L./1Z7.5 D0 12,75 IEREE] U. 0l 3,20
. TOTAL 98.89 496,88
* Average $5.02

12 minutes added to total time to allow
for parking and travel from parking to
terminal

STOLPORT DESIGNATIONS:

CBD
SCs
SJE
HAY
BUC
GNO

- San Francisco Central Business District
- San Carlos Airport
- San Jose Municipal Airport
- Hayward Air Terminal
- Buchanan Field
- Gnoss Field.




Table C-2 page C-4
COST OF TRAVEL FROM BASAR ZONE TO RTOLPORT BAY AREA 6
3000 Foot Runways RTOLPORT SYSTEM
. TIME ON .
marric | fwewsest | ov | QT s T g | rom | cost | st | eaacan | mon | PeRcemace VEEERTEL, o
GENERATION STOLPORT CITY (30 MPH) | FREEWAY FREEWAY MILES | TIME AT AT COST COST | FROM ZONE TO AVERAGE
il (e N e I OO el el R st
1 SFO_|._0.5| 1 | 12 [13.1 ]12,5[34,1] ,62 13,41 6.03_1.56 | 9.41
) SFO | 0.5] 1 13 7[14.2113.5(35.2( .67 |3.52 6.19 3.32 {20.55
) SFO 1.0f 2 13 | 14.2 |14 |36.2] .70 !3.62 6.3 1.37 | 8.66
. SFO 2 4 13.5 | 14.7 |15.5138.7| .77 |3.87 6.64 1.76 | 11.69
s SFO | 0.5] 1 13.5 | 14.7 (14 |[35.7] .70 |3.57 6.27] 1.56 | 9.78
6 SFO | 3.5| 7 13.5 | 14.7 |17 {41.7| .85 |4.17 7.03 2.15 |15.09
7 SFO | 0 0 11 12 11 |32 .55 13,20 | | 5.79 1.95 |11.21
8 SFO 2717 % 11 12 |i3 |36 .65 |3.60 6.25 0.98 6.13
5 SFO | 0 0 9 [79.8 | 9 [29.8] .45 |2.98 5.43 1.17 6.35
Rl SFO ) 0 11.5 12,6 |11.5|32.6| .57 |3.26 5.83_1.37 1. 7.99.
n SFO_| 3 6 11 12 |14 |38 .70 13.80 6.50] 0.59 | 3.84
12 SFO | 4.3| 8.6 | 10 10.9 |14.3]39.5| .71 [3.95 6.66| 0.98 | 6.53.
13 SFO 1.5| 3 10 10.9 [11.5]33.9| .57 |3.39 5.96| 0.59 3.52
1 SFO | 0.5] 1 9 9.8 | 9.5130.8| .47 |3.08 5.55 0.88 | 4.88
15 SFO 1.5 3 4 4.4 | 5.5027.4) ,27 |2.74 5.01] 1.90 | 9.52
16 SFO | 5 10 5 5.5 |10 |35.51_ .50 |3;55 6.05] 0.44 2,66 _
v SFO 1.5| 3 0.5] 0.5 ] 2 j23.5] .10 }2,35 4,45 1,46 | 6,50
o SFO 2 A 6 6.6 | 8 [30.6| .40 §3.06 5.46{ 1,90 | 10.37_
19 SFO 1.5| 3 8.5| 9.3 |10 {32.3| .50 |3.23 5,73|_1.61 9.23
20 SFO_ | 11 22 7.51 8,2 |18.5[50.2| .92 15,02 7.94! _0.29 2.30
21 PAO 2 4 8.51 9.3 {10.5]25.3] .52 [2.53 5,05 2,34 |11.82
22 PAO 3.7] 7.4 | 4 4,4 | 7,7123,8{ .38 [2.38 4,760 2,34 |11.14
23 PAO | 9 18 0 0 9 130 .45 |3.00 5.45| 0.88 | 4.80_
2 PAO | 23 | 46 0 0 23 |58 |1.15 |5.80 - 8.95| 0.29 2,60
25 PAO | 3 6 0 0 3 |18 .15 [1.80 3.95/ 2.23 | 8.81
26 PAO | 3.5| 7 2.5 2.7 | 6 [21.7] .30 |2.17 4.47)_1.78 | 7.96
27 PAO | 8 16 2 2.2 |10 {30.2] .50 [3.02 5.52] 0.67 3.70
28 SJE | 4.5 9 0 0 4.5 |21 .22 [2.10 4.32] 0.89 3.84
29 SJE [ 12 0 0 [ 23 .30 12,30 14,601 2.45 11.27
2 SJE 2.50 5 0o o 2.5 17 .12 1.70 3.82] 1.12 | 4.28
s | SJE 2 4 8 | 8.7 |10 Pa.7| .50 |2.47 4.97] 0,89 | 4.42
32 SJE 3 6 3.5 3.8 | 6.5 1.8 | .32 |2.18 4.50] 2.01 9.05
3 SJE 3 6 9 9.8 |12 P7.81 .60 [2.78 5.38| 1.56 8.39
% SJE | 3.5| 7 1.5 1.6 | 5 Po.6| .25 [2.06 4.31] 2,68 [11.55
3 SJE 2 4 6 6.5 | 8 PR2.5| .40 |2.25 4.65] 1.78 | 8.28
% SJE | 3.5] 7 4.51 4.9 [ 8 P3.9 | .40 |2.39 4.79] 1.34 | 6.42
3 SJE | 1 2 13.5 |14.7 |14.5 8.7 | .72 |2.87 5.59} 1.56 | 8.72
38 SJE 1 2 33 136 3% B0 |1.70 |5.00 8.701 0.89 | 7.74
3% 1 SJE 18 36 [ b.b 24 P3.6 [1.20 15,36 8.06] 0.22 1.88
[ 0 HAY | & 8 30  [32.7 3% B2.7 |1.70 ]5.26 8.96] 0.20 | 1.79
41 HAY 2 4 23 " 125.1 |25 k1.1 |1.25 @11 | 7.36] 0.39 2.87
@ HAY | 4 8 18 19.6 |22 B9.6 (1,10 13.96 | 7.06| 0.39 2,75
43 SJE 2 4 10 10.9 (12 P6.9 | .60 |2.69 5.29] 0.20 | 1.06
L SJE 1 2 14 15.3 |15 P9.3 | .75 12,93 5.68]| 0,59 | 3.35_
4 HAY | 4.5|° 9 9 9.8 113,580.8 | .68 13.00 5,681 1,17 | 6.65.
4% | may | 1 | 2 9.5 |10.4 |10.5 4.4 | .52 [2.44 | 4.9610.20 |.0.99_
A HAY | 4.5|° 9 0 0 4.5 Pl .22 12,10 4,321 0.59 | 2.55
4 HAY | 3 6 0 0 318 .15 |1.80 3.95| 1.56_ | 6.16
4 HAY | 1 2 4 4,4 15 N8.4 ) ,25 !1.84 4,09 2,73 11,17
50 HAY 3 6 6 6.6 19 Pp4.6 | .45 12,46 4,91| 1,17 _| 5.74
51 HAY | 3.5]| 7 7.5 | 8.2 1. pr.2 | .55 J2.72 5.272 (. 1,17 _| 6.17
N HAY | 4 8 8.5 | 9.3 112.5 p9.3 | .62 [2.93 _ 5.55| 1.17 | 6.49
.  |I'nmay | 2,50 5 10 10.9 )12.5 p7.9 | .62 ]2.79 5.41]0.78 | 4.22
3 HAY 1 2 14 15.3 15 Pp9.3 | .75 2,93 5.681 0.98 | 5.57
) HAY | 4 8 10 |10.9 W14 B0.9 | .70 ]3.09 5.7910.98_ | 5.67
3 HAY | 6 12 10 10.9 6 B4.9 | .80 [3.49 6.29]10.98 | 6.16
Y HAY | 4 8 11,5 [12.6 J15.5 B5.5 | .77 ]3.55 6.3210.39 | 2,46
T HAY % 8 15 Tb. 4 19 Bo.4 | .95 3,64 0. 00 1 4. 78 1 512
3| HAY |1 | 2 16 [17.5 17 B1.5 | .85 [3.15 6.00]0.98 ! 5.88




Table C-2 continced page C->

COST OF TRAVEL FROM BASAR ZONE TO RTOLPORT BAY AREA 6
3000 Foot Runways RTOLPORT SYSTEM
TLE  ON : '
TRaFc seaResT | O A oS o TOTAL | TOTAL :&:?Ach st PARKiKG| TorAL | PERCTNTACE 'zg;gziﬁzwlon
CENERATION | STOLPORT | CITY (30 nrity | ongmeay | FREEWAY | MILES | TINE AT cost | cost | OF TRAVEL | To AvERAGE
ZONE STREET | (yiinutes) | (§iiifiﬂﬁ tiny” 5 3 _#/ML) _68/HR [ o5 oo coST
e BUC |2 ("4 [12 | 13.1|14 _129.1] .70[ 2.91 561 0.78 | 4.38
61 HAY | 2 4 18.5 | 20.2120.5]36.2 1.02) 3.62 6.64 0.98 6.51
| e HAY | 2 4 21 23 123 39 1.15] 3.90 7.05.1.09 7.68
63 GNO | 0.5 1 23 25.2)23.5]38.2} 1.17] 3.82 6.99| 0.44 '3.08
) BUC | 2 4 19.5 | 21.3)21.5}37.3f 1.07] 3.73 6.80 0.87 5.92
65 BUC | 1.5 3 16.5 | 18 |18 33 90| 3.30 6.201 0.65 4,03
| 56 BUC | 2 4 10 10.9112 26.9] .60} 2.69 5.29] 0.76 4.02
L u HAY | 1 2 5 5.4 6 19.4] .30) 1.94 4.24) 0.76 3.22
©8 BUC | 5.5 11 5.5 6 11 - 129 .55] 2.90 5.45 0.87 4,74
65 " BOC | T 2 14 15.3 15 29,31 751 2,93 5.68] _0.65 | 3,69
70 BUC |1 2 .5.6 6.116,6 20,1 .33] 2.01 4.34] 1.74 7.55
A BUC | 1 2 1 1.1] 2 15.1] .10{ 1.51 3.61] 1.64 5.92
72 BUC | 5 10 8.5 9.3113.5131.3] .68] 3.13 5.81 0.11 0.64
| B BUC ; 1 2 11,2 | 12.2112.2126.2] .6l] 2.62] . 5.23] 0.76 3.97
| ® BUC }10 20 18 19.6 |28 51.6] 1.40) 5.16 8,56] 0.44 3.77
K BUC | 2 4 13 14.2 [15 30.2] .75] 3.02 5,77] 1,13 6,52
% BUC | 1 2 7 7.6 18 21.6/ .40] 2.16 4.56] 0.41 1,87
n” BUC | 1 2 23,2 | 25,3 24,2 139,3] 1,211 3,93 1.14] 0.54 3.86
8 BUC | 2.5 5 40 43.6 K5 60.6] 2.12] 6.06] . 10.18] 0,05 .70
19 BUC | 2 4 36 39.3 138 53.3] 1,90 5.53 9.43] 0.32 | 3.02
80 BUC | 2 4 48 52.4 150 68.4] 2.50} 6.84 11,.34] 0,27 3,06
| 8 BUC |1 2 23 25,1 124 39,1} 1.20] 3,91 7.111 0.31 2.20
82, BUC | 1 2 29 31.6 130 45.6) 1.50) 4.56 8,06] 0,57 4,59
83 BUC | 3 6 . |3 37.1 137 55.1] 1.85] 5.51. 9.36] 0.07 0.66
[ 84 BUC | 1 2 46 50.2 B7 64.2] 2.35] 6.42 10.77{ 0.21 2.26
85 GNO | 5 10 50 54,5 55 76,50 2.75]7.65 12.40{ 0.24 2,98
86 GNO | 1 2 10 10.9 11 24.9] .55} 2.49 ~5.041 0.60 3.02
87 GNO | 3 6 21 22,9 j24 40.9] .20]4.09 7.29] 0,36 2,62
| 58 GNO 14 8 20 21.8 |74 41,8 .20 4,18 .381 O.21 1.50
| &9 GNO {1 2 22 24 3 38 1.15} 3.80 6.95] 0.93 6.46
90 GNO } 3 6 28 30.5 B1 48.5] 1.554 4.85 - 8.40] 0.36 3.02
91 GNO | &4 8 48 52.4 b2 72,41 2.6017.24 11.84] 0.30 3.55
92 GNO 11 2 42 45.8 B3 59.8]_2.15]5.98 10.13] 0.21 2.13
93 GNO | 3 6 20 21.8 23 39.8] 1.151 3.98 | 7.13} 0.55 3.92
| % GNO |1 2 4 4.4 15 18.4] .2511.84 _4.09] 1.22 4.99
% GNO | 2 4 10.5 1 11.4 2.5 |27.4] .62 2.74 5.36] 1.59 8.52
% GNO 3 6 13 14.2 16 - ]32.2 .80 ] 3.22 6.02] 0.55 3.31
97 GNO | 2 4 16.5 [ 18 [18.5 |34 .9211.85 4,771 1.59 7.58
98 GNO 2 4 AN 23 23 2/ 1415 2,70 2.321 0,61 J.21
N : TOTAL 98.89 550.80
12 minutes added to total time to allow for Average $5.56

parking and travel from parking to terminal
(20 minutes allowed.at SFO)

KITOLPORT DESIGNATIONS:
SFO - San Francisco Internatlonal
PAO - Palo Alto Airport
SJE - San Jose Municipal Airport
HAY - Hayward Air Terminal
BUC - Buchanan Field
GNO - Gnoss Field
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Table C-3

~COST OF TRAVEL FROM BASAR ZONE TO STOLPORT

2000 Foot Runways

STOLport System

Revisions of Zone Data Required when Gnoss
Field is Eliminated to Produce Bay Area 5

BAY AREA 5
STOLPORT SYSTEM

BALAR F4 T..IME OP{ H FACK, F -
T;Agﬁlc NEAREST SQIF ;;ﬁ;ET g;lxs ZLPT TOTAL | TOTAL Z£;¥Acn E&:ﬁ PARKING,| TOTAL gﬁ“g:r:et' ZSL::IESTION
FEP{I’?RATION STOLPORT CITY (30 MPH) | FREEWAY FREEWAY MILES TIME AT AT C0ST QOST FROM ZONE TO AVERAGE
ZONE Lsmreer [ (70 o) <§3?“ﬁ?2§ it y¥| Z-AMI | S8R 65 00 COST
l_eo _
61
62
63
2 —l
&5 !
66 ° |
67 .._g
< |
70 R ¢
n B
22 ¢ !
B ‘
[ %
[ 57
76
7 i
78 !
79 :
80
81 - :
82, j
§3 :
" |
85 BUC 8 16 66 72 74 188 3.70 | 8.80}2.00]14.50 24 ,Q,A&_ﬂl
&6 BUC 7 14 38 41.5 | 45 155,51 2,25} 5,55] " 9.80 .60 2.88
87 BUC 8 16 36 39.3 1 44 [55.3] 2.20 ) 5,531 " 9.73 .36 3.50
| 88 BOC 113 26 51 53.6 64 181.61 3,201 8.16f " 36 21 2.81
£9 BUC 12 24 43 46.9 55 {70.91) 2.75 1 7.09] " 11.84§ .93 11.01 J
90 BUC 14 28 49 53.5 63 {81.5% 3.15 | 8,15} " 13.30 .36 4,79
9 BUC |14 28 67 13,1 81 101.114.05 110,11 " 16,16 <30_ 85
92 BUC 15 30 59 64.4 | 74 194.41 3.70 9.44| " 15.14 .21 3.18
» CBD 5 10 38 41.5 | 43 j51.5} 2.15 5.15¢ " 9.30 .55 5,12
| = BUC- 6 12 28 30.5 34 #42.511.70 | 4.25] " '7.95%11,22 9.70
| > CBD 9 18 15 16.4 26 4,4 1.20 | 4.44 0 " 7.64 ] 1.59 12.15
| % CBD 26 52 14 15.3 | 40 |67.3] 2.00 | 6.73] " 10.73 .55 5.90
97 CBD 10 20 11 12,0 21 |32 1.05 3.20| " 6.25|1.59 9.94
58
TOTAL 98.89 523.07
Average $5.29
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Table -4

COST OF TRAVEL FROM BASAR ZONE TO RTOLPORT
3000 Foot Runways

Revisions of Zone Data Required when Gnoss
Field is Eliminated to Produce Bay Area 5

RTOLport System

BAY AREA 5

RTOLPORT SYSTEM

[ e . 11 M[":_‘E"}; . . . . :-‘ -
“l"lAi:‘l\"l{'l(: NEAREST ::xmh giKLl .::‘mrx :Pl'm TOTALL TOTAL :::LTA o -(rll‘:u? PARF ING  TOTAL PF'R.CTENTQCE yz"l“"::': ;:"'“)N
CENERATION | STOLPORT | CITY (30 NP | premaay | FREEWAY | MILES| TIME | AT AT coST COST (;’:or:‘%it TO AVERAGE
2ONE STREET | inutes) (;sisnurz?;)) itn)™ S_#M1 | _BS/R| o, o0 COST
|60 _ :
61 !
62 ' : |
| 63 BUC 0.5 1.0 25 27.31 26 28.3/ 1.30] 2.83] 2.00] 6.13 0,44 1,65
64 : !
65 !
66 - i
67 ) -
68 ;
| 65~ .
70 R :
n i
[~ 72 ' ‘
73
T
5
BEZ
[ 77
D
B
| 80
81
mx B
83 i
_—%84 |
s BUOC |8 |16 | 66 |72 |74 |88 | 3.70|8.80 | 2,00]14.50] 0.24 | _3.48 |
| 8 BUC 7 14 - 38 41,5 145 |55.5| 2,251 5.55 " 1.9.80] 0,60 5,88 .
B BUC 8 16 36 39.3 |44 |55,31 2,201 5.53. " 9,73 0.36 3.50...
Y BUC H3 26 21 55.6 164 187.6} 3.201 8.164 _™ [13.36] 0.21 2.81
___89 BUC 12 24 43 46,9 155 170.9f 2.7517.09 ] " 111.84) 0.93 11,01 .i
90 BUC _ 14 28 49 53,5163 81,5] 3,15/8.15} " [13.30f 0.36 4.79
| % BUC 14 28 67 73.1381 }0l1.1} 4,05 10.11 " 116.16f 0.30 4,85
92 BUC 15 30 59 64.4 | 74  194.4] 3.70 9.44 " 115,141 0.21 3.18
-9 BUC 8 16 36 39.3 |44 }55.3] 2.20 5.53 " 9.73] 0.55 5.35
| % BUC 6 12 28 30.5 {34 |42.5] 1.70}1 4.25 " 17,951 1,22 9.70
% | BUC 3 6 34 37.1 137 (43,1} 1.854.31 " 8.164 1,59 12,97 ;
| % SFO |25 50 27 29.5 152 ]79.5] 2.60}17.95 " [12.55]1 0.55 6.90 ‘!
9 SFO 9 18 24 26.2 |33 |44.2} 1.65(4.42 ) " 8.07} 1.59 12.83
98 SK¥O 17 14 20 21,8 121 (35,8{ 1,0513.58 1 ™ 1 6.637" 0.61 | 4,04
’ ' TOTAL 98.89 583.44
Average $5.90
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Table C-5

Access Time, Cost and Percentage of Travelers by Zone and Airport

Bay Area 6 STOLport System

STOLPORT: CENTRAL BUSINESS DISTRICT (CBD)

Runway Length *2000 Feet -

BASAR Traffic Total Qut of - Percentage Weighted Contribution to
Generation Time Pocket ' - ‘of Travel Access Out of
’ Zone (Min.) Cost : from Zone Time Pocket

() ’ (Min.) Cost

1 14 2,05 1.56 21.84 3.20
2 15.6 2.09 3.32 51.79 6.94
3 17 2,12 1.37 23.29 2.90
4 19 2,18 1.76 33.44 3.84
5 19 2,18 1.56 29.64 3.40
6 20.3 2.28 2,15 43.64 4.90
7 15.6 2,09 1.95 30.42 4.08
8 19,2 2,18 0.98 18.82 2.14
9 16.7 2.18 1.17 19.54 2.55
10 18.4 2.25 1.37 . 25.21 3.08
11 22.6 2.26 0.59 13.33 1.33
12 25.4 2.34 0.98 24,89 2.29
13 22.3 2,36 0.59 13.16 1.39
14 23.4 2,44 0.88 20.59 2.15
15 23.8 2.50 1.90 45,22 ’ 4.75
16 32.4 2.72 0.44 14,26 ‘ 1.20
54 28.9 2.65 0.98 28.32 2.60
55 25.9 2,58 0.98 25,38 2.53
56 22,7 2,45 0.98 22,25 2,40
57 24.5 2.49 0.39 9.56 0.97
58 23.7 2.48 0.78 18.49 1.93
59 25.5 2.58 0.98 24,99 2,53
61 30.1 2.72 0.98 29.50 2.67
62 30.7 2.78 1.09 33.46 3.03
63 34 - 2,92 0.44 14.96 1.28
64 34 2.92 0.87 29.58 2,54
98 27.5 2.58 0.61 16.78 1.57
TOTAL 31.65 682,35 74,19

Average , 21.56 $2.34
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Table C-5 continued
Bay Area 6 STOLport System

STOLPORT: SAN CARLOS (SCS)

Runway Length 2000 Feet

BASAR Traffic Total Out of Percentage Weighted Contribution to
Generation Time Pocket of Travel Access Out of
Zone (Min.) Cost from Zone Time Pocket
% ' (Min. ) Cost
17 24.8 2.56 1.46 36.21 ) 3.74
18 21 - 2.34 1.90 39.90 4.45
19 16.5 2,18 1.61 26.56 3.51
20 35.6 2.62 0.29 10.32 0.76
21 16 2.10 2,34 37.44 4.91
22 19.5 2,21 2,34 45,63 5.17
23 27.7 2.42 0.88 24,38 2,13
24 65.3 3.40 0.29 18 .94 0.99
25 25.8 2.55 2.23 57.53 5.69
26 29 2.68 1.78 51,62 4.77
TOTAL 15.12 348.53 36.12
Average , 23.05 $2.39

STOLPORT: SAN JOSE

Runway Length 2000 Feet .

27 33.3 3.66 0.67 22,31 2.45
28 21 2.22 0.89 18.69 1.98
29 ‘23 2.30 2,45 56,35 5.64
30 17 2.12 1.12 19.04 2,37
31 24,7 2.50 0.89 21,98 2,23
32 21.8 2.32 2,01 43,82 4.66
33 27.8 2.60 1.56 43,37 -4.06
34 20.6 2.25 2.68 55.21 6.03
35 22.5 2.40 1.78 40.05 4,27
36 23.9 2.40 1.34 32,03 3.22
37 28.7 2.72 1.56 44,77 4,24
38 50 3.70 - 0.89 44,50 3.29
39 53.6 3.20 0.22 11.79 0.70
43 26.9 2.60 0.20 5.38 0.52
44 29.3 2.75 0.59 17.29 1.62
TOTAL 18.85 476.58 47.21

Average 25,28 $2,51
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Table C-5 continued
Bay Area 6 STOLport System

STOLPORT: HAYWARD (HAY)

" Runway Length 2000 Feet

BASAR Traffic Total Qut of Percentage Weighted Contribution to
Generation Time Pocket of Travel Access Out of
Zone (Min.) Cost from Zone Time Pocket

’ $) _ (Min.) Cost

40 52.7 3.70 0.20 10.54 0.74

41 41.1 3.25 0.39 ) 20.14 1.27

42 39.6 3.10 0.39 . 15.44 1.21

45 ' 30.8 2,68 1.17 36.04 3.14

46 24.4 2.52 0.20 4.88 0.50

47 21 2,22 0.59 : 12.39 1.31

48 18 2,15 1.56 28.08 3.35

49 18.4 2.25 2.73 50.23 6.14

50 24,6 2,45 1.17 . 28,78 2,87

51 27.2 2.55 1.17 31.82 2.98

52 29.3 2.62 1.17 34.28 3.07

53 27.9 2.62 0.78 21.76 2.04

68 29 ) 2.55 - 0.87 25,23 2,22

TOTAL 12.39 ~ 319.62 30.84

Average . 25.80 $2.49

STOLPORT: BUCHANAN (BUC)

Runway Length 2000 Feet

60 29.1 2.70 0.78 22,70 2.11
65 33 2.90 0.65 21.45 1.89
66 26.9 2.60 0.76 20.44 1.98
67 19.4 2,30 0.76 14.74 1,75
69 29.3 2.75 0.65 19.04 1.79
70 20.1 2.33 1.74 34.97 4,05
71 15.1 2.10 1.64 24.76 3.44
72 31.3 2.68 0.11 3.44 0.29
73 26.2 2.61 0.76 19.91 1.98
74 51.6 3.40 0.44 22.70 1.50
75 30.2 2.75 1.13 34.13 3.11
76 21.6 2.40 0.41 8.86 0.98
77 39.3 3.21 0.54 21.22 1.73
78 60.6 4,12 0.05 3.03 0.21
79 55.3 3.90 0.32 17.70 1.25
80 68.4 4.50 0.27 18.47 1.22
8l 39.1 3.20 0.31 12,12 0.99
82 45.6 3.50 0.57 25.99 2.00
83 55.1 3.85 . 0.07 3.86 -0.27
84 64.2 4,35 0.21 13.48 0.91
TOTAL 12,17 363.01 33.45

Average 29.83 $2.75
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Table C-5 continued
Bay Area 6 STOLport System

STOLPORT: GNOSS (GNO)

Runway Length.2000 Feet

BASAR Traffic Total Out of Percentage Weighted Contribution to
Generation Time Pocket of Travel Access Out of
Zone (Min.) Cost from Zone Time Pocket
, ) (Min.) Cost
85 76.5 4.75 0.24 18.36 1.14
86 24,9 2,55 0.60 14.94 1.53
87 40.9 3.20 0.36 14,72 1.15
88 41.8 3.20 0.21 8.78 - 0.67
89 38 3.15 0.93 35.34 2.93
90 48.5 3.55 0.36 17.46 1.28
91 72.4 4.60 0.30 21.72 1.38
92 59.8 4,15 0.21 12,56 0.87
93 -39.8 3.15 0.55 21.89 1.73
94 18.4 2.25 1.22 22,45 2,74
95 27 .4 2.62 1.59 43,57 4,17
96 32,2 2.80 0.55 17.71 1.54
97 34 2.92 1.59 54,06 4,64
TOTAL 8.71 303.56 25.77

Average : : - 34,85 $2.96
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Table C-6
Bay Area 6 RTOLport System

RTOLPORT: SAN FRANCISCO INTERNATIONAL (SFO)

Runway Length 3000 :Feet

BASAR Traffic Total Out of Percentage Weighted Contribution to

Generation Time Pocket of Travel Access Qut of
Zone (Min.) Cost from Zone Time . Pocket
($) (Min.) Cost

1 34.1 2,62 1.56 53.20 4.09

2 35.2 2.67 3.32 116.86 8.86

3 36.2 2,70 - 1.37 49,59 3.70

4 38.7 2,77 1.76 68.11 4.88

5 35.7 2,70 1.56 55,69 4.21

6 41.7 2.85 2,15 89.66 6.13

7 32 2.55 1.95 62,40 4,97

8 36 2.65° 0.98 : 35,28 2.60

9 29.8 2.45 1.17 34,87 2,87

10 32.6 2,57 1.37 44,66 3.52

11 38 2.70 0.59 22,42 1.59

12 39.5 2.71 0.98 .38.71 - 2,66

13 33.9 2,57 0.59 20.00 1,52

14 30.8 2,47 0.88 27.10 2,17

15 27.4 2,27 1.90 52,06 4,31

16 35.5 2.50 0.44 © 15,62 1.10

17 23.5 2.10 1.46 34,31 © 3,04

18 30.6 2.40 1.90 58.14 4 .56

19 32.3 2.50 1.61 52.00 4.02

20 50.2 2.92 0.29 14,56 0.85
TOTAL 27.83 945,24 71.65
Average 33.96 $2.57

RTOLPORT: PALO ALTO (PAO)

Runway Length 3000 Feet

21 25.3 2,52 2.34 59.20 5.90
22 23.8 2,38 2.34- 55.69 5.57
23 30.0 2.45 0.88 26.40 2.16
24 58.0 3.15 0.29 16.82 0.91
25 18.0 2.15 2.23 40.14 4,79
26 21.7 2.30 1.78 38.63 4.09
27 30.2 2,50 0.67 20.23 1.68
TOTAL 10.53 257.11 25.10

Average 24 .42 $2.38
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Table C-6 continued
Bay Area 6 RTOLport System

RTOLPORT: SAN JOSE (SJE)

Runway Length 3000 Feet

BASAR Traffic Total Out of Percentage Weighted Contribution to

Generation Time Pocket of Travel Access Out of
Zone (Min.) Cost from Zone Time Pocket
(§2 (Min.) Cost

28 21 2,22 0.89 18.69 1.98

29 23 2.30 2.45 56.35 5.64

30 17 2,12 1.12 19.04 2,37

31 24,7 2.50 0.89 21,98 2,22

32 21.8 2.32 2,01 43,82 4.66

33 27.8 2.60 1.56 43,37 4,06

34 20.6 2,25 2.68 55,21 6.03

- 35 22.5 2.40 1.78 40,05 4,27
36 23.9 2,40 1.34 32.03 3.22

37 28.7 2.72 1.56 44,77 4,24

38 50.0 3.70 -0.89 : 44,50 3.29

39 53.6 3.20 0.22 11.79 0.70

43 26.9 2.60 0.20 5.38 0.52

44 29.3 2.75 0.59 17.29 1,62
TOTAL 18.18 454,27 44,82
Average 24.99 . $2.47

RTOLPORT: HAYWARD (HAY)
Runway Length 3000 Feet

40 52.7 3.70 0.20 10.54 0.74

41 41.1 3.25 0.39 16.03 1,27
42 39.6 3.10 0.39 15.44 1,21
45 30.8 2,68 1.17 36.04 3.14
46 24.4 2.52 0.20 4,88 0.50

47 21 2,22 0.59 12,39 1.31
48 18 2,15 1.56 28.08 3.35

49 18.4 2.25 2,73 50.23 6.14

50 24.6 2,45 1.17 28.78 2,87

51 27.2 2,55 1.17 31.82 2.98

52 29.3 2,62 1.17 34.28 3.07

53 27.9 2,62 0.78 21,76 2.04

54 29.3 2,75 0.98 28.71 2,70

55 30.9 2.70 0.98 30.28 2,65

56 34.9 2.80 0.98 34.20 2,74

57 35.5 2,77 0.39 13.84 1.08

58 36.4 2,95 - 0.78 28.39 ' 2.30

59 31.5 2,85 0.98 30.87 2.79

61 36.2 3.02 0.98 35.48 : 2.96

62 39.0 - 3.15 -1.09 42,51 3.43

67 19.4 2.30 0.76 14.74 1.75
TOTAL : 19.44 549,29 51.02

Average 28.26 $2.62
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Table C~6 continued
Bay Area 6 RTOLport System

RTOLPORT:. BUCHANAN (BUC)
Runway Length 3000 Feet:

BASAR Traffic Total Out. of Percentage Weighted Contribution to

Generation Time Pocket of Travel Access Out of
Zone . (Min.). Cost from. Zone Time Pocket
3 %) (Min.) Cost
60" : 29.1 2.70 0.78 22,70 2.11
64 - 37.3 3.07 0.87 32.45 2,67
65 33 2.90 0.65 21.45 1.88
- 66 26.9 2.60 0.76 20.44 1.98
68 29 2.55: 0.87 25.23 2,22
69 29.3 2,75 0.65 19.04 1.79
70 20.1 2.33 1.74 34.97 4.05
71 15.1 2.10 1.64. 24.76 3.44
72 31.3 2,68 0.11 3.44 0.29
73 26.2 2.61 0.76 19,91 1.98
74 51.6 3.40 0.44. 22.70 1.50
75 30.2 2,75 1.13 34.13 3.11
76 21.6 2.40 0.41 8.86 0.98
77 39.3 3.21 0.54 21,22 1.73
78 60.6 4,12 0.05 - .3.03 0.21
79 55.3 3.90 0.32 17.70 1.25
80 68.4 4,50 0.27 18.47 1.22
81 39.1 3.20 0.31 12,12 0.99
82 45.6 3.50 0.57 25.99 2.00
83 55.1 3.85 0.07 3.86 0.27
8& 64.2 4,35 0.21 13.48 0.91
TOTAL 13.15 405.95 36.58
Average 30.87 $2.78
RTOLPORT: GNOSS (GNO)
Runway Length 3000 Feet
63 . 38.2 3.17 0.44 16.81 1.39
85 76.5 4.75 0.24 18.36 1.14
86 24.9 2,55 0.60 14,94 1.53
87 40.9 3.20 0.36 14.72 - 1.15
88 41.8 3.20 0.21 8.78 0.67
89 38 3.15 0.93 35.34 2.93
90 48.5 3.55 0.36 17 .46 1.28
91 72.4 4.60 0.30 21,72 1.38
92 59.8 4,15 0.21 12,56 0.87
93 39.8 3.15 0.55 21,89 1.73
94 18.4 2.25 1.22 22,45 2.74
95 27.4 2.62 1.59 43,57 ) 4.17
96 32,2 2,80 ~0.55 17.71 1.54
97 34 2.92 1.59 54,06 4,64
98 27 3.15 0.61 16,47 1,92
TOTAL 9.76 336.84 - 29.08

Average . 34,51 $2,98
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Table C-7

Access Time, Cost and Percentage of Travelers by Zone and Airport

Revisions to STOLport Data Required when Gnoss Field is Eliminated
- -to Produce Bay Area 5.8TOLport System

STOLPORT: CENTRAL BUSINESS DISTRICT (CBD)

Runway Length 2000 Feet

BASAR Traffic Total Out of Percentage Weighted Contribution to
Generation Time Pocket of Travel Access Out of
Zone (Min,) Cost from Zone Time Pocket
($) (Min.) - - _Cost

1 14 2,05 1.56 21,84 3.20
2 15.6 2.09 3.32 51.79 6.94
3 17 2.12 1.37 23.29 2,90
4 19 2,18 1.76 33.44 3.84
5 19 2.18 1.56 29,64 3.40
6 20.3 2,28 2,15 43,64 4.90
7 15.6 2.09 1.95 30.42 4.08
8 19.2 2.18 0.98 18.82 2.14
9 16.7 2.18 1.17 19.54 2.55
10 18.4 2.25 1.37 25,21 ! 3.08
11 22,6 2.26 0.59 13.33 1.33
12 25.4 2.34 0.98 24,89 2.29
13 22.3 2.36 0.59 13.16 1.39
14 23.4 2.44 0.88 20.59 2,15
15 23.8 2,50 1.90 45,22 4.75
16 32.4 2,72 9.44 _ 14,26 1.20
54 28.9 2.65 0.98 28,32 2.60
55 25.9 2.58 0.98 25,38 2.53
56 22,7 2.45 0.98 22,25 2.40
57 24.5 2.49 0.39 9.56 0.97
58 23.7 2.48 0.78 18.49 - 1.93
59 - 25.5 2,58 0.98 24,99 2.53
61 30.1 2,72 0.98 29,50 2,67
62 30.7 2.78 1.09 33,46 3.03
63 34 2,92 0.44 14.96 1.28
64 34 2,92 0.87 29,58 2.54
93 51.5 4,15 0.55 28.32. 2.28
95 44 .4 3.20 1.59 70.60 5.09
96 67.3 4.00 0.55 37.02 2.20
97 32.0 3.05 1.59 50.88 4.85
98 27.5 2.58 0.61 16,78 1.57

TOTAL 35.93 869.17 88.61

Average . _ ' 24,19 2.47
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. Table C-7 (cont'd)

Access Time, Cost and Percentage of Travelers by Zone and Airport

Revisions to STOLpoft Data Required when Gnoss Field is Eliminated
to Produce Bay Area 5 STOLport System

STOLPORT: BUCHANAN (BUC)

" Runway Length 2000 Feet

60 29.1 2.70 0.78 22,70 2,11
65 33 2.90 0.65 21,45 1.89
66 . 26.9 2.60 0.76 20.44 1.98
67 19.4 2.30 0.76 14,74 1.75
69 -29.3 2,75 0.65 19.04 1.79
70 20.1 2,33 1.74 34.97 4,05
71 15.1 2.10 1.64 24,76 3.44
72 31.3 2.68 0.11 3.44 0.29
73 26,2 2.61 0.76 19.91 1.98
- 74 51.6 3.40 0.44 22,70 1.50
75 30.2 2.75 1.13 34.13 3.11
76 21.6 2.40 0.41 8.86 0.98
77 39.3 3.21 0.54 21.22 1.73
78 60.6 4,12 0.05 3.03 0.21
79 55.3 3.90 0.32 17.70 1.25
80 68.4 4,50 - 0.27 18.47 1.22
81 39.1 3.20 0.31 12,12 0.99
82 45.6 3.50 0.57 . 25.99 2.00
83 55.1 3.85 0.07 ' 3.86 0.27
84 64,2 4,35 0.21 13.48 0.91
85 88 5.70 0.24 21.12 1.37
86 55.5 4.25 0.60 33.30 2.55
87 55.3 4,20 0.36 19.91 1.51
88 81.6 5.20 0.21 17.14 ' 1.09
89 70.9 4.75 0.93 65.94 4.42
90 81.5 5.15 0.36 29.34 1.85
91 101.1 6.05 0.30 30.33 1.82
92 94 .4 5.70 0.21 19.82 1.20
94 42,5 3.70 1.22 51.85 4.51
TOTAL 16.60 651.76 51.16

Average 39.26 3.08



Table C-8

Access Time, Cost and Percentage of Travelers by Zone and Airport

Revisions to RTOLport Data Required when Gnoss Field is Eliminated
to Produce Bay Area 5 RTOLport System

RTOLPORT: SAN FRANCISCO INTERNATIONAL (SFO)
Runway Length 3000 Feet

BASAR Traffic Total Out of Percentage' Weighted Contribution to

Generation Time Pocket of Travel Access Out of
Zone (Min.) Cost from Zone Time Pocket
) : (Min.) Cost
1 34.1 2,62 1.56 53.20 4.09
2 35.2 2.67 3.32 116.86 8.86
3 36.2 2.70 1.37 . 49,59 3.70
4 38.7 2.77 1.76 638.11 4,88
5 35.7 2,70 1.56 55.69 4,21
6 41,7 2.85 2.15 89.66 6.13
7 32 2.55 1.95 62.40 4.97
8 36 2,65 0.98 35.28 2.60
9 29.8 2.45 1.17 34.87 o 2,87
10 32,6 2,57 1,37 44,66 3.52
11 38 2,70 0.59 22,42 1.59
12 39.5 2.71 0.98 38.71 2,66
13 33.9 2.57 0.59 20.00 1.52
14 30.8 2,47 0.88 27.10 2.17
15 ' 27.4 2,27 1.90 52,06 4.31
16 35.5 2.50 0.44 15.62 1.10
17 23,5 2.10 1.46 34.31 3.04
18 30.6 2,40 1.90 58.14 4,56
19 32.3 2,50 1.61 52.00 4.02
20 50.2 2,92 0.29 14,56 0.85
96 79.53 4,60 0.55 43.73 2.53
97 44,2 3.65 1.59 70.28 5.80
98 35.8 3.05 0.61 21.84 1.86
TOTAL 30.58 1081.09 81.84

Average 35.35 2.68
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Table C-8 (cond't)

Access Time, Cost and Percentage of Travelers by Zone and Airport.

Revisions to RTOLport Data Required ﬁyen Gnoss Field is Eliminated -
to Produce Bay Area 5 RTOLport System

RTOLPORT: BUCHANAN (BUC)

Runway Length 3000 Feet 

BASAR Traffic Total Out of Percentage Weighted Contribution to

Generation Time Pocket of Travel Access - Out of
Zone (Min.) Cost from Zone Time Pocket
($) (Min.) - - " Cost

60 29.1 2,70 0,78 22.70 2.11.

63 .28.3 3.30 0.44 1.25 '1.65
64 37.3 3.07 0.87 32.45 2.67

65 33 2.90 0.65 21.45 1.88
66 26.9 2,60 0.76 20.44 1,98
68 29 2,55 0.87 25,23 2,22
69 © 29,3 2,75 0.65 19.04 1.79
70 20.1 2,33 1.74 34,97 4,05

71 15.1 2.10 1.64 . 24.76 3,44

72 31.3 2.68 0.11 3.44 0.29
73 1 26,2 2,61 0.76 19,91 1.98
74 51.6 3.40 0.44 22,70 1.50
175 30.2 2.75 1.13 34,13 3.11
76 21.6 2,40 0.41 - 8.86 0.98

77 " 39.3 3.21 0.54 21,22 1.73

78 ‘60.6 4,12 0.05 3.03 0.21

79 55.3 3.90 0.32 17.70 1.25

80 68.4 4.50 0.27 18.47 1.22

81 ©39.1 3.20. 0.31° 12,12 0.99

82 45,6 3.50 0.57 25;99 2,00

83 55.1 3.85 0.07 - 3.86 0.27

84 64.2 4.35 0.21 13.48 0.91

85 . 88 5.70 0.24 21,12 1.37

-86 55.5 4,25 0.60 33.30 2,55

87 55.3 4,20 0.36 19,91 1.51

88 8l.6 5.20 0.21 17.14 1.09

89 70.9 4,75 0.93 65.94 4.42

90 81.5 5.15 | 0.36 29.34 1.85

91 101.1 6.05 0.30 30.33 1.82

92 94.4 5.70 0..21 19.82 1.20

93 55.3 4,20 0.55 30.42 2,31

94 42.5 3.70 1.22 51.85 4,51

95 43.1 3.85 1.59 68.53 6.12
TOTAL : 20.16 751.96 61.24
Average 39.21 3.19

it
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Table C-9
COST OF TRAVEL FROM LOS ANGELES ZONE TO STOLPORT -LOS ANGELES
: ARFA 6
- 2000 Foot. Runways STOLPORT SYSTEM
TIME ON - . .

TRAFFIC NEAREST g;!is g;:;ET g;‘ﬁs ;LME TOTAL | TOTAL ZAQ?AGE 2332 PARKING | TOTAL gg“ggfzgiz ZZL?:IZETION
GENERATION STOLPORT CITY (30 MPH) | FREEWAY FREEWAY MILES TIME AT AT C0ST COST FROM ZONE TO AVERAGE
ZONE STREET | iinutes) (g{iisn u’?el:)) (m“.). S_¢M1]| 6 $/WR S§2.00 cosT

ic SMA | 1.5 3 | 6.5] 7.1 1 8 122.1] .%0 12.21 | Z. "5.47 | 25.22

24 | cBD |1 7.5] 8.2 ) 8.5122,21 .42 12.22 4.64)  3.00 | 13.92

2B CBD | 1 2 A 4.4 | 5 ]18.4| .25 |1.&8” 4,09 9.03 | 36.43

2N CBD | 3 6 5 5.5 | 8 [23.5] .40 [2.35 4,750 12.83 | 60.94

28 TOR | 2.5 5 7.5 8.2 110 (25.2] .50 {2.52 5.02  6.99 | 35.09

™ SMA |1 2 0 0 1 |14 .05 |1.40 3.45| 7.28 | 25.12
3A VNS | 1 2 4 4.4 5 |18.4 | .25 [1.84 3.09| 5.86 | 18.11
I 3N1L VNS [ 3 71 e 15 16.4 |18 |34.4 | .90 |3.44 6.34] 3,72 | 23.58

3N2 CBD | 3 6 5 5.5 | 8 ]23.51 .40.12.35 4.75|  3.72 | 17.67
T3N3 |~ CBD 5 10 0 0 5 |22 .25 12,20 2,45 3.72 |__9.11.

3s LBH. { 2,5 5 0 0 2,517 12 11,70 3.82] 9.34 | 35,68

4N1 VNS | 8 16 18 19.6 |26 47,6 1,30 l4.76 8.06| _0.80 | 6.45

4N2 EIM | 4 8 0 0 4 |20 .20 12,00 4,201 3,22 | 13,52

4N3 ELM | 2.5 5 8 8.8 l10,5125,81 ,52 }2,58 5.10| 3.22 | 16.42

48 LBH |4 8 12.5 113.6 116.5133.6 82 13.36 6.18| 7.90 | 48.82

W | VNS |72 4 3.5 1 3.8 |75.5119.8 | .27 [1.98 4,25 4,50 | 19,13

5N EIM | 3 6 10 10.9 {13 J28.9 . .65 |2.89 5.54] 2.52 | 13.96

58 . LBH [2 4 23 25.1 125 |1,111,25 b4,.11 7.361 5.10 | 37.54

5W VNS |1 2 13 14,2 |14  [28.2 1 .70 }j2.82 5.521 1.77 9.77

STOLPORT DESIGNATIONS:

SMA - Santa Monica Municipal Airport
CBD - Central Business District

TOR ~ Torrance Airport

VNS - Van Nuys Airport

ELM - El1 Monte Airport

LBH - Long Beach Municipal Airport

Note: 12 minutes added to total time to allow for parking
and travel from parking to terminal
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Table C-10
COST OF TRAVEL FROM LOS ANGELES ZONE TO RTOLPORT LOS ANGELES AREA
3000 Foot Runways 6 RTOLPORT SYSTEM
TIME OX- ’ - o
TRAFT(C NAREST | 0K CiEr | oiES o romL | Tomi, | cost | cost PARKING | ToTAL | PERCPNTACE conTR 1m0
GENERATION STOLPORT CITY (30 M) (:";EENAY FREEWAY MILES TIME AT AT COST COST FROM ZONE TO AVERAGE
Z0NE STREET | yintes) <§§idfi§§ (tein)* S MY _ER/R | o, o i €osT
IC SMAT ] 1.5 3 "6.5] 7.11 8 J22.1] 5012.21 ] 1 4.6 5.47 1 25.27
| 2A BUR | 3 6 | 8 | 8.7 |11 126.7| .5512.67 5.24 3,00 | 15.66
2B SMA | 2 4 13 14,2 |15 130.2] .7513.02 5.77.__9.03 | 52.10
2N SMA | 3 6 8.5) 9.3 )11.5127.3) .57 } 2,73 5.30 12,83 | 68.00
25 TOR | 2.5 5 7.51 8.2 110 }25.2} .50} 2.52 15,03 6.99 1 35.09
M SMA {1 2 0 0 1 |14 .05 11.40 3.49 _7.28 | 25,12
| 3A VNS | 1 2 4 4.4 | 5 118.4| .251)1.84 1 13,09 5.86| 18,11
3N1 BUR | 2 | & 2,5 2.7 | 4.5|18.7| .23 )1.87 4,10 3.72 ] 15.25
Y BUR | 2 4 12 13.1 |14 129.1) .70.12.91 5.6 3.72{ 20.87
| 3N3 | EIM | 2.5 5. 15 16.4 117,533.4 ) .88 13.34 6.2 3.72.|.-23.14
3s LBH | 2.5 5 0 0 2.5417 .12 11.70 3.82  9.34 | 35,66
4N1 BUR | 8 16 7 7.6 115 {35.6{ .75 |3.56 5.31 _0.80 4.25
4N2 ELM | &4 8 0 0 4 120 .20 §2.00 4,20 3.22 | 13.52
4N3 ELM | 2.5 5 8 8.7 |10.5]|17 .23 11,70 4,23  3.22 ) 13,62
48 LBH | 4 8 12,5113.6 116.5133.6 | .82 |3.36 6,18/ 7.90 | 48.82
[A%] VNS | 2 4 3.5 3.8 1 5,5(19.81 .27 |1.98 4,.25)  4.50 1 19.13
SN EIM § 3. 6 10 10.9 113 128.9] .65 12,89 | 5.54| 2,52} 13.96
55 . LBH | 2 4 23 25,1 125 141.1101.25 t4.11 7.36] 5,10 37.54
S5W VNS |1 2 13 14.2 114 128.2 70 12.82 5.520 1.77 9._77

RTOLPORT DESIGNATIONS:

SMA - Santa Monica Municipal Airport
BUR - Hollywood-~Burbank Airport

TOR - Torrance Airport

VNS - Van Nuys Airport

ELM - E1 Monte Airport

LBH - Long Beach Municipal Airport

Note: 12 minutes added to total time to allow
for parking and travel from parking to
terminal.



Table C-11
COST OF TRAVEL FROM LOS ANGELES ZONE TO STOLPORT LOS ANGELES
2000 Foot Runways AREA 4 STOL-

Revisions of Zone Data Required when El Monte and PORT SYSTE&

Torrance are Eliminated to Produce Los Angeles
: Area 4 STOLport System

“ . TiME ON R VFAGE R T
IRAFFIC NEAREST 3.‘:]“ (S“:'QET 2»: LEs ;;m TotAL | TOTAL zrlws; e E)S'Fr PARKING | TOTAL :);';u“;;‘ig :L“.:z]x un s
GENERATION STOLPORT CITY (30 MPH) | FREEWAY FREEWAY MILES TIME AT AT COST COST FROM ZONE -TO AVERAGE
20NE STREET (Minvtes) (5_5 MPH) . * _5_¢/Ml __6_$/}{R $2.09 COST
(Minutes) i (Min,) . .
| 1C _SMA_ 1 1.5 3 | 6.5][ 7.11] 8 J22.1] .40 12.21 | |4.61] _5.47 | 25.22
24 cBD | 1 2 7.51 8.2 ]| 8.5[|22,21 .42 12,22 4.64  3.00 | 13.92
7B CBD | 1 2 4 4.4 |5 118,41 .25 |1.84 4,09 9.03 | 36.43
| 2N CBD | 3 6 5 5.5 | 8 ]23.5] .40 2.35 4.75| 12,83 | 60.94
1/2 2s| 1BH | 2,5 5 14 15.3 |16.5[20.3] .83]2.03 4,86 3.50 | 17.01
1/2 28| sMA | 2.5 5 18 19.6 [20.5 | 24.6] 1.031} 2.46 5,49 3,50 | 19.22
P SMA |1 2 0 0o |1 |4 .05 11.40 | 3.45| 7.28 | 25.12 .
34 VNS |1 2 4 4.4 |75 {18.4| .25 |1.84 3.09|" 5.86 | 18.11
38T [T VNS |37 7176 15 16.4 |18 |34.4 | .90 |3.44 6.34|" 3.72| 23.58
3N2 CBD | 3 6 5 5.5 8 123.5] .40 12.35 4.75] 3,72 | 17.67
™ 3N3 |~ CBD |5 10 0 0 5 127 | .25 12.20 2,45 3,72} 9.1
| 3s LBH | 2.5 5 0 0 2.5112 W12 11,70 3.82| 9.34. 35.68.
4N1 VNS | 8 16 18 19.6 |26 47,6 ) 1,30 J4,76 8.06] _0.80 6.45
4N2 CBD |4 8 19 20.7 |23 28.7} 1.15 | 2.87 6.02| 3,22 | 19,38
4N3 CBD | 2.5 5 17 18.5 [19.5/23.5] .98 2.35 5.33] 3.22 | 17.16
48 LBH | 4 8 12.5 J13.6 l16.5133.6 82 |3.36 6.18] 7.90_ 1 48.82.
JAY] VNS |72 4 3.5 13,8 1 5,5[19.8 1 .27 [1.98 4,25 4.50 | 19,13
5N CBD | 3 6 23 25.1 |26 PBl.1 |{1.30 [3.11 6.41] 2.,52.} 16.15
5S LBH | 2 4 23 25.1 125 W1.,11{1,25 }4.11 - 17.36) 5.10 } 37.54
S5W VNS 1 2 13 14.2 |14 28.2} .70 2.82 . 5.5820 _1.727 9.77
Total 100.00 476.41
STOLPORT DESIGNATIONS : Average  $4.76

SMA - Santa Monica Municipal Airport
CBD - Central Business District '
TOR - Torrance Airport

VNS - Van Nuys Airport

ELM - E1 Monte Airport

LBH - Long Beach Municipal Airport

Note: 12 minutes added to total time to allow for parklng
and travel from parking to terminal



RTOLPORT DESIGNATIONS:

SMA - Santa Monica Municipal Airport
BUR - Hollywood-Burbank Airport
TOR - Torrance Airport
VNS - Van Nuys Airport
ELM - El1 Monte Airport
LBH - Long Beach Municipal Airport

*
Note:

12 minutes added to total time to allow
for parking and travel from parking to

terminal.

Table C-12
COST OF TRAVEL FROM LOS ANGELES ZONE TO RTOLPORT LOS ANGELES
AREA 5 RTOL-
3000 Foot Runways PORT SYSTEM
Revisions of Zone Data Required when Torrance is
Eliminated to Produce Los Angeles Area 5 RTOLport
System
A TINE OGN -
{;;;1wc R B cITy o HuES o roras | TotaL | eosr cost PARKING | TOTAL e bl
GENERATION STOLPORT cI7TY ?;SL;:,“) ?’:EE‘-"AY FREFWAY MILES TIME AT AT COST COST FRO ZOR-:E TO AVERAGE
#ONE STREET | (Minutes) Satony ety 2| 23R 52,00 cosT
—IC SMA | 1,5 3 6.5 7.1 8 J22.1 L012.21 | 4,61 5.47  25.22
[T2A T | BUR |3 |6 |8 | 8.7 |11 |26.7| .55 12.67 5.23  3.00| 15.66
2B SMA | 2 | 4 13 14.2 |15 30,2} .75}3.02 5,777 _ 9.03 | .52.10
2N " SMA |3 | 6 8.5| 9.3 (11.5|27.3] .57 |2.73 5.3d 12,83 | 68.00
1/2 28 | LBH | 2.5 5 14 15.3116,5/20.3| .83 }12.03 4.86| 3.50 | 17.01
1/2 25 | sMA |2.5 5 _18 19.6 1 20.5124.6} 1.03 [2.46 5,491 3.50 | 19,22
bl SMA | 1 2 ‘0 | 0 |1 |14 .05 [1.40 | 3.49 7.28 1 25,12
3A VNS |1 2 4 4.6 | 5 118,41 .2511.84 | ~ {3.094 5.8} 18.11
3N1 BUR |2 | & 2.5 2.7 | 4.5(18.7| .23 }1.87 4.10  3.72 | 15,25
[ 3N2 BUR |2 | & 12 13.1 |14 }29.1} .70.]2.91 5.6 3.72| 20.87
| 3N3_ | EIM 2.5 |5 15 16,4 |17.5]33.4| .88 |3.34 6.2 3.72.} .23.14
3s LBH | 2.5 | 5 0 0 2.5]17 .12 11.70 3.8 9.34 1 35,66
4N1 BUR | 8 16 7 7.6 {15 35,64 .75 13.56 5.314 _0.80 4.25
4N2 ELM | 4 8 0 0 | & )20 .20 12,00 4,200 3,221 13,52
4N3 ELM | 2.5 5 8 8.7 110.5117 .53 11.70 4,23 3.22.)_ 13,62
4s LBH | 4 8 ~12,5113.6 _116,5133,6 | .82 }3,36 6,18 __7.90 | 48.82
4w VNS 2 4 3.5] 3.8 1 5,5/19.8 .27 }1,98 4,25/ 4,50 ).19.13
SN EIM | 3 6 . 10 10,9 113 128.9 .65 12,89 5.54) 2,52 | 13.96
58 . IBH | 2 4 23 25,1 ]25 141,11 1.25 14.11 7.36l 5,10 | 37,54
| 5W VNS 1 2 13 14,2 |14 [28.2 70 | 2.82 5,52\ 1.77.|-.9.377.
Total 100.00. 495.97
Average $4.96



Table C-13

page C-23

Access Time, Cost and Percentage of Travelers by Zone and Airport

Traffic
Generation
Zone

2A
2B
2N
3N2
3N3
TOTAL

Average

4N2

4N3

5N
TOTAL

Average

35

48

58
TOTAL

Average

1C
)
TOTAL

Average

28
TOTAL

Average

Los Angeles Area 6 STOLport System

STOLPORT:

CENTRAL BUSINESS DISTRICT (CBD)

Runway Length 2000 Feet

(Min.) Out of Percentage Weighted Contribution to
Total Pocket of Travel Access Out of
Time Cost from Zone Time (Min.) Pocket Cost
22,2 2.42 3.00 66.60 7.26
18.4 2.25 9.03 166.15 20.32
23.5 2.40 12.83 301.51 30.79
23.5 2.40 3.72 87.42 .8.93
22.0 2.25 3,72 81,84 8.37
32.30 703.52 75.67
21.78 $2.34
STOLPORT: EL MONTE AIRPORT (ELM)
Runway Length 2000 Feet
20.0 2.20 3.22 64.40 7.08
25.8 2.52 3.22 83.08 8.11
28.9 2.65 2.52 72,83 6.68
8.96 220.31 21.87
24,58 $2.44
STOLPORT: LONG BEACH MUNICIPAL AIRPORT (LBH)
Runway Length 2000 Feet
17.0 2,12 9.34 158.78 19.80
33.6 2.82 7.90 265.44 22,28
41.1 3.25 5.10 209.61 16.58
22,34 633.83 58.66
28,37 $2.62 .
STOLPORT: SANTA MONICA (SMA)
Runway Length 2000 Feet
22.1 2.40 5.47 120.89 13.13
14.0 2,05 7.28 101.92 14.92
12,75 222,81 28.05
17.47 $2.20
STOLPORT: TORRANCE AIRPORT (TOR)
Runway Length 2000 Feet
25,2 2.50 6.99 176.15 17.48
6.99 176.15 17.48
25.20 $2.50



Traffic
Generation
Zone

3A
3N1
4N1
oW
SW
TOTAL

Average

Table C-13 continued

Los Angeles Area 6 STOlport System

STOLPORT:

(Min.)

Total
Time

18.4
34.4
47.6
19.8
28.2

VAN NUYS AIRPORT (VNS)
Runway Length 2000 Feet

page C-24

Out of Percentage Weighted Contribution to
Pocket of Travel Access Qut of

Cost from Zone Time (Min.) Pocket Cost

2,25 5.86 107.82 13.19

2.90 3.72 127.97 10.79

3.30 0.80 38.08 2.64

2.27 4.50 89.10 10.22

2.70 1.77 49,91 4.78

16.65 412.88 41,62
24,79 $2.49



Traffic
Generation

—2Zone

2A
3N1
3N2
4N1
TOTAL

Average

3N3
4N2
4N3
5N
TOTAL

Average

38

48

5s
TOTAL

Average

1c
2B
2N
N
TOTAL

Average

25
TOTAL

Average

C-25

Table C-14

Los Angeles Area 6 RTOLport System

RTOLPORT: HOLLYWOOD-BURBANK AIRPORT (BUR)
Runway Length 3000 Feet :
Min.) Out of Percentage Weighted Contribution to
Total Pocket of Travel Access Out of
Time . Cost from Zone Time (Min.) Pocket Cost
26.7 2,55 3.00 80.10 7.65
18.7 2.23 3.72 69.56 8.30
29.1 2.70 3.72 108.25 10.04
35.6 2,75 0.80 - 28.48 2.20
11.24 286.39 28.19
25.47 $2.50
RTOLPORT: EL MONTE AIRPORT (ELM)
Runway Length 3000 Feet
33.4 2,88 3.72 124,25 10.71
20.0 2,20 3.22 64 .40 7.08
17.0 2,53 3.22 54,74 8.15
28.9 2.65 2,52 72.83 6.68
12,68 316.22 32,62
24.93 $2.57
RTOLPORT! LONG BEACH MUNICIPAL AIRPORT (LBH)
Runway Length 3000 Feet
17.0 2,12 9.34 158.78 19.80
33.6 2.82 7.90 265.44 22,28
41.1 3.25 5.10 209.61 16.58
22,34 633.83 58.66
28.37 $2.62
RTOLPORT: SANTA MONICA (SMA)
Runway Length 3000 Feet
22.1 2.40 5.47 120.89 13.13
30.2 2.75 9.03 272,71 24,83
27.3 2,57 12.83 350.26 32,97
14.0 2.05 7.28 101.92 14.92
34.61 845.78 85.85
24,43 $2,48
RTOLPORT: TORRANCE AIRPORT (TOR)
Runway Length- 3000 Feet -
25.2 2.50 6.99 176.15 17.48
6.99 176.15 17.48
25,20 $2.50



C-26
Table C-14 continued

Los Angeles Area 6 RIOLport System

RTOLPORT: VAN NUYS AIRPORT (VNS)
Runway Length 3000 Feet

Traffic (Min.) Out of Percentage Weighted Contribution to
Generation Total Pocket of Travel Access Out of
Zone Time Cost from Zone Time (Min.) Pocket Cost
3A 18.4 2,25 5.86 107.82 13.19
an) 19.8 2,27 4,50 89.10 10.22
5w 28.2 2.70 1,77 49.91 4.78
TOTAL 12.13 246,83 28.19

Average 20.34 $2.32



Table C-15

Access Time, Cost and Percentage of Travelers by Zone and Airport

Revisions to STOLport Data Required when Torrance and El Monte are
Eliminated to Produce Los Angeles Area 4 STOLport System

STOLPORT: CENTRAL BUSINESS DISTRICT (CBD)

Runway Length 2000 Feet

Traffic (Min.) Out of Percentage Weighted Contribution to
Generation Total Pocket of Travel Access Out of
Zone Time Cost from Zone "Time (Min.) Pocket Cost
24 22.2 2.42 3.00 66.60 7.26
2B 18.4 2.25 9.03 166.15 20,32
2N 23.5 2,40 12.83 301.51 30.79
3N2 23.5 2.40 3.72 87.42 8.93
N3 . 22.0 2,25 372 .. _ _ 8l.8 ... .. 837 .- .
4N2 23.0 3.15 3.22 74,06 10.14
4N3 ‘19.5 2.98 3.22 62.79 9.60
5N 26.0 3.30 2.52 65.52 8.32
TOTAL 41.26 905.89 103.73
Average 21.96 $2,51
STOLPORT: LONG BEACH MUNICIPAL AIRPORT (LBH) !
Runway Length 2000 Feet
3s 17.0 2,12 9.34 158.78 19.80
4s 33.6 2,82 7.90 265.44 22,28
58 41.1 3.25 5.10 209.61 16.58
1/2 28 20.3 2,83 3.50 71.05 9.91
TOTAL 25.84 704,88 68.57
Average 27.28 $2.65
STOLPORT: SANTA MONICA (SMA)
Runway Length 2000 Feet
1C 222,1 2.40 5.47 120.89 13.13
N 14.0 2,05 7.28 101.92 14,92
1/2 28 24.6 3.03 3.50 86.10 - 10.61
TOTAL 16.25 308.91 38.66
Average 19.01 $2.38



Table C-16

Access Time, Cost and Percentage of Travelers by Zone and Airport

Revisions to RTOLport Data Required when Torrance is Eliminated
to Produce Los Angeles Area 5 RTOLport System

RTOLPORT: LONG BEACH MUNICIPAL AIRPORT (LBH)
Runway Length 3000 Feet

3s 17.0 2.12 9.34 158.78 19.80

48 33.6 2.82 7.90 265.44 22,28

58 41,1 3.25 5.10 209.61 16,58
1/2 25 20.3 2.83 3.50 71.05 9.91
TOTAL 25,84 704.88 68.57
Average 27.28 $2.65

RTOLPORT: SANTA MONICA (SMA)
Runway Length 3000 Feet

1C 22.1 2.40 © 5,47 120.89 13,13

2B 30.2 2.75 9.03 272.71 24,83

2N : 27.3 2.57 12.83 350.26 32,97
. 14,0 2.05 7.28 101.92 14.92
1/2 28 24.6 3.03 3.50 86.10 10.61
TOTAL 38.11 931.88 96,46

Average ' 24,45 $2.53
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Appendix D
STOLPORT INFRASTRUCTURE COSTS

Infrastructure costs at the proposed STOLports are a function of projected
air traffic and the extent to which existing facilities can be used for STOL
operations. STOLport costs were estimated on the basis of reports prepared by
various industrial and consulting firms and interviews with private consultants
and public officials. These methods can best be explained by example., The
following pages illustrate the costing methods used in the course of preparing
cost estimates for Palo Alto airport improvements.

Cost estimates for other STOLports developed from existing general aviation
airports have been calculated by the same methods. The results are summarized on
-page III-5. ;
The cost of the San Francisco CBD STOLport is derived on page D-23.

Existing Facilities at Palo Alto

Palo Alto airport (PAO) is located at the east end of Embarcadero Road
on land reclaimed from San Francisco Bay. The airport is operated as a general
aviation facility by the County of Santa Clara. The facility is designed to )
handle the operations of small propeller aircraft, The airport does not currently
provide the necessary support facilities (fuel systems, ILS, IFR rating, runway
strength) to accomodate larger jet powered commercial aircraft. Major improve-
ments would be necessary before Palo Alto airport could accomodate commercial
STOL activity. ' : ’ :

The Federal Aviation Administration records show that Palo Alto airport
presently has the following pertinent characteristics:

Land Area 182 acres

Peak Daily Operations 670 flights

Yearly Operations 210,000 flights

Largest Aircraft Type Using Facility General Aviation Propeller
Available Tie-downs 220

Runway Characteristics

Number of Runways 1

Runway Length 2500 ft.

Taxiway Length _ 2500 ft.

Runway Width 65 ft.

Taxiway Width 30 ft.

Bearing Strength of Pavement can support 5000 1lb. gross

weight aircraft on single
wheel main gear

Automobile Accomodation

Parking spaces approximately 175



Future Development of Palo Alto Airport

It has been assumed that general aviation operations will not be displaced
by the introduction of commercial service. It is anticipated that Palo Alto
will accomodate 200,000 general aviation operations in 1985 - a small increase
over current levels. STOLport sizing and costing are based on this expectation.

STOLport development will require the use of all or part of the existing
general aviation apron area., For this reason, new apron area must be obtained.
It is proposed that the new apron be located on land obtained from the golf
course on the west side of the airport.

The area required to accomodate the necessary 220 tie-downs is approximately -
21 acres. The cost of obtaining land from the golf course is estimated at

$70,000/acre. The result is a maximum land acquisition cost of $1,470,000.

Calculation of Daily and Hourly Operations

On the basis of preliminary travel demand projections for the California
corridor, it was estimated that 1.54 million passengers would use a Palo Alto
STOLport in the year 1985. Assuming 365-day operating year, 4220 passengers
would use PAO daily. .

Assuming a 100-passenger STOLcraft similar in dimensions to the Douglas
D-3210-7 operating with an average daily load factor of 60%, a Palo Alto STOL-
port must be sized to accomodate 71 commercial operations per day. )

The number of operations and passengers during peak hour is critical in
determining the size of airport infrastructure. Figure D-1 (Ref. 14y shows
a histogram of departures from San Francisco and Los Angeles during a 24-hour
operating day. The STOL system is proposed to have a shorter 15-hour operating
day (7 a.m.-10 p.m.). Flights shown on the histogram as occuring before 7 a.m.
and after 10 p.m. are therefore reassigned to the hours shortly after opening
and shortly before closing of the system. This results in peaks in early morning
and late evening. An estimated 117% of the daily passengers travel during each
peak hour. It was assumed that in these two peak hours, the aircraft load factor
rises to 90%.

Thus:

Passengers at peak hour = 4220 passengers per day x .1l = 465 passengers
per peak hour.

And, assuming 90% load factor:

Operations at peak hour = 465 passengers per peak hour / 90 passengers
per operations = 5.15 operations.

Assuming the aircraft are slightly more than 907% full, this can be rounded
down to 5 operations at peak hour,
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Number of Aircraft Based in Palo Alto

It is assumed that a set fleet of planes will make all the flights between
Palo Alto and the Los Angeles STOLports. During the night hours, the aircraft
will not be in operation and could undergo light maintenance at their home base.
The size of the fleet will determine the apron area necessary for overnight
aircraft parking. '

The size of the fleet flying between Palo Alto and the Los Angeles area
is affected by round-trip flight time.

The round trip between Palo Alto and Los Angeles is one hour in each direc-
tion plus turn around times at each airport. Reference 2 gives the turn around -
time for a fully loaded 150 passenger aircraft similar to the D-3210-7. The
critical path servicing the aircraft between flights is the time needed to service
the cabin (Ref, 2 ). The turn around time is given as 22 minutes.

Due to the projected smaller capacity of the D-3210-7, it is estimated
that the following reductions can be made in turn around time:

- the time to deplane passengers can be reduced from 3 minutes
to 2 minutes

- cabin service time can be reduced from 10.1 minutes to about
8 minutes

- time to enplane passengers can be reduced from 3.8 minutes ‘to
3 minutes.

These corrections will reduce the total turn around time to less than 20 minutes.
Allowing 2 minutes between the time a plane leaves a gate and the time the next
plane arrives at the gate, we can estimate that a given gate will be able to —
handle 3 aircraft per hour.

The round trip time for an aircraft is then 2 hours and 40 minutes or 2.66
hours. The time for each one way trip is 1.33 hours.,

Calculation of Number of Aircraft in Palo Alto Fleet

The following calculations yield the apron area necessary for overnight
aircraft parking:

Given 71 operations per day at Palo Alto and a one way trip of 1.33 hours,
Palo Alto based aircraft would be in operation 94.5 hours per day.

A value for yearly aircraft use is assumed to be 3000 hours. This gives an
operating day per aircraft of 8.22 hours,

The number of aircraft operating between PAO-LA is:

94.5 hours per day / 8.22 hours per day per aircraft = approximately
12 aircraft,

An extra aircraft should be added to the fleet as a spare. This yields a
total of 13 aircraft in the fleet operating between Palo Alto and Los Angeles.
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Since half the PAO-LA fleet will be parked at PAO and half at the 6 1A
STOLports, a maximum of 7 aircraft will be based at PAO,

Number of Boarding Gates

The number of boarding gates required for a Palo Alto STOLport can be
estimated by the following equation (Ref. 4):

No. of boarding gates = 1/2 4 total runway capacity
gate capacity

With a modern microwave ILS installed at Palo Alto, the theoretical capacity
of a single STOL runway is 90 operations/hour. Operations of STOLcraft at Palo
Alto will not approach this maximum. Thus, the numerator of the equation was
chosen to be the maximum anticipated operations at PA, not the theoretical runway
capacity. The gate capacity was previously calculated at 3 aircraft/hour. Thus:

Number of gates = 1/2¢ 5/3 = 1/2% 1.66 approximately = 1.

An extra gate should be added to account for unexpected surge demand or
system breakdown, yielding a total of 2 gate positions.

Required Maintenance Facilities

Major maintenance on the entire Bay Area-Los Angeles STOLcraft fleet should
be performed at a major airport such as San Francisco, Oakland or San Jose.
Minor maintenance could be performed at the suburban STOLports. Such dinor
maintenance would involve visual checks and replacement of minor parts. Work
could be performed on the aircraft at the gate position or at the aircraft's
overnight parking space. The only additional facility required would be for
the storage of tools, parts and documents. It is estimated that these require-
ments could be filled by a building of 2000 sq. feet.

Required Terminal Area

Figures D-2 and D-3 show empirical graphs used to tabulate required ter-
minal area based on the number of peak hour passengers. The breakdown in ter-
minal requirements for PAO (465 passengers at peak hour) is as follows:

Ticket Lobby 5,000 sq. ft.
Airline Operations 26,000 sq. ft.
Waiting Area 8,000 sq. ft.
Baggage Claim 2,700 sq. ft.

TOTAL 41,700 sq. ft.

Runway Alignment

With a maximum of 11 operations/hour expected at the PA STOLport, one run-
way will be sufficient to accomodate STOL operations. The runway should be
aligned in the same direction as the current runway. The runway-taxiway center-
line separation recommended by Douglas and the FAA is larger than the current
spacing. This will prevent the use of the current runway for STOL operation.
The present runway must be replaced with a strengthened runway with a greater

runway-taxiway spacing.



The FAA recommends 750 ft. long clear zones commencing 100 ft. from the end
of the STOL runway paving (Ref. 7 ). The bottom edge of the clear zone is
defined by a plane with a 1/15 slope. It is not anticipated that any existing
or future structure in the vicinity of the airport will penetrate this clear
zone. The clear zone is illustrated in Figure D-4.

Runway length will depend on the technology of the STOLcraft employed.
Aircraft with both 2000-ft and 3000-ft field lengths should be considered.
Neither runway configuration would result in clear zone violations at Palo Alto
airport,

In the 2000-ft case, the runway would fit on the land occupied by the
existing runway. In construction, the runway should be placed as far south
as regulations will alléw. As a result, aircraft could reach higher altitudes
before entering the air space over populated areas. Construction of a 3000-ft
runway will require the filling of a portion of the small lake at the south
end of the existing runway. The surface area to be filled is estimated to
be 2.5 acres. The depth of the lake in the area of filling is estimated at 5
feet. ‘

Runway and Taxiway Dimensions

The FAA recommends a minimum STOLport runway width of 100 feet and taxiway
width of 60 feet. (These are recommendations: and not requirements.) For the
D-3210-7, Douglas recommends a runway width of 110 feet and a taxiway width of
55 feet, ' The taxiway would parallel the 2000-ft or 3000-ft runways and.include
a 197.5 foot connection to the runway at each end. The recommended spacing of
runway and taxiway is 280 feet for the D-3210-7 (Ref. 2 ). These values would
vary if a STOLcraft with dimensions other than those of the D-3210-7 was used.
See Figures D-5 and D-6, However, the variance should not be so significant as
to change the basic physical layout of PAO. :

Runway Area is calculated as follows:

1]

for the 2000-ft system: 2000 x 110 ft,. 220,000 sq. ft. = 24,500 sq. yd.

for the 3000-ft system: 3000 x 110 ft.

[
]

330,000 sq. ft, 36,500 sq. yd.
Taxiway Areé is calculated as follows:

for the 2000-ft system: 2395 x 55 ft.

132,000 sq. ft. = 14,600 sq. yd.

for the 3000-ft system: 3395 x 55 ft.

187,000 sq. ft.

]

20,800 sq. yd.

Calculation of Apron Area

The apron is. defined as the paving occupied by each boarding gate plus the
area of the ramp between the gate and the taxiway. For the D-3210-7 STOLcraft,
the gate is recommended to be 135 ft. deep and 175 ft. wide.

The total width of the 2 PAO gates are: 2 gates x 175 ft/gate = 350 feet.
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The recommended ramp depth is 200 ft. The width of the ramp is equal to
the sum of the widths of the gates. The ramp dimensions at PAO are: 200 ft. x
350 ft. See Figure D-7

The dimensions of the entire apron are:

(135 ft, + 200 ft,) x 350 ft. = 335 ft. x 350 ft. Thus, the apron
area is 117,000 sq. ft. or 13,000 sq. yd.

Total aircraft-supporting paving area is:

2000-ft 3000-ft
Runway 220,000 sq. ft. 330,000 sq. ft.
Taxiway 132,000 " " 187,000 " ¢
Apron 117,000 " " 117,000 " "

469,000 sq. ft. 634,000 sq. ft.
52,000 sq. yd. 70,000 sq. yd.

The new general aviation area has been calculated previously to be approxi-
mately 100,000 sq. yd.

Paving Thicknesses

The existing runway at Palo Alto Airport is designed to accomodate the
stress of a 5000 pound aircraft supported on single-wheel main gear. The PA
STOLport runway must be designed to withstand stress up to 200,000 pounds in
order to accomodate STOLcraft with dual tandem main gear. The required runway-
taxiway separation and poor sub surface soil conditions at Palo Alto mean that
a new runway, taxiway and apron surface must be constructed taking into account
the recommended runway-taxiway spacing and the poor subsurface soil conditions.

The condition of the subgrade is a major determinant of required pavement
thickness. Several methods exist for determining required pavement thickness
given the condition of subgrade soils, These methods are empirical and require
that the subgrade be classified according to its physical characteristics. The
method chosen for soil classification and pavement thickness determination was
the FAA method., Data needed to make the estimates was provided from soil borings
made by a consultant for Santa Clara County (Ref. 9 ) and from Pavement Eval-
uation forms for regional general purpose airports obtained from the FAA.

The evaluations give soil classifications that can be used in combination
with empirical graphs to obtain the required pavement thickness. The subgrade
at Palo Alto is given the FAA soil classification of E-12 and is placed in the
F-10 soil subgroup. This is a very poor classification. (See Fig. D-8) It reflects 3
to seven feet of poor quality fill on which much of the existing airport sur-
facing was built as well as the underlying layers of soft bay mud which tend to
aggravate the ground subsidence problem. To build a new runway of reasonable
thickness, the classification of the subgrade must be improved. It is proposed
that this be done at Palo Alto by excavating 5 feet of the existing fill in
areas where new paving is to be constructed. Approximately 30 inches of engineered
fill should then be put in place in the excavated areas to provide a suitable -
subgrade on which to build aircraft supporting paving. It is estimated that by
these techniques, the subgrade could be improved to the E-10 classification and

the F-7 subgroup.
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- A flexible asphaltic concrete pavement was considered desirable for PAO
as this type of pavement would reduce the risks of cracking due to subsoil
subsidence and could easily be relevelled should subsidence occur. Under
this set of circumstances, the pavement thickness for PAO was determined from
Figure D-9.

For a 200,000 pound aircraft on dual tandem main gear, the follow1ng run-
way thicknesses would be required:

Critical Area , Non-critical Area
Surface Course 3 in. 2 in,
Base Course 9 in. 8 in.
Subbase Course 19 in. 16 in.
TOTAL 31 in. 26 in.

Critical areas are defined as those locations where the weight of a
stationary or slowly moving aircraft must be supported. The non-critical
areas are the runway surfaces. On the runway, the aircraft's lift negates
part of its weight making the required runway thickness somewhat less. However,
the FAA recommends that all pavement surfaces at STOLports be considered -
critical (Ref. 7 ). Therefore, the critical thickness value for pavement
should be used for all aircraft supporting paving at the STOLport.

At those general aviation airports where pre-existing runway dimensions
meet STOLport requirements and when runway strength is close to that required
to support STOLcraft, additional strength can be obtained by applying an asphalt
overlay to the existlng runway surface, Techniques for estimating the addi-
tional thickness of surfacing required are found in Reference 11.

The new general aviation apron that would be required at PAO would be
designed to support a 12,500 pound aircraft on single wheel main gear. FAA
graphs for light aircraft (similar to those in Figure D-9) indicate a 15 1nch
section is required on the E-12 classification, F-10 subgroup that is found
at the Palo Alto airport. The section has the following breakdown:

Surface course 1 inch

Base course 5 inches

Subbase course 9 inches
TOTAL 15 inches

Automobile Accomodations

Parking area must be provided for STOL commuters who drive to the airport
.and for airport employees.

The advised number of parking spaces for passengers is determined from
Figure D-10. With a peak hour passenger demand of 465 at PAQ, it is recommended
that 400 passenger parking spaces be provided.

Employment at the STOLports is estimated at the rate of one employee per
2900 yearly passengers. With an annual passenger volume at PAO of 1.54 million,
the number of employees should be:
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1.54 million passengers/2900 passengers per employee = 530 employees.

It is assumed that all these employees arrive by automobile and that there
is an occupancy of 1.3 persons per vehicle. If a parking place is provided for
every vehicle arriving, the number of required employee parking spaces is:

530 employees/1.3 employees per auto = 410 employee parking spaces
Therefore, the total number of parking spaces to be provided is 910,
Assuming a parking density of 158 cars per acre (Ref. 2 ), this requires:

5.75 acres of parking or 250,000 sq. ft. of parking area.

Reference 2 makes the estimate that there are 1.13 vehicles arriving and
1.13 vehicles departing the STOLport for every enplaned and deplaned passenger.
For peak hour, the generated vehicle traffic should be:

465 passengers x 1,13 vehicles/passenger = 525 vehicles arriving
and 525 vehicles leaving the airport at peak hour.

Since the early peak hour at the STOLport occurs in conjunction with the
peak hour for commute traffic, the traffic generated by the airport could have
a significant effect on congestion levels on major streets serving the airport.
In Palo Alto the peak hour prediction for auto traffic on Embarcadero east of
the Bayshore Freeway near the airport in 1985 is: 1000 vehicles east bound, 900
vehicles west bound. (These values were derived by taking 1972 peak volume and
projecting them to 1985 with a 2 1/2% yearly growth factor. They do not include
STOLport generated traffic.) '

Adding traffic generated by the STOLport, we obtain 1525 vehicles east bound
and 1425 vehicles west bound.

Improving Embarcadero to four lanes divided with access controls and favor-
able signal timing could give Embarcadero an estimated minimum capacity of 700
vehicles/lane/hour. With two lanes running each direction, this yields an hourly
directional capacity of 1400 vehicles. It can be seen that projected traffic
could exceed this capacity and cause congestion. The opening of the STOLport
should prompt consideration for the need of other modes of transporting passengers
to PAO at peak hours, :
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Paio Alto Cost Estimates

Land Acquisition
Up to 21 acres of land for moving
of general aviation parking at
$70,000/acre

Excavation
87,500 cu. yd. for runway-taxiway-
apron construction at $0.03/cu. yd.

100,000 sq. yd. x 15 in. for new
general aviation apron at $0.03/cu.
yd.

Fill
43,500 cu. yd. for runway-taxiway-
apron construction at $0.03/cu. yd.

Runway Paving
surface: 24,500 sq. yd. x 3 in. at

$0.57/sq. yd./in.

base: 24,500 sq. yd. x 9 in. at
$0.171/sq. yd./in

subbase: 24,500 sq. yd. x 19 in.
at $0.085/sq. yd./in.

Taxiway-Apron Paving
surface: 27,600 sq. yd. x 3 in.
at $0.633/sq. yd./in.

base: 27,600 sq. yd. x 9 in. at
$0.190/sq. yd./in

subbase: 27,600 sq. yd. x 19 in.
at $0.095/sq. yd./in.

General Aviation Apron Paving
surface: 100,000 sq. yd. x 1 in.
at $0.633/sq. yd./in.

base: 100,000 sq. yd. x 5 in. at
$0.190/sq. yd./in.

subbase: 100,000 sq. yd. x 9 in.
at $0.095/sq. yd./in.

Terminal Construction
41,700 sq. ft. at $25.00/sq. ft.

Cost in Millions

of Dollars
1.470
.003
L.001 .004
.001
.042
.038
.039 .119
:053
.047
.050 .150
.063
.095
.085 .243
1.040
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Maintenance Facility Construction Millions of Dollars

2,000 sq. ft, at $15.00/sq. ft. .030
Parking Area

29,000 sq. yd. at $6.84/sq. yd. .192
Miscellaneous

Control Tower .228

ILS .370

Runway Lighting .398

Fire Equipment .091

Communications Equipment .160 1,247
TOTAL COST FOR PAO WITH 2000-ft RUNWAY 4,496

For Palo Alto in the 3000-ft runway configuration, the following additions
and changes should be made: ‘

Additional Land Fill
approximately 2.5 acres x 5 feet =
545,000 cu, ft. or 20,200 cu. yd. at
$2.50/cu. yd. .051

Runway Paving and Excavation
surface: 36,500 sq. yd. x 3 in, at
$0.57/sq. yd./in ' .061

base: 36,500 sq. yd. x 9 in. at
$0.171/sq. yd./in. .057

subbase: 36,500 sq. yd. x 19 in.
at $0.085/sq. yd./in 058 .176

Taxiway-Apron Paving
surface: 33,800 sq. yd. x 3 in.

at $0.633/sq. yd./in. .067
base: 33,800 sq. yd. x 9 in. at
$0.190/sq. yd./in. ‘ : .060
subbase: 33,800 sq. yd. x 19 in. :
at $0,095/sq. yd./in. : . 064 .191
TOTAL COST FOR PAO WITH 3000-ft RUNWAY 4. 644

Under federal aid to airport programs, the FAA will pay for portioms of
the facilities built for aircraft operations and passenger access. The rates
of FAA participation are as follows:



ILS : - 100%
Control Tower . 100%
Lighting System 827
Other (runway, taxiways, aprons, emergency) 33.72%

Subtracting the allowable FAA participation from the gross airport costs
computed above, the following revised estimates are made as the local outlay
toward Palo Alto construction:

2000-ft Configuration Cost
without FAA money $4,496,000
with FAA money $3,096,000

3000-ft Configuration Cost .
without FAA money $4,644,000
with FAA money - $3,184,000
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Figure D-3
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STOL TAXIWAY WIDTH REQUIREMENTS

651

60 -
JAXIWAY
WIDTH

534
~ FEET

50-

20 2's ' 30
LANDING GEAR TREAD TO OUTSIDE OF TIRE ~ FEET

Figure D-5
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Figure D-6
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CLASSIFIC[;TION OF SOILS FOR AIRPORT PAVEMENT CONSTRUCTION

- Mechanical analysis
Materlal finer than No. 10 sieve— percent
Kol group Material retained Liquid limit Plasticity Index
on No. 10 sieve—
percent !’ Coarse sand, pass- | Flne sand, passing | Combined sflt and
ing No. 10;retained | No.40 retained | clay; passing No.
on No. 40 on No.200 200
E-1 0-45 40+ 60— 15— 25— 6—
B2 0-45 15+ 85— 25— 25— 6—
-3 (1.2 1 S I 25— 25— 6—
T B4 0-45 | ... | .. 35— 35— 10—
E-5 1T T U 45— 40— 15—
E-6 0-55 | -oooooooo. | .. 45+ 40— 10—
E-7 0-55 | ... [ 45+ 50— | 10-30
CE-8 0-55 | —ceeoin- | et 45+ 60— | 15-40
T E-9 055 | oo . 45+ 0+ | 30-
i E-10 0-55 | ool | . 45+ 70- | 20-50
2T T En [ I R 45+ 8- | 30+
)
' E-12 055 | oo | el 454+ 80+ | _________
E-13 Muck and peat—field examination

b 1f percentage of material retained on the No. 10 sieve exceeds that
shown, the clagsification may be raised, provided such material is sound

and fairly well graded.

Figure D-8




GROSS AIRCRAFT WEIGHT - [,000 POUNDS

D-20

CRITICAL AREAS - TOTAL PAVEMENT THICKNESS - INCHES
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San Francisco CBD STOLport Operations

Total 1985 SF-LA Traffic 40.56 million/year
1970 fraction of total by air 36.27%
Estimate of 1985 SF-LA air traffic 14.68 million/year
Fraction of 7% SF-LA air traffic in CBD 35.7%
Estimate of San Francisco 1985 CBD air traffic . 5.24 million/year

100,850/week
16,808/ day (effective
6-day week)

Assuming an operational day of 0700-2200 (departures until approximately
2100) we may expect a peak hour passenger load of 11% of the daily total, see
Figure D-1, or 1849 passengers/hour. 1If operations are conducted at up to 90%
load factor during the peak hour with airplanes of 100 passenger capacity
capability of handling 20 operations/hour will be needed. It should be noted
that the 5 full day, 2 half day week assumed is only applicable at the CBD site,

Employee and Patron Parking Areas

Freight and maintenance facilities are not anticipated as being included
in the CBD STOLport. On the basis of PSA experience in Sacramento, one employee
will be assumed for each 2900 annual passengers. It is further assumed that 20%
of these employees will take advantage of public transportation and therefore
not require parking facilities. For an average occupancy of 1.3 persons/car,
the required employee parking will be 1110 spaces. '

Because much of the San Francisco CBD traffic originates in the compact
business district, for which public transportation is easily provided, it is
assumed that only 1/2 of the passenger parking spaces recommended by the FAA
for conventional airports will be needed for the STOLport. Based on 16,808
passengers/day, this results in a requirement of 1524 spaces (see Fig. D-10).

At the rate of 158 spaces/acre, this yields a total required parking area
of 16.67 acres.

Terminal Area
Using the FAA estimates of total passenger processing area given in Fig. D-2

and D-3, a peak load of 1849 passengers/hour will necessitate an area of
135,480 ft.2



Runway/Taxiway/Apron Areas

A single 2000-ft runway will be provided with a parallel taxiway. The
runway and taxiway are assumed to be 110 feet and 55 feet wide respectively,
and separated by 280 feet. ’

Assuming that each gate can handle three aircraft/hour, 4 gates will be
needed. The Douglas recommendation of a 135 foot by 175 foot gate and 200 foot
deep ramp result in an apran 335 ft. by 700 ft. Thus, total taxiway and apron
area needed is 375,300 ft.“., Total runway paving area of 220,000 ft.2 will also
be needed. The soil characteristics in the CBD STOLport location are extremely
variable, therefore the exact paving requirements would be highly dependent on
the actual location of the runway. It will be assumed that the thicknesses
derived for the Palo Alto STOLport will be used and no excavation will be accounted
for, Thicknesses will be: surface, 4 inches; base, 9 inches; and sub-base, 19
inches.

Land Acquisition

" In addition to the area required for the taxiway/runway complex, a clear
zone around the strip is also needed. If areas having a height limitation of
30 ft. or less are to be purchased, then the restriction of a 15:1 slope re-
commended by the FAA requires acquisition of a strip of land 450 ft. wide
around the perimeter of the taxiway/runway. Land in this clear zone may be used
for the terminal and parking areas and no additional land need be acquired be-
yond the basic 1345 ft. by 2900 ft. area.

Miscellaneous

Several items of equipment necessary for a STOLport are essentially in-
dependent of passenger load. These include a control tower, instrument landing
system (ILS) and runway lighting. Fire fighting vehicles and communications

facilities are also items of relatively fixed cost.

CBD STOLport Costs (1973)

Millions of Dollars

Land Acquisition: 2
1345 ft. x 2900 ft. at $4.00/ft.“ (based on

reports from San Francisco industrial realtors) 15.602
Runway Paving: 2 2 ) .
surface: 220,000 ft., x 4 in, at $.570/yd_-in .056
base: 220,000 £t.5 x 9 in. at $.171/yd?-in .038
sub-base: 220,000 ft.” x 19 in. at $.085/yd2-in .039
Sub-total .133

Taxiway Paving: 2 . 2
surface: 375,300 ft.2 x 4 in. at $.633/yd>-in .095
base: 375,300 ft., x 9 in. at $.190/yd"sin .072
sub-base: 375,300 ft.” x 19 in. at $.095/yd“-in - .075

Sub-total .242



Terminal Construction: 2
135,480 ft.< at $25.00/ft.

Parking Area Grading and Paving:.
16.67 acres at $6.84/yd?

Miscellaneous:
control tower
ILS
runway lighting
fire equipment .
communications equipment

D-24

Sub-total

TOTAL

Millions of Dollars

3.387
.552

.228
.370
.398
.091
.160
1,247

$21,163
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Abpendix E

Community Impact of Aircraft Noise
The Palo Alto Case

This appendix discusses the community impact of the noise environment resul-
ting from 1985-level STOL operations.

A general discussion of noise and various measurement systems is presented
first. It is followed by a presentation of noise contours and the expected noise
environment levels in terms of NEF (Noise Exposure Forecast) levels for a specific
airport site - Palo Alto Airport. A method for determining the likely number
of residents that will be affected by noise intrusions is then presented using
Palo Alto as a case example.

The procedure which guided this research is diagrammed in Figure E-1 on
the following page.

Noise and Its Measurement

Noise is any sound at the wrong time or the wrong place. The loudness of
sound, the Sound Intensity Level, is measured in decibels (dB), where:

Intensity Level = 10 loglo<rl>
I
o

. . . -12
Io is the standard reference intensity of 10 watts per square meter. Thus
a decibel is a relative unit of measurement; it expresses a relationship between
two sound levels. The standard level, Io’ represents the threshold of hearing.

In general, the human ear does not respond to a doubling of the sound inten-
sity level as a doubling in perceived loudness. Experiments show that in order
for a human to perceive a doubling of loudness, the decibel level of the sound
must increase by 10 dB., A rise in the decibel level of 1 dB is considered to be
the minimum loudness increase detectable by a human, and, then only by direct
comparison.

Since a person does not respond equally to all frequencies in the audible
range, the A-weighted decibel (dBA) scale was developed. Most "common' sounds
are measured on the dBA scale. Sound levels in dBA can be measured directly by
A-yeighted sound level meters. Figure E-2 shows an A-weighted frequency response
curve and gives examples of A-weighted dB levels associated with familiar sounds.

Another subjective characteristic of sound is its capacity to annoy. For
example, a jet engine at a given sound level will be more annoying to most people
than will automobile traffic at the same sound level. This is caused by differences
in the frequency content of the two sound sources. In general, a sound is more
annoying when it has more discrete frequency components., Broad-band noise is less
annoying.
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The Perceived Noise Level (PNL) is an attempt to further weight sound levels

" according to their frequency content and the amplitude of those frequencies. PNL
is used in some studies of aircraft noise. Further improvement is obtained by
taking into account the duration of the sound. The Effective Perceived Noise Level
(EPNL), measured in EPNdB, is equal to the PNL with pure tone and duration ¢or-
rection factors (Ref. 7). The EPNL is commonly used for measurement of jet en-
gine sound levels as it is generally considered a reasonably accurate indicator

of jet engine noisiness (Ref. 9).

The capacity of a given noise to annoy is also affected by the number of
times the sound is heard in a specific time span. Furthermore, a sound of a given
level heard at night is likely to be more annoying than the same sound heard
during the day. This is due to the lower ambient noise levels at night and in-
creased sensitivity to noise (e.g., while attempting to sleep). Therefore,
several noise .level scales have been developed which account for the number of
times aircraft noise is heard and the time of day when it is heard. The Noise
Exposure Forecast (NEF) is one such measure of the noise environment produced
by aircraft operations.

NEF values are calculated from (a) measures of the aircraft flyover noise
in EPNdB, and (b) the average number of flyovers per day (0700 to 2200 hours)
and per night (2200 to 0700 hours). .Each class of aircraft produces different
EPNdB levels and the composite NEF value at any given location near am airport
will represent the super-position of many NEF values, each calculated for a
particular aircraft type, executing a particular operation (take-off, landing,
runup, ground roll), on a particular segment of a particular flight path. For
this specific study, however, we are considering only one aircraft type and an
airport with only one runway. Hence, the NEF calculation is considerably sim-
plified. Reference 2 gives details on the more involved NEF calculations. For
a specific aircraft on a specific flight path:

2

EPNL + 10 log (Nd + 16.7Nn)-88

NEF = Noise Exposure Forecast produced by the specific air-
craft on the specific flight path.

EPNL = Effective Perceived Noise Level of the specific air-
craft on the specific flight path

N, = number of daytime operations

'Nn = number of night-time operations,
Thus, given the EPNL at any given point on the ground and the number of daytime
and night-time operations at that EPNL, one can calculate the NEF at that point.

There is no practical way of relating the degree of annoyance at a given
NEF level to the annoyance felt upon hearing a common sound at a particular dBA
level (such as those given in Figure E-2). However, the EPNdB level of a par-
ticular aircraft may be very roughly converted to the dBA scale by subtracting 13
dB from the EPNdB values, then comparing the result to common sounds given in
Figure E-2. One must then imagine this sound heard overhead as frequently as the

number of aircraft operations per day.
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Despite the number of factors which NEF takes into account in producing a
useful measure of a noise environment, different persons will still be annoyed
to different degrees by the same NEF level (Ref, 6). Different age groups and
persons of different educational levels will respond with different levels of
annoyance -- high income well-educated individuals being prone to greater annoy-
ance, The ambient noise level also has a direct bearing on the annoyance produced
by the intrusion of noise at any given NEF level. People living in suburban
environments are thus more likely to be annoyed by noise than people living in
an already noisy urban environment. The "appropriateness' of a particular noise
is another factor. For example, a man who earns his living in the aircraft
industry is not as likely to be annoyed by a given NEF level as would be a
forest ranger. A later part of this report presents a useful correlation bet-
ween NEF levels and annoyance in human beings, based upon studies done by
TRACOR, Inc. for NASA, Measures of annoyance can then be used as indicators
of community response to aircraft noise.

It should be emphasized that the noise enviromment for communities near
airports is such that ear damage or hearing loss is not a problem. Noise
suppression technology developed to minimize speech and sleep disruption and
to meet annoyance requirements will insure that hearing damage does not occur.

Noise Contours

The noise contour produced by a noise source is the locus of all points
of equal sound intensity measured at ground level. The noise source under
consideration is an aircraft in the process of take-off, landing, and ground
roll (STOL and RTOL aircraft have no runup operation). Based upon engine per-
formance predicted for 1985, Douglas Aircraft Co. has derived a set of noise
contours appropriate to STOL operations. Each Douglas contour is actually a
composite contour of a single aircraft's ground roll, take-off and landing opera-
tions., The use of contours in projecting noise impact and noise annoyance will
be discussed in the context of a specific case setting, a Palo Alto STOLport.

Preliminary traffic estimates indicated that the 1985 level of STOL opera-
tions at the Palo Alto Airport would be 65 take-offs and 65 landings per day
between 0700 and 2200 hours. No night operations were projected.

All take-offs from a Palo Alto STOLport would be towards the northwest.
It follows that the noise contours produced at the northwest end of the runway
(Figures E-3 and E-4) are produced solely by the 65 STOL take-off operations
daily. Similarly, the noise contours produced at the southeast end of the run-
way are produced solely by the 65 STOL landing operations per day. Hence, using
Nd = 65 and Nn = 0 in the NEF equation, the NEF levels corresponding to the

*
various EPNL contours for each aircraft type can be calculated. These are pre-
sented in Figure E-5, NEF values are calculated as the following example
illustrates: :

NEF = EPNL + 10 log(Nd + 16.7 Nn)- 88

with EPNL = 75, N, = 65, and Nn = 0, we have:

d
NEF = 75 + 10 log 65 - 88

NEF = 5

*
It is more common to refer to the total number of daily operations at an air-

port. Hence, these NEF levels correspond to a total of 130 operations per day.
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The Shape of General Aviation Contours. In addition to STOL aircraft in
1985, general aviation aircraft will continue to use Palo Alto airport. Infor-
mation obtained from the Palo Alto tower shows that the number of operations
for 1972 was 186,000. The number of operations for 1985 -has not been determined;
however, an operations rate of 200,000/year will be assumed for this report.

This figure was chosen because Palo Alto plans to limit the future growth of daily
operations and because a rate of operations of 200,000 is readily translatable
into NEF contours as shown later.

Calculation of General Aviation NEF Levels. In order to calculate the most
accurate NEF contours corresponding to 200,000 operations per year, one must
know the aircraft mix and their various flight paths. However, Bolt, Beranek
and Newman, in a study for the Association for Bay Area Governments, have cal-
culated NEF contours for a typical one-runway general aviation airport in the
Bay Area with 200,000 operations yearly (Ref. 2). The Bolt, Beranek and Newman
contours were used to approximate the 1985 general aviation NEF contours for
Palo Alto. Figure E-6 compares the NEF contours for general aviation and STOL
aircraft for 1985. Contours other than NEF 25 and NEF 30 for general aviation
operations are not available. The STOL NEF values are those presented in
Figure E-5.

It is interesting to note that projected 1985 STOL NEF levels for Palo
Alto are actually less than 1985 general aviation NEF levels. The general
aviation contours for 1985 are roughly the same as present (1972) contours
since they were based on 200,000 operations/year -- only a 9% increase above
actual 1972 operations. Thus one can see that 1985 STOL activities will have
less impact on Palo Alto's noise environment than present general aviation
activities. At first glance this is surprising because STOL aircraft will be
somewhat noisier than small propeller aircraft. The anomaly is explained in
the following manner.

The STOL contours are based upon 47,450 operations/year (130 per day),
while the general aviation contours are based upon 200,000 operations/year --
a ratio of about 4:1, Figure E-7 shows that a four-fold increase in number
of operations results in approximately a six-point rise in NEF level. Thus,
if we were to increase the number of STOL operations to 200,000/year, the NEF
25 contour would increase to NEF 31. Then, the NEF 30 STOL contour would lie
outside the NEF 30 general aviation contour, indicating that, for equal numbers
of operations, the noise environment of the airport with:STOL aircraft would
be higher than with propeller aircraft -- as one might expect.

However, even assuming equal numbers of operations, one might expect the

STOL NEF contours to be considerably larger than the propeller NEF contours,
when, in fact, they are only slightly larger. This is explained by the fact

that STOL aircraft, though louder than propeller aircraft, are designed to take-
off and land in much shorter distances than propeller aircraft., More impor-
tantly, their climb and descent are steeper than propeller aircraft; hence, their
increased altitude over a given point on the ground creates greater sound level
attenuation which compensates for the louder noise produced by turbofan engines.
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Fig E-¢ Comparison of General Aviation and STOL contours for 1985
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Determination of Composite NEF Levels. In order to arrive at a set of com-
posite NEF contours showing the NEF levels for all Palo Alto operations in 1985,
it was necessary to superimpose the two sets of contours. By linear interpolation
between the general aviation NEF 25 and NEF 30 contours in Figure E-6, it was
determined that the STOL NEF 25 contour coincides approximately with the general
aviation NEF 28.5 contour. Summing these two contours on a decibel basis results
in a composite of NEF 30: ' :

NEFtotal = 10 log(antilog 2?65 + antilog %%)

]

10 log(700 + 316) = 10 log 1016

NEFtotal = 30.1

Thus, by adding 200,000 general aviation operations per year to the 47,450 STOL
operations per year, the physical location formerly occupied by an NEF 25 STOL
contour is now occupied by an NEF 30 composite contour., Similar calculations
could be performed on the STOL NEF 20, 15, 10 and 5 contours if further general
aviation contours were available. For lack of this data, we will arrive

at a set of NEF contours for 1985 by adding a value of NEF 5 to each of the re-
maining STOL contours. Figure E-8 gives a tabulation of these composite NEF
values associated with each contour plotted on the map of Figures E-3 and E-4,
Naturally, there will be errors associated with this simple procedure of cal-
culating composite NEFs. However, given the relative insensitivity of human
loudness perception to small changes in NEF levels, these errors will not be of
major significance. These errors will be further masked by the factors discussed
on page E-15.

Figure E-9 shows the composite NEF 25 and NEF 30 contours (as calculated above)
compared with the general aviation NEF 25 and NEF 30 contours taken from Figure E-6.
As already noted previously, the present general aviation contours may be considered
the same as the 1985 contours. Thus, Figure E-9 reveals that the addition of
STOL aircraft to Palo Alto airport does not greatly increase the airport noise en-
vironment over levels currently associated with general aviation activities. By
overlaying Figure E-9 on the map of Figures E-3 and E-4 (the scale is identical)
one may compare the community areas affected by present and predicted 1985 opera-
tions between the NEF 25 and NEF 30 contours.

California airport noise regulations require that by 1986 no airport must
subject the surrounding community to a noise level greater than CNEL 65 (Ref, 3).
Though not directly translatable to NEF, Community Noise Equivalent Level (CNEL)
may be considered to be roughly equivalent to NEF + 35 (Ref. 2). Thus CNEL 65
is approximately equivalent to NEF 30. By studying the noise contours of Figures
‘E-3 and E-4 and the NEF values of Figure E-8, one can conclude that the 1985 Palo
Alto airport operation will be well within California regulations.
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Cautions in Use of the Contours, Noise contours do not represent discrete
step changes in noise level; rather, noise level decreases gradually and con-
tinuously from the source. Thus, the contours may be used only as guidelines
in determining where noise of a particular intensity falls, Persons living just
outside the NEF 20 contour, for example, will be subjected to approximately the
same noise intrusion as those just inside the contour. (Remember that a change
of even 3 NEF is just barely detectable.)

NEF values are directly dependent upon aircraft power settings, flight paths,
and percentages of utilization of the different runway directions., Any changes
from predicted or assumed values will alter the position of the NEF contours.

In addition, sound propagated along the ground from aircraft ground roll is
affected by terrain or man made obstructions which cause shielding and reflec-
tions. These factors also confound the precision of NEF estimates.

Sound propagated through the atmosphere from aircraft in flight may change
in intensity even from hour-to-hour due to fluctuations in humidity, temperature
and winds. The presence of wind and temperature gradients above the ground causes
the speed of sound to vary with height., This results in the refraction of the
sound waves, producing, in the case of positive wind gradients, zones of "silence"
upwind (see Figure E-10). Since the speed of sound increases with increasing
temperature, a temperature inversion (common at night) would tend to focus sound
on the ground. The more common condition of temperature decreasing with altitude
tends to produce shadow zones, or zones of "silence'" radially about the source,.

Vertical wind and temperature gradients almost always exist over open level
areas. Generally wind gradients are positive and daytime temperature gradients
are negative. Hence, the focusing of noise levels downwind is a normal occurrence
(Ref. 1). Quantitive values of sound level increases due to wind and temperature
gradients are difficult to determine and are not readily available in acoustical
literature. However, Professor W. C. Reynolds of Stanford University has suggested
an increase from 3 dB to 10 dB due to sound wave focusing downwind. These. figures
should be kept in mind as another example of the deviations to be expected from
the calculated NEF levels,

Community Impact of 1985 Aircraft Operations

The analysis in this section follows the work of TRACOR, Inc. for NASA (Ref.
5). The noise contours in Figures E-3 and E-4 and their associated NEF levels given
in Figure E-8 represent an attempt to identify the physical locations, in the
communities surrounding the airports, where particular airport-caused noise en-
vironment levels are found. However, as mentioned under Noise and Its Measurement
at the beginning of this Appendix, different persons react with different degrees
of annoyance to the same noise environment. Thus, determination of community re-
action to a particular NEF level must be weighted using statistical averages.

TRACOR has conducted extensive studies of community annoyance levels around
seven major and two smaller U.S. airports. TRACOR has defined categories of
annoyance and has determined the proportion of community residents likely to be
"highly" and "moderately" annoyed by each level of noise intrusion. TRACOR sur-
veyed noise-impacted residents in each of nine cities using the annoyance "test"
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Direction and velocuty

a. Effect of a positive win@ gradlient

Sound source ’ :

be Effect of temperature decreasing with altitude

Fig E-10. Effects of wind and temperature gradients
on sound propagation
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shown in Figure E-11. Each respondent answered "yes" or '"no" to each distur-
bance category, then indicated to what degree he was bothered on a scale from
0 to 4, with 0 meaning no annoyance. For scoring purposes, the three "sleep"
categories were averaged and treated as one category. The responses to the

two "TV" categories were also averaged. There were thus nine major categories.
With a maximum score of 5 in each category, the maximum possible score was thuys
45, The following annoyance categories were then assigned to specific ranges
of responses:

Range of Response Annovance Category

21-45 High
10-20 Medium
0-9 Low

As TRACOR points out, these categories were defined rather arbitrarily. However,
in order to be "highly" annoyed, a respondent must have had scores of 3 or higher
in at least 7 out of 9 activities. Describing such a person as "highly annoyed"
seems reasonable (Ref. 5).

The results of the tests are shown in Figures E-12 and E-13. The data from
the "two-city" study represent the results of study of the two smaller airports
(Reno, Nevada and Chattanooga, Tennessee). Those sampled in the smaller cities
were less annoyed at a given NEF level than were those in the larger cities. One
might think that residents of small cities would be more annoyed by noise intrusion
than the residents of large cities since life in a smaller city is generally
quieter and less hectic. TRACOR suggests that the lower number of operations in
the smaller cities contributes to a lower annoyance sensitivity. The consultants
cite a recent Swedish study which found that, in airport areas with less than 70
take-offs per day, the level of annoyance was much lower than elsewhere (Ref. 5).
The other most likely cause of the lower annoyance level at the smaller airports
is a problem in research design. The two-city study was conducted in the late
fall and early winter, while the seven-city study was conducted during the summer.
The summer is -a season of heightened noise sensitivity because many people are
outdoors and leave residence windows open. The seasonal effect has been documented
in other studies, but we cannot conclude with certainty that it was the seasonal
effect which accounts for the lower annoyance levels in the two-city study (Ref. 5).

One might expect a suburban community such as Palo Alto to be more sensitive
to noise than a tourist center such as Reno; however, this cannot be documented
without replicating TRACOR's study in Palo Alto. If one includes general aviation
activities, the number of take-offs per day far exceeds the cutoff figure found
in the Swedish study. Thus, the analysis of community response in this report
will be conducted on the basis of the seven-city data. This is reasonable since
the two-city study may have underestimated the annoyance due to seasonal varia-
tions and because the use of less-conservative annoyance levels avoids underes-
timation of adverse community response.

Quantitative Determination of Community Reaction. The approximate percentage
of the population that will be moderately annoyed can ge determined using the
graph in Figure E-13 and the expression NEF = CNR - 72" which TRACOR deduced from

* CNR (Composite Noise Rating) is another measure of the noise environment produced
by aircraft operations. It is based on the Perceived Noise Level (PNL), and is
given by:

CNR = PNL + 10 1og(Nd + 20 Nn) - 12
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DISTURBED __ BOTHERED __

RELAXING /RESTING INSIDE Yes | No b1234]-
RELAXING OUTSIDE Yes | No . 01234
CHILDREN SLEEPING/NAPPING Yes | -No b 1234
CONVERSATION Yes | No 01234
TELEPHONE CONVERSATION Yes | No | 01234
GOING TO SLEEP : Yes | No 01234
LISTENING TO RECORDS/TAPES Yes | No 01234
LISTENING TO RADIO/TV Yes | No 01234
WATCHING TV Yes | No b1234
LATE SLEEP - ' Yes | No 01234
READING OR CONCENTRATION Yes | No 01234
EATING Yes | No 01234
OTHER Yes | No 01234
NONE Yes

Fig E-11. Annoyance Test (source: Ref 5, p 81)
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Percentage Highly Annoyed
NEF Zone
Seven-City Two-City

15-20 6 3
20-25 14 7
25-30 22 10
30-35 30 ' 14
.35-40 38 - - 1 18
40-45 46 21
45-50 54 ' 25
50-55 : 62 _ .29

Flg E-12, Percentage highly annoyed by NEF 'zong
(source: Ref 5, p 58)
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the seven-city data. The percentage of moderately annoyed residents appears in
Figure E-14, The same procedure is used to determine the percent of highly
annoyed.

In order to determine the numbers of people which reside in each NEF zone,
1970 census block data was analyzed. The approximate number of people residing
in each zone was estimated using the census map and a noise footprint overlay.
By considering the numbers of people highly and moderately annoyed, and by
studying the definitions of these annoyance categories as determined by the
annoyance ''test,'" one can obtain a "feel" for the effect of the 1985 airport
operation on the surrounding human population. The true level of noise annoy-
ance is not susceptible to quantification except in the following respect,
TRACOR has developed a formula that quite accurately predicts the number of com-
plaints from impacted residents. High annoyance was found to be a necessary,
but not sufficient, condition for complaint (Ref. 5). The complaint formula is:

% Complaints = (% Community highly annoyed/14.3)2
where: 7% Community highly annoyed = number highly annoyed x 100

total population in
NEF 15 to NEF 55 zones

The complaints for Palo Alto are presented in Figure E-14,

Sources of Error

Several stages of the procedure used in this study are prone to error.
Other caveats have already been mentioned in the course of the report. It is
possible that the basic estimated STOL noise contours (Figures E-3 and E-4)
may be in error. The contours represent a hoped for level of engine perfor-
mance. The failure to accomplish this optimistic goal could significantly in-
crease the noise impact of STOL and RTOL aircraft.

The projected frequency of operations was based on preliminary estimates
of travel demand. The noise estimates are somewhat inflated in light of the
final estimates of travel demand reported in Section IV (System Analysis Results).

No night-time operations have been assumed; however, unforeseen night opera-
tions would tend to increase noise level calculations. If 16 of Palo Alto's
130 daily STOL operations were at night, the NEF level would rise by 5 units.

The effects of noise propagation through the atmosphere and along the ground
were discussed under Noise Contours(E-5 to E-15). The noise contours of Figures
E-3 and E-4 have been determined for calm atmospheric conditions; hence, depending
upon wind direction, these noise levels will vary.

The determination of the residential population within each contour zone is
an important source of error. Due to the peculiarities of the census block maps,
it was necessary to make educated guesses as to whether certain blocks should be
included or not. Aerial photographs were used to aid in this effort. The
assumption was made that population in the affected areas would not increase by

1985, This was predicated on the fact that most of the residential areas are
already built up and that nearly all Palo Alto Baylands are dedicated to park



as®e) ,0007 =-- 03TV OT®d
asuodsaa Lqrunumod Jo sisdTeuy ‘HI1-4 9I1d

gL 0 = mmm.:.m\oo.m X MW: £ squreTduwod 9
2th = Of JEN 0% T JAN Souoz JAN UT Te3of

A SHNOZ
_ L8 % oleL TIY TVIOL
0 e 0 e 0 0ot - G2 a-da
ﬂ 0 LT 0 T 0 Ge - 02 a-o9
+3]
gh : 1 92 9 A% Og - ST D -4
629 1T 0 0 ges L ST - 0T g-v
.W
QEXONNY THAXONNY TAXONNY TIXONNY ANOZ NI

ATILYIEAOR ATHLVIIAON ANOZ ANOZ

JAHON- FOVINIOHAI ATHOIH ATHOIH SINAATSHY JAN INOINOD
FLYWIXOHAd ¥ ALYAIXOHIAY JEAWNAN FOVINIOGHI J0 HITAN ALISOJNOD
S | ¥ - —




E-23

purposes., However, there are areas in Mountain View, northwest of Moffett Field,
which may experience further residential development,

Finally, the analysis of community response presented in Figure E-14 deter-
mines that, out of 7538 residents in the A-B contour zone, 829 will be moderately
annoyed. However, census data shows that approximately 59% of the residents
in this zone live southeast of the airport in an area close to major noise
sources -- Moffett Field and Bayshore Freeway. It may well be, then, that high
ambient noise levels in these areas will mask the noise environment of the Palo
Alto airport, thus reducing the number of moderately annoyed persons.




10.

11.

12,

13.

1k,

- REFERENCES

Beranek, Ieo L., ed., Noise and Vibration. Control New York: McGraw
Hill, 1971.

. Bolt Beranek and Newman, Aviation Noise Evaluations and Projections,

San Francisco Bay Region, for Regional Alrport Systems Study, Assc.
of . Bay Area Governments, Aug 1971.

California Department of Aeronautics, "Noise Standards,” California
Administrative Code, Chap 9, Title 4 (Register 70, No L8, Nov 28,
1970).

California Department of Public Health, A Report to the 1971 ILegisla-
ture on the Subject of Noise, PllOON65, 1971.

Connor, William K., and Patterson, Harrold P. (TRACOR, Inc.), Community
Reaction to Aircraft Noise Around Smaller City Airports, NASA CR-210L4,
Washington, D.C.: National Aeronautics and Space Administration,

Aug 1972.

Dickerson, David 0., et al, Transportation Noise Pollution: Control
Ang Abatement NASA Contract WGT L7-003-028, Springfield, Va.
National Technlcal Information Service, 1970.

. Federal Aviation Administration, Noise Standards: Aircraft Type Certi-

fication, Federal Aviation Regulations, vol IILI, part 36, Dec 1969.

. Kryter, K.D., "Concept of Perceived Noisiness," Journal of the

Acoustical Society of America, vol 43, No 2.

Langdon, Lawrence E., et al, NASA CR-1710, Washington, D.C.: National
Aeornautics and Space Administration, Dec 1970.

League of Women Voters, Palo Alto Baylands Handbook, undated.

Lu, J.Y., et al, External Impacts of an Interurban Air Transportation
System in the San Francisco Bay Area--Summ ummary Regort Rand Corp.
for NASA October 1972,

Powell, Clemans A, Jr., A Subjective Evaluation of Synthesized STOL
Airplane Noises, NASA TN D-7102, Washington, D.C.: National Aero-
nautics and Space Administration, Jan 1973.

U.S. Department of Housing and Urban Development, ''Noise Abatement
and Control: Departmental Policy, Implementation Responsibilities,
and Standards," Circular 1390.2, Washington, D.C., 4 Aug 1971.

U.S. Environmental Protection Agency, Effects of N01se on Wildlife
and Other Animals, NTID300./, Washington, D. C., 31 Dec . 1971.




E-25

15. » Environmental, Social and Economic Impact of the San
Jose Airport, City of San Jose, Nov 1972.

16. » Open Space Element of the Palo Alto General Plan,
Palo Alto, 5 Apr 1972.




Appendix F

Determination of Airline Fares )
to Achieve a Specified Rate of Return on Investment



DETERMINATION OF AIRLINE FARES
TO ACHIEVE A SPECIFIED RATE OF RETURN ON INVESTMENT

The purpose of this analysis is to demonstrate a method of determining air
fare charges based upon a desired rate of return on ipvestment. Throughout this
analysis, the phrase "rate of return on investment" is used as the rate of
"interest" at which an investment is repaid by an excess in the net cash receipts
over expenses,

The basic problem of determining air fare may be outlined as follows:

An airline company must make some large initial investment to purchase the
new aircraft and all the associated equipment that is neéessarily a part of the
new system. Additionally, fhey have decided that the system will have a life of
twelve years and that each’year the system will have associated with it annual
costs composed of maintenance, operations, and crew salary expenditures. The .
company has a policy that they must have a rate of return on their investment
of 127 after taxes. Experience has shown that at the end of the proposed life
of the system, they can sell-all the equipment for perhaps 10% of the initial
cost. The question then becomes, "how much should the airlines take in each year
in fare" to meet the company'é policy of 12% rate of return,

Before proceeding to answer that question, it is best to illustrate by
way of a few simple examples, the méthod that will be used for the. analysis of
this probleﬁ. |

If a company puts $1000 in a bank and at the end of one year that bank
returned the $1000 + $100 in interest, then clearly the interest earned on
‘that investment by the company is 10%. o -

If the company put $1000 in the bank and at fhe end of each year for ten
years, the bank repaid the company $100 plus $1000 at the end of the tenth year,

then again, the interest is clearly 10%,
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A picture can be drawn schematically of the preceeding example as follows:

1000

KR IAIREE L

1 goe=r0%
/000

From the preceeding exaﬁples,_it can be seen that interest was paid each
year on the amount invested by the company. Where money is invested for a period
of years, the usual business practice is for the interest'to be paid annually or
oftener. For this analysis, it will beiannually. This practice, in effect,
involves compound interest when considered from the viewﬁﬁint of the investor.

It will now be shown how compound interest f;rmulas may be used to handle
problems of a more complex nature.

If P is invested at interest rate i, the interest for the first year is
iP and the total amount at the end of the first year is P + iP = P(l+i). The
second year the interest is iP(l+i) and similarly, the amount at the end of
year two is P(1+i)2. From this argument, there results the well known formula
F = P‘(1+i)n where P is the principal and F is the compound amount at the end of
n year at interest rate 1i.

If A is invested at the end of each year for n years, the total amount at
the end of n years will be the sum of the compound amounts of the individual
investments., The money invested at the end of the first year will earn interest
for (n-1) years and its amount will be A(l+i)n-1; the second years payment will

amount to A(1+i)n-2 and so on. The total amount F is A(;+(1+i) + (1+i)2 + ...

(1+i)n—1) . From this expression, the value of A in terms of F may be simplified

A=F i
(1+i)" -1

A fund established to produce a desired amount at the end of a given period

to:

-

of time by means of a series of payments throughout the period is called a sinking
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| fund. And i is called the sinking fund factor.

(1+i)" -1
To find the uniform ehd of year payments, A, which must be obtained from a
present investment, P, to yield the same amount in n years as investing P at i
% compounded-annually.‘

i =p+)"| - i =P i +i
(1+i)" -1 (1+i)™ -1 (1+i)" -1

.
]
"

This expression is called the capital recovery factor., It is always equal to the
sinking fund factor + interest rate. When multiblied by a present' investment,
it gives the uniform end-of-year returns necessary to reééy the company's in-
vestment in n years with interest rate i. | |
Now consider another example. A company invests $1000 in a project for ten
years at an interest rate of 10%. How much will the company get back at the end
of each year in order to secure that 10% rate of return on éheir investment.
From the above discgssion, it should be clear that by multiplying the
present investment by the capital recovery factor, we will get a uniform end-of-
year return necessary to repay the company's investment in ten years with interest

of 10%2 or A = $1000 i +i| = $1000 (.16275)
Q+i)" -1

A = $162.75/year
Remember, in earlier examples, the company received not only élOO/year
for ten years, but also had the initial investment of $1000 returned at the end
of the tenth year to secure a ten per cent return. In this case, the sum of
.$62.75 invested annually at 10%, compounded-annﬁally, will provide the $1000

original investment,



Returning now to the airline problem, the following list of abbreviations

will be used:

IC = initial cost = total equipment cost

AC = annual cost = yearly cost of maintenance, operations and crew
L = salvage value

f = annual revenue from fares

Dp = Depreciation/year using straight line method

n = system life = 12 years

ROR = rate of return on invesfment =i =12% (affe; taxeé)

Tax rate = 48% of net earnings
Consider an airline company that wants to make some investment (IC) for 12 years
and obtain a return of 12%. Neglecting all other factors of the problem, we
can multiply the IC by the capital recovery factor torfind the uniform end-
of-year returns necessary to repay the airline's IC at 12%. These yearly
returns will be the money that the company gets from fares for passenger

tickets. Hence, fare/year = + if = .1614 IC

Now, consider the fact that in addition to the company's IC they also have
to pay out annually an AC for each of the 12 years. ~Hence, the fare or net end
of year receipts must be increased by AC to keep their ROR at 127% or fare/year =
.1614 IC + AC,

A cash flow diagram can be drawn of what has been presented thus far:

fo. 10094 LC+AC
oo J2YRS ¢+ o oo oo

'

< ac

ik-!—-—-divﬁs
KR

ROR = /ZZ
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We have neglected thus far the salvage value, L, of the investment after
12 years. Since the value of L will exist after 12 years, the amount of net
income the company must collect each year may be reduced by the annual amount
néeded, at 12%, to accumulate this value, L, after 12 years.

Thus the amount needed in 12 years = IC (1+i)n - L and the annual income, A,

A= Jic+i)® - L i ]
a+i)" -1
= Ic(+i)" i - L i
(1+i)" -1 (1+i)" -1
- 1wl +i] - 4 ]
IGTE0 s L (1+1)" -1

Adding the annual operating cost,

o —
A= IC : i + E - L i ;]+ AC

L(1+i)n -1 L (1+i)" -

so that at 12% and 12 years: A = ,1614 IC + AC - .0415 L

We now have a cash flow diagram as follows:

¢ e
bid

Ae ¢ we
'4
z | RorR= 127

It is interesting to note the similarity between this cash flow diagram

and the one presented in the initial example on page 2 for a ROR = 10%.



The diagram above can be reduced to show only the net cash flows:

L

1 1 L /2 vie 1‘:-’“"1"-0‘”“.

1 ‘ /(oc:/zz
([

Finally the company must consider the effect of taxes that must be paid

each year on the net revenue as well as the effect that depreciation has on
taxes, Obviously, whatever amount the company pays out in taxes each year must
be offset by increasing the fare by that same amount to keep their ROR at 127%.

In computing the effect of taxes on the revenue from the airline's invest-
ment and hence, the amount that the fare must be increased, an important fact
must be taken into consideration. Cash flows are what matter. Book deprecia-
tion is irrelevant except as it affects taxes. This is demonstrated in the
following way. |

First, the depreciation/year by the straight line method is:

D = IC-L
P 12 years

Dp/year = ,0833 IC - .0833 L

Thus, the government allows the airline to treat the depreciation, Dp’ as
a yearly loss deductible from their net revenue. After this deduction is made,
the airline must pay 48% of their net revenue/year for taxes.
To cover taxes:
Fare = .1614 IC + AC - .0415 L + Tax
Tax = (Fare - AC - Dp) .48
= (.1614 IC + AC - .0415 L + Tax - AC - .0833 IC + .0833 L) .48
= (.0781 IC + .0418 L + Tax) .48
Tax = .0375 IC + .0201 L + .48 Tax
.52 Tax = ,0375 IC + .0201 L

Tax = .0722 IC + .0385 L



]

Then Fare/year = .1614 IC + AC - .0415 L + .0722'IC + .0385 L

Fare/year = .2336 IC - .0030 L + AC

(

If we consider this equation to apply to each aircraft, and let:

N = number of seats per airplane

1f

load factor (average)

<l
]

block speed

block time for a trip of distance, d

3
]

TOC total operating cost per seat ride

.2336 IC + AC - .003 L
N N N

Fare/seat/year

]

1 (.2336) IC + AC__ - .003 L

Fare/pass/year
: 1 N “1feN 1feN

Hh

Fare/pass/mile = _1 _ 1 (.2336 IC) + AC - .003 L

1
VBU 1f N VBU'lf'N VBU'lfON

but, since depreciatidn life = 12 years

AC + IC-L = (TOC) (VZU)
N 12N '
so that
AC = (TOC) (VgU) - IC-L
N 12N
Therefore:
Fare/pass/mile = .2336 IC - ,003 L + TOC-VBaU - (IC - L
= 2336 IC_+ TOC - .0883 IC + ,0833 L _ - .003 L
VB'U'lf'N 1f VB‘U'1f°N VBfU‘lf°N VB-U'lf'N

= .1503 IC + .0803 L _ + TOC
Vg UeLEN  V U-lEN  1f

Fare/pass/trip = (d) .1503 IC + (d) .0803 L + (d) TOC
Vg U-LE°N Vg UelEN  T1f:

(1) This assumes that each aircraft produces the same rate of return. For the
relatively simple commuter system considered here, with all segments having
nearly the same range, this is reasonable., In a larger system, making each
segment pay its own share leads to rather high fares at very short ranges.
These fares are often reduced, in effect subsidizing the short ranges, by
higher fares at long range.
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Fare/pass/trip = Ty (.1503) IC . T, (.0803) L  TOC:d
Us1f«N U*l£<N 1f

Fares are sometimes estimated by applying a "profit factor," pf, to total

operating cost, namely Fare/passenger trip = pf e cost per trip.

Then:
Fare/pass trip = pfe TOCed = TB (.1503) IC + TOC-d + TB (.0803) L
1£ UelfeN 1£ Us1lf*N
pf =1+ B (.1503) IC 1 + TB (.0803) L 1
T N TOC+d. T N TOC+d

For a typical case where:

. d = 350 statute miles

TOC = 3.25 cents/seat/statute mile
N = 150 seats

IC = $15.34 x 106

TB = 0,94 hours

3,000 hours/year.
then pf = 1.424 to achieve a 12%, after tax, discounted cash flow return

on investment.

Also, if we define ROR as the effective interest rate each year based on
the total initial cost, and count depreciation as an expense, recovering each

year the prorated portion. of the investment, then:

Total expenses = AC + Dp

Fare/year

AC +D + (ROR IC) 1
P (1 - Tax rate)

For 127 and 12 years life, and 487% tax rate:

Fare/year = AC + IC-L + (.12) IC
12 1 - .48

AC + .0833 IC - ,0833 L + .231 IC

.3143 IC - ,0833 L + AC

This is about 157 higher than obtained by the present value method.



F-10

The discounted cash flow fare equation, with an appropriate change of
constants, can be applied to any desired rate of return and system life.
For purposes of‘th'is analysis, constants.'A and B, as seen in the equation
below, have been computed for after-tax rates of return of 6%, 8%, 10% and
127 and a system life of 12 years.

Thus:

Fare/pass/trip = T, (&) IC + T, (B) L + TOCed

UelfeN Us1lfe N 1f
A B
6% .0692 .0460
8% .0948 .03586
10% .1219 .0701

12% .1503 .0803
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Variable Names for Systems Analysis Program

Name in Name in

Flow Chart Program Explanation of Function

K K ' Weighting factor for modal split
equation

Y G ' Exponent for modal split equation

A AROI Constant (depending upon ROI) for
fare calculation ‘

U U Yearly Utilization (hours) of A/C

ST ST Dollar value of time

S0P ' SOP Out-of-pocket expenses ($)

"IN NMIN : Minimum allowable frequency

lfMAX LFMAX Maximum allowable load factor

CPFINAL M . Number of airport pairs in system

N N . Size (Number of seats) of A/C

NINCR NINCR Increment in A/C size

NFINAL NFINAL Final allowable A/C size

Q Q Initial assumed production quantity
of A/C

$IC SICB ‘ Initial cost of base A/C (400 Q,

BASE

150 N) ,

c ‘ 0.215 ~ Constant in block time equation

e © 0.00416 Constant in block time equation

FLAG ' FLAG ' Flag to signify termination of
production quantity

CP L Airport pair identifier

d ] DIST(L) ) Distance between airport pairs

DTOTAL DTOT (L) - Total round trips by all modes for

each route



Name in

Flow Chart

DOCQ

DOC

I0C

TOC

$ICN

$1CQ

$1C

FARE

G-4

Name ‘in

Program
TA(L)

DAIR
NF

LF

DOCD
A0
Al

A2

A3

DOCN

DOCQ

- DOC

I0C

TOC

SICN

SICQ

SIC
TB

FARE .

Egplanation of Function

Access time for each route

Total round trips by air for
each route

Frequency of departures from
Bay Area airports

Load factor on air trips

Component of DOC that is a func-
tion of distance

Constant in DOCd equation

Constant in DOCd equation

Constant in DOCd equation

Constant in DOCd equation

Component of DOC that is a func-
tion of plane size

Component of DOC that is a
function of quantity

Direct Operating Cost (cents/
statute mile)

Indirect Operating Cost (cents/
statute mile)

Total Operating Cost ($/statute

mile)

Component of Initial Cost of
A/C that is a function of size

Component of Initial Cost of

A/C that is a function of quantity

Initial cost of given A/C
Block time of air trip

Fare for air trip



Name in
Flow Chart

Ty

a
b
SAUTO

H

# pass./auto

AVG

NEW

X

y
$SYSTEM

# A/C TOT

PASS-ML
# A/C

" $TOTAL

PASS-MI TOT

$/PASS -MI

# A/C MFG

Name in

Program
™

300
.625

SAUTO

NPPA

1.17
VAVG

DNEW

2.025
0.0021

S5YS
ACTOT

PM
NAC

STOT
PMTOT
SPPM

ACMFG

Explanation of Function

Waiting time for air trip
Constant in IOC equation
Constant in IOC equation
Auto costs for trip on ground
Constant in $AUTO equation

Number of passengers assumed to
be in auto

Constant in $AUTO equation
AverageAvelocity of auto

New generated number of round
trips by air

Constant in # pass/auto equation
Constant in # pass/auto equation

Total cost of air travel, all
trips, all routes

Number of A/C required to cover
system

Trips times distance per route
Numbér of A/C on a route

Total cost of air travel, all

" trips, per route

Total passenger-miles, all trips,
all routes

Cost of air travel per passenger
mile weighted average, all routes

Production Quantity for world
market. for one A/C manufacturer



Name in
Flow Chart

J

TR

TRSYSTEM

FARETOT

FARESYSTEM

AVG SAIR/TRIP

AVG FARE SYSTEM

G-6

Name in
Program

J

TR
TRSYS
FTOT
FSYS

ASAT

AFS

Explanation of Function

Percentage of world A/C market to
California market, per manufacturer

Number of trips, onc¢ way, per route

‘Number of trips, one way, all routes

~ Total air fare, all trips, per route

Total air fare, all trips, all routes

Average air cost per trip in entire
system

Average air fare in entire system
¥
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Systems Analysis Computer Program Listing

SHUATELY .

C MFMOIRY SPACE TS SAVED FPF JNDEXED AIRPORT-PAIR PARAMETERS

19 DIMENSION JISTI20),3T0OT(20),TA{20),S0P(20)

C APO2APRIATE FNRMS NOF. VASTABLES ARE DEFIMED (REAL CR IMTECER)
11 FC_AL KQI_FMAngFyLFyIO‘C’NPPAQ,"I!.\CQJ

12 IMNTEGER 0

C UMCHANGING RASTC PARAMETFRS ARE READ IN

20 READ (5421) KyG g AR g U NMEN, LEMAX ST oMy Ny NINCK HFINAL,Q,SECB
21 FORMAT (4F1L0444110+2F10.4/5116,E10,3)

30 READ (5,31) VAVG,yJ,H,A0,AL,A2,A3

31 FORMAT (4F10.4,2F10,.3)

C AIRPPORT-PAIR PARAMETERS, TDFNTITIED AY THE INDEX IN BRACKETS, ARE
C PEAD [N AMD STORED IN APRAYS

40 DO 60 T=1M .

50. READ (5,51) DIST(I),ODTAT(I),TA(T),S3P(1)

51 FORMAT (4F10.0)

A9 CONTINUE ‘

C THE BASIC PARAYMETERS ARE PRINTED QUT

70 WRITE (6,71) K,GyARTT yU,NMIMN,LFEMAX, ST yMyNaNINCR,NFINALyG»STCR,
- 1A0, A1 ,A2,A3,VAVG,J,H

71 FORMAT (/9/ 4/ 9/ 3/ 319%," ALRLINE OPERATICONS PRCGRAMY 3/ 4/ 4/ 13X,

1'* A/C SIZE SELECTINON, FARES, SYSTEM COSTSYy/9s/9/ s/

125X, 2000 FTe. RUNWAY ' /s /y/ s/,

1" BASIC PARAMETERS-',/,/,' K=',F10. Z,SX, GAMA=',F10.2,5X,
1Y AROI=? ,F10.s44/4" U=",F10.1,5X,

L* N=MIN=7,110,5Xy? LF-MAX=',F1l0425/5" $TIME="FLD.2,5Xy
1' NDO. OF PORTPATRS=*,110,/,* N-SIZE=',110,5X,

1Y N=THCR="',110,5X,* N-FINAL=%,110,/,* QUANTITY=!,110,5X,
1" $TC-BASF=t,F10.3,/y"' AO=',F10.4,5X,

LY AL=',F10.345%X," A2=',£10.3,5X,! A3="E10 3)/1v

1' AUTO V-AVG=',F10.295Xy " J='3F10e295Xy " H=',FlOa2y/4/)
C THE CURRENTLY ASSUMED PLAME STZE IS PRINTED COUT
80 WRITE (6481) N
81 FORMAT (/y/+/+/+TXs' PLANE SIZE=',110)

C THE FLAG CONTYRRLLING THE PRINTING OF PORT-PAIR QUAMTITIES IS

C INTITIALIZED TO Z€ERC

250 FLAG=0

C VARIABLES REPRESENTING TOTAL SYSTEM QUANTITIES ARE INITIALIZED TC ZERO

260  SSYS=0

270 ACTOT=0

280  PMTOT=0

290  TRSYS=0

100  FSYS=0

C THE CALCULATICNS FOR THIS PLANE SIZE ARE STARTED WITH PGRT—PAIR

¢ NO. 1 (L)

320 . L=1

C THE AIR DEMAND IS FIRST GIVEN THE ARBITRARY VALUE OF 1/2 THE TCTAL
C NDATLY NEMAND

- 330 NDAIR=0. S*DTOT(L)/730

£ A COUNTER M1 IS INITIALIZED TO ZERO TO COUNT THE NO. OF ITERATICNS
€ GONE THROUGH FOR THE MODAL SPLIT GF THIS PORT—PAIR
N1=0
€ THE NO. NF FLIGHTS IS CALCULATED WITH THE CURRENT DAIR
340  NF=DAIP/{LFMAXEN) _
C THESE STATEMENTS SET NF TO THE NEXT HIGHER INTEGER IF THE
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€ FRACTIANAL PART rs SREATFR THAN .0%. OTHERWISE THE FRACTICN
. IS DRNPPED
350 IF((VF-INT(NF)).LF .0.05) G0 TC 380
350 NF= INT(NF+1) :
379 GO T 390
380 Nf-= INT(NF) . .
C NE 15 COMPARED TN THE MINIMUM ALLDWED NO. OF FLIGHTS. IF IT 1S
. GREATER THAN MMIN, THE NEXT STEPS ARE JUMPED :
390 [F (NF.GT.MMIN) GD TO 410
C TF NP IS LESS THAN NMIM, IT IS SET TO NMIN, AND THE LJAD FACTGR
C IS CALCULATFEN
400 NF=NMIM

LF=DAIR/(NF%N)
1F THE LOAD FACTOR IS GREATER THAN .35 WITH NF=NMIN, WE JUMP
THE MEXT STEPS AMD CONTINUE WITH THE PROGRAM

[F {(LF.0T.0.3%) G TO 411 _
OTHERWISE, [F LF IS LESS THAN .35, Wt SET NF, LF, FARE, - DCC, [QC,
$1C, %AIR, DAIR, TB, AND TW FCR THIS PORT-PAIR T0O ZERQ (I.E.
NN SERVICE), AND THE PROGRAM GOES ON TO THE MEXT PAIR, IF ANY

NF=0

LF=0

FARE=D

NNC=0

I1nC=

51C=0

SAIR=0

DNFW=0

© T8=0

TW=0 .

GO TO 670
C THE PRNGRAM COMES HERE I[F NF IS GREATER THAN NMIN, AND THE LOAD
C FACTOR IS FOUND :
410 LFE=DAIR/ (NF%N)
C WITH THE NF AND LF SO FRUMD, AND WITH THE APPROPRIATE INDEXED
. C PNPT-PAIR PARAMETERS, THE DOC, 1OC, TB, TOC, $IC, FARE, ThW,
C NPPA, $AUTO, AND $AIR ARE CALCULATED
411 DOCD=AD+AI%DISTIL)+A2ED ISTIL ) t%2+A3%DIST(L) %%3
412 DACN=3.354-3,T11E~22%N+1.G97F-04%=N%®%2 -3, TOLE-OT%*N%¥%*3
413 DNCQ=1,429-.001801%0+2.234E-06%0%%2-1.,031E-09%Q**3
420  DOC=DOCDEDNCNENNCH
430 roc LF*{300/DIST(L)+.625)
440 B=4215+.002087%DISTIL)
460 Toc-(nnc+xnc’/1oo
461 SICN=,.37001+.00419972%N-2,99775E~ os*w**z+1 9954 5E-08%N%%3
462 SICQ=2.93016—-,00469533%0+¢,59019E-06%Q%%2~-3, 30456E~09*Q**3
470 SIC=SICR%SICN*SICO
480  FARE=ARQI#TBAS[C/(UXLFEN)+TOC*DIST(L)/LF
490 TW=14/{ 4%NF )
500  MPPA=2,025+.0C21%DIST(L)
510 SAUTO={1.175DISTLL)I*(ST/VAVG+H/NPPA)
C THIS NEXT EQUATTICGN CHFCKS IF THE GROUND TRAVEL TIME IS MORE THAN
C 9 HOURS. IF SO, $10.1S ADDED TO $AUTO .
"511 IF ((1.17%DIST(L)/VAVG).GT.9) SAUTO=SAUTC+10.
520 SAIR=FARE+SOP(L)+STx{TALL)+TB+T W}
C THIS EQUATION ALLOHS THE PROGRAM T SKIP QUT OF THE MODAL SPLIT LCCP
C IF 15 ITERATIONS HAVE PASS WITHOUT DAIR AND DNEW CONVERGING

IF (N1.GT.15) G0 T 570

C DNEW 1S CALCULATED FROM THE MODAL SPLIT EQUATION
530 ONEN=DTAT(L )/ ( (L4 {(SATR/{KASAUTN} )%%G }2730)
C THE COUNTER [S INCREMENTED BY ONE TN SHOW 1 MORE ITERATION

lalgl

aNeNe!
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N1=M1+1
C IFf DNEW AMD DATR COMVERGES TN WITHIN 7 PERCENT, THE PORT-PAIR
C CALCULATIONS ARFE ASSUMED COMPLETE AMD WE JUMP OUT OF THE MULDAL SPLIT
540 IF {{ARS{DNEY-DATF)/DNERW)JLELOL.02) GO TO 570
C HERPE WE CHECK FOR 15 [TERATIONS HAVING GOME THROUGH. [F NCT, CAIR
C 1S SET TO DMFEW AND WE JUMP BACK FOR ANOTHER GO. IF YESe WE SET CAIR TU
C 1/2 DF DAIR AND THE NEWLY CALCULATED DNEW, AND GU BACK TG CBTAIN THE
C FIMAL QUANTITIES FOR THTS PORT-PATIR. THEN WE EXIT THE MEDAL SPLIT LOCP
[F (N1.GT.15) GO TO 565 ’
550 DAIR= DNFW
960 G0N TO 340
565 DAIR={DAIR+DOMNEW)/ 2.
GO TO 340
C AFTER COMPLETING THE MODAL SPLIT FOR THIS PORT-PAIR, WE CCME HERE AND
C WITH THE CALCULATED QUANTITIES WE COMPUTE NAC, $TCT, PM, TR, ANC FTCT
C FNR THIS PAIR. THEY ARE THEN ADBDED TO THE RESPECTIVE TOTAL-SYSTENM VARTADL
570 NAC=2% TR:NF%365/0
530 ACTOT=ACTNT +NAC
590 STNT=2%SATR*DNEW
600 SSYS=SSYS+STOT
£10 PM=2&NINEWXDTST(L)
£20 PMTOT=PMTOT+PM
530 TR=2%DONEW
640 TRSYS=TRSYS+TR
650 FINT=FARE%TR
660 FSYS=FSYS+FTOT
C WE CHECK IF THE FLAG IS ZERQO. IF NOT THEN THE QUANTITIES FOR THIS PUGRY-
C PATR ARE PRINTED OUT, OTHERWISE THESE STEPS ARE SKIPPED
670 IF (FLAG.EQ.0.0) GO TO 770
680 WRITE (6,690) LyDISTIL)DTOT(L),SOP(L)NF,4LF,FARE,DCC,INC,SIC,
1SATR,SAUTN,CAIR,TA(L),TB,Th,NPPA
690 FORMAT (/4/+/+" AIRPORT PAIR NDL',I104/4/4" AIR DISTANCE=*,F10.2,
15Xy " TOTAL OEMAND (YEARLY 1-WAY TRIPS)=',EL12.5,5Xy! $TF=",F10.24/,
1" NG. NF DALY DEPARTURES=',F10,1,5Xs*' LOAD FACTOOR='",F10.3+5X,
1' $FARE=",F10.2,5X%X,y! DLC( }=',F10.24/4' ICC{ )=',FL0.2,5X,
1* $TC=1,E12.5,5X,!' SAIR=',F10.245X,* BAUTO=',FLO.2,/y
1* ATR DEMAND (DATLY RCUNDTRIPS)='",F10.24+5X, -
1* ACCESS TlME=’,F10.2,5X,‘.BLOCK TIME=",F10.2,/+"' WALT TIME=",
1F10.2,5X,' PASS/AUTO=',F1l0.2) . ’
C WE CHECK [F PORT—-PATRS HAVE BEEMN EXHAUSTED. IF NOT, GO TUO MNEXT PAIR
C AND RETURN TO MODAL SPLIT LOOP )
770 If {(L.EQ.M) GO TO 800
780" L=L+1
790 GO TO 330
C ALL PORT-PAIRS NOW THROUGH MOCAL SPLIT LOOP AND HAVE OwWN CALCULATED
C QUANTITIES., TOTAL-SYSTEM VARTABLES ALSO CONTAIN FINAL VALUES (SUM
C OF ALL INDIVIDUAL PORT-PAIR VALUES). THE ACMFG IS FCUND FRGM THE
C ACTOT AND COMPARFED TO INITTALLY ASSUMED Q.
800 ACMFG=J*ACTOT
810 IF ((A3S{ACMF5-0Q)/Q).LE.0.05) GO TO 850
C IF N0 CONVERGEMCE OF ACMFG AND Q, SET Q 7O ACMFG AND RETURN TO MODAL
C SPLIT LOOP STARTING WITH FIRSY PORT-~PAIR :
-820 D=ACMFG
840 GO TO 260
C HOWFVER, IF ACMFG AND Q CONVERGE TQ .05, CHECK IF FLAG HAS BEEN SET TO
C 1. IF NOT, WE SET IT 7O 1 AND RETURN TO MIODAL SPLIT LOGP? STARTING WITH
C FIRST PNRT-PAIR. THE RESET FLAG WILL THEN CAUSE PRINTING CF PURT-PAIR
C QUANTITIES, IF FLAG IS ALREADY 1, THE SYSTEM IS COMPLETE
850 IF {FLAG.EN.1.0) GO TO 890 '
860 FLAG=1
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830 - G0 TO 260
€ WF CNME HFERE FIMALLY TO CALCULATE &PPM, ASAT, AND AFS FGP THE WHOLF
C SYSTFEM AMND PRIMT THESE
890  SPPM=SSYS/PMTQT
900  ASAT=SSYS/TPSYS |
910  AFS=FSYS/TRSYS
920  WRITE (6,930) SSYS,SPPM, ACUFG,ACTOT ,ASAT JAFS, TRSYS
930  FORMAT (/,/4/s" $SYSTEM=0,E12.5,5X,' $/PASS “I=1,F104s4,7/,
1" NO« A/C MF53=0,F10.1,5X," NO. A/C SYSTEM=',FLl0.1,/,
1' AVG SAIR/TRIP=',F10.2,5X,' AVG $FARE SYSTEM=',i10.2,
1/,¢ NJ. OF TRIOS SYSTEM=1,F10.14/,/)
€ NOW WE CHECK [F FINAL PLANE SIZE IS REACHED. IF NGT, WE INCREMENT
C THE SIZE AND GO THROUGH WHOLE PRUCEDURE AGAIN, STARTIMG WITH ThE
C STATEMENT THAT PRINTS THE SIZE ‘
970 IF (N.EQ.NFINAL) GO TO 2009
980  N=M+NINCR . :
990 GO TO 80

2000 STOP
EMD
$NATA
.82 3.5 . 1503 3000. 2 - .65 6e
20 100 © 10 200 200 17.4E06
A0, 6e «05  T.311-2.977E-02 £.311E-05-4.616E-08
380 3773770 .831 4,96 " :
361 1584590 +B856 5.01
- 342 1975498 © .893 5.13
363 1298544 T .902 5.1l
379 1731901 . 969 5437
347 2432198 «772 4483
329 1021228 «797 4,88
309 1273159 . +834 5.00
331 836879 . 843 4.98 -
346 1116165 510 5.24 . .
363 6026930 . 722 . 4,68
" 344 2530681 T G747 4,73
327 3154987 784 4 .85
348 2074851 - .793 4,83
364 2765946 .860 . 5.09
358 2372939 .650 . 4.54%
339 996387 " 675 4,59
321 1242189 .712 4,71
342 815522 .121 4,69
358 1089015 .788 4.95
t$STOP o

/%
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APPENDIX H

STOLport Impact:
Two Brochures Used In Community Presentation

fof

~ Hayward and Palo Alto -



THE COMMUNITY IMPACTS OF A NEW AVIATION CONCEPT:
A CASE STUDY IN HAYWARD, CALIFORNIA

An Excerpt from
A Study being prepared
» for the
National Aeronautics and Space Administration

by
, David W. Jones

and
Richard S. Shevell

Stanford University



I. STOL -- A New Aircraft Technology

As the Bay Area's three metropolitan airports become more crowded, time
delays will become a significant factor in the passenger cost of short-haul
trips between San Francisco and Los Angeles. Already many travelers are spend-
ing more time on freeways and in airport tefminals than in the air between
the Bay Area and Los Angeles.

In responsé to this problem, aircraft manufacturers are considering the
development of a new breed of jet aircraft capable of using short runways
located close to downtown areas. This next generation of aircraft are called
STOL's -- shorthand for Short Take-Off and Landing. In order to operate near
downtown areas, STOL's would be designed to meet strict noise standards and to
climb rapidly to minimize the hazards and annoyance causéd by aircraft flyovers.

Aircraft manufacturers and airlines are currently examining whether STOL
service between Los Angeles and the Bay Area would make sense in economic terms.

But it is equally important to learn whether the public would favor the
development of STOLports. Would the citizens of Hayward, for example, favor
the expansion of the city's existing general aviation airport to accomodate
STOL operations?

II. Community Reaction

Community reaction to a commercial aviation proposal is likely to depend
on how local citizens and community policymakers view and weigh the relative
importance of the economic, envirommental and social impacts of airport develop-

ment and aircraft operations.
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On the benefit side of the STOLport equation are:

Air travel convenience;

New employment opportunity;

New income, payroll and economic activity;

. New property and purchases which contribute to the
community's tax base.

Lo

On the negative side of the STOLport equation are a number of social and
envirommental costs which technology can minimize but not eliminate. These

include:

Noise pollution;

Air pollution; X

Impact of airport construction of the terrestrial ecology;

Increases in local ground traffic;

Increased population and development pressure -- the other
side of the employment-opportunity coin.

. .

nPPwn =

I1I. The Hayward Case Study

A research team from Stanford UniVersity has examined the magnitude of
the social, enviroﬁmental énd economic impacts which would be likely to occur
if ﬁayward expanded its municipal air terminal to provide commercial-STOL ser-
vice between the Bay Area and Los Angeles.

The Stanford study is not a planning stﬁdy or a development proposal. The
impact analysis is not an Envirommental Impact Statement. Rather, it is a pre-
liminary analysis to determine whether a new aircraft technology and a new
airport location concept are acceptable to community residents. Hayward and
five other Bay Area communities were chosen for a test of public reaction to
the STOLport concept.

The Stanford research team used both traditional and innovative methods
to arrive at assessments of STOL impacts which have been collected in a docu-

ment of almost 200 pages. You are reading a capsule summary of the findings.



IV. The Bénefits of a Hayward STOLport

Passenger convenience. By 1985, Alameda County will generate approximately

2.2 million passenger trips to and from Los Angeies each year. Seventeen to 20
daiiy STOL flights to each of 5 or 6 airports in the Los Angeles area are feasible
in terms of this market demand and would provide frequent and convenient service
10 minutes from Hayward's downtown area.

Employment Opportunity. A Hayward STOLport would be a major local employer --

providing employment for approximately 625 people. Airport development would
also sfimulate employment in closely related sectors of the economf -- hotel ser-
vices, govermment and retail trade. The total increase in employmgnt due to the
introduction of STOL service is estimated at 1300 jobs. Short-term demand for
construction work would employ another 1000.

New Payroll and Income. New financial investments infused in a region and
recycled through the local economy create what economists refer to as a "multi-
plier effect," The new income --'payroll, visitor expenditures and local pur-
chases -- recycled through the East Bay economy and focused in Hayward due to
STOLport development is estimated at $41.5 million per year. Of this amount, $6
million would be due to STOLport payroll,$4.5 million to loéal_purchases by the
airport, $9 million in visitor-expenditures.and almost $1 million in local
tax payments.

Land Use and Tax Base Impacts. STOLport employment would stimulate develop-

ment activity in the East Bay and increase the area's tax base. It is estimated
that airport and airport related employment will create a demand for the develop-
ment of 180 acres of new housing and 20 acres of commercial property.

Property owners, renters and commercial establishments owing their liveli-

hood to airport and airport-related employment would contribute to East Bay tax

revenues in the following annual magnitudes:



New Property Taxes: Approximately $725,000

New Sales Tax Revenues: Approximately $200,000

V. The Social and Envirommental Costs of STQOLport Development

The Airport Setting:

Hayward Air Terminal is located west of the Nimitz Freeway near Saﬁ Fran-
cisco Bay.

The air terminal is bounded on the east by Hesperian Boulévard -- an area
characterized by strip commercial development intermixed with single-family
housing. . The neighborhood which extends east from Hesperian to the Nimitz is
part of Hayward's extremely limited supply of low-to-moderate income housing.
Some parts of the neighborhood are declining to conditions of blight.

The airport is bounded on the north by a golf course which provides a
buffer zone between the airport and the San Lorenzo neighborhood known as the Vil-
lage. San Lorenzo Village is a stable middle income residential area; more
than two-thirds of its residents have lived in the neighborhood for more than
five years, The airport currently receives noise complaints from San Lorenzo
homeowners when the airport is used by the Air National Guard and the airport's
lone jet client.

The airport is bounded on the south by the Cabot, Cabot and Forbes Indus-
trial Park, a trailer park, ; school, and another moderate income residential
area. Hayward's Chabot College is located several miles soﬁtheast of the-airport,

The airport is bounded on the west by the C,C & F Industrial Park, the
city's refuse disposal site, aﬁd vacant bayland. The bayland area is zoned for
indqstrial use bgt the city Planning Department is currently exaﬁining the

possibility of rezoning flood plain areas for recreation and open space uses.
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Aircraft Noise--Its Impact on Residential Areas. The extent to which

community residents are annoyed by aircraft noise depends on both the loudness
and frequency of airplane overflights.

Although STOL aircraft are powered by turbofan engines, they will produce
only a fraction of the noise and noise annoyance associated with conventional
jet airliners. STOL noise reduction is due to both engine design and the air-
craft's ability to climb quickly and steeply away from populated areas.

If a Hayward STOLport generated the projected 130 flights per day, approxi-
mately 27,000 residents of Hayward and San Lorenzo would live within hearing
distance of STOL flight patterns. Of these approximately 27,000 people, about
755 would be very annoyed by noise intrusions while watching television, lis-
tening to the radio, or while talking over the telephone or in face-to-face con-
versation. Some 30 residents would be sufficiently annoyed by aircraft operations
to register complaints--a judgmeﬂé based on home location and carefully calibrated
noise contours.

The number of people who would experience given levels of aircraft noise

is expressed below in terms of a familiar loudness equivalent:

Residents A Loudness Equivalent Noise Level in E?NdB
326 A fast freight train 90-95 EPNdB
at 100' away
1709 A Freeway 50' away 85-90 EPNdB
7568 Vacuum cleaner in the 80-85 EPNdB-

same room




Aircraft Noise -- Its Impact .on Non-Residential Areas

Schools, libraries, medical facilities and wilderness recreation areas are
particularly sensitive to aircraft noise intrusion., In Hayward, a number of
schools would be affected by aircraft noise below critical tolerance levels for
schools but still sufficiently loud to cause some classroom distraction. Projected

noise levels, the affected schools and a familiar loudness equivalent are shown

below:
Noise Level ‘ School A Loudness Eguivalent

80-85 EPNdB - ‘Longwood A vacuum cleaner in the
Winton Grove same room .
Russell

75-80 EPNdB Del Rey A BART train at full

: Linda Vista speed 100 feet away

Bohannon
Sunset
Mohrland

St. Joachim
Other areas prone to noise intrusion would be Longwood Park and thg
Hayward Baylands. Noise in the Bayiand area would be objectionable only if
the city decides to preserve the tidal flats for wilderness-style recreation
purposes -- hiking, nature observatidn and ;he like. Aircraft noise would
not seriously disturb the tideland wildlife population; it would be likely
to conflict with open-space recreation uses similar to those at Coyote Hills

Park,

Air Pollution. STOL aircraft will be designed to minimize the emission of

- toxic air pollution. Despite advances in engine technology, STOL emissions
should be examined carefully in areas which currently experience episodes of
serious air pollution. The Bay Area Air Pollution Control District rates Hayward

as a moderate-to-severe air pollution zome.
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Aircraft pollution has some of the characteristics of both stationary and
mobile emission sources. . Approximagely two-thirds of the pollutants from STOL-
port activities would be emitted within the airport boundaries., In this sense,
the airport's pollution impact would be similar to that of an industrial polluter.
The remaining third of the pollution tonnage would be emitted by the aircraft
in flight. These emissions would be distributed over a large area and dilluted
by diffusion.

Thus, the major pollution problem associated with airport expansion is the
ground-level pollution which results from aircraft take-off and taxiing, from
fuel handling and from vehicle traffic. These operations create a.pollution
hot spot in the immediate airport vicinity.

The pollution tonnage that would result from STOL operations would accouﬁt
for less than 1% of the total pollutants emitted in Alameda County. However,
in the airport vicinity, pollution standards for nitrogen 6xide_wou1d be regularly
exceéded, Nitrogen oxide combines with hydrocarbons to produce the eye-smarting,
visibility-reducing,;photocﬁemical smog prevalent in Los Arngeles, Both state and
Federal agencies are considering revising nitrogen oxide standafds in light of new
evidence which indicates that the current standards are unnecessarily restrictive.

The STOLport's daily contribution to localized pollution levels can be
expressed in terms of automobile equivalents for each species of aircraft

pollutant.

Emissions in the immediate airport vicinity would reach the following daily

totals:
Particulate matter: .33 tons = 682,000 car miles
Carbon monoxide: 3.4 tons = 50,000 car miles
_ Nitrogen oxide: A .8 tomns = 125,000 car miles

Hydrocarbons: .8 tons 64,000 car miles
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Ground Access and Traffic Congestion., STOLport passengers would be likely

to approach the airport using Hesperian Avenue, A Street‘and Winton Avenue,
Each of these boulevards is currently at or near capacity during the morning
and evening rush hour periods. The STOLport would generate approximately 600
additional vehicles during rush hour, doubling current congestion levefé and
straining these arterials well beyond capacity.

Effective airport access would require:

- widening of arterial links between the airport and the Nimitz
Freeway

and/or - the construction of a bay front arterial to service the airport
from the west,

Neither strategy would completely resolve ‘the problem of through-traffic
in residential areas east of Hesperian. Neither strategy would completely
relieve the problem which neighborhood residents would encounter in using

these arterials for shopping and parking purposes.

The Impact of Airport Construction

It is anticipated tﬁat the construction necessary to upgrade H;yward's
terminal facilities, runway, apron areas, and parking lots would not significantly
disrupt general'aviation operations, It would be necessary to repave the airport
taxiways and build a new passenger terminal. However, bécause'the existing run-

‘ways and apron areas are sufficiently strong for STOL use there would be no need

to discontinue general aviation operations during construction.
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VI. Financing Airport DeVelopment

The capital improvement program necessary to convert Hayward
Airport to a commercial STOL facility would be partially financed through
the federal Airport Development Trust Fund., Under trust fund procedures, the
federal govermment would share 507 of development costs. The local share--
the remaining 50%--would be financed through special purpose revenue bonds.
Airport revenues--lgnding and rental fees, parking fees and fuel sales--
would be sufficient to service the debt and retire the airport bonds after

30 years.
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THEvCOMMUNITY IMPACTS OF A NEW AVIATION CONCEPT:
A CASE -STUDY IN PALO ALTO, CALIFORNIA
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I. STOL--A New Aircraft Technology

As the Bay Area's three metropolitan airports become more crowded, time
dglays will become a significant factor in the passenger cost of short-haul
trips between San Francisco and Los Angeles. Already many travelers are spend-
ing more time on freeways and in airport terminals than in the air between
the Bay Area and Los Angeles,

In response to this problem, aircraft manufacturers are considering the
development of a new breed of jet aircraft capable of using short runways
located close to downtown areas. This next generation of aircraft are called
STOL's--shorthand for Short Take-Off and Landing. 1In order to operate near
downtown areas, STOL's would be designed t@ meet strict noise standards and to
climb rapidly to minimize the hazards and annoyance caused by aircraft flyovers.

Aircraft manufacturers and airlines are currently examiniﬁg whether STOL
service between Los Angeles and the Bay Area would make sense in economic terms.

But it is equally important to learn whether the public would favor the
development of STOLports. Would the citizens of Palo Alto, for example, favor

the expansion of the city's existing general aviation airport to accomodate

STOL operations?

JI. Community Reaction

Community reaction to a STOLport proposal is likely to depend on how local
citizens and community policymakers view the relative importance of the economic,
envirommental and social impacts of airport development and aircraft operatioms.

On the benefit side of the STOLport equation are:

1. Air travel convenience.
2. New employment opportunity.




-
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3. New income, payroll and economic activity,

4. New property and purchases which contribute to the
community's tax base.

5. The elimination of existing airport deficits.

On the negative side of the STOLport equation are a number of social and
environmental costs which technology can minimize but not eliminate. These
include:

Noise pollution.

Air pollution,

Impact of airport construction on the terrestrial ecology.
Increases in local ground traffic.

Increased population and development pressure--the other side
of the employment-opportunity coin.

.

LV wnpe=
.

III. The Palo Alto Case Study

A research team from Stanford University has examined the magnitude of
the social, environmental and economic impacts which would be likely to occur
if Palo Alto expanded its municipal airport to provide commercial STOL service
to Los Angeles.

The Stanford study is not a planning study or a developmént proposal. The
impact analysis is not an Environmental Impact Statement, Rather, it is a
preliminary analysis to determine whether a new aircraft technology and a new
airport location concept are acceptable-to community residents., Palo Alto
and five other Bay Area communities were chosen for a test of public reaction
to the STOLport concept.

The Stanford research team used bbth traditional and innovative methods
to arrive at.assessments of STOL impacts which have been col}ected in a docu-

ment of almost 200 pages. You are reading a capsule summary of the- findings.

IV, The Benefits of a Palo Alto STOLport

Passenger convenience. By 1985, the Mid-Peninsula area will generate

approximately 2.9 million passenger trips to and from Los Angeles each year.
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Eight to ten daily STOL flights to each of 5 or 6 airports in the Los Angeles
area are feasible in terms of this market demand and would provide frequent
and convenient service 10 minutes from Palo Alto's downtown area.

Employment Opportunity. A Palo Alto STOLport would be a major local em-

ployer--providing employment for approximately 970 people., Airport development
would also stimulate employmenf in closely related sectors of the economy--
hotel services, government and retail trade. The total increase in employment
due to the introduction of STOL service is estimated at 2500 jobs. Short-term
demand for construction work would employ another 1075,

New Payroll and Income. New financial investments infused in a community

and recycled through the local economy create what economists refer to as a
"multiplier effect." The new income -- payroll, visitor expenditures and local
purchases -- recycled through the mid-Peninsula economy due to STOLport develop-
ment is estimated at $30 million per year. Of this amount, $9 million would

be due to STOLport .payroll alone.

Land Use and Tax Base Impacts. STOLport employment would stimulate develop-
ment activity in the Mid-Peninsula and increase éhe area's tax base., It is
estimated fhat airport and airport related employment will create a demand for
the development of 350 acres of new housing and 37 acres of commercial property.

Property owners, renters and commercial establishments owing'their 1i§e1i-
hood to airport and airport-related employment would contribute to mid-Peninsula
tax revenues in the following annual magnitudes:

New Property Taxes: Approximately $1.4 million
New Sales Tax Revenues: Approximately $.4 million

Current Airport Deficits. The commercial airline providing STOL service

to Palo Alto would pay user fees sufficient to operate the airport on a break-
even basis. This would erase the annual deficit of $23,000 which Sénta Clara

County incurs in operating the existing general aviation facility.
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V. The Social and Environmental Costs of STOLport Development

The Airport Setting. Palo Alto Municipal Airport is located on the edge
of San Francisco Bay at the boundary between San Mateo and Santa Clara Counties,
Physical facilities in the immediate airport environs include Palo Alto's sewage
treatment plant, a yacht harbor, golf course, nature interpretation center and
a solid waste disposal site which will be converted to park use by 1985.

The marshland habitat near the present airport is a significant wildlife
sanctuary that is compatible with limited recreation activities such as hiking
and bicycling., Palo Alto's current Bayland policies emphasize "maintaining
natural ecological processes and preserving one of the last remnants of wetland
in the San Francisco Bay Area as a wildlife preserve." The conservation element
of the City's general plan states:

Recent public awareness of the delicate, but vital, écological
importance of the Baylands and related mudflats and waters has
led to a re-examination of past policies and goals for the Bay-
lands. Therefore the current emphasis is upon retention and
preservation of the natural areas remaining in the Baylands,

and allowing recreation activities only when they are compatlble
with these higher priority conservation goals,

The Palo Alto airport is bounded on the north by a low-incame residential
area--the predominantly black community of East Palo Alto. The noise and air
pollution impacts of STOL operations must be examined with particular care in
light of the limited housing alternmatives available to East Palo Alto residents
due to both racial discrimination and the cost of housing on the mid-Peninsula,

STOLport employment must be weighed as a countervailing benefit to the jobless

in East Palo Alto.

Aircraft Noise--Its Impact on Residential Areas. The extent to which

community residents are annoyed by aircraft noise depends on both the loudness

and frequency of airplane overflights.
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Although STOL aircraft are powered by turbofan engines, they will produce only
a fraction of the noise and noise annoyance associated with conventional jet
airliners. STOL noise reduction is due to both engine design and the aircraft's
ability to climb quickly and steeply away from populated areas.

If a Palo Alto STOLport were developed to a projected maximum of 130
flights per day, approximately 3400 people--all residents of East Palo Alto--
would live within hearing distance of STOL flight patterns. Of these 3400
people, about 300 would be moderately annoyed by noise intrusions while watching
television, listening to the radio, or while talking over the telephone or in
face-to-face conversation. Only 20 people are expected to be sufficiently
annoyed by aircraft operations to register complaints--a judgement based on
home location and carefully calibrated noise contours.

At no point in the airport's expansion would noise over residential areas
excede 85 EPNdB. For comparative purposes, this means that:

1. The loudest STOL noise audible to residents relaxing
outdoors would be slightly louder than a vacuum cleaner
and one half as loud as the sound of a BART train
passing 50 feet away at 70 miles per hour. This noise
level would be experienced 65 times daily by residents
on the southernmost rim of East Palo Alto.

2, Each STOL operation would be only slightly noisier than
the propeller-driven planes which currently use Palo
Alto airport.

3. At its loudest, the combined noise associated with STOL
and general aviation activities would be considerably
lower than the noise level at which the law requires
noise insulation in new residential construction.

4, The maximum noise levels experienced in East Palo Alto
would be one-eighth as loud as those experienced by

residents living nearest litigation-plagued Los Angeles
International Airport.
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5. No households in East Palo Alto would experience noise
levels which excede the maximum noise levels for con-
struction equipment recently adopted by the City of
Palo Alto. At its loudest STOL noise would be one
half as loud as the maximum allowable levels for con-
struction equipment in Palo Alto.

Aircraft Noise--Its Impact on Bavland Open Space Resources. The impact

of noise on open space activities--human recreation and biotic processes--is
an area of scientific inquiry typified by conspicuous neglect, The noise
tolerances of wildlife and the noise annoyance thresholds associated with
recreation activities such as yachting, golfing and hiking are poorly under-
stood. |

However, it seems reaéonable to expect that the mostvsevere noise annoyance
would be registered by people who desire to use the Baylands for relaxation ‘
or solitary revery--respites from the rapid pace of life in the jet age.

The following chart shows expected noise levels at several bayland loca-

tions, a familiar 10udness‘eqﬁiva1ent and the number of pe0p1e that would be

impacted by the combined noise from STOL and general aviation aircraft,

Location Loudness An Equivalent Number Impacted
Palo Alto 90 EPNdB Freeway noise 400 Yachts by
Yacht Club fifty feet away 1980.

Duck Pond 90 EPNdB Freeway noise 20 people observed
And Lagoon fifty feet away during one weekday

lunch hour.

Some parts of TUp to - Southern Pacific 100,000 rounds of
Municipal - 95 EPNdB train from 100 golf per year,

Golf Course feet

Flood Basin 85 EPNdB Vacuum cleaner Hikers, dog trainers
Trail Area in same room and future bicyclists

in unknown numbers.

If preliminary Environmental Protection Agency data is accurate, noise
will have little impact on marshland wildlife. The extent to which aircraft

noise would conflict with the City's stated goal in increasing the density
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and diversity of marshland wildlife sbecies seems likely to be small.

Air Pollutionm. STOL.#ircraft will be designed to minimize the emission of
toxic air pollution, Despite advances in engine technology, STOL emissions
should be examined carefully in areas which currently experience episodes of
serious air pollution. The Bay Area Air Pollution Control District rates the
mid-Peninsula as a moderate-to-severe air pollution zone.

Aircraft pollution is similar to automobile pollution in the sense that
the emission source is mobile; this means thét aircraft emissions are distributed
over a large area and their impact dilluted by diffusion. On the other hand,
airport activities including fuel handling and ground traffic create a pollution
"hot spot" in the immediate airport vicinity.

In the context of present air pollution levels in Santa Clara County, STOL

operations would represent a small fraction of the whole:

Particulates: 363 1lbs. daily .5 % of daily county emissions by weight
Organics: © 363 1bs. daily .05 %
Nitrogen Oxides: 2178 lbs, daily .6 7%
Sulfur Oxides: 172 1bs, daily .2 %

Carbon Monoxide: 1420 1lbs, daily .06 %

A meaningful analysis of pollution impact must include the location, con-
centration and diffusion of STOL emissions. Palo Alto STOLport operations can
most accurately be compared to the volume and dispersion of pollutants which
result from automobile travel on the Bayshore Freeway between Menlo Park and
San Jose, a 15 mile corridor with the same alignment as STOL aircraft would
use in approaching Palo Alto airport. The introduction of STOL operations
at Palo Alto combined with reduced freeway travel to San Francisco Airport
would have a net impact on air quality equivalent tc the following changes

in today's daily traffic on the Bayshore Freeway:
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Particulate matter 26% increase in daily freeway traffic -
: between San Jose and Menlo Park.
Organics _ 2% decrease in freeway traffic.
Nitrogen oxides 13% increase in freeway traffic.
Sulfur oxides 547 increase in freeway traffic.r
Carbon monoxide 2% decrease in freeway traffic.

There would also be a small but concentrated increase in air pollution
levels near the airport facility. This localized pollution impact would re-
sult from ground traffic, jet rev-up, and aircraft fueling. The volume of
emissions would be equivalent to an additional 15% increase in ﬁayshore traffic
between the University and Embarcadero Exits.

Displacement and Other Terrestrial Impacts of Airport Construction. The

present Palo Alto'airport éannot accomodate commercial STOL service without

the construction of additional parking and terminal facilities, an enlarged

apron area, and a more durable runway. Expansion of the airport to its maximum

2,9 million passenger capacity per year would require the acquisition of 35

acres of the 185 acre golf course adjoining the existing airport facility.
Reconstruction of the existing runway would be necessary to bear the weight

of STOL aircraft. Runway reconstruction would require excavating to a depth

of six feet and replacement of the unstable foundation materials which support

the existing runway. This excavation and construction would have the following

impacts:

1. General aviation flights would have to be discontinued
for a period of approximately one year.

Aircraft/auto equivalents are based on emission levels for automobiles
currently on the road and the expected performance of STOL aircraft. As
an absolute number, the tonnage of aircraft pollution emissions will
decline with improvements in technology. As a percentage of all trans-
portation emissions, aircraft pollution tonnage will increase due to
more rapid progress in automobile emission controls. 1In terms of 1976
emission standards, for example, the Nitrogen oxide equivalent of Palo
Alto STOL operations would be a freeway traffic increase of 1887%.

#

The high percentage increase is partially accounted for by the small per-
centage of sulfur in automobile fuel,




2. The disposal of excavation spoils would compound Palo
Alto's current dilemma over the disposal of yacht
harbor dredging spoils.

3. With precautionary engineering measures, runway excavation
and construction would not result in any fouling of ad-
jacent waterways or the estuarine habitat.

Increased Local Ground Traffic. It is estimated that 680 vehicles would
arrive and depart from a Palo Alto STOLport during peak hour periods. Embar-
cadero Avenue east of the Bayshore freeway would have to be widened to a four-
lane divided highway with access controls and favorable signal timing.

Airport development would not increase traffic in residential areas, The
widening of Embarcadero east of Bayshore would not create a barrier which
impedes the movement of either pedestrian or wvehicular cross-traffic.

Population Growth and Development Pressure. Airport and airport-related

employment would create a demand for approximately 2000 units of moderate income
housing. Because undeveloped land is scarce in the Mid-Peninsula, STOLport
development would bolster market pressures for the conversion of older residen-
tial areas to apartment densities.

Most STOLport employees would be unable to afford the cost of housing
in Palo Alto. Airport development could therefore create a fundamental equity
issue: Palo Alto benefiting from new commercial tax base while neighboring
Mountain View and Sunnyvale are forced to cope with the burden of providing
public services such as parks and schools for the airport's work force and
their families. Federal Impact Aid--compensation to school districts which
must educate the children of employees who work at tax-exempt federal installa-
tions--is not awarded in the case of civilian airport employment,

The disparity of home-location and job-location would aggravate the

problems of freeway congestion which are caused by Palo Alto's status as major

employment importer.
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VI. Financing Airport Development

The capifal improvement program necessary to convert Paio Alto
Airport to a commercial STOL facility would be partially financed through
the federal Airport Development Trust Fund. Under trust fund procedures, the
federal government would share 507% of development costs. The loéal share--
the remaining 50%--would be financed through special purpose revenue bonds.
Airport revenues--landing and rental fees, parking fees and fuel sales--
would be sufficient to service the debt and retire the aifport Sonds after

30 years.




