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APPENDIX A: INITIAL STUDY 
City and County of San Francisco Department of City Planning 

NOTICE THAT AN 
ENVIRONMENTAL IMPACT REPORT 
IS DETERMINED TO BE REQUIRED 

Date .of this Notice: August 11, 1989 

Lead Agency: C1ty and County of San Francisco. Department of City Planning 
450 McAllister Street • 6th Floor, San Franc;sco, CA 94102 

Agency Contact Person: Barbara w. Sahm Telephone: (415) 558·6378 

Project Title: 86.683E: San Francisco Internat;ona1 Airport Master Plan 

Project Sponsor: San Francisco 
International Airport 

Project Contact Person: John Costas 

Project Address: San Francisco International Airport 

City and County: San Francisco 

Project Description: The project would be the San Francisco International 
A;rport- {SFlA) Master Plan. The proposed SFIA Master Plan would be a 
physical/management design plan focusing on the accomnodation of facilities .__ 
through the development of improved land use and circulation patterns for all 
airport-owned lands e~cluding the undeveloped west of Bayshore site. Principal 
projects considered 1n the SFIA Master Plan include: 1) new International 
ienninal, 2) transportation/trans1t center. 3) consol;aation of cargo 
fac11ities. 4) consolidation of administrative facilities, 5) overall 
circulation sy~tem. 6) hotel/conmercial/airport support development on airport 
lands, 7) cansoHdation of airline maintenance and administrative facilities. 

THIS P~OJECT MAY HAVE A SIGNIFICANT EFFECT ON THE ENVIRONMENT AND AN 
ENVIRONMENTAL IMPACT REPORT IS REQUIRED. This determination is based upon the 
criteria of the-Guidelines of the State S~cretary for Resources. Section 15063 
(Initial Study), 15064 (Determining Significant Effect), and 15065 (Mandatory 
findings cf Significance), and the following reasons, as documented in the 
Environmental Evaluation (Initial Study) for the project, which is attached. 

Deadline for Filing of an Appeal of this Determination to the City Planning 
Commission: August 21, 1989. An appeal requires: 1) a letter. specifying the 
grounds for the appeal, ano; 2) a i1s.oo filing fee. 

if a:l d421d- 10-;;,&;'///. 
bc1 e w. 5~hm, • Environmenta Review Officer 

SEMl74 
•~n u~1IM'lt SftilM" Sen Francitc0,"C;a-M"¢f 1... 



Proposed San Francisco International Airport Master Plan 
lni ti al Study 

Case {J 86. 683£ 

I. PllOJECT DESCRIPTION 

Project Location 

/The 2 ,400·acre San Francisco International Airport (SFIA) 1• t:he pri!lcipal 
commercial air passenger and cargo facility in the Bay Area. handling 
approximately 30 million annual passengers. Although located on unincorporated 
land within San Mateo Co~ty, the airport is owned by die C1.ty and Count:y of 
San Francisco. 

vSFIA is surrounded by the City of South San Francisco to the north; the Cities 
of San .Bruno and Millbrae to the west; the City of Millbrae 'Co the south: and 
San Francisco .Bay to the east. (See Figure 1.) 

/The airport land is traversed near the Western perimeter by U.S. Hi&hway 101 
(Bayshore Freeway). Most of the land west of the freeway remains undeveloped. 
In add1 tion, approximately 80 acres east of the freeway are undeveloped. The 
airport complex, including runways. passenger facilities, and airline 
1Daintenance facilities. occupiH the larger area east of the Bayshcre Fx-eeway. 
Approximately 260 acres of airport land remain undeveloped. The majori 1:y of 
t:his acreage, appro:dmauly 180 acres lies in the area west of 'the Bayshore 
Freeway. 

P;o3ect pescription 

The forecast of aviation activity at SFIA estimates that by 1991 the volume of 
'P&Uengers using SFIA will be 36 million annually. and by the ye~.06........i t._ 
~ll increase to 51. 3 cillion passengers annually, 1 ln order to accommoda'Ce ·; 

( tbe expec'ted growth in aviation activity at SFIA, the Airpor'Ca Commission has'. 
·l proposed preparation of a SFIA Master Plan. The Plan will be a blueprin~ for 

the use of airport. lands in the short·term (5 years) and long-term (20 years). 
The proposed SFIA Master Plan will involve land use reconfiguration and 
consolidation of facilides at SFIA. The- proposed SFIA Master Plan will be a 
physical/manageJ11ent design plan focusing on the accommodation of f•cilicies 
through the developl.llent of improved land use and circulation pattenis for all 
airport-owned lands excluding the undeveloped Vest of layshore aite. 

The Five-Year Capital Projects Plan will provide funding for the improvement 
of the infrastructure et the airport and cons'truc'tion of new facilities ~o 
accommodate expected growth in aviation activi'ty at SFIA. The Five-Year 

1 Forecast of Aviation Activity at SFlA was p-repared by Thompson 
Consultant:• International for 1:he San Francisco Airports Commission 
and is found in the SFIA Master Plan Working Paper "A" (1987). 

A.l 
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Capital Plan which is u.p«Uted and approved by the Airport Commission annually, 
will reflec't additional capital 1mprovel'lents ner;:euary to implemant the. SFIA 
.Ha1ter Plan if the SFIA Master flan is approved. 

The size and specific locations of the developments that_ would occur as a 
reault of the SFIA Kaster Plan have been identified as near term (to 1996) and 
long term (to 2006) projects and are described in SFIA Mas't.er Plan Vorking 
Paper B, Daniel, .Kann, Johnson, and Mendenhall (DMJM), Ju.ne 1988. The 
principal projects considered in che SFIA Has't.er Plan include: 

1. New International Terminal. 
2. Transportation/transit center at SFIA. 
3. Consolidation of eargo facilities. 
4. Consolidation of airport administrative facilities. 
S. Overall circulation system. 
6. Hotel/commercial/airport support development on airport lands. 
7. Consolidation of airline maintenance and administrative 

facilities. 

II. StllOWlY OF POTENTIAL ENVIRONMENTAL EFFECTS 

A. EFFECTS FOUNI> TO BE POTENTIALLY SIGNIFICANT 

The proposed SFIA Master Plan b examined in this Initial Study to identify 
potential effects on the enviroMent. Effects that have been detarmined to be 
pot.entially significant and '7111 be analyzed in an environmental impact report 
include: transportation, noise, relationship of the proposed SFIA K&s~er Plan 
to and its effects on adjacent land uses, population and housing, ·air quali'ty, 
p1.lblic services and utilities, hazardous materials, cultural resources and 
energy. 

I. EFFECTS FOUND TO IE INSIGNIFICANT 

The following potential impacts were determined eit.her to be insignificant or 
mitigated throuah measures included as part of the project. These items 
require no further analy1i1 in the ElR: 

Vhual: All J)rojects identified in the SFlA Master Plan vould be located east 
of the Bayshore Freeway. The project area is separated from neighboring 
population centers by 'the Freeway. the Sies't of lay shore open apace 1 and the 
Peninsula Commute Service tracks. The nev facilities would be ccn.stn&cted 
uiong existing Airport a'tructures and be •u.bject: to FAA height reatriccions. 
No public open apace exiacs on Airport Commission land east of the layshore 
Freeway. 

liplpgy: 'fh• lles't of layshore open space area owned by the Airport Commission 
ls 'the habitat of the San Francisco garter snake. an endangered 1pecies. This 
open space area has been excluded from SFIA Master Plan development. 
Addi tlonally, t.he lay shoreline would not be affected by SFIA de\'dopment: 
since the current runway confipzration will be retained in the SFIA Kaster 
Plan. hcau.se open •paces and Jay shoreline would not be affected by SFlA 
Master Plan development, biological effects require no further analysis. 

A.3 



1'Il. ENVIRONMENTAL !VALUATION CHECKLIST 

A. COMPATIBILITY WITH EXISTING ZONING AND Pl.ANS 

1) Discuss any variances, special 
authorizations, or changes proposed to the 
Cicy Planning Code or Zoning Map. 

2) Discuss any conflicts with any other adopta 
t~d environmental plans and goals of the 
City or Region. 

Surrounding Jurisdictions 

Not 
Applicable Dissu11sd 

...L 

..L 

The airport 1• su.rrounded by the Clty of South San Francisco to the north; the 
Cities of San Bruno and Millbrae to the 1Jest; the Ci~ of Millbrae to the 
south; and the San Francisco Bay to the east. (See Figure 1.) The area 
north of the airport is within the City of South San Francisco and it is zoned 
as industrial. Lands adjacent to the airport and within San Bruno and 
Millbrae are zoned lov to medium residential. 

Airport Land Vse Commission (ALUC) 

The Al.UC. •stablished by State mandate. has authority to specify how land near 
SFIA is to be used 'based on safety and noise considera.tions. -C:l.1::1.H affect.ed 
by SFIA noise and safety consider•tions, and thus guided by the ALUC Airport 
Land Use Plan (Al-UP). are: lrisbane, South San Francisco. Daly City. Colma, 
San Bruno, Millbrae, Burlingame, San Mateo. Foster City, H111•borough, and 
Pacifica. The ALUP sets height restrictions for uew constructions, and 
stand.Ards for buildings near the airport, including soundproofing requires 
ments. Although ALUC has no authority over SFIA operations, it reviews any 
aubstantlve change in development plans aade by the San Franci•co Airports 
Commission.2 Specifically, in addition to preparation, adoption and imple· 
•ent.ation of the airport land use plan for airport environs, cbe San Mateo. 
Counry AlllC has a role in •onitoring progress on implementation of 
recD111D1endations of the Airport. Land Use Pl•'="· AUJC's COllUllUTlit:y perspective 
and intergovernmental organization place the Committee in an excellent 
position to Danit.or co11munitles to ensure the AU.JP is iapleaented and to work 
cooperatively with the SFIA t.o reduce adverse effects of che Airport. on its 
neighbors. 

Residential land uses are considered more noise-sensitive than c0111111ercial or 
industrial uses. Around the airport, AU.JC policy allows residential 
development without noise insulation in areas up to 6S CNEL. In areas 65 to 
70 CNEl. 1 noise insulation.is required. 

Compatibility of ~e propoaed project with •urrounding land u.s••· zoning, and 
public policies of the surrounding jurisdiction vill be dlacu.saed in ~e-Ell. 

~ 

Z •Airport Land Use Plan." R.egional Planning Committee. Sar- Mateo 
County, 'age II 1·15, 1981. 

A.4 

L. 

L_ 
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Federal A-viation Administration (FAA) 

The FM regulates aviation noise and flight operational proeedur11 (including 
aviation safety). Increase in projected aviation activity at SFIA could 
generate noiae levels that exceed FM standards. FAA policy on noise exposure 
and aviation ••fety will be discussed in t.he £IR. 

Regional and Local Plans 

lfstrqpol Jt•n Tr•n•pornt!on Comrntnion <MIC> ind AnocS.at:ion of Bay &rea 
c;overnment;s CABAG): t>eveloped a Regional Airpon Plan which allocates 
future volWJ1es of air passengers to the three regional airports (San 
Francisco, Oakland and San Jose). 3 SFIA is expected ~o exceed i ta 
allocated volume of passengers. 

Bay ConurvaUpn Development Cpmmiu ion C!CDC>: The project is also 
.subject to !CDC permits because it. is located on t.he waterfront, lt is 
therefore required to respond to BC.DC policies. . . 
l•n Mateo Coµpty: Although located on unincorporated land in San Kauo 
Count:y, the airport h owned by 'the City and Couney- of San Francisco and 
it therefore is not directly subject to land use regulations of San 
Mateo County. SFIA b classified' as a special urban area In the San 
Mateo County General Plan. 

The EIR. vill provide a dbcu.ssion cf /the proposed SFIA Kaster Plan as it 
relates to these regional plans and their policies. · 

B. ENVIRONMENTAL EFFECTS • Could the project: 

1) Land Use 

•) Disrupt or divide the physical arran· 
gement of an established community? 

Have any substantial impact upon the 
existing character cf the vicinity? 

m m 
.L 

_x_ 

p1scusss:n 

..L 

...l... 

The proposed SFIA Master Plan 11 a physical/management design plan that 
foc1.1Se1 on the accommodat.ion of facilities chrough 'the development cf land use 
and circulation patterns for all airport•owned lands. Land use recommend•· 
tions emanating from the proposed SFlA Master Plan would be limited to airport 
lands, and as •uch, there vould be no disruption or division of any 
established co•uni't)'. The projac't'• relationship to surroundins land uses 
v111 be discussed in the ElR. 

3 •Regional Airporc Plan,• ABAG/MTC, 1980. 
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2) Visual Quall ty 

•) 

b) 

c) 

Have a substantial, demonstrable 
ne1ative aesthetic effect? 

Substantially degrade or obstruct any 
scenic view or vista now observed 
from public •reas? 

Generate obtrusive light or 1lare 
•ubstantially impacting other 
properties? 

m 1iQ DlScuSSED 

i. i 

-1... -L 

,_L .JL 

The residential subdivisions of Belle•Air (in San Bruno), Marino Vista Park 
and. Bayside Manor (in Millbrae) are adjacent to the currently vacant West of 
Bayahore site. Since the proposed Master Plan does not include ~he West of 
••yahore area, the S~IA Master Plan would not generate visual impacts that 
would affect che aforementioned residential areas. The project area is 
••parated from nei1nboring population centers by the Freeway, the ~est of 
Bayshore open apace. and the Peninsula Coamaute Service tracks. The new 
facilities vould be constructed among existing Airport structure• and be 
subject to FAA height restrictions. No public open space &xis ts on Airport 
Commission land east of the Bayshore Freeway. As • result.· the EIR will not 
discuss potential visual effects and mitigation aeasures. 

3) Population 

•) Induce substantial growth or 
concentration of population? 

b) Displace a large number of 
people (involving either 
housing or employment)? 

c) Create a substantial demand for 
additional housing in San 
.Francisco, or substant!ally 
reduce the housing supply? 

Ill IQ DIScpSS&D 

..L ..L ..L 

~ 

...L 

The 350 firms and organizations operating at the airport employ about 31,000 
persons, .uking SFIA the lar1e1t employer in the county. Employee residences 
are distributed throughout the Bay Area vith 381 residing in •an Mateo County, 
23% residing in San Francisco, 131 residing in Alameda County, and 101 
residing in Santa Clara Coun~. The other 161 live in other counties in the 
Bay Ar••·' 

4 Airports Commission, SFIA, Economic Impact of San Francisco 
International Airport, 1987. 
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Aa lndicat:ed above. SFIA employees reside throughout 'the nine countie• Ln che 
lay Area. The project would not be expected to create • deaand for h~using in 
excess of market supply capacity. However, because of d\e expected increase 
in employment at SFIA and because job/housing balance is a regional concern, 
population and hou.dns impacts vUl be discussed in the EIR. Additionally, 
'the !IR will discuss employment as it relaces to employee comaute patterns and 
potential impacts on traffic. 

4) Transportation/Circulation 

a) 

b) 

c) 

d) 

Cause an increase in traffic which is 
•ubstantial in relation to the · 
existin& traffic load and capacity of 
the street aystem? 

Interfere vith existing 
transportation systems. causin& 
substantial alterations to 
circulation patterns or major traffic 
ha%ards? 

Cause a substantial increase in . 
transit demand which cannot be 
accommodated by existing or proposed 
transit capacity? 

Cause a substantial increase in 
parking demand ~hich cannot be 
accolllJllodated by existing p·arking 
facilities? 

m m p1sc:uuin 

...L. ~ -L 

...L -

..L .i 

...L. 

Increase in employment and airport operations could potentially increase 
demand on existing transportation systems. Jn particular, the construc:t1on of 
a new International Terminal and Transportation Center. includiug related 
access ramps. could change 'the existing circulation system. 

A1rpor't traf fie contributes to congestion on the lays bore Freeway and local 
arterial roads near the airport. Airport·related traffic acc:ounts for 251 of 
the traffic on layshore Freeway 1 and 20 to 40% of traffic on Old Bayshore 
Highway, Millbrae Avenue, and San lruno Avenue :ln the vicini~ of the 
airport. 5 In addition, the growth in air freight operations has ruul ted in 
aore truck traffic to and from the airport. 5 Truck traffic from Sin Francisco 
Jntemational Airport comprises about 151 of the truck traffic on the Bay shore 
Freeway in the vicinity of the airpor't. Traffic-related effects of ~he 
proposed SFIA K••~•r Plan will be analyzed in 'the Eilt. Mitigation .. asures 
vlll also be discussed. 

s San Mateo County General Plan 1986. 
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5) Noise m IQ IUSCtJSSEP 

•) Increase che ambient noise levels for -L - ..L 
adjoining areas? 

b) Violate Title 24 Noise Insulation - -L 
Standards, if applicable? 

e) Be •ubstantially 1mpact:ed by existing - ...L -noise levels? 

The predominant noise source at SFIA is from aircraft opera~ions. The 
Airports Commission collects aviation noise data which are regul•rly submitted 
to the Stace f'or review. !io1se monitoring requirements for airports in 
California are contained in Title 21, Subchapter 6. of the California 
Adiziiniscrative Code. Airports that have areas impacted by noiae levels greater 
'than 65 dB Community Noise Equivalent Level (CNEL) are required ~o operate a 
noise mcmitoring system that collects noise level data for at l••st 48 weeks 
per year. 

The Airport Noise Mitigation Action Plan (ANMAP) is a progru at SFIA designed 
to reduce noise at SFIA and its environs. The ANKAP consists of a package of 
noise-reducing actions including aircraft noise monitoring, fli&ht procedure 
chances, aircraft noise limiu and restrictions. and economic incentives. 
These actions combi~ed vith • new generation of aircraft with quieter engines 
have reduced aviation noise at SFIA. Vhile the noise level has been reduced, 
the number of fli&ht operations has increased. 

The proposed Master Plan, if approved and implemented, would permit further 
increase in number of fli&hts and possible noi•e increaaes. The EIR will 
analyze aviation and traffic-related noise impacts of the proposed SFIA Kaster 
Plan on land uses within SFIA and in surrounding areas. Mitigation measures 
will be discussed. 

6) Air Quality/Climate 

•) 

b) 

c) 

d) 

Violate any ambient air quality 
standard or contribute substantially 
to an existing or projected air 
quality violation? 

Expose sensitive receptors to 
substantial .pollutant concentrations? 

Peraeate its vicinity with 
objectionable odors? 

Alter vind, •oisture or t.emperature 
(including sun shading effects) so as 
to substantially affect public areas 
or change the climate either in the 
c011111u.nity or region? 

A.8 
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The 11ajor sourcea of air pollutants froD San Francisco Interna;,1onal Airport 
are •otor "Vehicle and aircraft emiuiona. Ot:her aources of a111i11ions include 
1round support equipment •uch H service vehicle•, beat generation plants. and 
fueling operations. The ••j or air pollutants associated vi th airport 
operations are carbon monoxide, hydrocarbons. and ni tl'ogen oxidH. No publ:lc 
open spaces that exist on Airport Co•ission land would be ahadad by proposed 
development. Air~raft and traffic-induced air quality impacts related t:o the 
SFIA Muter Plan vill be analyzed and mi tigat11:1n measures discussed in Che 
EIR. 

7) Vtilities/Public Services 

•) 

b) 

c:) 

d) 

Breach published national. state or 
local standards relating to solid 
waste or litter control? 

Extend a sewer trunk line with 
capacity to serve new development? 

Substantially increase demand for 
schools, recreation or other public 
facilities? 

Require major expansion of power, 
vater or co1m11unications facilities? 

:xn IQ p1scysu:p 

- .i. 

- ..L 

.L -
_L - ~ 

The proposed project could potentially increase de•nd for public 11rvices and 
u.t1Uties on the •ite and inc:rease water and energy consump'l::lon. For example. 
increases in the number of passengers. increase in airport operations and 
ccmcomi tan't increases in employment would generate increased solid vast:•. 
wastewater. and the demand for public services. The effect of the increased 
demand for public •ervices and utilities will be analyzed in the EIR and 
a1tigations will be discussed. 

8) Biology 

•) 

b) 

c) 

Substantially affect a rare or en· 
dangered •pecies of animal or plant 
or habitat of the apecies? 

Substantially diminish habitat for 
fish. wildlife or plants, or inter· 
fere substantially vi~ the movement 
of any resident or migratory fish or 
wildlife species? 

Require removal of substantial INZD­
bers of aature, acenic trees? 
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'!'he \lest of Bayshore Airport Commission land has been idendfied •• the habi· 
~at cf t:he San Francisco garter snake, which is on the list of endangered 
species. Pursuant to Section 7 of die Endan&ered Specie• Act of 1973 1 

CAl.TRANS and che Federal Highway Administration requested interagency 
con1ultat:icn with che U.S. Fish and Wildlife Service (USFVS). 
The lJSFWS, under the lndangered Species Act: of 1973 1 is r•quired ~o ensure 
that the continued existence of any endangered or threatened species is not 
jeopardi&•d as a result of a Federally-funded or authorized action. Thia Act 
applies to projects which adversely modify or destroy habitat critical to 
'these species. 

The area west of the Bayshore Freeway between Millbrae Avenue and San Bruno 
Avenue has been identified as habitat of the San Francisco Carter Snake 
(Tb•mnophis sirtalis 'ctrataenia). a federally and state listed endangered 
speci•s. The San Francisco Carter Snake occurs from the San Francisco/San 
Jlateo County line aouth to Ano Nuevo Point on the coast in fre•h v•ter creeks 
and marshes with adjoining upland areas. The Millbrae population 1• 'the only 
latown population of this species on the eastern side of San 1'l'anc1sco 
P•ninaula; it is also thought to be the large.st and most vigorous popu.la tion6 • 
This site, therefore, represents critical habitat for thb: species. The 
Millbrae population was subject: of a two year study from 1983·85 1 which 
identified ecological and life history aspects of this popu.lation7 . 
Management of this species is the responsibility of the USF\IS and the 
California Departlllent of Fish and Ca?Pe. 

Impacts to the Vest of layshore will not be evaluated in the EIR since this 
area is excluded from SFIA Master Plan development. 

9) 

Ceo logy 

Geology/Topography 

a) 

b) 

Expose people or stl"Ucturas to major 
1eologic hazards (slide•. •ubaidence. 
erosion and liquefaction)? 

Ch•n&e substantially the topography 
or any unique geologic or physical 
features of the site? 

m aa Piscussf.ip 

-
-

..L 

...L 

-L 

-

SFIA is about 8.6 feet above aean sea level (San Francisco City Datwz.). Soils 
at 'Cha •it:e are composed of sedimentary layers of 'three types of soil material 
over bedrock. The uppermost layer is the younger bay aud. which is a soft to 
ali&htly preconaoli4-ted grey, silty clay containing ahells and oraanic 

6 U.S. Fish and Wildlife Service. Recovery Plan for the San Francisco 
Garter Snake. 1985. 

7 Vharton, Jrode and Knudsen, Ecological and Life History Aspects of 
'Che San Francisco Garter Snake at th• San Francisco Int:ern.tional 
Airport Study Site. 1988. 
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aaterial~. The lowest layer or older bay 111ud is firm cby eonshting of silt. 
Sandwiched between the u.ppermost layer or younger bay mu.d and d\t loves'C: layer 
or older bay aud is a layer of fine~grained sand. 

The engineering properties of the you.nger bay 11Nd make it most tz:oublesoJlie of 
the ••di111enta ln the Bay. Foundation problems arbe from c:.he 1lature of the 
younger bay wud. vhich b generally a aoft 1 ailty clay tha't has 1 high water 
content and is weak and highly compressible. Additionally. landfill has been 
.added to -cbe project site through 1969. The most recent landfill• have been. 
udlized 'Co prepare the sites for two construction projects in 1969, the Pan 
Am Food Service Cenur and Flying Tigers Cargo Cent:er 1 neither of which vere 
bl.l1lt1 • The nature of the landfill as it relates to soil stability and to the 
possible presence of methane gas pockets will be e"uined in the !IR. 

Seismology 

The major geologic effect of concern at San Francilco Interna'tional A1rport is 
earthquake damage. To appreciate the potential effect, an understanding of 
the behavior of .lay area soil and fill aa1:er1els is required. Given this 
understanding, the potential effects can be esriaated~ 

Moderate to strong earthquakes may produ.ce a variety of effects, including 
surface faulting, vertical displacement. ground shaking, lurch cracking of 
alluvial or fill materials, compaction or liquefaction of soils and 
landslides. as well as tsunamis or aeiches. ,The specific local effects from 
an earthquake depend as much, if not Dore, on the condition of the soil than 
on distance from the epicenter or magnitude of the quake. ln general, 
earthquake waves in passin& from Dore den.e solid rock to less dense alluvial 
.&Dd water saturated material tend to increase in amplitude and acceleration. 

Ground shaking, due to earthquakes , Jlroduces different effects on different 
soil types. Generally. in cohesionless soils, compaction of soils vi th low 
clay content result in ground settlement; in saturated soils, high water 
pressures reduced by ground vibration cause an upward flow of w•ter which 
liquefies these aoila; this liquefaction phenomenon is rather common in 
earthquakes of moderate to large aagnitude. 

ln t:he area of the SFIA. the fill materials would act •oiaewhat difhrently 
than underlying bay mud and sand deposits to earthq\l&ke induced ground 
motions. In th• event of an earthquake, the aand seams in the bay mud ••y 
liquefy. The magnitude of the effeet vould depend on the density of t.he 
deposit and the intensity and duration of the earthquake. Fill materials are 
likely to settle substantially 1n the event of an earthquake. Thb Vo\lld lead 
to differential settlements of buildings that they support. Fill materials 
can also liquefy, undergoing lateral aovements, or develop slides. 

The closest active faults to the SFlA area are the San Andreas Fault, about 
~ree ailes southwest of SFIA, and the Hayward and Cahveras Faults, about 15 

I Leong, Mel; Assistant Deputy Director • Environmental Control • 
San Francisco International Airport; telephon& communication, 
February 27. 1989. 
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and 30 mile5 east of SFIA respectively. In the event of an earthquake on the 
San Andreas Fault. a magnitude of 8.3 on the Richter Scale shock vould close 
SFIA for a period of weeks. A aagnitude of 7.0 on the Richter Scale would 
close SFIA for several days. An •arthquake on the Hayward Fault vith a 11&gni· 
t;ude of 8.3 woyld close down SFIA for less than one week. A .. gnl~ude of 7.0 
on the Hayward Fault would delay operations for only a few hours. In the 
event of a •eiche or tsunami. the part of Runway 2BR dlat extends lnto the lay 
could ~e flooded. 

During the ,implementation phase of che Master Plan. 'the project sponsor vould 
follow the recommendations of structural and f ound.ation reports to be pr•pared 
for any cons'truction on the site. Vhile the airport will review 'the plans for 
specific construction projects. its building code, San Pr;ancispo Intcrnatiquil 
Aitpprt Tenant Jmprovement Cuide, 1988, uses the amae seismic engineerin& 
standards as those within the 1985 ~niform Juilding Code. These standards 
include aarthquake·resistant design and •aterial specifications that are 
designed to allow for some structural damage to buildings but not for collapse 
during a aajor earthquake. This topic requires no further discussion in the 
EIR. 

10) IJater m. .t:n2 DlSCUSSED 

Hydrology 

a) Su'bst:antially degrade veter quality, 
or contaminate a public water supply? 

b) Substantially degrade or deplete 
ground water resources. or interfere 
•ubstantially with ground 
water recharge? 

c) Cause substantial flooding, erosion 
or siltation? 

- ...L. ...L 

.i. -

-X.. -

The ~ater table in the airport area is approximately five feet above ••• level 
1n winter months and drops several feet during the drier summer months. The 
vater table bas posed a problem for previous construction activi'ties at SFIA. 
However. proper construction •etbods and dewatering of the construction site 
have penDitted previous construction activities to proceed without affecting 
•urrou:nding structures. Therefore, issues related to SFlA Master Plan 
Facility Construction will not be addressed in the ElR. Potential 
contamination and its effect on vat:er quality will be analyz~d in the EIR1. 

There exists the possibility of around.water contamination from use of 
hazardous materials at SFIA. 

I LeOfl.g. Mel, Assistant Deputy l>irector • Environmental Control, 
San Francisco Jntemational Airpdrt; telephone comiunication, 
February 27, 1989. 
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11) Energy/Resources 

•) 

b) 

Encourage activities which result in 
the use of large amo\.U'lts of fuel. 
"•ter, or use these in a "asteful 
aanner? 

Have a •ubstantial effect on the 
potential extraction or depletion of 
a natural resource? 

ni IQ DlSClJSSED 

..L -

...L ....L 

Construction and operation of the proposed facilities would result in 
increased energy conswnption, espec !ally the •people •aover• •)'•tem. Pacific 
Gas and Electric Company (PG&E) supplies all of SFlA's electricity and n.w.tural 
gas used for space conditioning, lighting,. information processing, and v&rious 
operations machinery. Potential impacts of the project on energy rHources 
will be discussed in the £IR. 

12) Hazards DI lm ~1$CPSSED 

a) Crea'te a potential public health ..L 
hazard or involve the use, production 
or disposal of materials which poae 
a hazard to people, animal or plant 
populations in the area affected? 

b) Interfere with emergency response ___ ~ 

c) 

plans or emer1ency evacuation plans? 

Create a potentially substantial fire 
hazard? - ..L 

Aviation fuel •torage and a network of pipelines are located at the airport. 
SFIA has con'tingency plans in case of fire or plane crash. The proposed SFIA 
!laster Plan by itself would not create a public health hazard. would no~ 
interfere with existing emergency response ~lans, nor overburden.•aergency 
service capacity. However, fuel spills have occurred on Airport Commission 
lands 1n the past and an analysis of thea·e hazardous materials 1 including 
potential effect on groundwater, will be studied in the !.IR.. Additionally, 
the effect of new pipelines and fuel storage locations will be •~ined. 

13) Cultural 

•) Disrupt or adversely affect a 
prehistoric or historic 
archaeological site or a property of 
historic or cultural significance to 
a community or ethnic or social 
group; or a paleontological•a:ite 
except as a part of a acientif ic 
study? 

A.13 
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b) 

c) 

Conflict with established 
recreational, educational, religious 
or scientific uses: of the area? 

Conflict with the preservation of 
buildings subject to the provisions 
of Article 10 or Article 11 of the 
City Planning Code? 

....L -

....L -

A cultural resou.i-ce search of SFlA ••• conducted by the California 
Archaeological Inventory. Archival and field study vas recommended to 
identify and evaluate possible cultural resources that may be of historic or 
architectural value. Thea• will be evaluated in the IIR. 

c. OTHER 

Require approval of per:mits from City Departments 
other ~an »epartment of City Planning or Bureau of 
Building Inspection, or fro~ Re&ional, State or 
Federal Agencies? 

IES, liQ pISC'lJSSEP 

JL - JL 

Bew 111aincenance, carg~. airline support, ground transportation, and 
International Terminal would be constructed on Airport Commhaion land.a east 
of the layshore Freeway as part of the Master Plan. Permits for construc't:l.on 
activities at SFIA must be obtained from the lay Conservation I>evelopm•nt 
Cozm:nission for any faciliry dlat is within lOO·feec of the Bay shoreline'. 

1>. KITICATION MEASURES 

l) If any significant effects have.been identi· 
fied, are there vays to aitigate them? 

2) Are all 111itigation measures identified above 
included in the project? 

m im p1 scvssEp 

...JL. - ...L. 

..L. -
Environmental issues detezmined to have no significant impact or to have been 
•itigated are: visual and biological. 

E. ALTERNATIVES TO THE PROPOSED PROJECT. 

ln accordance vith the State CEQ.\ suidelines Section 15126, an EIR must 
consider and analyze alternatives to the proposed project. A •No Project• 
alternative, which describes the impacts related to retaining existing 
conditions and facilities at SFIA widlout •odifying or constructing new 
facilities, and• Reduced Scale alternative, a lesser degree of buildout in 
tezas of ~· number of facilities and/or total aquare footage to be 
constructed, would be incorporated into the EIR analysis. Additionally. a 

' Leong, Mel: Assistant Deputy Director • Environmental Control, 
San Francisc~ International Airport; telephone co.111111unicacion, 
February 27t 1989. 
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third alternative, a maximum buildout or greater t.otal square f'ootage than t.he 
propose~ project, ~ould also be included. 

F. MANDATORY FINDINGS OF SIGNIFICANCE 

1) 

2) 

3) 

4) 

Does the project have the potential to degrade 
the quality of t.he enviro1V11ent, •ubstantially 
reduce the habitat of a fish or wildlife 
species, cause a fish or wildlife population 
to drop below aelf·austaining levels, threaten 
to eliminate a plant or animal community, 
reduce the number or restrict the range of a 
rare or endan1ered plant or animal, or 
eliminate important examples of che .. jor 
periods of California history or pre•history? 

Does the project have the potential to achieve 
short-tenn, to the dbadvantage of long-term, 
environmental goals? 

Does the project have possible enviro1V11ental 
effects which are individually limited, but 
cU1D1Jlatively considerable? (Analyze in the 
light of past projects, other current 
project.s 1 and probable future projects.) 

~ould the project cause substantial adverse 
effects on h\IZllan beinas, either directly or 
indirectly? 

Jn J!Q DISCtJSSED 

..x... -

- ..L 

~ 

..JL 

Potential impacts of th• proposed project on traffic • .abient ~oi1e. land llSe, 
population and housing, air quality, utilities/public services, energy. 
hazardous ••terials 1 cultural resource and measures to mitigate these impacts 
will be discussed in the !IR. 

The project vould cont.ribute to cumulative effects in the areas of tran.porta­
-cion, air quality and noise. The project eould potentially degrade aabient 
air quality and could :Lncrease the level of ambient noise; bo1:h impacts could 
cause adverse effects on human beings either directly or indirectly. These 
potential impacts and miti&&tion measures will be discussed in the EllL 
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G. ON nu: a.A.SIS 01 THIS INITIAL STUDY 

__,.. J flftd -&he propoaed project COVlJ) aOT hav1 a atsntficant •ffecc on che 
environment, and a DCATIVI l>!CLAUTIOR vlll b• pr1parad lt7 t:he J>.partaent 
of City Planning. · 

~ 1 find 'that althou1h th• proposed project could have aisnJ.f!cant affect on 
th• env1romDent. th•r• VIU. IO'l be a atantficant affect S.n thS.a cue 
••cause th• a1ti&•t1on ••asur••· number• , In &he diaeusalon ba•• been included &I part of the propoaad proj•ct. A •CATIVZ 
~JAl.ATIOR v111 be prepared. 

~1 flnd that th• proposed project llAT hllve alsntfic&nt •ffect on the 
envJ.roment, and an ENVD.ORMENTAl. ?la.A.ct UPOl.T la required • 

DATE: pafa¢1M't 

A.16 

.6 a.tb/tL a;. ~/// 
&AbAP.A V. SAHM 
Environaental levlev Officer 

for 

DEAN L. llACRIS 
Director-of Planning 



XII. Appendices 

APPENDIX B. PROJECT DESCRIPTION 

Table B .1 Master Plan Projects (Near-Tenn and Long-Term) 

Table B.2 Master Plan Project Summary (Near-Tenn and Long-Term) 

Table B.3 Historical Annual Passenger Totals, Bay Area Air Callier Airports 
(1960-1990) 

Table B.4 San Francisco International Airport - Five Year Capital Project Plan, 
September 18, 1989 
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TABLE B.1: NEAR-TERM SFlAMASTER PLAN PROJECTS (1990-1996) -TERMINAL 

Project/Facility Existing Net New 
Number facility Name WQ Demolish Construct Construction/a/ Remodel . NoChang~/ 1996 Total/cl 

1.0 TERMINAL 

North Terminal /di 1,161,000 1,161,000 1, 161,0llO 
Int'I. Terminal lei 120,000 120,000 120,000 
South Terminal /fl 571,900 571,900 571,900 

I.LI International 
Tennioal (New) /g/ 250,000 250,000 250,000 

1.1.3 Boarding 
AreaG(New) 500,000 500,000 500,000 

1.1.2 Boarding Area A 185,600 (185,600) 500,000 314,400 500,000 
1.2.2 Boarding Area B 92,000 (60,000) 400,000 340,000 . 32,000 432,000 

~ 
1.2.1 Boarding Area D 490,000 490,000 490,000 

..... 
S,UBTOTAL IEBMINAL 00 

fNEAR-TERM PLANl 2,62Q.SOO (2~5.600} 1,65Q,OOO 1,404.400 490,000 1.884.900 4,024,900 

lal Net New Construction = Coostroct square feet minus Demolish square feet. 
/bl No Change ==Existing 1990 square feet minus (Demolish square feet + Remodel square feet). 
lei Total 1996 =Construct square feet+ Remodel square feet+ No Change square feet OR E:idsting 1990 square feet+ Net New Concstruction square feet. 
/di New lntemational Tenninal Levels 4 - 8 to include an additional 100,000 square feet of hotel and concession space and an additional 160,000 square feet of administration/office space. 

These are listed under functional areas 8.0 and 7.0, respectively. . · 
/el Includes Boarding An:a H and Boarding Area F square feet. 
/fl Does not include Boarding Area D square feet (together, the International TerminallBoarding Area D = 610,000 square feet). 
lg/ Includes Boarding Area C square feet, but does not include Boarding Area A and Boarding Area B square feet (together, the South Terminal/Boarding Areas A.Band C = 849,500 

square feet). 

SOURCES: Table 6.3 and Appendix 12.5, SFIA Final Draft Master Plan, 1989; SF Airports Commission, 1"990; EnvironmentaJ Science Associates, Inc., 1990. 



TABLE BJ: WNO-TERM SHA MASTER PLAN PROJECTS (1997-2006)-TERMJNAL 

Projecl/Facility Net New 
Number Facilitv Name 1996 Tutaj Demolish Constru~ \:onstruction/a/ Remodel No Change/bl 2006 TotaVc/ 

U TERMINAL 

North Terminal /d/ 1,161,000 1,161,000 1, 161,000 
Int'l. Terminal /el 120,000 120,000 120,000 
South Terminal /f/ 571,900 571,900 571,900 

International 
Tennlnal 250,000 250,000 250,000 
Boarding Area G 500,000 500,000 500,000 
Boarding Area A 500,000 500,000 500,000 

i.:u Boarding Are:i. B 432,000 (32,000) 104,000 72,000 400,000 504,000 
Boarding Area D 490,000 490,000 490,000 

SJlBMAL TERMINAL 
?=" (LO?fG-]ERM PLAN} !1.!l2!1.200 (32,000} 104.000 12..QOO 3,992.900 ~00 -'° NEAR-TERM Demolish, Construct, 

Net New Construction, Remodel (245,600) 1,650,000 1,404,400 490,000 

TOT AL MASTER PLAN Demolish, 
Construct, Net New Construction, Remodel (277,600) 1,754.000 1.476.400 490.000 

/a/ Net New Construction = Construct square feet minus Demolish square feet. 
/bl No Change= 1996 Total square feet minus (Demolish square feel + Remodel square feet). 
/cl Total 2006 = Consttuct square feet+ Remodel square feet+ No Change squan: feet OR 1996 Total squan: feet+ Net New Construction square feet. 
Id/ focludes Boarding Area E and Boarding Area F square feet. 
le/ Does nol include Boarding Area D square feet. 
If/ Includes Boarding Area C square feet, but doe$ not include Boarding Area A and Boarding Area B square feet. 

SOURCES: Table 6.3 and Appendix 12.5, SF/A Final Draft Master Plan, 1989; SRA Airports Commission, 1990; Environmental Science Associates, Inc., 1990. 



TABLED.I: NEAR-TERM ANO LONG-TERM SAA MASTER PLAN PROJECTS (1990-1996and 1997-2006) - AIRLINE SUPPORT 

Project/Facility Existiag Net New 
Ntnnbe[ Facilil.Y Name 122Q Demolish Construct Construction/a/ Remodel No Change/bl 1996 Totalk/ 

2.0 AIRLINE SUPPORT (NONTERWNAL) 

Cateriu: 
52 Host Iatemational 31,690 31,690 31,690 

2.1 62 United Airlines Catering 13,800 (13,800) 60,000 46,200 60,000 

Sy~oorting Faci)igcs; 
31 United Warehouse 12,544 12,544 12,544 

2.2.1-.2 38 American GSE 2,500 (2,500) 10,000 7,500 10,000 
45 Delta Warehouse 7,200 7,200 7,200 
90 ASU/Evergreen 12.544 (12,544) /di (12,544) 
93 Pan Am Crew 

Baggage Holding 1,500 (1,500) /el {1,500) 

iP" SUBTOTAL NONTERMINAL AIRLINE 

~ SUPPQRT fNEAR-1ERM PLAN> .8UOO (30.300) 51.500 .J1J...iQQ 

TOT AL MASTER PLAN Demolish, 
Construct, Net New Construction, Remodel (30.300) 1!LQOO J2.1QQ 

fa/ Net New Construction= Construct square feet minus Demolish square feet. 
/bl No Change= Existing 1990 square feet minus {Demolish square feet+ Remodel square feet). 
/cf TotaJ 1996 = Coastruct square feet+ Remodel square feet + No Change square feet OR Existing 1990 square reel + Net New Construction square feet. 
/di RepJacement area in proposed North Field Cargo/Maiatenance Facility, under Functional Area 5.0 
/el Rcp]acement area in proposed Pan Am Maintenance/Administration/Cargo Facility, under Functional Area 3.0. 

SOURCES: Table 6.3 and Appendix 12.5, SFIA Final Draft Master Plan,· 1989; SFIA Airports Commission, 1990; Environmental Science Associates, Inc., 1990. 



TABLE B .1: NEAR-TERM SFIA MASTER PLAN PROJECTS (1990-1996) - AIRLINE MAINTENANCE 

Project/Facility Existing Net New 
Number Facili!.Y Name 1990 De,molish Construct Construction/a/ Remodel No Changefb/ 12.96 Totalf cf 
3.0 AIRLINE MAINTENANCE 

MajO(: 
1-12 United Maint. Cir. 2,870,950 2,870,950 2,870,950 

~ 
3.1/3.1.4 East Field Maint. 

Hangar (New) 495,000 495,000 495,000 

32 Hangar (Vacant) 16,000 (16,000) (16,000) 
33 American Maintenance 392,240 392,240 392,240 

3.1.2 39 Qantas Maint. Hangar 168,761 (168,761) /di (168,761) 
42 Continental Maint. Hangar 26,825 26,825 26,825 

· 45,47 Delta Maintenance 136,875 136,875 136,875 
3.1.l 60 United Service Center 90,000 (90,000) Id! (90,000) 

?'"' 3.2 65 Pan Am Maintenance 161,825 (161,825) 262,500 /el 100,675 262,500 
~ 3.1.3 67 TWA Service 9,800 (9,800) fdJ (9,800) 

84 JAL Maint. Building 9,000 (9,000) /fl (9,000) 
51 Northwest Maint. Hangar 36,000 36,0!Xl 36,000 

SUBTOTAL AIRLINE MAIN1ENANCE 
<NEAR-TERM PLAN> J.2Ht300 (455,400) 1iUQ!l 302.100 3.462.900 4.220.400 

Jal Net New Conslruction = Construct square feet minus Demolish square feet.· 
lb/ No Change= Existing 1990 square feet minus (Demolish square feet+ Remodel square feet). 
fcl Total 1996 =Construct square feet+ Remodel square feet+ No Change square feet OR Existing 1990 square feet+ Net New Construction square feet. 

/di Function to be accommodated in new East Field Maintenance Hangar. 
/e/ Facility to include replacement area for Building 93 (Pan Am Crew Baggage Holding) and :Building 64 (Pan Am Administration), in Functional Areas 2.0 and 8.0, re~pectivdy. 
/fl Replacement area io new NoI1h Field-Cargo/Maintenance facility (Functional Area 5.0). 

SOURCES: Table 6.3 and Appendix 12.5, SF/A Final Draft Master Plan, 1989; SFIA Ai1ports Commission, 1990; Environmental Science Associates, Inc., 1990. 



TABLEB.l: LONG-1ERMSAAMASTER PLAN PROJECTS (1997-2006)-AIRUNEMAINTENANCE 

Project/Facility Net New 
Number Facili~ Name 122~Total Demolish CQll~truct Q;instruction/a/ Remodel No Change/bl 2006 Total/cl 

3.0 AIRLINE MAINTENANCE 

Major: 
1-12 United Maint. Ctr. 2,870,950 2,870,950 2,870,950 

Linc: 
East Field Maint. 
Hangar 495,000 495,000 495,000 

33 American Maintenance 392,240 392,240 392,240 
42 Continental Maint. Hangar 26,825 (26,825) /di (26,825) 

45,47 DeJta Maintenance 136,875 136,875 J36,R75 
65 Pan Am Maintenance/ 

Administration/Cargo 262,500 262,500 262,500 

> 51 Northwest Maint. Hangar 36,000 36,000 36,000 

~ SUBTOTALAIBJ.JMEMAIN1ENANCE 
(LONG-TERM PLAN) 4.220.400 (26.800) (26.800) 4.193.600 4.193.600 

NEAR·TERM Demo1ish, Construct. 
Net New Construction, Remodel (455,400) 151,500 302,100 

TOT AL MASTER PLAN Demolish, 
Construct, Net New Construction, Remodel (~82.2JXl) 757,500 .ill..JlK! 

/a/ Net New Construction = ConsbUct square feet minus Demolish square feet.· 
/bl No Change= 1996 Total square feet minus (Demolish square feet+ Remodel square feet). 
tel Total 2006 =Construct square feet+ Remodef square feet+ No Change square feet OR 1996 Total square feet+ Net New Construction square feet. 
/di Replacement area in West Field Cargo Maintenance Center (Functional Area 5.0). 

SOURCES: Table 6.3 and Appendix 12.S, SFIA Fin.al Draft Master Plan, 1989; SFlA Airports Commission, 1990; Environmental Science Associates, Inc., 1990 . 

. ... 



TABLED.I: NEAR-TERM AND LONG-TERM SFIA MASTER PLAN PROJECTS (1990-1996and 1997-2006) - GENERAL AVIATION 

Project/Facility 
~ Facility Name 

4.0 GENERAL A VIA noN 

4.1/4.l.3 Fixed Base Operator 
(FBO) Facility (New) 

4.1.l 40 FBO: Butler 
4.1.2 54 Chevron, USA Hangar 

SUBTOTAL GENERAL AVIATION 
<NEAR-TERM PLAN> 
TOT AL MASTER PLAN Demolish, 
Construct, Net New Construction, Remodel 

Existing 

l22Q Demolish 

48,112 (48,112) /di 
40,000 (40,000} 

88.100 £88. lOOl 

(88.100) 

Net New Construction =Construct square feet minus Demolish square feet. 

Constru£_t 

90,000 

90.000 

2QJlQQ 

No Change =Existing 1990 square feet minus (Demolish square feet+ Remodel square feet). 

Net New 
·Construction/a/ 

90,000 

(48,112) 
(40,000) 

1.900 

1.900 

Remodel No Change/bl 

la/ 
> /bl 
~ /cl 

/di 
Total 1996 = Construct square feet + Remodd square feet + No Change square feet OR Existing 1990 square feet + Net New Construction square feet: 
Function to be accommodated in new FBO Facility. 

1996 Total/cl 

90,000 

90.000 

SOURCES: Table 6.3 and Appendix 12.5, SF/A Final Draft Master Plan, 1989; SFIA Airports Commission, 1990: Environmental Science Associates, Inc., 1990. 



TABLEB.l: NEAR-1ERM SFIAMASTERPLAN PROJECTS (1990-1996)-AIRFREIGHT 

Project/Facility Existing Net New 

Number Faciljty Ngme ll2Q Demolish C:12nstruct Cons!Jl!c!ionf a/ Remodel ~o Change/bl 1226 Total/cf 

5.0 AIR FREIGHT 

5.1 West Field Cargo/ 
Maintenance (New) /di 324,000 

5.1.1 Building 1 108,000 108,000 
5.1.2 Building 2 108,000 108,000 
5.1.3 Building 3 54,000 54,000 
5.1.4 Building 4 54,000 54,000 

5.3/5.3.3 North Field Cargo/ 
Maintenance (New) 432,00IJ 432,000 432,000 

5.3J 16 Flying Tigers Hangar 108,036 (108,036) /el (108,036) 

43 U.S. Air Mail Facility 168,000 168,000 168,000 

5.3.2 83 JAL Cargo Building 78,000 (7B,OOO) /fl (78,000) 

41 AU-home Cargo Bldg. 60,000 60,000 60,000 

46 Delta 21,000 21,000 21,000 

> 53 Cargo Building No. 7 55,296 (55,296) /g/ (55,296) . 55 Northwest Orient Cargo 114,550 114,550 114,550 
tJ 
.f.lo. 56 American Airlines Cargo 71,400 71,400 71,400 

57 U.S. Air Cargo 6,356 6,356 6,356 

5.2 58 United Cargo 113,720 36,280 /hi 36,280 113,720 150,000 

S.4 6B TWA Cargo 71,387 71,387 71,387 

SUBTOTAL.AIR FREIQHI 
£NEAR-TERM PLAN> Sfil.100 (241.300) 122..lOO i1l.JlQQ 71.400 555.000 1,418,700 

Jal Net New Construction =Construct square feet minus Demolish square feet. 
lb/ No Change = Existing 1990 square feet minus (Demolish square feet+ Remodel square feet). 
/cl Total 1996 =Construct square feet+ Remodel square feet+ No Change square feet OR Existing 1990 square feet+ Net New Construction square feet. 
fdl Facility to include replacement area for Building 42 (Continental Maintenance Hangar), in Functional Area 3.0. 
/el Demolition of the Flying Tigers Hangar is in the approved SAA Five-Year Capital Projects Plan. Function to be accommodated in new North Field Cargo Maintenance facility. 
/f/ Function to be accommodated in new North Field Cargo Maintenance facility. 
lg/ Function to be accommodated in new West Field Cargo Maintenance facility. 
lb/ Addition to existing facility. 

SOURCES: Table 6.3 and Appendix 12.5, SFIA Final Draft Master Plan, 1989; SFIA Aiiports Commission, 1990; Environmental Science Associates, Inc., 1990. 



TABLE 9.1: LONG-TERM SAA MASTER PLAN PROJECTS (1997-2006) - AIR FRFJGHT 

Project/Facility Net New 
Number Facilib'. Name 1226Iotal Demolisb Construct Constructiow'al Remodel No Change/bl 2006 Total/cl 

5.0 AIR FREIGHT 

5.4 West Field Cargo/ 
Maintenance 324,000 324,000 486,000 

5.4.l Building 1 (New) 54,000 54,000 
S.4.2 Building 8 (New) 54,000 54,000 
S.4.3 Building 9 (New) 54,000 54,000 

North Field Cargo/ 
Maintenance 432,000 432,000 432,11011 

5.5 43 U.S. Air Mail Facility 168,000 132,000 /di 132,000 168,000 300,000 
41 Airborne Cargo Bldg. 60,000 (60,000) (60,000) 
46 Delta 21,000 21,000 21,000 
55 Northwest Orient Cargo 114,550 114,550 114,550 
56 American Airlines Cargo 71,400 71,400 71,400 

> 57 U.S. Air Cargo 6,356 6,356 6,356 

i-.> 58 United Cargo 150,000 ISO,QOO 150.0!XJ 
UI 68 TWACargo 71,387 71,387 71,387 

fil,!BTOTAL Al& FREIGHI 
<LONG-TERM PLAN) 1.418,700 (60,000} 224.000 ~ 1,358,700 1.652.700 

NEAR-TERM Demolish, Construct. 
Net New Construction, Remodel (241,300) 792,300 551,000 71,400 

TOT AL MAS1ER PLAN Demolish, 
Construct, Net New Construction, Remodel !101,300) 11086,300 785.000 71,400 

!al Net New Construction= Constnlct square feet minus Demolish square feet. 
/hi No Change = 1996 Total square feet minus (Demolish square feet + Remodel square feet). 
/cl TotaJ 2006 "' Consttuct square feet+ Remodel square feet+ No Change square feet OR 1996 TotaJ square feet + Net New Construction square feet. 

!di Addition to existing facility. 

SOURCES: Table 6.3 and Appendix 12.5, SF/A Final Draft Master Plan, 1989; SFIA Airports Commission, 1990: Environmental Science Associates, Inc., J 990. 



TABLEB.1: NEAR-TERM AND LONG-1ERM SFlA MASTER PLAN PROJECTS (1990-1996 and 1997-2006)-AIRPORT SUPPORT 

Project/Facility Existing Net New 
Number Facilitv Name 122Q Demolish Construct Construction/a/ Remodel No Change/bl 1996 Tntallc/ 

6.0 AIRPORT SUPPORT 

49 Engineering Building 30,800 30,800 30,800 

Ml!iiitenan~e; 
50 Shops/Office 56,000 56,000 56,00(J 
48 Equipment Garage 20,000 20,000 20,000 
88 Bus Maintenance 5,000 5,000 5,000 

C[!WJ, FII'C and. Ri.:~~ue: 
6.2 17 Contingency Bldg. 1000 10,800 (10,800) 15,000/d/ 4,200 15,000 

6.3 35 Fire Station No. 1 12,000 (12,000} 12,000 12,000 

6.1 34 Fire Station No. 2 12,000 (12,000) 12,000/e/ 12,000 

?>. 28 Community ColJege 
N Flight School 26,200 26,200 26,200 
0\ 

SUBTOTAL AIRPORT SUPPORT 
!NEAR-TERM PLANl 172.800 C:M.800l 138.000 177.000 

TOT AL MASTER PLAN Demolish, 
Construct, Net New Construction, Remodel !34.800} 39 000 4.200 

/a/ Net New Construction = Construct square feet minus Demolish square feet. 
/bl No Change= Existing 1990 square feet minus (Demolish square feet+ Remodel square feet). 
/cl Total 1996 =Construct square feet+ Remodel square feet +No Change square feet OR Existing 1990 square feet+ Net New Construction square feet. 
/di Replacement building to be known as "Multi-Purpose Facility." 
tel Replacement of CFR Station #2, included in the approved SRA Five-Year Capital Projects Plan, is ongoing. 

SOURCES: . Table 6.3 and Appendix 12.5, SF!A Final Draft M<Uter Plan, 1989; SFIA Airports Commission, 1990; Environmental Science Associates, Inc., 1990. 



TABLE B.l: NEAR-TERM SFlA MASTER PLAN PROJECTS (1990-1996)- COMMERCIAL 

Project/Facility Existing Net New 
Number FacjlityName 122Q Demolish Construct Constructiouf a/ 

7.0 COMMERCIAL 

44 Bank of America 13,062 
63 Hilton Inn 220,000 

7.1 Chevron Gas Station 900 (900) 1,000 100 
8.l Hotel Space, lnt'l. 

Terminal 100,000 100,000 

Sl.!DTOTAL COMMfiRCIAL 
CNEAR-TEB,M PLAH} 2M.QQQ £2Qfil !Ql.QQQ 100.100 

Net New Construction = Construct square feet minus Demolish square feet /al 
lb/ No Change= Existing 1990 square feet minus (Demolish square feet+ Remodel square feet). 

Remodel No Change/bl 

13,062 
220,000 

233.100 

> le/ 

t..> 
TotaJ 1996 =Construct square feet+ Remodel square feet+ No Change square feet OR Existing 1990 square feet+ Net New Construction square feet. 

1996 Total/cl 

13,062 
220,000 

1.000 

100,000 

334.100 

...J SOURCES: Table 6.3 and Appendix 12.5, SF/A Final Draft Master Plan, 1989; SFIA Aiiports Commission, 1990; Environmental Science Associates, Inc., 1990. 



TABLEB.l: LONG-TERM SFIAMASTER PLAN PROJECTS (1997-2006)- COMMERCIAL 

· Project/facility Net New 
Number Facility Name 1996 Total Dcmolisb Cons!rUct Construction/a/ Remodel No Change/bl 2006 Total/cl 

7.0 COMMERCIAL 

44 Bank of America 13,062 (13,062) /di (13,062) 
63 Hilton Inn 220,000 220,000 220,000 

Chevron Gas Station 1,000 l,000 1,000 
Hotel Space, Int'I. 
Tenninal 100,000 100,000 100,000 

~UBTOTAL COMMERCIAL 
<WNG-JERM PLAN} ~ (13,lOQ) (]3.100) m.!!00 101.000 321.000 

NEAR-TERM Demolish, Conslruct, 
Net New Construction, Remodel (900) 101,000 100,100 

> TOT AL MASTER PLAN Demolish, 

N Cons!rUct, Net New Construction, Remodel Cl4.000l lliX!Q 220.000 
00 

!al Net New Construction= Construct square feet minus Demolish square feet. 
/bl No Change= 1996 Total square feet minus (Demolish square feet + Remodel square feet). 
/cl Totaf 2006 ==Construct square feet+ Remodel square feet+ No Change square feet OR 1996 Total square feet+ Net New Construction square feet. 
Id/ Replacement area under Project 8.2, New Office Building. 

- SOURCES: Table 6.3 and Appendix 12 . .5, SF/A Final Draft Master Plan, 1989; SFIA Aii:ports Commission, 1990; Environmental Science As~ociates, Inc., I 990. 

I " 



TABLE B.l: NEAR-TERM SFlA MASTER PLAN PROJECTS (1990-1996) - ADMINISTRA noN/OFF1CE 

Project/Facility Existing Net New 
Number Facilitv Name 122!! Demolish Construct Construction/al Remodel No Change/bl 1996 Total/cl 

8.0 ADMINISTRATION/OFFICE 

8.118.1.2 International Terminal 
Levels 4,5,6,7 (New) Id/ 160,000 160,000 

59 United Administration 92,216 92,216. 
8.1.1 64 Pan Am Administration 33,852 (33,852) /e/ (33,852) 

£_U:B.TOTAL ADMINIS1RATION/ 
QWCE (~EAR-TERM PLAN) lliJ.oo (33.900) 160.000 126.100 92.200 

Net New Construction = Construct square feet minus Demolish square feet. 
No Change= Existing 1990 square feet minus (Demolish square feet+ Remodel square feet). 

fa/ 
lb/ 
le/ 

> /di 
~ !cf 

Total 1996 = Construct square feet+ Remodel square feet+ No Change square feet OR Existing 1990 square feet+ Net New Construction square feel. 
Airport offices located in existing international terminal would be relocated to the new international terminal. 
Function to be accommodated under Project 3.2, Pan Am Maintenance/Administration/Cargo facility. 

160,000 
92,216 

252.200 

SOURCES: 0 Table 6.3 and Appendix 12.5, SF/A Final Draft Masrer Plan, 1989; SFIA Airports Commission, 1990; Environmental Science Associates, Inc., 1990. 



TABLE B .1: LONG-TERM SFlA MASTER PLAN PROJECTS (1997-2006) - ADMINISTRATION/OFFICE 

Project/Facility Net New 
Number Facility Name 1996 Total Demolish CogsSruct Construction/a/ Remodel No Change/bl 2006 TotaVc/ 

8.0 ADMINISTRATIONIOFFICE 

8.2 Office Building (New) 100,000 100,000 100,000. 

International Tenninal 
Levels 4,5,6,7 160,000 160,000 160,000 

59 United Administration 92,216 92,216 92.216 

SJ.!BllJIAL ADMINISTRADQHl 
OFBCE CWNG-TERM PLAN) 252.200 100.000 100.000 252.200 352.200 

NEAR-TERM Demolish, Construct. 
Net New Construction, Remodel (33,900) 160,000 126,100 

> w TOTAL MASTER PLAN Demolish, 
0 Construct, Net New Construction, Remodel (,33,900) 260.000 226,100 

/al Net New Construction =Construct square feet minus Demolish square feet. 
/bl No Change= 1996 Total square feet minus (Demolish square feet +Remodel sguare feet). 
lei Total 2006 = Constmct square feet+ Remodel square feet+ No Change square feet OR 1996 Total sguare feet+ Net New Construction square feet. 

SOURCES: Table 6.3 and Appendix 12.5, SF/A Final Draft Master Plan, 1989; SFIA Airports Commission, 1990; Environmental Science Associates, Inc., 1990. 
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TABLEB.l: NEAR-TERM AND LONG-TERM SFIA MASTER PLAN PROJECTS (1990-1996and1997-2006)-MISCELLANEOUS 

Project/Facility Existing Net New 
Number facility Name .l22Q Demolish Construct Construction/a/ Remodel No Change/bl 1996 Total/cl 

10.0 MISCELLANEOUS 

10.1 U.S. Coast Guard 
Facilities 

"A" Hangar 29,700 (29,700) 29,700 29,700 
"B" Adm.in. BuiJding 12,021 (12,021) 12,021 12,021 
"C" Barracks 25,000 (25,000) (25,000) 
"D" Building 1,721 (1,721) 1,721 1,721 
"F" Building 14,000 (14,000) 14,000 14,000 
"H" Building 6,000 (6,000) 6,000 6,000 

SUBIDTAL MISCELLANEOUS 
<NEAR~TERM PLAN> 88.400 {88.4001 63.400 (25.000) 63.400 

(:; 1UT AL MASTER PLAN Demolish, 
- Construct, Net New Construction, Remodel (88.400) ~· {25.000) 

la/ Net New Construction = Construct square feet minus Demolish square feet. 
lb/ No Change= Existing 1990 square feet tninus (Demolish square feet+ Remodel square feet). 
/cl Total 1996 =Construct square feet+ Remodel square feet+ No Change square feet OR Existing 1990 square feet+ Net New Conslruction square feet. 

SOURCES: Table 6.3 and Appendix 12.5, SFIA Final Draft Master Plan, 1989; SFlA Airports Commission, 1990; U.S. Coast Guard, 1990; Environmental Science Associates, Inc., l 990. 



TABLE 8.2: NEAR-TERM MASTER PLAN (1990-1996) PROJECT SUMMARY/a/ 

TOTAL NEW DEMOLISH NET NEW REMODEL 
fUNCilQNAL AREA CQNSIB.UCTIQN BXlSTINO AREA CONs:IRUCTION EXISTING BLDQ, COMWNJS 

lERMINAL: 

l.1.1 International TenninaJ 250,000 250,000 Existing Interoational 
Terminal converted to Domestic 

.1.1.2 Boarding Area A 500,000 185,600 (Demo la) 314.400 Replaces existing Boarding 
Area "A" 

1.1.3 Boarding Area G 500,000 S00,000 

1.2.1 Boarding Area D 490,000 

122 Boarding Area B • Phase I 400,000 60,000 (Demo lb) 340,000 Replaces existing Boarding 
Area "B" 

Subtotal 1,650,000 245,600 1,404,400 490,000 

> AIRLI~B sueroRT: 
w 
N 2.1 United Airlines Catering 60,000 13,800 (Demo 2a, 2b) 46,200 Replaces existing catering 

2.2 AmericBD GSE 10,000 2,500 (Demo 2c) 7,500 Replaces existing 
American GSE 

Subtotal 70,000 16,300 53,700 

AIRLltm Mt.l~ANCB: 

3.1 East Field Maintenance 
Hangar 495,000 90,000 (Demo 3a) Replaces existing U.A. Service Ctr. 

16.(lOO (Demo 3c) Replaces existing hangar 
168,761 (Demo 3d) 210,439 Replaces existing hangar 

9,800 (Demo 30 Replaces existing hangar 

3.2 Pan Am Maint/Admin/Cargo 
Hangar 262,500 1,500 (Demo 2c) Replaces existing Pan Am baggage 

161,825 (Demo 3b) Replaces existing Pan Am Maint. 
33,852 (Demo Ba) 65,323 Replaces existing Pan Am Admin. 

Subtotal 757,500 481,700 275,800 

(Continued) 
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TABLE B.2: NEAR-TERM MASTER PLAN (1990-1996) PROJECT SUMMARY/a/ {Continued) 

TOTAL NEW DEMOLISH NET NEW REMODEL 
FUNCTIQNAL AREA CQNSTR:UCTIQti EXISTING AREA CQNSIB!.!CTIQN EXISII~Q J}LDQ, COMMENTS 

f;,!ENERAL AYIA TIQN: 

4.1 FBO 90,000 48,112 (Demo4a) Replaces existing G.A. Facilities 
40,000 (Demo 4b) 1,888 

Subtotal 90,000 88,100 1,900 

AIRFREIGHT: 
5.1 West Field Cargo/Maint. 324,000 55,296 (Demo Sa) 268,704 Replaces existing Cargo Bldg. 7 

5.2 U.A.L. Cargo Expansion 36,280 36,280 

5.3 North Field Cargo/Maint. 432,000 108,036 (Demo 5b) Replaces existing Federal Express 
(Flying Tigers). Demo Project 
included in approved SFIA 

?>' Five-Year Capital Projects Plan. 
w 9,000 (Demo 3e) Replaces existing JAL Maintenance w 

78,000 (Demo 5c) Replaces JAL Cargo 

12,544 (Demo 2d) 224,420 Replaces existing c.argo (Evergreen) 

5.4 TWA Cargo & Maint. 71,387 Reconfigures/remodels existing 
facility. Includes demo projects 
3f & 5d. 

Subtotal 792,300 262,900 529,400 71,400 

AIRE0RI SUPPORT: 

6.1 Crash/Fire/Rescue No. 2 12,000 12.000 (Demo 6c) Replaces existing CFR #2. 
Replacement included in 
approve.d SFIA Five-Year 
Capital Projects Plan. 

6.2 Multipurpose Ops. Facility 15,000 10,800 (Demo 6b) 4,200 Replaces existing Ops. BJdg. 

6.3 Crash/Fire/Rescue 12,000 12,000 (Demo 6d) Replaces existing CFR Support 

Support Bldg. 

Subtotal 39,000 34,800 4,200 

(Continued) 



TABLE B.2: NEAR-TERM MASTER PLAN (1990-1996) PROJECT SUMMARY/a/ (Continued) 

TOTAL NEW DEMOLISH NET NEW REMODEL 
FJJNCTlONAL AREA CQNSTRUCDON EXISTING AREA CONSTRUCTION EXISTING BLDG. COMMENTS 

COMMER_CIAL: 

7.1 Service Station 1,000 900 (Demo 7a) 100 

7.2 Hotel Space 100,000 100,000 New hotel space in levels 4-8 
of new International tenninal. 

Subtotal 101,000 900 100,100 

ADMIHISTRADON/QEfl(;E: 
(Airport. Airline, Tenant) 

8.1 International Terminal 
(Levels 4-8) 160,000 160,000 

> Subtotal 160,000 160,000 t,.) 

.i:.. MISCELJ..ANEQ:U:S: 

10.1 U.S ... Coast Guard Facilities 63,400 88,400 (25,000) 

Subtotal 63,400 88,400. (25,000) 

TOTAL NEAR TERM PLAN 3.223.200 1.218,700 2.504,500 561.400 

SOURCES: SFIA Airports Commission, May 1990; U.S. Coast Guard, June 1990; Environmental Science Associates, Inc. 
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TABLE B.2: LONG-TERM.MASTER PLAN (1997-2006) PROJECT SUMMARY/a/ 

TOTAL NEW .DEMOLISH NET NEW REMODEL 
FJJNCTIONAL AREA CONSTRUCTION EXISTING MM CONSTRUCTION EXISTING BLDG. COMMENTS 
TERMINAL: 

1.2 Boarding Area B ~ Phase 11 104,000 32,000 (Demo le) 72,000 Replaces existing Board1ng Area "A" 

Subtotal 104,000 32,000 72,000 
AJRFREIGEIT: 

5.5 West Field Cargo/Maint. 162,000 26,825 (Demo 3g) Replaces Bldg. 82 Maint. Hangar 
60,000 (Demo 5e) 75,175 Replaces Existing Airborne Cargo 

5.6 Mail Facility Expansion 132,000 132,000 

-
SubtotaJ 294,000 86,800 207,200 

COMMERCIAL: 

> ~ 7.2 Hilton Hotel 220,000' 
Vt 

Subtotal 220,000 

AUMIHISJ'RAIIVE/QFFICE: 

8.2 Office Building 100,000 13,062 (Demo 7b) 86,938 

Subtotal 100,000 13,100 86,900 

TOTAL LONG 1ERM PLAN ~98.000 131.900 366.100 22Q.OOO 

TOTAL MASTER PLAN 4.221.200 1.350.600 2,870.600 7&1.400 

/al All figures are in gross building square feet. SuhtotaJs and totals are rounded to the nearest 100. Note: This summary table was provided by SFIA AirporlS 
Commissfon in May 1990; facility categorization does not correspond precisely to Draft Master Plan. Project Description Tables 3 - 6 and Appendix Table B.I are 
based on Master Plan facility categorization; subtotals may therefore differ from this table. All totals correspond, however (new construction, demolish, net change, 
remodel). 

SOURCES: SFIA Airports Commission, May 1990; U.S. Coast Guard, June 1990; Environmental Science Associates, Inc. 



XII. Appendices 

TABLEB-3: IIlSTORJCALANNUAL PASSENGER TOTALS, BAY AREA AIR CARRIER 
AIRPORTS, 1960-1990 

San 
Francisco Metro San Jose Buchanan Sonoma 

.Y.w .lut'.l Oakland .Intl mld ~ Tu1al 

1960 4,637,035 334,440 80,731 5,052,206 
1961 4,754,327 274,530 76,437 5,105,294 
1962 5,036,092 312,884 109,261 5,458,237 
1963 6,414,620 425,650 ll9,260 6,959,530 
1964 7,459,461 491,730 124,360 8,075,551 
1965 8,706,984 966,636 109,483 9,783,103 
1966 10,145,309 1,209,729 416,850 11,771,888 
1967 12,248,051 1,461,543 714,257 14,423.851 
1968 13,544,414. 1,818,220 1,071,434 16.434,068 
1969 13,968,980 2,146,800 1,572,320 17,688,100 
1970 13,867,941 2,055,180 1,595,154 17,518,275 
1971 13,451,716 2,053,769 1,704,748 17,210,233 
1972 14,676,025 2,080,793 1,886,401 18,643,219 

.1973 15,567,030 2.226,494 2,037,787 19,831,311 
1974 16,201,138 2,295,871 2,146,157 20,643,166 
1975 16,362,160 2,214,811 2,311,238 20,888,209 
1976 17.564,033 2,164.243 2,662.140 22,390,416 
1977 18,912,622 2,499,855 3,052,167 24.464,644 
1978 21,519,923 2,788,176 3,398,579 27,706,678 
1979 22,865,369 2,771,815 3,617,412 29,254.596 
1980 21,338,383 /a/ 2,417,100 2.876,920 26,632,403 
1981 19,848,490 2,546,760 2,824,120 25,219,370 
1982 21,028,790 2,852,110 3,051,180 26,932,080 
1983 23,166,500 2,914,670 3,550,370 29,645,540 
1984 24,192,900 3,618,760 3,900,200 31,711,860 
1985 25,018,400 /a/ 4,138,990 4,708,800 3.460 /el 33,866,190 
1986 28,874,068 /al 3,800,770 5,659,140 86,874 /di 30,751 /e/ 38,451,603 
1987 29,812,440 4,010,000 5,693,944 125,004/d/ 52,618 /e/ 39,694,006 
1988 30,506,790 lb/ 3,832,241 5,744,223 120,245 /d/ 44,739 /e/ 40,248,238 
1989 29.939,835 4,228,986 6,726,558 114,852/dl 113,431 /e/ 41,123,662 
1990/c/ 30,387,922 /bl 5.261, 164 7,090,268 101,476 /di 130,336 /e/ 42,971,166 

NO'IES: 

la/ San Francisco International Airport Fin.al Draft Master Plan, Table 7.2. 
/bl San Francisco International Airpon Comparative Traffic Report, respective years. 
/cl 1990 figures for Metropolitan Oakland and San Jose International Airports are for the 12 month 

period ending on the last day of the third quarter (all other figures are end of fourth quarter of 
indicated year). 

Id/ Hal White, Buchanan Field Airport, April 1991. 
le/ Manager's Office, Sonoma County Allport,, April 1991. 

SOURCES: 1960-1979: Metropolitan Transportation Commission (MTC). from respective airport 
records~ 1980-1990: MTC, from respective airport records, unless otherwise noted. 
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TABLE B-4 

Notes to project schedule: 

Cl) Projects whtch are tn destgn phase. 
C2) Projects for whlch constructton contracts have been awarded. 
(3) Projects whtch are tn construct1on. 
C4) Projects whtch are 901 complete. 
<S> Projects wh1ch are eltgtbl_e for ADAP or AIP retmbursement. 
(6) Projects whtch wll1 recetve ADAP or AIP retmbursement~ 
<7> Projects wt11 not be funded wtthout f1rst returning to the A1r11ne Affairs Committee and the Airports 

Comm1ss1on for approval. 
CB) Project will be funded from other projects appear1ng on the Plan relating to South Terminal Modernfzatton & 

Renovation. 

<A> Projects financed by the proceeds, and/or the 1nterest earned on the~proceeds, of the Serles A Revenue Bonds. 
(8) Projects ftnanced by the proceeds, and/or the Interest earned on the .proceeds, of the Sertes B Revenue Bonds. 
<C> Projects ffnanced by the proceeds, and/or the Interest earned on the proceeds, of the Series C R~venue Bonds. 
<D> Projects ftnanced by the proceeds, and/or the Interest earned on the proceeds, of the Sertes O Revenue Bonds. 
<E> Projects to be f1nanced wtth the new Sertes E 1ssue. · 
CG.o> Projects financed by the 1nterest earned on the proceeds, of the 1967 General Obltgat1on Bonds. 
C700> Projects financed by the Fund 700 Capital Projects Fund. 

R - Revised 
N - New 

26528 



XII. Appendices 

APPENDIX C: NOISE 

Title 

TABLE C-1: Average Daily Air Carrier Aircraft Departures, Trip Length and Aircraft 
Type, 1990 

TABLE C-2: Aircraft Departures at SFIA by Pair of Runway Ends, Nighttime Noise 
Abatement Runway Use, 1989 

TABLE C-3: Comparison of Calculated and Measured Annual CNEL Values in 
Decibels at Remote Monitoring Stations, 1990 

Single Event Noise 

Figure C-1 
THRU C-4: Single Event Sound Exposure Contours 

TABLE C-4: Area Within Sound Exposure Level Contours for Representative 
Aircraft Using SFIA 

TABLE C-5: Sound Exposure Levels at Various Takeoff Distances for Representative 
Aircraft Using SFIA 

TABLE C-6: Sound Exposure Levels at Various Landing Distances for 
Representative Aircraft Using SFIA 

TABLE C-7: Comparison of Takeoff and Landing Sound Exposure Levels for 
Representative Aircraft Using SFIA 

TABLE C-8: Calculated Maximum Sound Exposure Levels at Remote Monitoring 
Stations for Representative Aircraft Using SFIA 

TABLE C-9: Calculated Maximum Sound Exposure Levels at Selected Study 
Locations for Representative Aircraft Using SFIA 

TABLE C-10: Sensitive Receptors Within 65 to 70 dBA, CNEL Noise Contours 

Description of Noise and Its Effects on People (by Ken Eldred, Ken Eldred Engineering) 

Standard Instrument Departures (National Oceanic and Atmospheric Administration) 

Addendum to Noise Analysis for San Francisco International Airport Master Plan 
Environmental Impact Report (by Ken Eldred, Ken Eldred Engineering, February 1991) 
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TABLE C-1: A VERA GE DAILY AIR CARRIER AIRCRAFT' DEPARTURES, TRIP 
LENGTII AND AIRCRAFT TYPE, 1990/a/ 

Degarture Trip Length <Nautical MiJes)/b/ 

Type of 500- 1,000 - 1,500 - 2,000- 2.500- 3,000 -
Aircraft 1..QQQ LlOO woo 2.fil1 .lQQQ .3...5..QQ ~ Tuial 

Stage 2Jd 

B-727 (all) 28.0 34.5 2.2 17.8 0.0 0.0 0.0 82.5 
B-737 (-100,-200)/d/ . 35.4 21.2 0.0 0.0 0.0 0.0 0.0 56.6 
B-747/e/ 0.5 0.8 0.0 2.5 1.6 4'.0 0.0 9.4 

Stage 3/c/ 

B-737-300 39.5 14.2 0.8 15.7 0.0 0.0 0.0 70.2 
B-747 1.0 1.5 0.0 4.6 2.9 0.0 7.5 17.5 
B-757 (all) 0.8 2.5 2.1 6.9 0.8 0.0 0.0 13.1 
B-767 (all) 0.4 2.2 4.7 9.1 8.4 0.0 0.0 24.8 
DC-8-71 0.7 0.8 0.0 2.7 3.4 0.0 0.0 7.6 
DC-10,L-lOll(all) 1.3 3.7 4.0 30.2 3.6 0.0 0.0 42.8 
MD-80 series 20.5 9.0 LO 11.3 0.0 0.0 0.0 41.8 
Airbus (all types) 2.5 0.0 0.6 2.1 0.0 0.0 0.0 5.2 
BAe-146 -22..J. -3.S. JlJl _j1Q J1il .Q.,_Q lli1 ~ 

TotaJ 169.9 93.9 15.4 102.9 20.7 4.0 7.5 414.3 

NOTES: 

/al Average daily aircraft departures are equal to annual departures divided by 365. Annual 
data for 1989 were used to represent 1990 conditions. 

lb/ One nautical mile is equal to 6,076 feet. 
Id Classification of aircraft as "Stage 2" or "Stage 3" refers to noise standards established by 

Federal Aviation Regulations Part 36. · 
/di Includes departures by DC-9 aircraft. 
le/ Earlier models of the B-74 7 are classified as Stage 2 aircraft. 

SOURCES: Ken Eldred Engineering, from information provided by SFIA landing fee reports 
and the Metropolitan Transponation Commission; Environmental Science 
Associates, Inc. 
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e TABLE C-IA: 1990 AND ASSUMED FUTURE RUNWAY USE BY AIRCRAFT 
CATEGORY AND TIME OF DAY 

Percent Dega.rtures by Runway EJ!d 

hlle. TI me/a/ .!R ll.. 1.QL 1.QR .l2L 1.2B. 28L 18R TuW 

B-747 Short Range/bl Day 25% 24% 1% 0% 1% 0% 0% 49% 100% 

Evening 25% 24% 1% 0% 1% 0% 0% 49% 100% 

Night 25% 25% 10% 0% 0% 0% 0% 40% 100% 

B-747 Long Range/cl Day 0% 0% 0% 0% 0% 0% 0% 100% 100% 

Evening 0% 0% 0% 0% 0% 0% 0% 100% 100% 

Night 0% 0% 20% 0% 0% 0% 0% 80% 100% 

AU Others/di Day 46% 46% 2% 2% 0% 0% 2% 2% 100% 

Evening 46% 46% 2% 2% 0% 0% 2% 2% 100% 

Night 41% 41% 8% 8% 0% 0% 1% 1% 100% 

/a/ Day=: 7:00 a.m. to 7:00 p.m.; Eve.= 7:00 p.m. to 1 O:OO p.m.; Night= 10:00 p.m. to 
7:00a.m. · 

lb/ With destinations of 1..500 miles or fewer from SFIA. 
le/ With destinations greater than 1,500 miles from SFIA. 
/di AU other airline aircraft. 

SOURCE: Ken EJdred Engineering and Environmental Science Associates, Inc., 
based on SFIA runway use data for 1989. 
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TABLE C-2: AIRCRAFT DEPARTURES AT SFIA BY PAIR OF RUNWAYENDS, 
NIGHTTIME NOISE ABA 'IEMENT RUNWAY USE, 1989 

Percent Aircraft Departures by 
Pair of Runway Ends/a,b/ 

Tvne_o_f Nrcraft l 1Q 12 2.8. Imal 

B-747 11% 68% 0% 21% 100% 

All Others 34% 52% 2% 12% 100% 

All Aircraft 41% 48% 2% 9% 100% 

/a/ Occurring between 1:00 a.m. and 6:00 a.m. Based on sampHng for five consecutive days 
each month. 

/bl Each of the four pairs of runway ends listed refers to the ends of the parallel runways 1-I 9 
and 10-28 (e.g., "1" refers to Runways IL and IR). 

SOURCE: Ken Eldred Engineering 
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TABLE C-3: COMPARISON OF CALCULATED AND :MEASURED ANNUAL CNEL 
VALUES IN DECIBELS AT REMOTE MONITORING STATIONS, 1990 /a/ 

CNEL Values (dBA) 

Station City Location Calculated/bl Measured/cl Difference/di 

I San Bruno 71.7 72.4 (0.7) 
2 San Bruno 55.5 53.4 2.1 
3 South San Francisco 56.2 58.2 (2.0) 
4 South Sao Francisco 68.8 70.7 (1.9) 
5 San Bruno 63.7 64.6 (0.9) 
6 South San Francisco 65.8 66.0 (0.2) 
7 Brisbane 55.3 57.3 (2.0) 
8 Millbrae 71.2 68.7 2.5 
9 Millbrae 63.6 62.2 1.4 

10 BiJrlingame 59.8 61.0 (1.2) 
11 Burlingame 63.9 63.0 0.9 
12 Foster City 62.5 61.7 0.8 
13 Hillsborough 50.3 57.2 (6.9) 
14 South San ,Francisco 54.2 54.2 0.0 
15 South San Francisco 62.2 63.5 (1.3) 
16 South San Francisco 57.4 58.4 (1.0) 
17 South San Francisco 60.3 59.6 0.7 
18 Daly City 63.1 63.8 (0.7) 
19 Pacifica 58.7 59.2 (0.5) 
20 Daly City 55.7 59.2 (3.5) 
21 San Francisco 53.7 54.2 (0.5) 
22 San Bruno 63.9 60.3 3.6 
23 San Francisco 60.9 62.0 (1.1) 
24 San Francisco 59.5 60.0 (0.5) 
25 San Francisco 54.9 54.8 0.1 
26 San Francisco 52.9 58.0 (5.1) 
27 San Francisco 40.5 53.6 (13.1) 

/al Remote monitoring stations are shown in Figure 21. Section 111.C. Noise Setting, p. 162. 
/bl CNEL values caJculated using the Integrated Noise Model. Values reflect aircraft 

operations at SFIA only. 
Id Measured values reflect all aircraft operations recorded at remote monitoring stations. 
/di Calculated values minus measured values. 

SOURCE: Ken Eldred Engineering. 
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SINGLE-EVENT NOISE 

In order to analyze the single-event noise produced by the aircraft using SFIA, sound 

exposure level (SEL) contours were developed for four representative aircraft: the 

B-727-200; B-737-300; B-747-200; and B-767. Figures C-1 through C-4 show 

single-event SEL contours for these four aircraft. The contours are similar to the CNEL 

contours shown in Sections m.c. and IV.C. Noise, pp. 153-170 and 331-352, except that 

e they represent single-event rather than cumulative noise levels. Each SEL contour 

represents the noise produced by one aircraft landing on and talcing off from one runway. 

The long, narrow end of the contour represents the noise produced during landing; the 

rounder end of the contour represents the noise produced during takeoff. 

The sound exposure level contours developed are generic (not site-specific), in that the 

areas that are shown as exposed to certain noise levels are calculated 1 ) based on distance 

from whatever runway an aircraft uses for takeoff or landing. and 2) given a set of 

assumptions about aircraft performance (for example, assuming that the aircraft 

continues straight out after takeoff). The actual single-event noise levels experienced in 

a particular area near SFIA would depend on the runway used, the weight of the aircraft, 

wind and weather conditions, the flight route and other operational procedures used by 

the aircraft pilot, and other factors. 

Table C-4 shows the number of square miles within the contours of 80, 95, and 110 dB, 

SEL. for each of the four aircraft studied. As shown in Table C-4, the B-727-200, a 

Stage 2 aircraft, produces the largest siitgle-event noise contours of the four aircraft. The 

B-737-300, a Stage 3 aircraft, produces the smallest single-event noise contours. 

Table C-5 shows the sound exposure levels each of the aircraft produces at various 

distances from the beginning of takeoff. The noise levels shown would be experienced if 

the aircraft were flying directly overhead. Table C-6 shows the corresponding sound 

exposure levels for aniving aircraft, at various distances from the runway threshold. 

Table C-7 shows a comparison of the maximum takeoff and landing noise levels at a 

point 30,000 feet (about 5.7 statute miles) from the landing end of the runway (and 

40,000 feet from the takeoff end, assuming a 10,000-footrunway). As shown in Table 

C-7, the takeoff and landing noise levels for the B-727-200 are different by over 10 dB, 

SEL, whereas the takeoff and landing noise levels for the B-767 are almost the same. 
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Using the data in Tables C-4 through C-7, the maximum sound exposure levels 

occurring at the remote monitoring stations and selected study sites were estimated. 

Table C-8 shows the results for the remote monitoring stations. As shown in Table C-8, 

the highest sound exposure levels are created by the B-727-200, at sites in San Bruno, 

Millbrae, and Burlingame. Table C-9 shows estimated sound exposure levels at the 

selected study sites. As shown in Table C-9, the sound exposure levels are generally 

lower at the selected study sites than at the remote monitoring stations, because the 

selected study sites are relatively far from SFIA. 
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TABLE C-4: AREA WITHIN SOUND EXPOSURE LEVEL CONTOURS FOR 
REPRESENTATIVE AIRCRAFT USING SFIA 

Sound 
Exposure 

Level (dB) 
Area Cin SQuare Miles) by Representative Aircraft T:rpe/a/ 

B-727-200 B-747-200 B-767 B-737-300 

80 
95 

110 

105.7 
9.6 
0.7 

59.8 
6.2 
0.4 

15.4 
0.9 
0.2 

7.8 
0.3 
0.1 

Jal Assuming a straight-out departure and typical aircraft performance characteristics. Trip 
lengths (related to aircraft weight) are those most frequently used by these aircraft at SFIA. 

SOURCE: Ken Eldred Engineering. 

TABLE C-5: SOUND EXPOSURE LEVELS ATV ARIOUS TAKEOFF DISTANCES FOR 
REPRESENTATIVE AIRCRAFT USING SFIA 

Distance 
From Start Sound Exposure Level (in dB) 
of Takeoff bl'. Rep~scntatb:~ Ainmifi l):'.~a/ 
Roll {feet) B-727-200 B-747-200 B:1fil B-737-300 

15,000 109.4 106.4 92.6 86.2 
21,000 106.0 103.3 89.6 82.2 
25,000 104.6 102.2 88.I 80.5 
30,000 101.9 100.8 86.3 78.7 
40,000 94.0 92.8 83.1 75.3 
50,000 92.0 89.S 80.5 72.7 
70,000 88.4 85.6 76.9 68.5 

100,000 84.5 82.1 73.2 65.3 

Jal Assuming a straight-out departure and typical aircraft perfonnance characteristics. Trip 
lengths (related to aircraft weight) are those most frequently used by these aircraft at SFIA. 
Sound levels are those that would be heard on the ground directly under the aircraft. 

SOURCE: Ken Eldred Engineering. 

A.54 



XII. Appendices 

TABLE C-6: SOUND EXPOSURE LEVELS AT VARIOUS LANDING DISTANCES FOR 
REPRESENTATIVE AIRCRAFT USING SFIA 

Distance 
From Runway 

Threshold 
~ 

5,000 
15,000 
30.000 
50,000 

Sound Exposure Level (in dB) 
tzy Representative Aircraft Twe/a/ 

B-727-200 B-747-200 l!.:.1fil 

97.4 
91.2 
86.6 
82.4 

102.7 
97.1 
92.7 
88.4 

95.9 
89.2 
83.7 
79.2 

B-737-300 

94.0 
87.1 
82.0 
77.5 

/a/ Assuming arrival along a 3-degree glide s1ope and typical aircraft performance 
characteristics. Sound levels are those that would be heard on the ground directly under 
the aircraft. 

SOURCE: Ken Eldred Engineering. 

TABLE C-7: COMPARISON OF TAKEOFF AND LANDING SOUND EXPOSURE 
LEVELS FOR REPRESENTATIVE AIRCRAFT USING SFIA 

Type of 
Operation 

and Distance 
«=11 

Takeoff 
(40,000)/b/ 
Landing 
(30,000)/c,d/ 

Sound Exposure Level (in dB) 
by Representative Ain;;raft Tyge/al 

B-727-200 B-747-200 B..:1fil 

96.9 

86.6 

92.8 

92.7 

83.1 

83.7 

B-737-300 

78.7 

82.0 

/al Assuming straight-out depanure or arrival along a 3-degree glide slope. and typical aircraft 
performance characteristics. For takeoff's, trip lengths (related to aircraft weight) are those 
most :frequently used by aircraft at SFIA. Sound levels are those that would be heard on 
the ground directly under the aircraft. 

lb/ From beginning of takeoff roll, assuming a 10,000-foot runway. 
/cl Values are higher than those in Table C-5 because aircraft flight destinations are assumed 

to be further away (making aircraft height higher and altitudes at distances shown lower). 
/di From runway threshold. 

SOURCE: Ken Eldred Engineering. 
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TABLE C-8: CALCULATED MAXIMUM SOUND EXPOSURE LEVELS AT REMOTE 
MONITORING STATIONS FOR REPRESENTATIVE AIRCRAFT USING 
SFIA 

Sound Exposure Leve] (in dB) 
No. b;t Repr~li~o.tative Air~D.l.fi T;tne/a/ 
/JJL Citl! Lo~ation B-721-2QQ B-'.Z4:Z-200 B-767 1!.:7.lI-300 

1 San Bruno 112 106 92 88 
2 San Bruno 107 102 88. 84 
3 South San Francisco 108 102 88 85 
4 South San Francisco 108 103 89 85 
5 San Bruno 110 105 91 87 
6 South San Francisco 108 102 88 85 
7 Brisbane 103 99 85 82 
8 Millbrae 120 114 100 94 
9 Millbrae 113 107 93 90 

IO Burlingame 111 105 92 88 
11 Burlingame 113 106 93 89 
12 Foster City 95 90 82 77 
13 Hillsborough 107 102 87 83 
14 South San Francisco 106 101 86 83 
15 South San Francisco 108 103 89 85 
16 South San Francisco 103 98 85 81 
17 South San Francisco 103 98 85 81 
18 Daly City 100 96 84 80 
19 Pacifica 98 94 83 79 
20 Daly City 95 90 81 76 
21 San Francisco 94 89 80 76 
22 Sa.Jl Bruno NIA NIA NIA NIA 
23 San Francisco 97 92 82 78 
24 San Francisco 95 90 81 76 
25 San Francisco 93 87 79 74 
26 San Francisco 93 87 79 74 
27· San Francisco 91 86 76 71 

/a/ Assuming a straight-out departure and typical aircraft performance characteristics. Trip 
lengths (related to aircraft weight) are those most frequently used by these aircraft at SFIA. 

lb/ Remote monitoring stations are shown in Figure 21, Section m.c. Noise Setting, p. 162. 

SOURCE: Ken Eldred Engineering. 
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e TABLE C-9: CALCULATED MAXIMUM SOUND EXPOSURE LEVELS AT SELECTED 
STUDY LOCATIONS FOR REPRESENTATIVE AIRCRAFT USING SFIA 

Sound Exposure Level (in dB) 
No. b!L Re:on<~ntatiy~ Air~raft I~~La/ 
/bl. ~L~atign B-121-200 :B-:Z!i:Z-200 R.:1fil B-131-~00 
A SF-Visitacion Valley 96 91 82 77 
B SF-Mt. Davidson 94 90 81 76 
c SF-Ingleside 95 90 81 76 
D Albany 90 84 75 70 
E Kensington 89 84 75 70 
F Berkeley 90 85 77 71 
G Berkeley 90 84 75 70 
H Oakland 91 86 77 73 
I Berkeley 90 85 76 71 
J Orinda Village 90 84 75 . 70 
K Berke1ey/Oak1and 90 85 76 71 
L Oakland 90 85 76 71 
M Orinda 89 84 75 70 
N Walnut Creek 87 82 73 67 
0 Richmond 88 83 74 68 
p Moraga 89 84 75 70 
Q Danville 88 82 73 68 
R Pacifica 92 87 78 74 
s Pacifica 91 85 77 72 
T Pacifica 93 88 79 74 

la/ Assuming a straight-out departure and typica1 aircraft pedormance characteristics. Trip 
lengths (related to aircraft weight) are those most frequently used by these aircraft at SFIA. 

/bl Study locations are shown in Figure 21, Section 111.C. Noise Setting, p. 162. 

SOURCE: Ken Eldred Engineering. 
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eTABLE C-10: SENSITTVE RECEPTORS WITHIN 65 to 70 and 70 to 75 dBA, CNEL NOISE 
CONTOURS/a/ 

1990 Existing Base 

]0-75 dBA Contour 

Millbrae Nursery School 
Millbrae Serra Convalescent Hospital 
Sheltering Pines Convalescent Hospital 

fi5-70 dBA Contour 

Chadbourne School 
Fire Station 
Belle Air School 
Avalon School 
Taylor School* 
Green Hills School* 
South San Francisco High School* 
Los Ceiritos School* 
EJ Rancho Schoo]* 
Alta Loma School* 
Lincoln School* 
Millbrae City Hall 
Millbrae City Library 

1996 Project and No-Project Alternative 

65-70 dBA Contour 

Chadbourne School 
Mills High School* 
Peninsula Hospital* 
Fire Station* 
Belle Air School* 
Avalon School* 
South San Francisco High School* 
Los Cerritos School* 
Millbrae Nursery School 
Millbrae Serra Convalescent Hospital 
Sheltering Pines Convalescent Hospital 
Millbrae City Hall 
Mi11brae City Library 
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eTABLE C-10: SENSITIVE RECEPTORS \VITHIN 65 to 70and 70to 75 dBA, CNEL NOISE 
CONTOURS/a/ (CONTINUED) 

2006 No Project Alternative 

65-70 dBA Contour 

Avalon School* 
South San Francisco High School* 
Los Cerritos Schoo1* 
Sheltering Pines Convalescent Hospital* 

2006 Project 

65-70 dBA Contour 

South San Francisco High School 
Los Cenitos School 
Southwood School 
Avalon School* 
Sheltering Pines Convalescent HosptiaJ* 
Millbrae Serra Convalescent Hospital* 

NOTES: 

/a/ Other than residences. 

*On border of contour. 

SOURCE: Environmental Science Associates, Inc. 
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j 1. IN'IRODUCilON 

This appendix summarizes information on ways to descn'be environmental sound 
exposure with respect to people and on its effects in terms of interference with human 
activity and annoyance. 

This information is primarily based OD the u.s~ Environmental Protection Agency 
•Levels Document"1• and on subsequent research and findings. The set of six descriptors 
provides for quantifying the instantaneous magnitude of sound and the total magnitude of 
sound exposure to a single event or to a collection of events. 

The cumulative noise metric in this appendix is the Day-Night Sound Level (Ldn). 
This quantity very similar to the California Community Noise Equivalent Level (CNEL), 
except that CNEL contains a S dB penalty for the evening hours of 7:00-lO:OOpm, whereas 
Ldn does. not. The result is that CNEL is usually slightly larger numerically than Ldn, 
usually by 0.1 to 1 dB. Except for this negligible difference, the human effects for a value 
of CNEL should be the same as those given here for Ldn. 

The appendix contains information of the effects of noise on speech communication, 
sleep and annoyance, addressing the effect of background noise and single event noise as 
well as the cumulative value of intruding noise. Finally, it contains current land use 
recommendations with respect to noise. · 

• The numbers in superscript "refer to references at the end of the appendix text. 



2. DESCRIYilON OF ENVIRONMENTAI.SOUND EXPOSURE 

This section presents the set 'of descriptors that are most useful in quantifying sounds 
heard in residential neighborhoods and relating them to the various health effects. It then 
develops the simple relationships between sound exposures associated with various events 
heard during a defined time period and the resulting total cumulative sound exposure. 
Finally, it discusses longer term temporal factors which must be considered in defining the 
appropriate activity level and the typical expected difference between outdoor and indoor 
noise. 

21 DesCripton5 

There are a great many descriptors that have been advocated for the purpose of 
characte:rizfug one or more attributes of environmental sound. Here we present a set of 
quantities that were developed originally by the· United States Environmental Protection 
Agencyt standardized by the national and international technical community and generally 
used today by the U.S. Government agencies, states and local authorities. These quantities 

· allow for description of the: 

• instantaneous magnitude of sound and the character 
of its frequenc:y spectrum . 

• . magnitude of the total sound .exposure associated with 
a single event such as an aircraft fly-by. 

• magnitude of the average sound exposure in an hourly . 
period which may be related to interface with human 
activity or health. 

• magnitude of the 24·hour sound exposure with a night· 
time penalty weighting which may be related to noise 
impact. 

Table 1 lists the principal descriptors and gives a shon definition and principal use 
for each of the quantities that provide the basis for discussion of sound in this document. 
The following paragraphs provide further information on each of these quantities. 

2 



TABLE! 

Principa1 Descriptors of Environmental Sound 

Symbol 
Quantity Abbreviation 

Sound 
Level 

L 

Sound SE 
Exposure 

Sound SEL 
Exposure 

Level 

Equivalent L.. 
Sound 
Level 

Day /night Ldn 
Sound 
Level 

Day /night DNSE 
Sound 

Exposure 

Short 
Definition 

Mean square value of A­
weighted sound pressure 
level at any time re. a 
reference pressure. 
Time integral of the mean 
square A-weighted sound 
pressure re. a mean square 
reference pressure and 1-
second duration (pasques ). 

10 x logarithm of soiind 
exposure. 

Level of a steady sound 
which bas the same sound 
exposure level as does a 
time-varying sound over a 
stated time interval. 

Equivalent sound level for a 
24-hour period with a + 10 
dB weighting applied to all 
sounds occurring between 
10 pm and 7 am. 

Linear Day /night sound 
exposure for a 24-hour 
period with a 10 times 
weighting applied to all 
sounds occurring between 
10 pm and 7 am. 

Principal 
Uses 

Descnbes magnitude of a 
sound at a specific position 
and time. 

Describes magnitude of all 
of the sounds at a specific 
position accumulated during 
a specific event, or for a 
stated time interval. 

Decibel form of sound 
exposure. 

Describes average (energy) 
state of environment. 
Usually employed for 
durations of: 

1 hr {L_q(l)}, 
8 hr {~(8)}, or 

24 hr {L.;,(24)}. 

Describes average 
environment in residential 
situations; accounting for 
effect of nighttime noises, 
and often is averaged over a 
365-day year. 

Linear analogue to 
Day /night Sound Leve~ is 
very useful for adding up or 
comparing constituent parts 
of the total sound 
environment. 



Sound Level {LA) 

The instantaneous magnitude of a sound may be described by its sound level which 
accounts both for the magnitude of its pressure fluctuations and their distnbution in the 
frequency spectrum. 

The distribution of sound energy as a function of frequency is termed. the "frequency 
spectrum." See Figure 1 for an example. The frequency spectrum is important to the 
measurement of the magnitude of sounds because the human ear is more sensitive to sounds 
at some frequencies than at others. For example, the human ear hears best in the frequency 
range of 1000 to 5000 cycles per second {or Hertz) than at very much lower or higher 
frequencies. Therefore, in order to determine the magnitude of a sound on a scale that is 
proportional to its magnitude as perceived by a human,. it is necessary to weight that part 
of the sound energy spectrum humans hear most easily more heavily when adding up the 
total sound magnitude as perceived. Figure 2 illustrates this concept ·of weighting the 
physical sound spectrum to account for the frequency response of the ear. 

The most popular form of frequency weighting, called A-weighting, is incorporated 
in the definition of sound level. A-weighting, which was developed in the 1930's for use in 
a sound level meter, accomplishes the weighting by an electrical network which works in a 
manner similar to the bass and treble controls on a hi-fi set. Its major effect is to 
deemphasize low frequency sounds, e.g. to roll off the bass response. A-weighting has been 
used extensively throughout the world to measure the magnitudes of sounds of all types. 
Because of its universality, it was adopted by EPA and other government agencies for the 
description of sounds in the environment. 

The unit used· to measure the magnitude of sound level is the decibel. in the phrase, 
'The sound level is so many decibels,• its use is analogous to the use of "inch .. in the phrase, 
'The length is so many inches11 or to "degree" in the phrase, "'The temperature on the celsius 
scale is so many degrees." However, unlike the scales of length and temperature, which are 
linear scales, the sound level scale is logarithmic. By definltio0t therefore, the level of a 
sound which has 10 times the mean square sound pressure of the reference sound is 10 
decibels (or dB) greater than the reference sound, and one which has 100 times (or 10 x 10) 
the mean square sound pressure of the reference sound is 20 dB greater (10 + 10) dB. 

This use of a logarithmic scale for sound is convenient because sound pressures of 
norm8.I interest extend over a range of 10 million to 1. Since the mean square sound 
pressure is proportional to the square of sound pressure, it extends over a typical range of 
100 million million (a 100 trillion) to 1. This huge number, 100 trillion (or 
100,000,000,000,000, 'With 14 zeros after the 1) is· much more conveniently represented on 
the logarithmic scale as 140 dB (14 x 10). 
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The use of the logarithmic deabel scale requires somewhat different arithmetic than 
we are accustomed to using with linear scales. For example, if two similar but independent 
noise sources operate simultaneously, the measured mean square sound pressure from the 
two sources will add together to give a value twice that which would result from either 
source operating alone. The resulting sound pressure level in decibels from the combined 
sources will be only 3 dB higher than the level produced by either source alone, since the 
logarithm of 2 is 0.3 _and 10 times 0.3 is 3. In other words1 if we have two sounds of 
different magnitude from independent sources, then the level of the sum will never be more 
than 3 dB above the level produced by the greater source alone. If the two sound sources 
produce individual l~vels that are different by 10 dB or more, than adding the two together 
produces a level that is not significantly different from that produced by the greater source 
operating alone. 

The zero value on the A-weighted sound level scale (sound level, for short) is the 
reference pressure of 20 micro-newtons per square meter. This value was selected because 
it approximated the smallest sound pressure that can be detected by a human. The average 
sound level of a whisper at a 1-meter distance from the person who is whispering is 40 dB; 
the sound level of a normal voice speaking 1 meter away is 57 dB; a shou~ 1 meter away, 
is 85 dB. Other ex~ples of sound levels are illustrated in Figure 3. 

Sound Emosure CSE)"' 

Sound exposure is the analogous non-logarithmic arithmetic quantity to sound 
exposure level. It provides the basis for describing the to_tal sound exposure during a stated 
period of time. This includes a wide variety of .environmental noise. situations in which the 
magnitude of the sound is constantly changing with time. Sound exposure is the linear time 
integral of the mean square sound pressure, having the dimension of pressure squared x 
time. Its units arc pascal squared seconds (pasques for short). 

Sound Exposure Lcyel (SEL) 

The sound exposure level characterizes the total sound associated with a single event 
during a stated time period. The sound level during a discrete event varies with time~ rising 
from a residual level to a maximum value and then falling back to the residual level, as 
illustrated in Figure 4. The total sound exposure associated with such an event is a function 
of the duration of the event and its maximum sound level. Since both of these factors are 
relevant to the effect of the sound on people, the sound exposure level has been found to 
be the most appropriate and useful descriptor for most types of single event sounds 
including aircraft fly-bys. 

Figure S shows an example of the time history of the ambient noise in a suburban 
neighborhood. The large changes in sound level, which occur as the result of diverse 
discrete events, demonstrate the difficulty of selecting a single value of the sound level time 



history to characterize the total sample. To account for all of these sounds, the cumulative 
sound exposure, or sound exposure. leve4 allows the s11mmation of all of these individual 
sounds into a single total value for each sample in a mmµler that can be correlated with the 
probable effect of these sounds on people. 

EQ.uiva}ent Sound Leyel (l&Q) 

The equivalent sound level during a stated time period is the level of a steady sound 
which has the same sound exposure as does the actual sound. The major virtue of the 
equivalent sound level is that its magnitude correlates.well with the effects on humans that 
result from a wide variation in types of environmental sound levels and time patterns. It 
has been proven to provide good correlation between noise and speech interference and the 
risk of noise-induced hearing loss. It also is the basis for the principal quantity used to 
describe the totaJ outdoor noise environment, the Day-night Sound Level. 

The equivalent sound level for the hour which contained most of the ten·minute 
sample in Figure 5 was 57 dB and the corresponding sound exposure level was 92.6 dB (a 
sound exposure of 0. 72 pasques). 

D~·Di&ht Sound Level (Ldn) 

The Day-night Sound Level is defined as the A-weighted equivalent sound level for 
a 24-hour period with a + 10 dB weighting applied to the equivalent sound levels measured 
during .the nighttime hours of 10:00 pm to 7:00 am. The nighttime weighting acts to 
: . ".':'"!":-;,lllse the levels measured in nighttime by 10 dB. Hencet an environment that bas a 
measur.cU: daytime equivalent sound level of 60 dB and a measured nighttime equivalent 
sound level of 50 dB has weighted nighttime sound level of 60 dB (50 + 10) and a Day­
night Sound Level of 60 dB. 

The Day-night Sound Level is the primary descriptor of cumulative noise in the 
outdoor environment, correlating well with overall community reaction to noise and to the 
results of social surveys of annoyance to aircraft noise. It has been adopted throughout the 
federal government and is now embodied in numerous federal regulations and guidelines. 
Its magnitude bas been related to most of the effects of noise on people to an extent 
unmatched by any other descriptor. Therefore, it has the highest utility in evaluating 
environmental noise with respect to people. 

For some applications and noise abatement measures, it can- be useful to separate 
the daily exposure into more time periods, e.g. daytime, evening and nighttime, depending 
on the noise activities and lifestyle of_ the population. Some countries and the state of 

· Cs.lifomia have adopted such variations from Ldn. However, the standardized Ldn used 
here results in the best overall comparability_ of various residential noise environments. 
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Da,y-Niiht Weiehted Sound Exposure (PNSE) 

An alternative cumulative noise descriptor that corresponds with the Day-night Sound 
Level is the Day·night Weighted Sound Exposure. Its units are pascal-squared seconds, 
pasques for short. The range of primary interest for DNSE is 1 to 1,000 pasques, equivalent 
to Ldn values of 45 to 75 dB. 

Figure 6 illustrates the direct relationship between the logarithmetic Day-night Sound 
Level scale and the Day-night Sound Exposure scale. A value of 1 pasque is equivalent to 
an Ldn of 45 dB which is a very quiet environment such as found on a farm in California. 
The value of 1 O pasques is equivalent to an Ldn of SS dB which is the level proposed by the 
US Environmental Protection Agency (EPA) as protective of the "public health and welfare 
with an adequate margin of safety" (see Section 4.1). Such a level is often found in 
suburban neighborhoods. The value of 100 pasques is equivalent to an Ldn of 65 dB, a 
level considered by the FAA and various other agencies to be the threshold of possibly 
significant noise problems, and is the minimum value of Ldn required for eligibility for 
sound proofing under FAA grant programs. Finally, a value of 1,000 pasques is equivalent 
to an Ldn of 75 dB, the level which it is generally recognized as the maximum cumulative 
level fit for residential living. even with sound proofing applied to the residential units. 

2.2 The Cumulative Sound Exposure from Sin~e Events 

The cumulative sound exposure resulting from a series of sound events is calculated 
by adding up the sound exposures of the individual events. For example, if there were three 
events with sound exposures of 4, 9 and 23 pasques, then the aunulative sound exposure is 
calculated by adding 4 + 9 + 23 to obtain 36 pasques. 

This simple arithmetic property of sound exposure is very useful when examining the 
possible effects of alternative noise mitigating measures. . For example, a 30 percent 
reduction iii tbe operations on a sp1eii1 redlteti&R ill the :uperatiem B• a specific runway 
leads to a 30 percent reduction in the cumulative sound exposure from those operations. 
The ability of this technique can be easily seen in the examples in Table 2. 
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TABLE2 

Examples of the Use of Day /night Weighted Sound Exposure (DNSE) 

-
Example 1: Contributions of departures on five runways to 

sound exposure at a specific location 
(at a typical large commercial airport) 

DNSE per 
Depanure Ldnp• DNSE % Total No. Operation 

Runwav_ (decibels) U>asQ.Ues) Exposure ~ lnasaues) 

08 64.4 95 20 45 2.11 
14 62.5 61 13 75 .81 
23 66.9. 169 37 100 1.69 
26 64.2 91 20 78 1.17 
32 filJ. _M 10 ~ ~ ·-

TOTAL: 71.3 461 100 358 1.29 

T ABLE2 (continued) 

Example 2: Contribution of departures from various aircraft 
on all runways to sound exposure at a specific location 
. (at a typical larg~ commercial airport) 

Aircraft Ld~p· DNSE %Total 
DNSE per 

No. Operation 
TVDf:_ (decibels) llzioSijlleS) Exposure ~ (RasQues) 

727 69.9 338 72 152 2.22 
DC9 64.2 89 19 113 0.79 
747 60.S 38 8 23 1.67 

DClO 51.6 5 1 . 41 0.12 
767 ru ...l .Ne.£ .22 M1 

TOTAL: 71.3 472 100 358 l.32 

• · Ldnp is the partial value of Ldn associated with the indicated operation 

The day-night weighted sound exposure may also be used to include the effect of the 
population impacted by alternative proposals in attempting to decide which proposal should 
be selected. For cxamplet assume that the noise from airfield operations impacted two 
apartment properties; Apartment A wj.th a population of 500 people, and Apartment B with 
a population of 100 people, and that the current DNSE values are 10 pasques and 40 
pasques, respectively. Thus at Apartment A there are 500 people living in an area which 
has a DNSE of 10 pasques, and at Apartment B there are .100 people with a DNSE of 40 
pasques. One can calculate in each area the total population weighted DNSE by multiplying . 



the number of people exposed by their DNSE. Thus, at Apartment ~ population-weighted 
DNSE is 5,000 people pasques and at Apartment B it is 4,000 people pasques. Then the 
total current impact in terms of cumulative sound exposure is simply the sum of the 
population-weighted DNSE's or 9.000 people pasques in this example. Alternatives with 
proposed noise mitigations could be similarly evaluated and their totals compared with that 
of the current operation, to give one type of single number comparative measure. 

1bis technique c:an be applied to the estimated national population affected by noise 
from aircraft operations at civilian airports. The results are shown in Table 3. 

DNL 
Interval 
ldB) 

80-85 
75-80 
70-75 
65-70 

.·6()..65 
SS-60 

TABLE3 

Estimated Population Impact of Aircraft Noise Based on 
Population Weighted by Day· Night Sound Exposure 

Population 
Average Weighted 

Population DNSE .DNSE 
lmillions}. U2as'1ll~l ilze@I~ W15QY~5) 

615 
.1 6150.0 388 
.2 1940.0 615 

1.0 615.0 660 
3.4 194.0 418 
6.8 61.5 ..2!8 

12.8 19.4 2944 

% of Total 
Above 
Ldn 

= 55-dB 

20.9 
13.2 
20.9 
22.4 
142 
_M 
100.0 

The results indicate that about 21 percent of the population-weighted DNSE occurs at very 
high values of DNSE (DNSE greater than 3,000 pasques and the corresponding Ldn greater 
than 80 dB). Further, 78 percent of the national impact as measured by this metric occurs 
at values of DNSE greater than 100 (Ldn greater than 65 dB). 



2.3 Locational and Temporal Modjfyjn& Factors 

The usual definition of the noise enVironment is given in terms of the outdoor noise 
level and for cumulative noise, a "typical" 24--hour day. Often, the evaluation of noise effects 
on people involve the noise indoors, rather than outdoors, which may require a tramition 
from outdoors to indoors. Also, the determination of a "typical" day may involve evaluating 
many temporal operational aspects of the sources of noise, including daily, weekly, and 
seasonal patterns. These aspects axe discussed in the following paragraphs. · 

2.3.1 Outdoor to Indogr Npise Reduc:tiQD 

The majority of the existing data regarding levels of environmental noise in 
residential areas ·has. been obtained outdoors. Such data are useful in characterizing the 
neighborhood noise environment, evaluating the noise of identifiable sources and relating 
the measured values with those calculated for planning purposes. For these putpases, the 
outdoor noise levels have proved more useful than indoor noise levels because the indoor 
noise levels contain the additional variability of individual building sound level reduction. 
This variability among dwelling units results from type of construction, interior furnishings, 
orientation of rooms relative to the noise, and the manner in which the dwelling unit is 
ventilated. 

Data on the reduction of aircraft noise afforded by a range of residential structures 
indicate that houses can be approximately categorized into "warm climate" and "cold climate" 
types. Additionally, data are available for typical open·window and closed-window 
conditions. These data indicate. that the sound level reduction provided by-buildings within 
a given community has a wide range due to differences in the use of materials, building 
techniques, and individual building plans. Nevertheless, for planning purposes, the typical 
reduction in sound level from outside to inside a house can be summarized as follows in 
Table 4. 
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TABLE4 

Sound Level Reduction due to Houses• i1i Warm and 
Cold Climates, with Windows Open and Closed 

Windows 
()_pen 

Warm Climate 12 dB 

Cold Climate 17 dB 

Approximate National Average 15 dB 

Windows 
Clo!ie.d 

24 dB 

27 dB 

25 dB 

• (Attenuation of outdoor noise by exterior shell of the house) 

The approximate national average "window open" condition corresponds to an opening of 
2 square feet and a room absorption of 300 sabins (typical average of bedrooms and living 
rooms). This window open condition has been assumed throughout this report in estimating 
conservative values of the sound levels inside dwelling units which result from outdoor noise. 
The results indicate that a reduction of 15 dB is appropriate for the "window open" 
conditions and a reduction of 25 dB for the \vindow closed" condition. Higher values could 
be appropriate for houses with well·fitted storm windows or sound proofing treatment. 
These values are appropriate for estimating the indoor noise from outdoor noise 
measurements or for translating indoor noise criteria to the outdoors. 

2.32 Temporal Fagors 

The work of the US Environmental Protection Agency in correlating the Ldn with 
the effects of cumulative noise in community neighborhoods, used the concept of "annual . 
average day" as the "typical" day. This definition is unambiguous and it is usually simple to 
calculate the desired quantity since annual statistics are readily available for most sources 
of interesL 

In some cases where the operation of the noise source is invariant, such as an 
electrical power transformer, selection of definition for typical day requires little effort. 
However, where there are major temporal changes in operations serious consideration of 
the scheme for defining a typical day is required. Some examples might include: 



• Operation of snow making and grooming machines at a ski 
resort which occurs only in the winter. 

• Operation of sports car racing that occurs only on Friday and 
Saturday evenings for four months of the year. 

• Operation of Commercial airplanes at a civilian airport which 
has significantly fewer flights from midnight Friday through 
Saturday at noon. · 

• Highway traffic in a summer resort area where the population 
in the high season is ten times that in the off season. 

• Operation of aircraft over a community which only occurs when 
the weather conditions dictate use of .a specific runway 
configuration. 

• Operation at military air bases or training areas, where activity 
is dictated by various operational requirements. 

For some of these examples. such as the regular daily variation of commercial 
airplane schedu1es, the typical day is defined as an "average busy day." It may be calculated 
by selecting one of the days during the week (Thursday has been ~ed in several civilian 
airport studies); or by a more complex calculation procedure. For example, U.S. DOD 
procedures use as a busy day, a day when the number of operations is greater than one-half 
the average annual day (the annual number of operations divided by 365). From those busy 
days the "average busy day" is calculated 

For some of the other examples it is more appropriate to estimate the noise for two 
definitions of a typical day, the annual average day and an average day during the period 
when the noise occurs. Thus, for a source that operates only in one seaso~ a typical day 
would be selected to represent average day operations in that season. Similarly, for a flight 
track that is only used under cenain weather conditions, a day may be selected in which it 
is assumed that the flight track is used for the entire 24 hours. Alternatively, a typical day 
could be defined to have the average usage on the days when the flight track is used. These 
additional· analyses arc often helpful in understanding the impacts as perceived by the 
residents. 



3. IN1ERFERENCEWITII HUMAN ACTIVITIES AND ANNOY ANCE1il.U~1'11 

3.1 Actiyity Interference 

This section discusses the two forms of activity that are frequently cited as susceptible 
to interference by noise. These are speech communications and sleep. 

· 3.1.1 Interference with Speech CommunicationJ.,2,.1,ll,ll 

Speech communication has long been recognized as an important requirement of any 
human society. Interference with speech communication disturbs normal domestic or 
educational activities, creates an undesirable living environment, and can sometimes, for 
these reasons, be a source of significant annoyance. The principal concerns in residential 
neighborhoods are the effects of noise on face-to-face conversation outdoors and indoors, 
telephone use, and radio or television enjoyment 

The chief effect of intruding noise on speech is to mask the speech sounds and thus 
reduce intelligibility. The· important contnbutions to intelligibility in speech sounds cover 
a range in frequency from about 200 to 6,000 Hz, with a dynamic level. range of about 30 
dB, throughout the frequency band. The intelligibility of speech will be nearly perfect if all 
these contributions are available to a listener for his understanding. Much of the acoustic 
energy in speech is contained in the lower part of this frequency range. However, important 
information required to differentiate between speech sounds is contained in the higher 
frequency range. To· the extent that intruding noise muks out or covers some of these 
contributions, the intelligibility deteriorates more· readily the higher the noise level, 
particularly if the noise frequencies coincide with the important speech frequ~ncies. 

Results of speech research define the levels of noise that will produc;evarying degrees 
of masking as a function of average noise level and the distance between talkers and 
listeners. Other factors such as. the talkers enunciation, the familiarity of the listener with 
the talker's language, the room acoustics, the listener's motivation and, of course, the 
normality of the listener's hearing also influence intelligibility; 

For outdoor speecb communication, Table 5 shows distances between speaker and 
listener for satisfactory outdoor speech at two levels of vocal effort in steady background 
noise levels. In other words, if the noise levels in the table are exceeded, the speaker and 
listener must either move closer together or expect reduced intelligibility. The loss of 
intelligibility as a function of noise level for normal voice level with a 2-meter 
communication distance is given in Figure 7. 



TABLES 

Steady A-weigbtedSound Levels that AllowCommunication with 95 Percent Sentence 
Intelligibility Over Various Distances ·Olltdoors for Different Voice Levels 

VOICE LEVEL 

0.5 

Normal Voice 72 

Raised Voice 78 

COMMUNICATION DISTANCE (Meters) 

1 2 3 4 

66 60 56 54 

72 66 62 60 

s 

52 

58 

For indoors, the effects of masking normally-voiced speech are summarized in 
Figure 8, which assumes the existence of a reverberant field in the room. This reverberant 
field is the result of reflections from the walls and other boundaries of the room. These 
reflections enhance speech sounds so that the decrease of speech level with distance found 
outdoors occurs only for spaces close to the talker indoors. For fypical living rooms, the 
level of the speech is more or less constant throughout the room at distances greater than 
1.1 meters from the talker. The distance from the talker at which the level of speech 
decreases to a constant level in the reverberant part of the room· is a function of the 
acoustic absorption in the room. The greater the absorption, the greater the distance over 
which the speech will decrease and the lower the level in the reverberant field for a given 
vocal effort. The absorption in a home will wry with the type and ainount of furnishings, 
carpets, drapes and other absorbent materials,· being generally least in bathrooms and 
kitchens and greatest m living rooms and bedrooms. 

As shown in Figure 8, the maximum sound level that will permit relaxed conversation 
with 100 percent sentence intelligibility throughout the room is 45 dB. People have a 
considerable capability to vary their voice levels to overcome noise and achieve desired 
communication. This ability works well over a range of levels of steady noises, but is less 
useful if the interfering noises are intermittent. Figure 9 shows necessary voice levels 
limited by noise conditions. The communication distance is given on the ordinate, the sound 
level and the parameters are voice level. At levels above SO dB. people raise their voice 
level as shown by the "expected" line if communications are not vital or by the 
"communicating" line if communications are vital. Below and to the left of tbc"normal voice 
line, communications are at an Articulation Index of 0.5, 98 percent sentence intelligt"bility. 
At a shout, communications are possible except above and to the right of the "impossible" 
area line. 

• 
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3.1.2 R'sl and Sleep Interferen,s;11.a,u,21 

Noise interference with rest, relaxation and sleep is a major cause of annoyance. 
Interferences result primarily from . intermittent rather than steady noise, and are often 
associated with single event sounds such. as the passing by of transportation vehicles. 

Noise can make it difficult to fall asleep. Noise levels associated with single events 
can create momentary disturbances of natural sleep patterns by causing shifts from deep to 
lighter stages. Such noises may even cause awakening which the person may or may not be 
able to recall. However, regardless of recall, a person whose sleep has been disturbed 
severely may feel lethargic and nervous during his waking hours. 

Generally, the higher the noise levei the greater the probability of a response. In 
one series of experiments, it was found that there was a 5 percent probability of subjects 
being awakened by maximum sound levels of 40 dB at the ear and a 30 percent probability 
at 70 dB. If EEG changes are also considered, these probabilities increase to 10· percent 
at 40 dB and 60 percent at 70 dB. arousal from sleep depends on the sleep stage, the time 
of the night and the age of the individual, among other factors. · 

Examples of criteria pertaining to sleep disturbance .are displayed in Figures 10 
and 11. These figures, which were adapted from a summary and analysis of recent 
experimental sleep data 8$ related to noise exposure, show a relationship between frequency 
of response (disruption or- awakening) and the sound level of an intrusive noise. In 
Figure 10, the frequency of sleep disruption (as measured . by changes in sleep staget 
including behavioral awakening) is plotted as a function of the Sound Exposure Level. 
Similarly, the frequency of awakening is shown in Figure 11. These data· show that the 
probability of two types of sleep disturbance, within certain statistical limits, may be 
predicted by physical indices of noise exposure. 

These sound exposure levels are measured in the vicinity of the s•eeping person. 
Fifteen dB should be added to translate them to outdoor levels for the case of open 
windows and 25 dB should be added to obtain the corresponding outdoor SEVs for typical 
closed windows. Thus, Figure 10 indicates a SO percent probability of disturbance with an 
outdoor sound exposure level of 89 dB with \\_'indows open and 99 dB with windows closed. 
The corresponding numbers for a 50 percent probability of awakening from Figure 11 are 
107 dB with windows open and 117 dB with windows closed. These and other examples are 
summarized below in Table 9. · 
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3.2 Annoyanceu.c.n.i4,IJ,u 

Noise is defined as "unwanted sound." Its most comm.on effect on people is the 
stimulation of an annoyance reaction. Such a reaction implies a judgement as to the 
desirability of the sound to the listener within the existing contextual frame of reference. 
This judgement includes both acoustic and non-acoustic factors. 

A recent proposed model for annoyance to noise identifies two principal acoustic 
factors as: 

• the magnitude of an intrusive sound considering its frequency and temporal 
characteristics, and 

• the characteristics of the reference noise distribution that exists without the 
presence of the intrusive noise. 

These ~o factors determine the potential detectability of the intruding sound. 

The model also contains several non·acoustic factors, including the listeners: 

• degree of concentration, and 

• affective state which describes the mood and attitude of the listener toward 
the noise/sound when the intrusion occurs. 

Oearly, if the listener is engaged in a task requiring high concentration, it is less likely that 
a sound with low potential. detectability is heard. However, if a sound is beard which 
interrupts the concentration required to accomplish the task, annoyance is a likely result. 
Further, if the listener's attitude toward the source of the sound is negative. the annoyance 
reaction is likely to be stronger. 

When interviewed on their annayance to noises of different types, people are likely 
to remember specific instances when they were most strongly annoyed by noise intrusion. 
Similarly, for individuals who complain .about noise. ail actual complaint action is often 
ttiggered by a noisy event which caused a strong annoyance reaction. 

·There is a great variation among individuals in their annoyance reaction to·a specific 
sound, and in their annoyance to entire classes of sounds. However, the average values of 
long term integrated adverse responses to noise have considerably greater uniformity. 
Studies of annoyance in this context are largely based on the results of sociological surveys. 
Such surveys have been conducted among residents of a number of countries including the 
United States. Although it is known that the long-term annoyance reaction to a certain 
environment can be influenced to some extent by the experience of recent individual 
annoying events, the sociological surveys are designed to reflect, as much as possible, the 
integrated response to living in a certain environment and not the respome to isolated 
events. 



The results of sociological surveys are generally stated in terms of the percentage of 
respondents expressing differing degrees of disturbance or dissatisfaction due to the 
noisiness of their environments. Some of the surveys go into a complex procedure to 
construct a scale of annoyance. Others report responses to the direct question of "bow 
annoying.is the noise?" Each social survey is related to some kind of measurement of the 
noise levels to which the survey respondents are exposed, enabling correlation between 
annoyance and outdoor noise levels in residential areas. Figure 12 compares the results of 
12 major sociological .surveys, seven concerning aircraft, four from street traffic, and one 
from a railroad. The lines for each survey represent the mean responses across all survey 
cells. The actual average responses of individuals within each cell have a ± 6 dB data 
spread around their grand mean values. It is clear from this synthesis of the results from 
both traffic and aircraft noise situations that the responses to both appear to be similar for 
the same values of Ldn. · 

Very low and fast flying military aircraft in military trajning areas or on militmy 
training routes can pose a special problem due to the high onset rate of the fiy~over {see 
Section 3.2.2). Due to the startle or surprise, they can contn"bute directly to the perceived 
annoyance. As a result, the U.S. Air Force procedures add for onset rates faster than 15 
db per second a penalty to the measured or estimated sound exposure level (SEL). The 
penalty increases for onset rate from 15 to 30 dB per second to a maximum value of S dB 
for onset rates beyond 30 dB per second. This value has been confirmed by preJiminary 
laboratory annoyance studies with such fly-over noise. It is recommended for incorporation 
into the SEu and Lins used for predicting annoyance responses according to Figure 12 .... 

A second method of assessing the annoyance resulting from noise is to study cases 
of community reactions. These reactions can be measured by a scale which extends from 
"no observed reaction,• through varying degrees of complaint activity to actual legal or 
political action. Objections have been made to the use of this type of data as a surrogate 
for· annoyance. These objections are based on two principal issues. Firs~ there may be 
considerable distortion of the number of complaints caused by a few energetic complainants. 
Second, a variety of socio-economic factors may intervene between the reaction of 
annoyance to noise· and the action of filing a complaint. 

The fint of these factors can be overcome by careful review of cases to assume that 
the degree of complaint actually is determined by the number of complainants responding 
soon after the onset of the noise situation. The second biasing factor probably exists to 
some unknown degree. However, there is no reason to believe that this factor is not 
uniform across all degrees of reaction. Further, although the magnitude of this bias cannot 
be .assessed with existing data, the cases examined in the following paragraphs. involve 
people with diverse economic characteristics. 

A series of fifty .. five case histories of community noise problems were analyud. 
Approximately one-half of the cases involved steady state industrial and residential noises, 
and the other one·ha1f consisted of multiple single event transportation and industrial noises. 
The basic Ldn Data arc summarized in Figure 13 as a function of the magnitude of 
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community reaction. The scatter of data points is as much as 32 dB, showing little 
correlation between Ldn and reaction. The data were reanalyzed to relate the normalized 
measured LdD with the observed community reaction. The normaliution procedure 
summarized in Table 6 follows the Stevens, Rosenblitb and Bolt method with a few minor 
modifications. The results are summarized in Figure 14. Approximately 90 percent of the 
cases are enveloped by :t S dB, and the standard deviation of these data is 3.3 dB about 
their means. This value of 3.3 dB compares with the·standard deviation of7.9 dB for the 
basic data in Figure 13. 

The no-reaction response in Figure 14 corresponds to a normalfaed outdoor Ldn 
ranging between SO and 61 dB, with a mean of 55 dB. This mean value is 5 dB below the 
value that characterizes a residential urban community which is the baseline category for 
the data in the figure. From these-results, it appears that no community reaction to an 
intruding noise is expected on the· average, when the normalized Ldn of an identifiable 
intruding noise is approximately S dB less than the Ldn in the absence of the identifiable 
intruding noise. This conclusion is not smprising: it simply suggests that people ·tend to 
judge the magnitude of an intrusion with reference to the noise environment in the absence 
of the intruding noise source. · 

The data in Figure 14 indicate that widespread complaints may be expected when the 
normalized value of the outdoor Ldn of the intruding noise exceeds that existing without the 
intruding noise by approximately 5 dB, and vigorous community reaction may be expected 
when the excess approaches 20 dB. 

Oearly,. the community reaction is better correlated with the normalized value of the 
Ldn produced by ·the intruding noise than with its absolute value. The most significant 
corrections invo1ved in the normalization is the background noise (the Ldn that exists 
without the intruding noise). When the background noise is not included in the 
normaliration of the data, the . standard deviation increases from 3.3 to 6.4 dB, clearly 
accounting for a large fraction of the standard deviation (7.9 dB) of the buic data. 

In order to evaluate noise in areas where the.background noise is different from the 
urban Ldn of 60 dB used for the nonnaligtion of the data in Table 6 and Figure 14. it may 
be useful to re·normalize these data relative to the background level of principal . interest. 
This may be accomplished by changing the position of the zero in Table 6 and rescaling 
Figure 14 as appropriate. Alternatively, the same analysis result can be accomplished by 
using backgro\lDd Ldn values given in Table 7 together with the relative l.dn values given 
in Table 8. As shown in the example for a quiet residential beighl;K>rhood in Table ~ 
sporadic complaints might be expected where the Ldn of the intruding noise is SO dB and 
widespread complaints at an Ldn of 55 dB. 
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T. y p e o f 
Correction 

Seasonal 
Correction 

Correction for 
Outdoor Residual 
Noise Level 

Correction for 
Previous 
Exposure and 
Community 
Attitudes 

Pure Tone or 
Impulse 

TABLE6 

Correctiom to be Added to the 
Day-Night Sound Level (Lin) to Obtain Normalized Ldn 

Description 
Correction Added to 
Measured Ldn in dB 

Summer (or year-round operation) 
Winter only (or windows always closed) 

Quiet suburban or rural community (away from 
large citiest industrial activity and trucking 

0 
-s 
+10 

Normal subilrban community (away from industrial + S 
activity) 

Urban residential community (not near heavily O 
traveled roads or industrial areas) 

Noisy urban residential community (near relatively - S 
busy roads or industrial areas) 

Very noisy urban residential community -10 

No prior experience with intruding noise 

Community has had some exposure to intruding 
noise; little effon is being made to control noise .. 
This correction may also be applied to a community 
which has not been exposed previously to noise, but 
the people are aware that bona fide efforts are 
being made to control it, 

+s 

0 

Community has had considerable exposure to - S 
intruding noise; noise maker's relations with 
community are good. 

Community aware that operation causing noise is • 10 
necessary but will not continue indefinitely. This 
correction may be applied on a limited basis and 
under emergency conditions. 

No pure tone or impulsive character. 

. Pure tone or impulsive character present. 

0 

+S 



TABLE? 

Areas with Various Day-Night Noise Levels Together with 
Customary Qualitative Description of the Area 

Average Census 
Tract Populations 

Typical Density, Number 
Qualitative Range Average of People per 
Description• I..dn in dB LdD. in dB Square Mile 

Quiet Suburban 48-52 so 630 
Residential 

Normal Suburban 53.57 SS 2,000 
Residential 

Urban Residential 58-62 60 6,300 

Noisy Urban 63·67 65 20,000 
Residential 

Very Noisy Urban 6S.72 70 63,000 
Residential 

* Rural and undeveloped areas typically have Ldn levels in the 
range of 3347 dB. 
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TABLE 8 

ComIDunity Reaction in Residential Areas as a Function of Estimated 
Relative Normalized Outdoor Day-Night Sound Levels of Intruding and 
Background Noise Without the Presence of Intruding Noise 

ComlilUnity Average 
Reaction 

None 

Sporadic Complaints 

Widespread Complaints 

Threats of Legal Action 

Vigorous Action 
(includes litigation and 
concerted efforts to obtain 

· government regulation) 

Relative 
Ldn in dB 

(intruding minus 
background). 

-5 

0 

s 

14 

21 

Example of 
Quiet Suburban 

Residential Arca 
Intruding Noise 

Ldn in dB 

45 

so 
55 

64 

71 

• Example is quiet suburban residential area with a background = SO dB 



TABLE9 

Examples of the Outdoor Sound Exposure Level for Typical Windows 
Open and Cosed for Selected Probabilities of Sleep Disturbance 

and Awakening from Noise 

Probability of Sleep Outside Sound Exposure Level (dB) 

Awakening 

10% 
30% 
50% 

DiSturbance 

25% 
50% 
75% 

Windows Open 

70 
89 

107 

Windows Cosed 

80 
99 

117 

The partialdayanight sound levels resulting from a single nighttime occurrence of one 
of the events in Table 9 is approximately 39 dB less than the SEL. Th~ for windows 
closed, the partial Ldnp resulting from a single nighttime occurrence of 117 dB is 78 dB and 
for an occurrence of 99 dB is 60 dB. Consequently, for most actual situations, ann0yance 
criteria stated in terms of cumulative sound exposure give adequate protection for sleep 
disturbance. 

Since a sound level of 40 dB is considered a conservative estimate of the level 
disturbing the sleep of patients in hospitals, a level of 34 to 47 dB is recommended for 
interior hospital noise levels. For other sleeping environments maximum acceptable levels 
of SS dB are frequently assumed. 

~ 
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3.0 Summazy 

3.1 BackfUound Guidance1.2.',ZI.12.2J.U 

The levels of environmental noise which are expected to interfere with bu.man activity 
depend upon the activity and the person's contextual frame of reference. The cumulative 

. effect of activity interference by noise has been found to be the best measure in terms of 
annoyance. Although other factors, such as attitude towards the noise source, may influence 
an individual's reaction to activity interferences, the percentage of people annoyed, or highly 
annoyed, in a given environmental situation provides a useful index of the severity of the 
situation. Additionally, annoyance may be a useful indicator of potential noise induced 
stresses, which are thought by some. to contribute to stress-related diseases. 

There have been two basic approaches to developing criteria, or regulatory limits, for 
environmental noise. One approach is to determine the maximum levels which are 
compatible with various human activities (such as speech communication, sleep~ mental 
activity, listening to music, etc.), or considered to be the maximum levels consistent with 
protection of hearing. The second approach is to assess the relative intrusive quality of 
noise and the reaction it causes, accounting for attitudinal and other factors. 

In its Levels Document, the Environmental Protection Agency (EPA) utilized the first 
approach. To describe environmental noise, EPA defined the day-night average sound level 
(Ldn) which represents the average noise level in a 24-hour dayt with a penalty of 10 dB for 
noise which occurs during the nighttime hours of 10 pm to 7 am. For residential areas it 
identified a Ldn of 55 dB as the "level...requisite to protect the public health and welfare 
with adequate margin of safety," the words in quotations representing its congressional 
mandate. This level was derived by selecting 45 dB within a home as compatible with 100 
percent speech intelligibility, adding 15 dB to account for the average noise reduction of an 
exterior wall with a partially open window, and subtracting 5 dB as a margin of safety to 
account for other effects. It should be noted that this identified day-night sound level of 55 
dB is not a regulation, but rather the long-term ideal goal. In 1974, over SO percent of the 
U.S. population was living in outside noise environments exceeding this level. 

Later, in its strategy document, EPA first recommended immediate efforts to reduce 
noise exposure to a Ldn value of no more than 75 dB. This value is essentially consistent 
with the level previously identified as maximum with respect· to protection of hearing. 
Second, EPA recommended reduction of environmental noise levels to an Ldn of 65 dB or 
lower through vigorous regulatory and planning actions. Third, EPA.recommended adoption 
of an Ldn of 55 dB as a goal to be considered "to the extent possible" in the planning of 
future programs. · 

Jn 1980, five Federal cabinet departmen~ agencies and administrations developed 
a set of guidelines for considering noise in land use planning and control.21 These guidelines 
were intended to be used in coordinating policies and regulations of various organizations 
within the Federal government. Prediction programs and abatement efforts follow the same 
guidance. Further, they were to be advisory to state and local governments which have 
authority for most land use regulations. Similar recommendations are contained in the 
ANSI Standard, "Compatible Land Use with Respect to Noise1123 and in the Federal Aviation 
Administration Airport Noise Campatibillty Planning Part 150 Regulation. 



3.2 Evaluation of Existin1: and Furure Environments 
To evaluate the severity of noise environments with respect to their effect on public 

health, the main factors to be considered are: 

• Annoyance {required metric: Ldn} 
• Sleep interference {required metric: SEL and I.max} 
• Noise-induced hearing loss {required metric: Leq(Bhr)} 
• _ Speech communication {reqWJ'ed metric: Leq} 

The combination of these four evaluations is sufficient for most situations. These 
same factors can provide guidance and relative assessment procedures to minimiu direct 
and indirect stress effects responsible for most claims pertaining to health. There is no 
evidence that these stresses either cause or aggravate clinical diseases, as long as noise 
exposure levels are below those causing permanent hearing impairment. 

The overall community response including and integrating all potential activity 
interference and health effects discussed, is best evaluated and forecasted based on the land­
use guidelines summarized in 4.1 and condensed in Table 10. 

The table gives the approximate percentage of residents who would be expected to 
be highly annoyed based on this synthesis of sociological surveys, see Figure 10. Also shown 
in the table are approximate community reactions for the Ldn normalized to urban 
residential background noise, year round, some prior exposure and without inipulses or pure­
tone characters. 

The detailed criteria reviewed in Section 3 are to be used for evaluating specific 
health effects (e.g. noise-induced hearing loss or sleep interference) or specific activity 
interferences (e.g. school activity or leisure activity) at specific locations9 for which the 
statistical response, on which Table 10 is based is not applicable. 



Ldn 
indB 

Federal 
Interagency 
Guideline 
(Note 1) 

TABLE10 

Approximate 
%Highly 
Annoyed 
(Note2) 

Approximate Community 
Reaction for Urban 
Residential Area, Year 

-round, Some Prior 
Exposure and Without 
lJ:npulse and Pure-tone 
Characteristics (Note 3) 

Not exceeding Compatible Less than No reaction 
4% 55 (Note 4) 

55·65 

65-75 

Generally compatible 
(Note 5) 

Marginally compatible 
with 25-30 dB NLR 

(Note 6) 

4-15 % 

15. 37 % 

Sporadic complaints (no 
reaction to widespread 
complaint) -

Wid~spread complaints to 
strong appeals and threats 
of legal action 

above 75 Incompauble Greater 
than 37 % 

Vigorous Action 
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XII. Appendices 

STANDARD INSTRUMENT DEPARTURES 

This appendix contains copies of eight pages containing the Federal Aviation 

Administration's Standard Instrument Departures (civil) for San Francisco International 

Airport as of January 1990. The departures are named as follows: 

• DUMBARTON THREE 
• EUGENFOUR 
• GAPNINE 
• OFFSHORE ONE 
• PORTE SEVEN 
• QUIETONE 
• REBASONE 
• SAN FRANCISCO THREE 
• SHORELINE EIGHT 
• STINSFOUR 

SOURCE: U.S. Government Flight Information Publication "Standard Instrument 
Departures (civil) Western United States, Effective 11 January 1990 to 8 
March 1990," NOAA. 
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131 

(DUMB3.BARTN) 1t1u 

DUMBARTON THREE DEPARTURE (PILOT NAV) 
SAN FRANCISCO INTl 

5.l,_. U4NCISCO, CAUfOllHIA 

11115 
1:Ud 
GNbCON 
tJl.I 
SllN UANCISCO fowtt 
110 S 169. I 
IAY DEPCON 
1209 37:J1. 

llNOfM 
11•.8 UNU:"" 

ct.o .. ,. 
N3ro• . .fl'-wt iroo. t7' 
'----r-::-::--M-t-. __. 

11-oll' N37".&t.74' , ~ - --- .._wr21•4.a,1e• 
~ ~ 

'"- N:l7"40.51' 
SAN UA.-.OSCO w121•n.u· 
!.llJ SFO ll!::&.. 11,000 

· ]L.>AlTAM-W-190 

c1ie .. 1os R 

~ ~is.:"· AlCOA o.;:: £. "'31"'4)00' O'lf/'~ 
-t> wm•so.oo· (1') R~/ \ NOTE: ~ lfl./lt depo.tvrei tvm i.11 / ~J ;:;-. IAJlfN cu - ot prattkoble due to 

IE90P ~;::: N37'"31.'2' llffply riling htfoin lo 2000' y> N37"00 oo· f Wl12'"0U•' ••diolely IOfltt. of olrpott, 
/~'} wn~·oo.oo· for omhrd• dnram:• .... 

<.,.,?f 1o11-1no mlnl•u"' climb rat.s 
/ 1' a .. required: 191. Al~ per NM lo / v. WOODSIDE l«JO'; 191l, tal•g- A, I 

ClUKk 1"'- llO' per NM'01400', ~ Nl6°05.00' ltl.
9

COhSI 11. icategorl11 C, b 530' per NM lo ®' W124°SO.OO' on..., 1800' 
/-i · mr2us·-w12r16.ll' · 

/ l- folOlE: Chart Ml to ""'•· 

'ff . DEPARTURE ROUTE DESCRIPTION ' HEV It 
TAkE·Off llUNWATS 10l/fl and lfl/R: Tum I.rt ond climb •ia 
SFO l'·090 lo BARTN INT, thence ¥ia (tron1ition) or (oHigned 
route/Ii•). 
UMOEN TJIAN5'TION (DUMB3. UN): From over IAllTN INT vio OSI 
R-028 ond UN R-229 to UN VORTAC. 
R!:O llUFF TRANSITION {OUM83.RB\J: From-· MRTN INT via 

OSI R-028 ond RBl R· 152 to RBL VORTAC. 
SACRAMENTO TRANSITION (DUM83.SAC): from over BARTN 

INT .,;., OSI 11-028 ond SAC R- l 77 to SAC VORT AC. 
SCAGGS ISLANO TRANSITION (DUMB3.SGO): From over IARTN 

INT •io OSI R-028 ond SGO R-109 to SGD VORTAC. 
WOOOSIDE tRANSITtON (OUMl3.05'): From o•er BARTH fNT 
-no 0$1 R-028 to OSI VORT AC. 

DUMBARTON THREE DEPARTURE (PILOT NAV) 
1nuu.."" "A.MN\ · 2:1

2 

t 
'li 

SAN f-..,NC1SCO, (AllrOlltollA 

SAN HANCfSCO INfl 

L' 

(fUGEN4.EUGEN) 19101 
13:1 

EUGEN FOUR l?~PARTURE (PILOT NAVL _ s~t'~"~:;·~~~~~ 
~ ~ I 

•Ap11 ditl 

• ;.. 
~ 

ft f/oll a••a 

If,,.,,,.,. 
Wl21°35.22"i I 

Al!S 
1UH 

GNOCOM 
1'111 

SAN UANCISCO IQWfR 
. IW 5 1691 

'uv PEP CON 
IJ' 1 307 2 

NOtE, Ml. Son 8t1mu w•olh•• 
i!'!hr•motion o•oiloble 
on 118.0S. · 

MOH:: DME requlr•d. 

SAN !QSf 
114. I SJC L'"f =:­

Cha., Ill 

IUGEN \_...~ '~di' ,q/ 
N37"05 14' -=::.:~ //.....: .~ NOTE: it.,. IPL/II d•portur .. turn I•~ 

w1n•2e.1M' '-"' '\ c:tt -n 01 ptadlcable due ta tlHply 

· MllA 1000 ~ rl1l119 .. <rain to 2000' lmm•dial•ly 
sol,llh ol c:wlrpot;t. 

NOTE: Jlwy 191. lor•htfocl• d"flrance ~ 
a mlnlmu"' dimb '"'*al 480' ~ _,.ca_ ~ 
,_,HM lo l«IO'. ~~"lf, A\o0 
..., 1911, cote1ori .. A, I ol~taf1, ~ -.:~·os.t."-.:;-~ 
f.,, olntode d-aranc• ct "'I"'""'"' ' \'16) 
climb of 40' per NM to I 400' SHOEY 
It .. quited. 11,,,,. 1911,cal•ton•t 'I\ ......._,,.:J6""1•.

7
,. 

c, Oolrtralt. 1.., obtlacle deoranc111 ~. Wl7'1'0J.9t' 
o minimum di"'b of 530' pto• NM ro ~"'b l-7 
llOO' ls t9qu;,.ed. r.;. 

NOfl: llwy 2'l/ll: ,.., ob11act. dearoM• :,; 
a nMnlmum cnmt. ol 300' per NM 
to 2000' it ••q1,ri•ed. 

llG Slllt 
11•.o•s• ru:· 

a.a~ 81 

Nl6°10.le' -Wl2 l'jij_jjj• 
l·f. Hf 

NOTE: (lo<>ri nal.,. u;alo. 

9' DEPARTURE ROUTE DESCRIPtlON mv II 

JAKE.OFF RUNWAYS ll/R: Cf;mb via SFO R-3.50 until 
possing the .f OME fix and ofter reaching 1600'. then 
turn left heading 200° to intercept ond proceed vio SAU 
•H68 ond BSR R-3M to EUGEN INT. lhencl!I •io 
(transition) or (otsigned route). 

TAKE·Off RUNWAYS 10L(R: Ctimb vio SFO R-095 to 

trots the 1 DME fix of or above 2500', then turn right 
and proceed dired OSI VORTAC Cross OSI VORT AC 
ot •OOO, then Yio OSI R-188 to EUGEN INT. Thence •ia 
(trensilion) or (assigned route). 

(Conlinued on ne11! poge) 

EUGEN FOUR DEPARTURE (PJLOT NAV) 
(EUGEN4.EUGEN) 

m 

,,, 

SAN n.i.N(15CO, CiiifOi~• 

SAN fRANCtSCO rNn 



(EUGEN.f.EUG~N) moe 
EUGEN FOUR DEPARTURE PllOT NAV 

DEPARTURE ROUTE DESCRIPTION 
(Continued) 

SAN FRANCISCO IHfl 
SAM flAMCISCO. C Alll'OllNIA 

fAkE-OFF RUNWAYS 19VR: Tum left 10 intercept and proc:eed via SFO R-095 to 
ctoSt the 7 DME fix ot or abo¥e 2500'. then tum right and proceed dired OSI 
VOITAC. Cron OSI VORTAC at •ooo. then .,,a OSI R-188 to EUGEN INT. Thenc:e 
•ia(trandffon) or{a11igned route). 
TAkE·OfF RUNWAYS 2BVR: Oimb ¥la SFO R-281 alter passing 6 DME fix and 
reaching 2000', t~rn left to intercept and proceed ¥io SAU R-168 ond ISR R·309 to 
EUGEN INT. Thence ¥ia (transition) or (assigned route). · 
llG SUR TRANSITION fEUGEN4.BSR> 
SAUNAS IJtANSlllQH fEUGEN4.5N5) 
SHOEY TRANSITION !EUGEN4.SHQEYJ 

EUGEN FOUR DEPARTURE (PILOT NAV) 
(EUGEN.f. EUGEN) . 

U• 

SAN •MNOSCO, CA\.lfOINA 
SAN FRANCISCO INTL 

135 

~APP9.NORMM)19m 
AP NINE DEPARTURE {PILOT N~V) 1~~· .~~~~.'~~J.~ AllS ______ ....;;..;.;;__;.;.:==~=~ 

1:u . .u 
OHDCOH 
121.1 
SAN FltANCISCO TOWflt 
120.5 ,69. I 
9AYMPCOH 
1l5. I lG7.:r 

lllOlE: Mt. Son hno w111ltilt' 
lftlo.-mation a~ailable 

Of! "'·°'· 

NOTE: ...,, Jll/11; 

• 

For obslade d.atol!H a miftlMV"' 
climb of 300' JI!•• NM la 2000' 
iii required. 

DEPARTURE ROUTE OESCR•PTION 

SAUSAtnO,. 
llU SAUiio=o­

O>on 100 

TAkE·Off RUNWAYS 28L/R: Via SfO VOR/OME R-181 
to NORMM INT; Thence ¥ia (assivned route). 

GAP Nl~E DEPARTURE (PILOT NAV} 
(GAPP9. NORMM) J35 

HOit:' Cho" - to ><al• 

flf\t " 

. ' . 
... .h. ... 

SAN fltANCISCO. CAllfOllNI .. 
SAN FRANCISCO INTL 



(PILOT NAY) (OFFSHl .MQO) to0u 
236 

OFFSHORE IHI\ ONE-DEPARTURE 

POINT ll!Yll 

"'·' "E Ln•&.. Chenll 

N)~"' 
Wll:l921.1S' 

Slo.N FIAHCISCO 
l!!J SFO 1! s a.. 

SAN FRANC1SCO tNTl 
SAN flAHCISCO, CAllfOllNIA 

Atl$ IJS.O 
ctNC.ot!l 

I II.I 
GNDCON 

IJl.I 
SAN flAMCIKO fOWH 

l:IO.S 169. I 
&AYOEPCON 

135.1 30'.2 

Che"lOS MOTE: lwyt I l/I: fOI' obttodt deoranc1 
a minhnum climb nil• ol 460' 
per NM NI lllOO la r19quir.d, 
Rwyl 21lfR: ffi!f ob1todo clooranco 
a "''~climb rote of .. IO' 
per NM kl 2500 h req.n ..... 

NOt!: Ml. Son """" -thor 
Int.Mallon ....... 

• 

N01t: DMf requlr-4. 
.HQTf: Ra-'at tequlrH. 

GAVIOtA 
lltl ovo D EH.. 

Chen 112 

NOft!: CIMlot-•-'-· 3t.H'·Wl20"0!l.•I' 
l-S 

V DEPARTURE ROUJE DESCRIPTION 
TAKE·Off RUNWAYS ll/R: Intercept and procH!I via 

SFO R-350. Crost SFO R-350-' DME at or above 1600'. 
Thence ••.• 
TAKE.Off RUNWAY 28l/R: Intercept and proceed via 
SFO 1·281. CrC11• SFO R·281 6 DMI: at or obo.,. 2500'. 
Thence .••. 
. • • , Tum left heading 200° to intercept and proceed 
via PYE R-151 to SEGUl INT. Crost SEGUL INT at or 
above 16.000', ttien proceed via PYE R·UI to CYPRS 
INT. Then via MQO R-29' to MQO VORTAC. Th.nee via 
(transition) or (auigned rout•)· 

· (Continued on next pao•) 

OFFSHORE (Hit ONE DEPARTURE 
(PILOT NAY) (OFFSHl .MOO) 236 

. on 111.05. 

ILEY 

SI.II' 

IANMAICUI 
11•.ttts h'"P•· 

ChanN 

11 

'• 

Nlof"JOsr 
wn,. ... JO' 

l·J, H-2 

S.t.N FIANCISCO. CALlfOllNI• 

SAN FRANCISCO INTI 

(PILOT NAV) (OFFSHl .MQO) t0011 m 

OFFSHORE lHll ONE DEPARTURE 

DEPARTURE ROUTE DESCRtftTION 
(Contln"ed) 

SAN FRANCISCO INTL 
UH flAl<ISCO, CALlfORNIA. 

When SFO VOR/ OME is inoperative, Runwoy 28 departures expect rodar YKlor 

to the PYE R-1S1 then u~$ume SID. 

FELLOWS TRANSITION (OFFSHl .FLW) 
GA.VK>T A TRANSITION (OffSHl .GV.Ql 
SAN MARCUS TRANSITION (OFFSHl.RZS) 

-OFFSHORE (HI) ON.E DEPARTURE 
(PILOT NAV) (OFFSHl.MQO) ''1 

SAN JltA,,.Crsco. CAllfOllNI .. 

SAN FRAHCtSCO INTl 



f PORTE7. WAGES)e•1M 
PORTE SEVEN DEPARTURE PILOT NAV 

SAN FRANCISCO INfl 
SAN •RAN(l!!>CO. ( 411fOIN14 

ATIS IJ' 0 
GNI) CON 

1i1 8 
SAM fRANCtSCO TOwf R 

·z~s u'1' 1 
U..1 llt:I' CON 

IU I J011 

NOlE: Ml. San llruno wealher 
inlotn;arion 1:;...,ilobl., 
on t 18.0,, 

NOTE: ...,. 211l/I: 

NOTE: OME -...wed. 

NOff: ltodor requited for 
llwy• llllt depar1Vtes. 

MPARTURE ROUTE DESCRIPTION 
TAtCE-OFF RUNWAYS 1l/R: Intercept and proceed vio 
SFO R-350. Cross SFO R-350 A DME fht at or above 
l600'. Turn left heading 200" to intercept and proceed 
via the PYE R- t35. Cron PORTE OME fht at or above 
\lOOO' ond PESCA DME fbr ot or above 13,000'. Then 
turn leh headinv 090° to intercept ond proceed vio the 
OSI R-116 to cron WAGES INT ot or above Fl200 or at 
assigned lower altitude/flight level. Thence via 
(transition) or (a1signed route). 

(Continued on ne:Jtt page) 

PORTE SEVEN DEPARTURE (PILOT NAV) 
(PORTE7. WAGES) 

FOf o1Htod9 cleoronte a ..,jnimum 
dimb ro .. of 300' per NM to 2000' 
Is r•qui,.d. 

CtOYIS 
m •cio&Y'!L 

HIV 11 

SAN FlfA~ISCO. C.llUFOtNIA 
SAN FRANCISCO INlL 

(PORTE7. WAGES) rmo "' 
PORTE SEVEN DEPARTURE PILOT NAV 

DEPARTURE ROUTE DESCRIPTION 
(Continued) 

SAN FRANCISCO INTL 
S.llN FIANCISCO, CAllfO-Ml.i, 

TAKE-OFF RUNWAYS IOL/R AND '9l/R: Intercept and p,roceed Yta SFO R-095 lo 

intercept the OAK R- l 35 at or above 5000'. Proceed via OAK R-135 to cron the 
OAK R·135 25 DME fht at or above 9000'. Cross WAGES INT ot or above Fl200 or 
at assl9ned lower altitude/flight level. Thence via (transition) or (assigned route). 
TAKE-OFF RUNWAYS 28l/R: lnte!cept ond proceed via SFO R-281, cron SFO R-281 
6 DME fi11. at or above 2500', then turn left heading 180- to intercept and proceed 
via the PYE R· 135 to cross PORTE DMI: fix at or above 9()00' and PESCA DME rix at 
or above 13,000'. Then turn left heading 0909 to intercept ond proceed vio the 
OSI R-116 to C1'0H WAGES INT ot or above Fl200 or at assigned lower 
altitude/flight levet Thence vkl (transition) or (assigned route). When SFO 
VOR/DME is inoperative, Rwy 28 departures e11.pec" "Odor Hctor to PYE R-135 then 
re1ume SID. 
AVENAL TRANSITION (PORTE7.AVE): From over WAGES fNT vio OSI R-116 and 
AYE R-298 to AVE VORTAC. Cros1 the 05' R-116 60 DME fi.111 of or above Fl 2.40 or 
at assigned lower altitude/flight level. 
CLOVIS TAANSITION (PORTE7.CZQ): From over WAGES INT via CZQ R·2.59 fo 
CZQYORTAC. 
FELLOWS TRAHSmON (PORTE7.FLW}: From over WAGE:S INT via FLW R-306 to 
flW VORTAC. Cron the FlW R·306 126 DMf llx bt or obove Fl240 or al assigned 
lower altitude/flight level. 
PANOCHE TRANSITION (PORTE7.PXH): From over WAGES INT via PXN R-273 to 
PXNYORTAC. 

PORTE SEVEN DEPARTURE (PILOT NAV) 
(PORTE7.WAGES) m 

SAN flAHCISCO. (All'()INll 

SAN FRANCISCO INTL 



(CUITl .RE8AS)1'* 2•0 

QUIET ONE DEPARTURE (PILOT NAY 
SAN FRANCISCO tNTl 

SAN FllANCISCO. CAUFO•NIA 

A115 
13U5 
GNDCOH 
121.1 
U.l'ol RAHOSCO TOWEi 
120.5 M9.I 
1.00fPCON 
no.9 J1U 

r 
R'ED llUF, 

115.7111 Hlh 
Cho., 10( 

N~5.9•'-W121°1A.12' ~ 
88• ~ [J 
a;;!!i .,-!y 

CHICQ...
0

_
0 

109.1 CIC i!•-• c ...... ,, 
NMl"52.10', • .,~ ... ~ ·1"'9&' Wln°2HM -tt N:Jr~-Wl:U"S0.77' 

~~ i 
____ ..__:-- ~- - N31"120I' :I. 

SACIAMENTO 
115.2 SAclff_. 

°'°"" NJl0 J663'·Wltl"3!.0J' 
l-2, H-2 = ~ - -· I;: 

a~ 

'IL _e-
t661 

ll 
llUSAUUL 

0-109 

/f ~~ · · / - r ~ NOfl!:, W-a,e 211/lr 
Q' E ~ Caulio"' l•r•al,. al>o.r• k>Oo' .,, 

3.SNMNW. 
NOTE: Ml. San Brun~ wealfter 

Information o<woilobt• 
a11 ,_ elntructian deata11a a 
fil ""mi- diml) of •U' per NM 

ta ''°°' h ,,... .... on 118.05. 
NOif: Fer vs• i,,. "-eyt Ul/ll I ~t- N31"«1,71' perlllil. Jth 2000' ceirtn9 o...t 

~ npart1,1r91 whe11 wea!Mr conclllio ... 

0 ; · W1'12"'21UIO' lh••• ...Mu pr• .. alllng wis;bil~ 
.., A •ADA.I with flwe mRIH tv •h• w•1I ond 

SAN fUNCISCO \ ~ - I I nortftwest. ,.otlt ''°°' ceiNng 
115.1 SfO Us~~ :Mi oam• w;,lbit"r. 
---0..... 105 

• DfPARTURE ROUTE DESCRtPTION 

TAKE·Off RUNWAYS ll/R: Oimb Yia SFO R-011 to the 4 
DME /Rador, then turn left heacftno 3209 to intercept and 
proceed vlo SFO R-3"2 to croH REl!IAS INT ot or obove 
6000'. Thence Yia (transition) or (assigned route,. 
TAKE-OFF RUNWAYS 28l/R: Turn right as soon as 
feadble heading 030° to intercept and proceed via the 
SFO R·3.C2 to REBAS INT. Crost REBAS INT ot or abovi 
6000'. Then via (tronsition) or (a11ign11d route). Mainloin 
VFR condltrons until intercepting SFO R-342. 

{Continued on next page) 

QUIET ONE DEPARTURE (PILOT NAV) 
(CUITl . REBAS) ,,,, 

NOTE: C"°'9 - .... ..i •. 
fl EV 11 

'• 

5Af\ll 'UHCISCO. (:AtJFOllNIA 
SAN fRANCfSCO INJl 

(CUITl .REBAS} 192011 '" 
QUIET ONE DEPARTURE (PILOT NAV 

DEPARTURE ROUTE DESCRIPTION 
{Continued) 

SAN FRANCISCO INll 
SAH "IANCISCO. CA.llFOllNIA 

CHICO TRANSITION (CUITl.CIC): From over RE BAS INT vio SFO R-342 and CIC 
R-190 to CIC VOR/DME. 

UNDEN TRANSITfON (CUlTl.llN): From over REBAS INT via LIN R-248 to LIN 
VORTAC. 
MENDOCINO TRANSITION (CUITl.ENI): From over AEBAS INT via SFO R·J42 ond 
ENI R- I 18 to ENI VORTAC. 

RED BLUFF TRANSITION {CUITl.RBL}: From over REBAS INT via SFO R-342 and RBL 
R· 168 to RBL VORTAC. 

SACRAMENTO TRANSITION (CUITl.SAC): From over REBAS INT via SAC R-216 to 
SAC VORTAC. . 

QUIET ONE DEPARTURE (PILOT NAY) 
(CUITl .REBAS) 

2~1 

SAN flANCISCO, CAtlfOllMA 

SAN FRANCISCO INTL 



(REBASl.REBAS) m20 
20 

REBAS ONE DEPARTURE (PILOT NAV) 
.1.115 
l:U.•J 
GNDCOH 
1'11 
SAN fllUtC15CO fowtl 
IJCU M.I 
Mf.PEPCOH 
1:10.t :J:l'3.:i 

f'IOT!: Ml. Sen.__ .... , 
lnf-"9tl·a11Gifi:,bfe 
Ofl 111.05. 

NOfE: llwr'21l/I 
,., .ti.tad• ..... _ •• mini- c11 ... b 
of JOO' p.- NM to MOO' k r9qUired. 

WHL\ 
H31"JUr 

wnr"n.1•· 

SAN 'lANCISCO 
l.!ll 11'0 ll = ~ 

Clion !OJ 

• Df PARTURE ROUTE DESCRIPTION 

TAICE·OFF RUNWAYS 11/R: Cfimb vlo the SFO R-350 to 
cross the 6 OME fix ot or above 1800'. then turn left to 
intercept and proceed via the SFO R-342f to cross REIAS 
INT at or oboYe 6000'. Then via (tran1ition) or (asiigned 
route). 
TAKE-Off RUNWAYS28l/R: Climb via the SFO R-281 to 
cro11 the 6 DME fi• or WESLA INT ot or above 1800', then 
turn right heading 0.40" to Intercept and proceed via SGD 
R·16.5 to cro11 REBAS INT at or above 6000'. Then via 
(tron1ition) or (assigned route). 

(Continued on ne.t page) 

REBAS ONE DEPARTURE {PILOT NAV) 
(RE BAS 1.REBAS) 

HOJf: C ..... - lol tcale. 
RIV II 

(REBASt .REBAS) ff310 

REBAS ONE DEPARTURE (PILOT NAV) 

DEPARTURE ROUTE DESCRIPTION 
(Continued) 

SAN FRANCISCO INn 
sAN F•ANCISCO, CAUFOWNIA 

CHICO TRANSITION (REIASl.CIC): From over RHAS INT vio SGD R·l65 10 SGD 
VORTAC then SGO R·3.f7 and MXW R·l70 to MXW VORTAC. Thence via MXW 
R·OU to CIC VOR/OME. 
RED 8lUfF TRANSITION (RE8AS1.R8l): From over REBAS INT via SGO 11:-165 to 
SGO VORTAC thence vio SGO R-347, MXW R· '70 to MXW VOfl:TAC. Thence vio 
MXW R-341and18l R-161 to RBt VORTAC. 

REBAS ONE DEPARTURE (PILOT NAV) 
(REBAS 1.REBAS) 

$AN UANCISCO, CAlll'OINA 

SAN FRANCrsco INTl 



24A 

(SFOJ.SFO) 11tm 
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1. !NTROOUCTION 

This addendum contains an analysis of the sensitivity of the noise 

impacts to the differences amongst alternative fleet forecasts. The 

initial analysis of noise impacts were made for the future years of 

1996 and 2006, based on forecasts from the Draft Master P1an (MP). Ref. 

1. It a1so noted that the number of operations estimated in the FAA 

Terminal Area Forecast {TAF). Ref. 2. were intermediate bet:ween the 

constrained and unconstrained Master Plan estimates. 

Iri this analysis we add three additional forecasts that were con­

tamed in the California Aviatiori Systems Plan (CASP). These forecasts 

consist of an unconstrained "likely result" for the two sttdy years. 

Ref. 3. and a recommended scenario for 2005, Ref. 4. extrapolated to 

2006. 

This report develops detailed fleet mixes from the CASP forecasts 

and then compares these fleets and their estimated noise to those 

obtained from the other forecas-cs. 
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2. AIRPLANE FLEET MIX DEVELOPED FOR CASP FORECASTS 

The CASP Forecast. Ref. 3, was published in July of 1989. Its 

basic assumptions for San Francisco International Airport are contained 

in its summaiy statement. as follows: 

"San Francisco 

The opehing of new terminal facilities and use of 1arger 

capacity airplanes will allow air service at San Francisco Inter­

national Airport to grow normally during the first half or so of 

the forecast period. As traffic and service reach design capacity 

limits.- air service growth for the .Bay Area will increasingly be 

re-directed. principally to Oakland. San Francisco's share of the 

Bay Area market should drop from the high 70 percent to the low 60 

percent (or lower) during the forecast period. While some inter­

national seIVices will be operated at Oakland and San Jose. San 

Francisco will continue as the dominant· international pteway 

airport for the Bay Area.• 

The CASP fleet operations forecasts for air carrier operations 

{excluding caamuters) were based on forecasts of the enplaned passen­

gers at the Airport. In tum. these forecasts were based on population 

forecasts for the counties served by the Airport and th~ historic: per 

capita use of air transportation in this seivice area. The forecast 

passenger enplaneents were the:n allocated to three size categories of 

turbojet airplanes. based on historical load factors and usage by equip­

ment type and the evolving equipment mix based on "x-ecent scheduling 

practices and fleet modernization prograas". 

Table lA preeents the CASP forecasts of air carrier operations in 

turbojet powered airplanes at San Francisco Intetnational Airport. It 

divides the operations by passenger and cargo uses and into three size 

ca t:egor ies: 

Large Jet - 300 seat average 

Medium Jet - 165 seat average 

Smal l Jet - 100 seat average 

Table 1B combines the annual passenger and cargo departure est:i­

tnates, multiplies the result by two to obtain total operations (arriv­

als plus departures) and divides by 365 to obtain the annual average 

... 

~ 

l 

!'. 

( 
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daily operations in each size cat:egory. It also contains the estimates 

for the study year of 1996 obtained by linear :interpolation and for // 

2006 obtained by extrapolation of the 2000-2005 forecas't periods. 

Table lB contains the 2005 reccmmended scenario. Ref. 4. It was 

based on the following stated assmption11: 
11San Francisco Bay Metropolitan Area 

The prelimmaty CASP update recommendations for the San .Francisco 

Bay Metropolitan Area are described below: 

1990 Scenario Conditions 

0 No air carrier operations are redistributed to other air-

ports. 

o No new air carrier airports or t'tlmays are proposed. 

o No general aviation operations are reloca'ted from air carrier 

to general aviation airports in the Region. 

1995 Scenario Conditions 

o Same air carrier operations are redistributed from San Fran­

cisco International to Metropolitan Oakland and San Jose 

International Airpor'ts. 

o No new air carrier airports or rumrays are proposed. 

o Runway enension at San Jose International Ai.rpot't to provide 

parallel air carrier runways. 

o No general aviation operations are relocated from air carrier 

to general aviation air:ports in the Region. 

2000 Scenario Condi.tions 

0 Some air carrier operations are redistributed from San Fran­

cisco International to Metropolitan Oakland. San Jose Inter­

national and a new air carrier airport. 

0 Air carrier senice ia added a't Travis Air Force Base. Sev-

eral st:Uclies have been conducted to identify potential new 

air carrier airport locations in the San Francisco Bay Area 

at both uisting airports and new sites.. There is already an 

existing joint-use agreement with the military that would 

permit air carrier operations at Travis Air Force Base. :It 

was tl;lerefore assumed for this study that this would be the 

first nerr air carrier airport that could be added to the 

system in the San Francisco Bay Area. 
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o General aviation operations are relocated from air carrier to 

general aviation airports. The relocation involves only some 

of the single-engine airplanes local operations. 

2005 Scenario Conditions 

o Air carrier operations are redistributed from San Francisco 

International to San Jose InternatiDnal. an expanded Metro­

politan Oaltland and a new air carrier airport. 

o A second air carrier runway is added at Metropolitan Oakland 

International Airport. The Port of Oakland is currently 

evaluating the feasibility of aqding a new air carrl.er runway 

at Metropolitan Oakland lnternational Airport. At ~his time 

the preferred location for a new runway has not been deter­

mined and the necessary em7ironmental and other processing 

that would be required has not been initiated. 

o General aviation operations are relocated from air carrier to 

general aviation airports. The relocation involves reloca­

tion of 90 percent of the local general aviation operations 

and 50 percent of the single-engine propeller airplane itiner­

ant operations. 

o The redistribution of air carrier operations results in a 

requirement for increased passenger terminal capacity over 

that currently estimated at airpor~s in the San Francisco Bay 

Area by 2005. 

The latest information indicates MAP capacities of 12.0 MAP 

at Metropolitan Oakland international. 51.3 MAP at ·san Fran­

cisco lnte?:national. 18.0 MAP at San Jose Inteniational and 

S.O MAP for joint use of Travis Air Force Base. 

To the ez:tent it is not possible to provide these levels of 

passenger terminal capacity. then additional air carrier 

airports will need to be developed or expanded. ·Al tema­

tively 1 the redistribution of more saaller and fewer large 

capaci~y air carrier airplanes and/or the relocation of addi­

tional high-performance general aviation turbojet operations 

need to be relocated from San Francisco Inte-rnational in 

or~r to penait additional air carrier operations and utilize 

the estimated excess passenger terminal capacity by 2005. 

'l 
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0 At the Buchanan Field Airport in Concord~ air carrier opera­

tions are assumed to continue to be limited to small jets and 

medium and small propeller airplanes. The Airport is expected 

to remain primarily a general aviation airport. 

o :Because of its remote location from most of the Bay Area 11 the 

Sonoma County Airport in Santa Rosa is. e:z:pected to attract a 

relatively small amount of any air car.rier operations that 

might be redistributed from the three major Bay Area sir 

carriet' airports. 

o The general aviation activity associated with the preliminary 

recommended Scenario requires the relocation of a forecast 

total of 270.000 general aviation airplane operations and 

about 600 based airplanes from the three air carrier sirports 

to other airports in the San Francisco '!ay Area by 2005." 

These three forecasts were distributed amongst the detailed equip­

ment types using a methodology similar to that previously applied to 

t:he Master Plan (MP) estimates. To obtain this distribution. the air­

planes contained in the FAA 1989 Report to Congress. Ref. s. were sub­

divided into large. medium and S1Dall. The category assignments. were 

similar to those used in the CASP. ez:cept that the DCB?O series was 

retained as a large airplane as in the MP. and all B727 airplanes were 

considered to be medium size. as in the MP. 

The FAA national fleet forecast. Ref. 5, contains t:he B7J7 air­

plane and does not contain t:he newly unounced B777 airplane. The B7J7 

airplane was a study airplane in the 150 seat: ·category which was can­

celled. For noise analysis it is assumed to be replaced by an MDSO 

series airplane which is of similar size. The new B777 airplane is not 

included in this study since its launch announcement caae long after 

all of the MP analysis was completed. Additionally. there are no rel.i­

able natioul forecasts of its probable nmbers in the future fleet. 

The percentages of FAR Part 36 Stage 2 airplanes in the year 2.006 

are 5.1 and 4.2 for the CASP unconstrained and recommended scenarios. 

resp~ively. These ·numbers a.t"e consistent with the existing San Fran­

cisco Noise Abatement. Regulation. However. it is currently proposed to 

be amended to require oi.ly Stage 3 airplane operations beginning in 
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2000. Further, the new law passed by Congress on a National Noise 

Policy. Ref. 6. would require phaseout of all Stage 2 airplanes by the 

beginning of 2004 and at least 85 percent of each air carrier fleet by 

the beginning of 2000. The effect of this new legislation would be to 

reduce all of the 2006 cumulative noise estimates (CNEL) by about one 

decibel. 

The methodology to obtain the forecast fleet distributions was to: 

a) Determine the proportionate change in the number of airplanes 

in the national fleet in each equipment type from the 1989 

base year to the forecast year based on the FAA forecast. 

b) Detendne the proportionate red\lction in future daily opera­

tions of airplanes operating at SFIA in 1989 ·because of fore­

cast retirement. 

c) For each forecast year and each size category determine the 

proportionate number of operations required of new airplanes 

(new aitplane operations required equals forecast operations 

less 1989 operations plus retire111ents). 

d) Allocate new airplane operations by equipment type in each 

size category in proportion to their eltistence in the fore­

cast national fleet. 

The resulting fleet mixes were then allocated to departure stage 

lengtls (route distances) and time of operation as in the MP analysis. 

based on the 1989 operations for long. medium and short range. The 

detailed results for the three study periods are contained in Tables.2. 

3 and 4. It is noted that these forecasts have a small number of 

"nighttime" Stage 2 airplanes which :represent -Chose estima:ted to oper­

ate be~een 10:00 and 11:00 P.M. vhen the Noise Abatement Regulation 

nighttime rule begins. 

The corresponding CNEI. contours calculated by the FAA Integrated 

Noise Model (INM)* are presented in Figures 1. 2 and 3. Comparison 

*Note the INK algorithm. for noise at the beginning of takeoff roll 

for locadons behind the runway has been revised for these analyses to 

l>etter represent the noise (back blast) actually experienced in this 

. ai-ea. 



of these three figures indicates both 2006 contours are substantially 

smaller than the 1996 contou.rs in the region over the hay (Runway 01 L 

and R departures) but have only small changes.over San Bruno and South 

San Francisco (Runway 28 L and J(. departures). ·The major decrease over 

the bay results from the change from Stage 2 to Stage 3 for the major­

ity of airplanes. However. the Runway 28 departures are mostly long 

range B747 type airplanes whose average noise is almost at the Stage 3 

levels for both study years. 
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3. COMPARISON OF THE VARIOUS FORECASTS 

The various forecasts of average daily operations for air carriers 

(excluding commuter) at San Francisco International Airport are summar­

ized in Table 5. All show an increase from actual 1989 operations. 

The increase for 1996 ranges between 12 and 48 percent and that for 

2006 between 6 and 78 percent. In both years the MP constrained has 

the saal.lest forecast number of operations and the CASP unconstrained 

the largest nlD.ber. Also• in both cases the FAA TAF forecast is 

bounded by the MP constrained and unconstrained forecast. The Recom­

mended Scenario for 2006 is slightly greater than the MP constrained 

forecast but less than the FAA TAF forecast. 

Table 6 compares the 1996 MP constrained and unconstrained daily 

operations forecasts with the CASP unconstrained forecasts. The CASP 

forecast is only 4 percent larger than the MP unconstrained forecast 

for the large airplanes including the 747. However, it is 29 and 21 

percent greater for the medium and SJnall size categories. respectively. 

Table 7 compares the 2006 forecasts for the MP constrained and 

unconstrained and the CASP unconstrained and recODUDended scenario. The 

CASP reccmmended scenario is about the same as the MP constrained fore­

cast in all size categories •. However, the CASP unconstrained forecast 

is larger than the MP unconstrained forecast by 17. 12 and 73 percent 

for large. medium and small size categories. respectively. The signifi­

cant difference in the forecasts with respect to the small airplanes 

does not bSV"e a major effect on noise impact beca~se these airplanes 

are among the quietest airplanes. The magni'tUde of the difference is 

partly due to the base periods selected: for example. much of Ameri-

can 1 s operations in small and medium airplanes had moved to San Jose in 

1989. Also. the FAA national fleet forecast contained few ai~lanes of 

the 100 seat category. so that the forecast new airplanes were drawn 

from ai%planes at the high seat capaciey end of the small size range. 

Consequently. the nuaber of airplanes assigned to the small size cate­

gory contain more seats than the CASP forecast assumed. 

Table 8 gives the INK calculated ~ values at the remote tD.onitor­

ing stations (RMS). see Figure 4. for all of these forecasts. Table 9 

gives similar data for the selected locations in other areas. Note 
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that the 1evels actually experienced in the more remote areas are 

highly dependent upon their locations with respect to the model 1s 

flight tracks. These flight tracks were chosen to be representative 

within the 65 dB CNEL contours: many more tracks would be required to 

attempt to accurately model the cumulative noise at rmote locations. 

!'or this purpose the maximum ezpected single event sound exposure 

levels at each of these locations is far more meaningful. 

Tables 10 and 11 s1111marize the differences between the forecast 

cases and the 1989 Base Case. Note that the track density requirements 

for remote selected sites discussed above with respect to absolute 

values of cmiulative noise do not apply to these differences. In 1996 

the average difference at these sites from 1989 was -2.B dB for the MP 

constrained. -2.6 dB for the MP unconstrained. and -2.0 dB for the CASP 

unconstrained~ The FAA forecast results would be e%pected to be 

between -2.8 and -2.6 dB. 

In 2006 there was greater variability amongst the forecasts, The 

resulting differences at the RMS in Table 10 range from -5.2 dB and 

-5.0 dB for the MP constrained and CASP recommended scenarios to -4.4 

and -3.7 dB for the MP and the CASP unconstrained cases. Similar 

results are found. for the selected remote locations in Table 11. The 

FAA TA:F differences would be intermediate between these higher and 

lower pairs of results. with decreases on the order of -4. 7 dB. 

It should be noted that these average decreases in 2006 did not 

occur at all the measurement microphones. In fact. for the two uncon­

strained forecasts in 2006. small increases ranging from 0 to 0.9 dB 

•ere calculated at RMS 1. 4 and 12 which are located in San Bruno. 

South San Francisco and Foster City. respectively. These increases 

result primarily from the ass\IDed increase in B747 traffic.. Future 

projec:t:i.Ons of this traffic based on a better understanding of tbe 2006 

he&y long-range airplane fleet including the B777 and other still to 

be announced airplanes should result in a decrease of noise from that 

estimated here. 
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TABLE 1. SAN FRANCISCO INTERNATIONAL AIF~ORT 

A) CALIFORNIA AVIATION SYSTEM PLAN FORECAST PASSENGER AND CARGO 
JET POWERED AIR CARRIER AIRPLANE ANNUAL DEPARTURES 

LARGE JET MED JET SMALL JET 
300 SEATS 165 SEATS 100 SEATS 

YEAR PASS CARGO PASS CARGO PASS CARGO 
===:==========-===========================:~=~=~~=======-====== 

1980 21682 1378 54716 2762 42194 0 
1985 25828 1838 61688 627 45228 846 
1990 36204 1850 67605 701 58709 935 
1995 44291 1903 78409 722 69933 962 
2000 53386 1968 87110 746 86239 995 
2005 62963 2046 97307 776 99167 1034 

B) CALIFORNIA AVIATION SYSTEM PLAN FORECAST PASSENGER AND CARGO 
JET POWERED AlR CARRIER AIRPLANE AVERAGE DAILY OPERATXONS . * 

AVERAGE AIRPLANE SIZE 
YEAR LARGE MEDIUM SMALL TOTAL 

AVERAGE 
NO. SEATS 

=============~=====================================~== 

UNCONSTRINED FORECAST 
1980 126.36 314.95 231.20 672.50 167 
1985 151.59 341.45 252.46 745.51 169 
1990 208.52 374.28 326.82. 909. 6.1 172 
1995 253 .12 433.59 388.47 1075.18 172 

··* 1996 293.27 471. 84 460.09 1225.20 172 
2000 303.31 481.40 477.99 1262.71 172 
2005 356.21 537.44 549. OS 1442. 70- 173 

** 2006 366.79 54.8. 65 563.26 1478.70 173 

RECOMMENDED SCENARIO 
2005 240.82 338.47 320.37 899.66 178 

•• 2006 247.97 345.53 328.66 ·922 .16 178 

• Average daily operations equals annual departures times two 
divided by 365 days. 

** Obtained by linear interpolation 
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lllEllG 761 Ult> 13.12 1.JI ,,n 2.02 13.12 10.36 1.1J z.34 a.za 0.00 0.21 O.lll o.oo .. O.J1 t.1J 0.00 0,06 4.59' 1;01 0.911 l.H 0.06 0.5] 0.00 0.00 0.00 1.37 0.00 0.20 
.llltlllC 167 ltf6) 21.65 H.77 l.U 4.0S Z7.65 20.1! 2.25 4.'9 0.56 0.00 0,91 t.~ 0.00 0,62 l;25 O.llO D.1Z 9.1' Z.H 1.97 4.22 0.12 1.06 O.oo o.oo 0.00 Z.74 0.00 0.19 
lkO OllUC&.IS MD•1t 4.10 I.If l.S1 II.Ml 6,10 J.07 o.SJ 0.69 o.oa 0.00 o.oa O.Z6 o.oo 0.09 O.JS 11.00 0.02 1.36 o.n 0.29 0.6) 0.02 0.16 0.00 0.00 II.DO o.u 0.1!0 0.06 

lkO DCUiUS DC-10+L101' 35.61 "·°' n.40 S.tt n.67 u.n 2.91 6.0J •.n o.oo 0.66 Z.Z6 a.oo 0.11 2.91 0.00 o.15 It.es 2.76 2.56 '·" 0.15 1.57 J.54 0.00 O.SI 0.00 o.oo o.oo 
11cD llCllGl.AS DC•l•71 1.90 1.01 0.61 0;21 1.90 1.42 0,15 0.52 0.04 0.00 0.114 0.12 0.00 0.04 0.15 0.00 0.01 0.6J 0,15 11.1' 0.29 0.01 0.07 o.00 0.00 0.00 0.19 0.00 0.01 
..... AJOCl/S10 .... 4,16 1.D I.SJ 6.llll ,,n 1.07 0.17 '·" 0,59 o.S7 1.38 0.45 0,02 0.12 0.00 O.Ol 0.12 o.os O.J5 o.oo o.oo 0.00 D.00 0.00 0.00 0.00 0.00 0.00 
., • .,. A320 17.6S 12.06 4.0J t.5' 17.65 iz.27 J.U z.2'· S.54 1.10 1.06 4.00 l.Z6 11.06 II.~ a.1111 11.09 2.39 0, t6 1.0l o.oo o.oo 0.00 o.oo o.oo o.oo 0.00 D.00 0.00 
llGt:lllll n7 12.i!6 1.55 z.• o.9l '2.26 9.19 2.t1 0.11 ,,za 1.11 o.J1 2.u o.aa o.oo o.so o.oo o.oo z.SI 0.11 o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
lllElllO 117 CDtfoWOll tlll) J.5J 2.ss O.tt o. '' '·" 2.65 0.62 0.25 1.07 0.34 a.n a.111 11.lS o.oo a.at o.oo o.oo 0.61 O.Ol 0.00 0.00 o.oo 0.00. 0.00 O.DO 0.00 II.OD o.oo 0.00 
..... n1 (OC9tWlttJ (011) i.SJ J.'5 D.11 0.17 !I.SS z.65 11.62 o.zs 1.01 O.l4 a.ZS 0.11 0.25 D.00 0.00 O.llO o.oo 0.6D O.OJ o.oo o.oo o.oo o.oo 0.00 0.00 0.00 D.00 o.oo 0.00 
111!1 .. 7J7·Jt'IO 111.50 16.DD 25.'6 10,IM tU.50 71.24 19.69 14.56 JS,11 111.14 6.6' Z5.29 7.911 0.45 2.11 1,1.00 11,64 14.55 0.99 7.25 0.00 0.00 0.00 0.00 O.oo o.oo o.oo o.oo o.oo 
1C11E111G n1 30.111 zo.96 1.os 2.11 J0.11 20.n '·" s.11 9.zr 2.n 2.n 6.91 2.21 0.16 o.s1 o.oo o.19 s.as 0.21 z.1s o.oo o.oo o.oo 1uo o.oo o.oo o.oo o.oo o.oo 
IOUIG 1J7 27.112 111.49 6.11 2.J7 17,Dl 111.D1 4.77 J.44 1.4. 2.60 l.6J 6. tJ t.9J 0.10 0.5S 0.00 11.14 J.66 II.Zit 1 .51 0.00 O.llO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
lldl DGUCUI MD•I0/90, 14.99 51.14 19.40 7.44 M.99 59.11 15.01 10.11 Z6.10 I.It 5.tz 19.29 6.07 O.SI 1.66 0.00 0.44 11.52 0.75 .4.9' 0.00 0.00 0.00 0.00 D.00 0.00 D.00 0.00 0.00 

1•111111 MIOIPAtt '" n.zs 34.0Z '·" 2.1S 4J.25 ss.11 '·" 2.u 11.tS S.16 z.u J.SZ O.GO 0.00 II.DO 0.00 0.00 0.00 o.oo 0.00 o.oo 0.00 o.oo 0.00 0.00 0.00 O.OD o.oo o.oo 
Fllltll FIG& 2.sJ 1.99 o.sa 0.16 2.SS 2.86 0.54 O. IS t.115 0.34 0.1J 0.21 o.oo 0.00 D.llO D.llO o.oo o.oo 0.00 0.00 0.00 0.00 0,00 0.00 0.00 D.00 0.00 0.00 o.oo 
••W!••--.. ••-•••-•••••---•••• .... •:11 .. ••••1n1at-••••-••••••• .. •-•---•••• .. ...,. ........... w::w11J:.-:•lllt9•a••••••••••• .. ••••••••••••••••••••••a•.z•••s:•••11••••••••••t:•••.w••••••:1••••••11•••••••••••••:is11••~••~·••••r~~••ir:.-.ir:••••• .. ••••1 

fOfAl.S 461.12 JOZ.411112.45 411.21 '61.tZ lJ2.66 ee.:n ao.10 t29.JZ 34.86 2Z.4S 78.1! Zl.24 J.73 15.41 O.llO 2.ot 19.5l n.76 2$.64 18.01 o.50 4.SJ 5.63 o.oo Q.92 to.Ol! 0.00 o.e.r 
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TABLE S 

SUMMARY OF TOTAL DAILY AIR CARRIER OPERATIONS FORECASTS FOR SAN FRANCISCO 
INTERNATIONAL AIRPORT 

SOURCE 1989 1996 2006 
-~=====•••-=======m:~s~~~=~=====•========~--======~=====~~~====~=~==~==-~~~~~~=== 

1989 ACTUAL 829 

MASTER PLAN CONSTRAINED 927 881 

CASP RECOMMENDED SCENARIO 922 

FAA TERMINAL AREA FORECAST 945 1041 

MASTER PLAN UNCONSTRAINED 1028 1128 

CASP UNCONSTRAINED 1225 1479 



TABLE 6 

1996 FORECASTS FOR AVERAGE DAILY OPERAT.IONS IN COMPARISON 
WITH 1989 ACTUAL OPERATIONS 

A:tRPLANE 
TYPE 

NUMBER 
SEATS 

ACTUAL MASTER PLAN FORECAST CASP 
1989 OPS CONST UNCONST FORECAST 

.==-~~==~~~=====~~~===~~~=~===~====~====-~====~===~====~~========~~===· 
Large airplanes (~Oo seats) 
8747 450 
MDll 360 
A330/340 330 
DClO/LlOll 320 
AJ00/310 250 
8767 230 
ocs·10 200 

Sub total 

Medium airplanes (165 seats) 
8757 200 
A320 180 
87J7 150 
MDB0/90 150 
8727 140 

sub total 

Small airplanes (100 seats) 
8737300 140 
B737/0C9/BA111 120 
BAE146 100 
FlOO 100 

Sub total 

53.80 
o.oo 
o.oo 

85.60 
l0.60 
49.40 
15.00 

214 .40 

26.20 
o.oo 
0.00 

83~60 
165.00 
274.80 

140.60 
113.20 
85.80 

0.00 
339.60 

61.73 
5.22 
2.93 

84.46 
14.60 
68.64 
13.62 

251.20 

63.89 
22.70 
2.71 

117.01 
115.68 
321.99 

191.57 
71.83 
86.51 

4.14 
354.05 

68.13 
9.42 
5.30 

84.46 
16.44 
84.14 
13.62 

281.51 

81.24 
33.15 
3.96 

132.39 
115.68 
366.42 

215.0J 
71.83 
86.84 

6.05 
·379. 75 

70.63 
11.07 
6.23 

84.46 
17.06 
90.21 
13.62 

293.27 

122.41 
57.95 
6.92 

168.88 
115.68 
471.84 

288.38 
71.83 
87.87 
12.00 

460.09 

-----------~~~~~~~---------------------------------------------------
TOTAL 828.80 927.24 1027.68 1225.20 

stage 2 ·operations 314.78 224.094 229.4864 224.10 
stage 2 percent 38.0!&: 24.2% 22.Jt 18.3% 



TABLE 7 

2006 FORECASTS FOR AVERAGE DAILY OPERATIONS IN COMPARISON 
WITH 1989 ACTUAL OPERATIONS 

AIRPLANE 
TYPE 

NUMBER 
SEATS 

ACTUAL 
1989 OPS 

M. PLAN CASP REC. 
CONST SCENARIO 

M. PLAN 
UNCONST 

CASP 
FORECAST 

=~~==•=~==•===~e==~====m===~===========~==~~==~===~====~=======~===~==========~=~ 

Large airplanes 
8747 
MOll 
A330/340 
DClO/LlOll 
A300/310 
8767 
OC870 

sub total 

Medium airplanes 
8757 
A320 
B7J7 
.MD80/90 
8727 

sub total 

Small airplanes 
8737300 
B737/DC9/BA111 
BAE146 
FlOO 

Sub total 

(200 seats) 
450 
360 
330 
320 
250 
230 
200 

(165 seats) 
200 
180 
150 
150 
140 

(100 seats) 
.140 
120 
100 
100 

53.80 
o.oo 
o.oo 

85.60 
10.60 
49.40 
15.00 

214.40 

26.20 
o.oo 
o.oo 

83.60 
165.00 
274.80 

140.60 
113.20 
es.·eo 

0.00 
339.60 

61.72 
7.21 
5.95 

71.33 
13.33 
78.91 

3.79 
242.24 

62.06 
35.55 
54.50 

170.71 
24.52 

347.34 

188.41 
14.ll 
86.21 

2.94 
291. 67 

62.80 
e.20 
6.76 

71.33 
12.15 
82.94 

3.79 
247.97 

61. 75 
35.25 
54.03 

169.97 
24.52 

345.53 

223.00 
14.11 
86.50 

5.06 
328.66 

72.73 
17.24 
14.23 
71.33 
15.14 

119.94 
3.79 

314.40 

85.70 
58.99 
90.42 

228.14 
24.52 

487 .. 77 

219.93 
14.11 
86.47 

4.87 
325.38 

B0.91 
24.69 
20.38 
71. 33 
15.26 

150.42 
3.79 

366.79 

95.94 
69.15 

106.00 
253.03 

24.52 
548.65 

442.26 
14.11 
88, 36 
18.53 

563.26 

--------------------------------------------------------------------------------
TOTAL 

Stage 2 operations 
.stage 2 percent 

828.80 

314,78 
38,0!f> 

881.25 

38.63 
4.4\ 

922.16 

38.63 
4.2\ 

1127.55 

'.)8.63 
J.4% 

1478. 70 

38.63 
2.6%: 



TABLE 8 

SAN FRANCISCO INTERNATIONAL AIRPORT CNEL VALUES CALCULATED AT REMOTE MONITOR STATIONS 

1989 1996 2006 
RMS CITY LOCATION BASE MP( C) MP(U) CP(U) MP(C) CP(R) MP(U) CP(U) 
~==-=••••••••~====a••••~•=====m2••======••====m======~~~=====~===========~=~=============== 

1 San Bruno 71.7 71.1 71. 5 70.7 70.9 70.7 71.7 72.0 
2 San Bruno 55.5 53.4 53.7 53.8 52.1 52.1 52.9 53.4 
3 south San Francisco 56.2 53.6 53.8 54.1 51.3 51.5 52.l 52.7 
4 South San Francisco 68.8 68.0 68.5 67.8 68.l 680.0 68.9 69.2 
5 San Bruno 63.7 62.2 62.6 62.2 61.5 61.4 62.J 62.7 
6 South San Francisco 65.8 63.5 64.0 63.6 63.4 63.2 64.3 64.4 
7 Brisbane 55.3 51.9 52.0 52.9 48.S 48.9 49.4 50.3 
8 Millbrae 71.2 67.8 67.9 68.8 64.2 64.7 65.1 66.0 
9 Millbrae 63.6 60.l 60.3 61.l 56.2 56.8 57.l 58.0 

10 Burlingame 59.8 56.2 56.3 57.2 52.3 52.8 53.0 54.0 
11 Burlingame 63.9 60.4 60.5 61.4 56 .. 5 57.l 57.3 58.3 
12 Foster city 62.5 62.7 63.l 62.6 62.S 61.5 63.4 63.2 
13 Hillsborough 50.3 46.7 46.8 47.7 42.8 43.4 43.6 44.5 
14 south San Fancisco 54.2 52.0 52.3 52.5 50.8 50.8 51.6 52.1 
15 south San Fancisco 62.2 59.0 59.1 59.7 54.8 55.2 55.4 56.1 
16 south San Fancisco 57.4 55.3 55.6 55.6 54.4 54. 2· 55.3 55.5 
17 south San Fancisco 60.3 58.4 58.8 58.6 58.1 57.5 58.9 58.9 
18 Daly City 63.1 60.7 61.6 60.9 60.5 59.6 61.3 61.0 
19 Pacifica 58.7 56.8 57.1 57.2 55.9 55.7 56.8 57.0 
20 Daly city 55.7 52.6 52.8 53.6 50.1 50.5 51.0 51.9 
21 San Francisco 53.7 50.7 50.9 51. 7 48.3 48.7 49.3 50.2 
22 San Francisco 63.9 60.4 60.6 61.4 57.7 58.1 58.5 59.4 
23 San Francisco 60.9 57.7 57.8 58.6 54.9 55.3 55.8 56.7 

24 San Francisco 59.5 56.2 56.3 57.0 53.4 53.8 54.2 55.1 
25 San Francisco 54.9 51.7 51.9 52.6 49.l 49.5 so.o 50.9 

26 San Francisco 52.9 49.7 49.9 50.6 47.1 47.4 48.0 48.8 
27 San Francisco 40.5 37.7 37.9 38.8 35.4 35~8. 36.4 37.4 



TABLE 9 

SAN FRANCISCO INTERNATIONAL AIRPORT CNEL VALUES CALCULATED AT SELECTED LOCATIONS 

1989 1996 2006 

I.D. CITY LOCATION BASE . MP(C) MP(U) CP(U) MP(.C) CP(R) MP(U) CP{U) 
~======2e~=======~~=====~=====~~====~=======~~===~~========~~======~======~~~====~=====~~= 

A SF-Visitacion Valley 59.l 56.0 56.2 57.0 53-. 4 53.8 54.J 55.3 
B SF-San Miguel Hills 52.8 49.8 50.0 50.7 47.3 47.7 48.3 49.1 
c SF-Ingleside 53.7 50.7 50.9 51.6 48.2 48.6 49.1 50.0 
D Albany 49.6 46.l 46.2 47.0 43.0 43.4 43.8 44.7 
E Kensinqton 46.9 43.6 43.8 44.6 40. 7 41.1 41.5 42.5 
F Berkeley 48.7 45.4 45.5 46.3 42.4 42.9 43.J 44.2 
G Berkeley 41.7 38.9 39.1 39.9 36.4 36.8 37.4 38. 3' 
H Berkeley 46.0 43.0 43.2 44.0 40.5 40.9 41.5 42.4 
I Berkeley 42.4 39.7 39.9 40.6 37.3 37.6 38.3 39.2 
J Orinda Village 40.2 39.5 39.8 39.7 38.B 38.3 3'·t g 39.9 
K Claremont ? 41.5 40.5 40.8 40.9 39.6 39.2 40.6 40.8 

L Piedmont ? 40.5 38.7 39.0 39.4 37.3 37.2 38.3 38.8 

M o~inda 39.4 36.7 37.0 37.7 34.4 34.8 35.5 36.3 

N Walnut creek 47.2 43 .• 9 44.0 44.8 49.8 41.3 41.6 42.6 

0 Richmond 40.5 37.4 37.6 38.4 34.6 35.l 35.5 36.5 
p Moraga 52.8 49.3 49.4 50io2 46.l 46.6 46.9 47.8 

Q Danville 41 •. l 38.2 38.3 39.l 35.4 35.8 36.3 37.3 

R Pacifica 49.8 46.6 46.8 47.6 43.8 44.2 44.7 45.6 

s Pacifica 49.4 46.2 46.3 47.1 43.3 43.7 44.2 45.1 

T Pacifica 49.8 46.5 46.7 47.5 43.7 44.1 44.6 45.5 



TABLE 10 

SAN FRANCISCO INTERNATIONAL AIRPORT CHANGES IN CNEL VALUES CALCULATED AT REMOTE MONITOR 
STATIONS 

1989 1996 2006 
RMS CITY LOCATION BASE MP(C) MP(U) CP(U) MP(C) - CP(R) MP(U) CP(U} 
•=•~•••••mmsm•=•m===•mm••====================•==~======~~~================================= 

1 San Bruno 71.7 -0.6 -0.2 -LO -o.s -1.0 o.o 0.3 
2 San Bruno 55.5 -2.1 -1.8 -1.7 -3.4 -3.4 -2.6 -2.1 
3 south San Francisco 56.2 -2.6 -2.4 -2~1 -4.9 -4.7 -4.1 -3.5 
4 South San Francisco 68.8 -0.0 -0.3 -1.0 -0.7 -o.e 0.1 0.4 
5 San Bruno 63.7 -1.5 -1.1 -1.5 -2.2 -2.3 -1.4 -1.0 
6 south San Francisco 65.8 -2.3 -1.8 -2.2 -2.4 -2.6 -1.5 -1.4 
7 Brisbane 55.3 -3.4 -3.J -2.4 -6.8 -6.4 -5.9 -5 .. 0 
8 Millbrae 71.2 -3.4 -3.3 -2.4 -7.0 -6.5 -6.1 -5.2 
9 Millbrae 63.6 -3.5 -3.3 -2.s -7.4 -6.8 -6.5 -5.6 

10 Burlinqame 59.8 ' ' -3 .6 -3.5 -2.6 -7.5 -7.0 -6.8 -5.8 
11 Burlingame 63.9 -3.5 -3.4 -2.5 -7.4 -6.B -6.6 -5.6 
12 Foster city 62.S 0.2 0.6 0.1 o.o -1.0 0.9 0.7 
13 Hillsborough 50.3 -3.6 -3.5 -2.6 -7.5 -6.9 -6.7 -5.B 
14 south san Fancisco 54.2 -2.2 -1.9 -1. 7 -3.4 -J.4 -2.6 -2.1 
15 south San Fancisco 62.2 -3.2 -3.l -2.5 -7.4 -1.0 -6~8 -6.1 

16 south San Fancisco 57.4 -2.1 -1.8 -1.8 -3.0 -3.2 -2.1 -1.9 
17 south San Fancisco 60.3 -1.9 -1. 5 -1.7 -2.2 -2.8 -1.4 -1.4 

18 Daly City 63.1 -2.4 -1.5 -2.2 -2.6 -3.5 -LB -2.1 
19 ·Pacifica 58.7 -1.9 -1.6 -1.5 -2.8 -3.0 -1.9 -1.7 

20 Daly City 55.7 -J.l -2.9 -2.1 -5.6 -5.2 -4.7 -3.8 
21 San Francisco 53.7 -J.O -2.a -2.0 -5.4 -5.0 -4.4 -3.5 

22 san Francisco 63.9 -3.5 -3.3 -2.5 -6.2 -5.8 -5.4 -4.5 

23 San Francisco 60.9 -3.2 -3.1 -2.3 -6 .. 0 -5.6 -5.1 -4.2 

24 San Francisco 59.S -3.3 -3.2 -2.s -6.l -5.7 -5.3 -4.4 

25 San Francisco 54.9 -3.2 -3.0 -2.3 -5.8 -5.4 -4.9 -4.0 

26 San Francisco 52~9 -3.2 -3.0 -2.3 -5.8 -5.5 -4.9 -4.1 
27 San Francisco 40.5 -2.8 -2.6 -1.7 -5.1 -4.7 -4.1 -3.1 

---------------~---------~-----------------------------------------------------------------

Averaqe -2.8 -2.6 -2.1 -5.2 -s.o -4.4 -3.7 
Standard Deviation 0.9 1.0 0.6 2.1 1.7 2.1 1.8 



TABLE 11 

SAN FRANCISCO INTERNATIONAL AIRPORT CHANGES IN CNEL VALUES CALCULATED AT SELECTED LOCATIONS 

1989 1996 2006 
I.D. CITY LOCATION BASE MP(C) MP(U) CP(U) MP(C) CP(R) MP(U) CP(U) 
•••••••--••••••~a=•mem••=-••==~a••=•===~=====================•====================:======= 
A SF-Visitacion Valley 59.1 -3.1 -2.9 -2.1 -5.7 -5.3 -4.8 -3.8 
8 SF-San Miguel Hills 52.8 -3.0 -2.8 -2.1 -s.s -5.1 -4.5 -3.7 c SF-Ingleside 53.7 -3.0 -2.8 -2.1 -5.5 -s.1 -4.6 -3.7 
b Albany 49.6 -3.5 -J.4 -2.6 -6.6 -6.2 -5.8 -4.9 
E R.ensinqton 46.9 -3.3 -3.1 -2.3 -6.2 -5.8 -5.4 -4.4 
F Berkeley 48.7 -3.3 -3.2 -2.4 -6.3 -5.8 -5.4 .;..4.5 
G Berkeley 41. 7 -2.8 -2.6 -1.8 -5.3 -4.9 -4.3 -3.4 
H Berkeley 46.0 -3.0 -2.8 -2.0 -5.5 -5.1 -4.5 -3.6 
I Berkeley 42.4 -2.7 -2.s -1.8 -s.1 -4.8 -4.1 -3.2 
J Orinda Village 40.2 -0.1 -0.4 -0.5 -1.4 -1.9 -3.4 -0.3 
K Claremont 41.5 -1.0 -0.1 -0.6 -1.9 -2.J -0.9 -0.7 
L Piedmont 40.S -1.8 -1.5 -1.1 -3 .. 2 -3.J -2.2 -1. 7 
M Orinda 39.4 -2.7 -2.4 -1. 7 -s.o -4.6 -3.9 -3.l 
N Walnut creek 47.2 -3.3 -3 .. 2 -2.4 2.6 -5.9 -5.6 -4.6 
0 Richmond 40.5 -3.l -2.9 -2.1 -5.9 -5.4 -s.o -4.0 
p Moraga 52.8 -3.5 -3.4 -2.6 -6.7 -6.2 -5.9 -5.0 
Q Danville 41.1 -2.9 -2.8 -2.0 -5.7 -5.3 -4.8 -3.8 
R Pacifica 49.8 -J.~ -3.0 -2.2 -6.0 -5.6 -5.l -4.2 
s Pacifica 49.4 -3.2 -3.l -2.3 -6.l -5.7 -5.2 -4 .. J 
T Pacifica 49.8 -J.3 -3.1 -2.3 -6~1 -5 .. 7 -5.2 -4.3 

-------~~~~-----~~--------------------------~--------------------------~-------------------

Averaqe -2.8 -2.6 -2.0 -4.9 -s.o -4.5 -3.6 
Standard Deviation 0.8 o.a 0.6 2.2 1.2 1.2 1.2 
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XII. Appendices 

APPEND IX D: AIR QUALITY 

TABLE D-1: SAN FRANCISCO AIR POLLUTANT SUMMARY, 1987-1989 

MQni1Qrini:. Data b:i::: X:ear/a/ 
Pollutant Standard 

Ozo~ (03) · 
0.09/c/ Highest 1-hr average, ppm/bl 

Number of standard excesses 

Carbon Monoxide (CO) 
Highest 1-hr average, ppm 20.0/c/ 

Number of standard excesses 
Highest 8-hr average, ppm 9.0/c/ 

Number of standard excesses 

Nitrogen Dioxide (NOz) 
Highest 1...:hr average, ppm · 0.251cl 

Number of standard excesses 

Sulfur Dioxide (S02) 
Highest 24-hr average, ppm 0.05/d,f/ 

Number of standard excesses 

Parti!,;;ylat~ Ma.tt~r-lQ Mi~rg~(PM10) 
Highest 24-hr average, ug/m !bl 50/c/ 

Number of standard excesse~ lg/ 
Annual Geometric Mean, ug/m 301cl 

!&ad 
Highest 30-day average. ugtm3 1.5/d/ 

Number of standard excesses 

NOTES: NR =Not Recorded; NA= Not Applicable 
Underlined values indicate violations of standards. 

1987 1.2.8..8. 

0.09 0.09 
0 0 

17.0 15.0 
0 0 
lM 12..S 
1 1 

0.15 0~12 
0 0 

0.01 0.01 
0 0 

Q5. 117 
4 5 
21.7 23.1 

0.10 0.11 
0 0 

1989 

0.08 
0 

14.0 
0 
9.0 
0 

0.14/e/ 
0 

0.02 
0 

1Q! 
13 
lLfl 

0.09 
0 

la/ 

lb/ 
/cl 
/di 
/el 

CO data were collected at the BAAQMD monitoring station at 939 Ellis Street; all other 
data were collected at the Ar~as Street station. 
ppm - pans per million; ug/m - micrograms per cubic meter. 
State standard, not to be exceeded. 

/fl 

lg/ 

State standard, not to be equaled or exceeded. 
Data presented are valid, b,ut incomplete in that an insufficient number of valid data points 
were collected to meet EPA and/or ARB criteria for representativeness. 
State standard applies at locations wher~ state. I-hour ozone or particulate standards are 
violated.· Federal standard of 365 ugtm applies elsewhere. 
Measured every six days. 

SOURCE: California Air Resources Board, Air Quality Data Summaries, 1987-1989. 
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eTABLE D-2: AIR QUALITY SENSITIVE RECEPTORS 

Within 1/4 mi1e of Nwort Prooerty Line 

Sheltering Pines Convalescent Hospital 
Millbrae Serra Convalescent Hospital 
Millbrae Nursery School 
Residential areas (West of US 101) 
Belle Air School (San Bruno) 
Lomita Park School (Millbrae) 

Within 1/2 mi]e of AiqlQrt Pro.perty Line 

Residentia1 areas (West of US 101) 
Churches 
Capuchino High School (San Bruno) 
Happy Hall School (Childcare Center - San Bruno) 
Saint Dunstan Schoo] (Millbrae) 

Within 1 mile of Airport J>roverty Line 

Churches 
Decima M. Allen School (San Bruno) 
Edgemont School (San Bruno) 
El Crystal School (San Bruno) 
City Park (San Bruno) 
Glen Oaks School (Millbrae) 
Green Hills Country Club 

XIl. Appendices 

Green Hills School (Millbrae) 
Highlands School (Millbrae) 
Taylor Jr. High School (Millbrae) 

·Former Chadbourne School (now vacant. will become senior citizens center/home) (Millbrae) 
Mills High School (Millbrae) 
Spring Valley School (Millbrae) 
Peninsula HospitaJ 
Lincoln School (Burlingame) 
Parkside Jr. High School (San Bruno) 
City of San Bruno Public Library 
Ray Park (Burlingame) 
Residential Areas (W. of El Camino Real) 

SOURCE: Environmental Science Associates. Inc. 
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AIRPORTS COMMISSION 
SAN FRANCISCO INTERNATIONAL AlRPORT 
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COMMUNITY AFFAIRS 



'l'HE E.ARTBOUAKE OF 1989 
A REPQRT·ou. 

SAN FBANCISCQ IHTEBNATIOHAL AIRPORT 

At 5:Q4 p.m. on Tuesday, October 17, 1989, just about 
the time the third game of the World Series vaa scheduled to 
begin at Candlestick Park, a 7.1 earthquake struck the San 
Francisco Bay Area. It was a 15 second nightmare everyone knew 
was inevitable, a monster we would one day have to confront. 
Even though the quake'• epicenter ••• centered south of San 
Francisco by •cme 70 miles, it had devastating •ffecta on our 
City and our Airport. we had a lucky break, however, as it was 
still dayliqbt. 

The personal experiences of Airport employees during 
the earthquake are as numerous as the number of employees who 
experienced the treDIDler. The terminal buildings twisted and 
swayed, concrete walls bent and offices and terminal 
concessions were upset with desk drawers flying open, items on 
shelves tossed to the ground, bookshelves turned over, pictures 
hanging askew on the walls and pieces of plaster and ceiling 
tile and rubble covered the floors. overhead-water lines burst 
from the &tress ~loodinq terminal waiting areas and public 
lobbies. Amazingly there was little or no panic among the more 
than 15,000 passengers and employees that were immediately 
evacuated from the three terminal ~uildings. Aftershocks were 
-On everyone's mind. Electrical power vent off immediately in 
the terminals and except for emergency lighting everything 
inside was dark. A quiet sort of eerie •ensation came.over 
nany of us as Airport police and employees orderly and quietly 
escorted passengers through a debris strewn terminal to outside 
center traffic islands, many of them not uttering a sound. 

Damaqe to the south Terminal was minimal with •ome 
elongated metal ceiling panels falling. The International 
Terminal suffered more damage, particularly in the aain lobby 
and the Air Traffic Control Tower. The ticket counter area 
lost approximately 15l of the ceiling tile and several broken 
sprinkler lines spewed water onto the aarble and terrazzo 
floor. The water soaked composition ceiling tile and smooth 
surface of the floor was cause for several pe_ople slippinq1 
bowever, no injuries were reported. 

The Air Traffic Control Tower was a different story, 
however. Being 9 stories up, the highest point on the Airport, 
the tower suffered severe damage. Almost th• entire ceiling 
includin9 lighting fixtures, insulation and ceiling supports 
came crashing down onto the controllers and .their consoles. A 
large 1/2" tempered plate qlass tower window broke out of its 
frame and portions of the CJlass came hurtling inside the· tower 

L 
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cab injuring three controllers with cuts •evere enough to need 
aedica1 attention. some of the control tower'• e1ectrical 9ear 
rell out of the 9apin9 hole where the window glass once was 
breaking into pieces on the catwalks below the exterior of the 
tower cab. Emergency generator power for the tower took over 
within .10 aeconds of the •ain power failure again restoring 
power to the tower. 'l'be Airport was ordered closed and 
contro11ers immediately began· diverting inbound aircraft on 
approach to SJl'O as well as holding all outbound -aircraft rrom 
departing. Aircraft were held at their point of origin in 
various cities throughout the United states or if' in route were 
diverted to other West coast airports. Even though the tower 
was electronically functional, it lacked enough controll.ers to 
safely operate. 

Approximately 500 to 1, ODO passengers remained at the 
Airport overnight awaitinq flights with no place to go. When 
safe to do so, passengers were allowed back into the South 
Terminal. Many of them slept on the floor in the South 
Terminal lobby along ticket counters and in the baggage claim 
areas on cots· that were provided by the local . American Red _ 
Cross. Hotels in the area i~ec!iately filled with other 
passengers. Hotel courtesy vans transported people from t.he 
Airport to various hotels. The Amfac and Hyatt Hotels in -
Burlingame were dama9ed by the earthquake and guests from those 
hotels quickly filled -the remaining rooms of competitive hotels 
.leaving little room for _our remaining passengers. The Airport 
Hilton opened their vacant rooms as well as the Villa Hotel in 
San Mateo and the LaQuinta provided accommodations in their 
.ballroom. 

While nany passengers remained at the Airport 
overnight, they were given blankets ·and pillows •upplied by 
some of the ·airlines and food frOJD the Airport's food 
concessionaire Marriott Boat. 

Airport Director Lou TU.rpen maintained periodic 
aeetinqs with airline aana9ers-and Airport staff throuqhout the 
evening and early aorning to .. P •trateqiea and. assess damage 
of various airline, Airport and tenant areas. 

!'he Airport tenniriala were determined to be 
structurally sound 1'y Airport engineers and there was no 
obvious damage to any cf the runways. Additional inspection 
during daylight. the next day confined there was no runway 
damage. Dam.a9e to the runways was expected because of the 
liquefaction effects that reaul ted in structura1 failure to so 
many other areas including the Marina District and. Oakland 
Airport runways. It d.id not occur at SFO.. Underground fuel 
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hydrant systems were reported okay and there were no fuel leaks 
or spills. 

Initially no landings or takeof.fs were per.mi tted and 
the Airport roadways were secured by Airport Police who were 
only allowing emergency vehicles, necessary Airport employees 
for cleanup, and the media throuqb. Other terminal traffic was 
turned away so as not to interject additional problem• to an 
already emerfiency situation. . · 

The North Terminal took the brunt of duage ·which was 
•ainly rocused in the United Airlines area. Boardinq Area •F11 

suffered major damage with lo•• of approximately sot· or the 
ceilinq tile, broken fire sprinkler lines •pawing thousands cf 
gallons of water onto the fumiture and carpets as well as TV 
flight aonitora in •everal locations toppled from their · 
mountings above public seatinq areas mira~lously hitting no 
one. Fifteen of United'a twenty-two gates were out of service 
for three .and one half days. Four to six inches of water 
covered most of Boardin; Area "'F" from gates 76 to 90 mak'inq it 
difficult to traverse and search the area. Carpets became 
so9qy mixed with saturated ceilin9 tile and moving walkways 
were flooded. One serious injury occurred at Gate 78 when an 
airline employee was found under a check-in counter and could 
not move. The. original diagnosis was a broken back or neck and 
the Airport's Fire Depa~ment, Police Department and medical 
clinic doctor were summoned to her aid.. She was transported by 
Medivac ambulance to Peninsula Hospital. . 

'l'be evacuation of all three terminals went very 
smoothly with many passen;era and eaployees directed to the 
outside center islands and courtyards to await further notice 
concerning their flights, Airport closure, overnight status and 
food. Portable emergency lighting was aet up by the Fire 
Department in the courtyards for passenger safety. Medical 
personnel made frequent trips to the courtyard areas to 
ascertain if anyone required aedical attention. 

The Airport'• Fire Department responded to many reports 
of fires, medical ~equests, natural 9as leaks and chemical 
spills-at United Airlines' Maintenance Base. Several 
firefighters responded off duty to assist Marina District 
residents, many who were trapped in homes and apartments that 
had collapsed. 

The Airport's aewage treatment facility was surveyed 
with no apparent damage and the water supply was investiqated 
for contamination. 
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The Airport's rescue boat was readied f'or 1aunchin9 in 
order to provide bay water for firef iqhtinq if the domestic 
water supply should he cut off. 

Electrical power was restored by the Airport 
electrician• within 3 hours after the. initial shock of the 
earthquake which definitely aided in the Airport' a attempts to 
begin a JDajor cleanup effort .. 

zven though the Airport waa officially c1osed, United 
Airlines received penaission and decided to transport 500 of 
their pasaenqera to Seattle, Washington on two wide body 
aircra:ft. Passenqera were bused :from a remote location and 
qround 1oaded onto the aircraft.. !'heae passengers were 
awaiting departure to various parts of the country and wou1d be 
disbursed throuqh United'• Seattle station.· United Express had 
dispatched 40 employees from their Fresno terminal to SFO to 
aid in the cleanup. British Airways departed their flight to 
London since :most of. the passengers were in the process o:f 
boarding when the earthquake •truck. There was very little air 
traffic activity in the Bay Area because of damage to SFO, San 
Jose and Oakland Airports and their respective towers and 
dam.age to smaller 9eneral aviation airports, such as San Carlos. 

Many employees on their way home hearinq of' the 
.problems at the Airport returned back to help. :In fact, some 
retired employees called in and offered to return to help i.n 
any way they could at no cost. Row that's dedication. 

The Airport did not receive a lot of meClia attention as 
you miqht expect. The aedia was focused on the Marina 
District, the Bay Bridge collapse and Interstate BB0'1 
devastation and only a amatterinq of radio, TV and .print media 
paid any attention to the Airport. 

Cleanup activities began as soon as power was 
restored. Airline and Airport people alike had no lines o:f 
demarcation and literally thousand.a of employees pitched in to · 
help each other ·restore SFO to operational status in only 13 
hours af'ter the initial shock of the earthquake. In .fact, the 
San Mateo Times said it precisely in an article the day 
following the earthquake in which the reporter wrote "SFO 
operated. maqnificently throuqbout the crisis, and. how the 
building 111aintenance people 9ot all that ceiling tile swept and 
hauled away in sucb short order remains a aystery." Well, . i ~ 
was no JDystery but just hard work by a .large 9roup cf tire1ess 
and dedicated employees. 'l'he Airport even received letters 
from passenger• who couldn't believe the Airport was restored 
to operation so quickly. 



-s-

Exactly 13 hours later at 6:00 a.a. on OCtober 18, 
1989, ~1ights officially began again. Initially flights 
operated at about sot of schedule since the tower was operating 
without a window and the noise waa extreme. Tower controllers 
wanted to make sure they could convey and under•tan4 all radio 
transmi••ions ~tween pilots and controllera. Activity 
improved tbe followj.nq day when a temporary plexiglass panel 
wa• put in to replace the window 9lasa and by Thursday, October 
19, 1989, the tower was fully operational. In fact, within ,10 
days after the earthquake th• Airport bad a record day with 
1,443 operations. Loqistically it was a ni9htmare ~or the 
airlines. It took several days to properly acbedule fliqbts 
since aircraft and flight crews bad been diverted all over the 
country and were not where they were auppoaed to be, in San 
Franciaco. 

The terminal areas underwent extenaive structural 
checks by Airport and independent engineers. Emergency 
contracts were put into force almost imnediately to remove 
remaininq ceiling, caxpet and beisrin the task of replacement. 
The terminals will have the visible cosmetic scars of the quake 
for months to come but restoration of the damaged areas will 
have little effect on pa~aen;era and airline operations. 

Aside from tbe terminal complex, major damage took 
_place at Cargo Building No. 8 which _housed Continental and 
Mexicana air carqo as well as other amaller offices. Because 
of the time of the qu.ake, 5:04 p.m., very few people were in 
the building. Concrete column.a supporting the three story 
structure broke away exposing reinforcing •teel allowing the 
ateel to •balloon" from the weight of the upper •tory. 'l'his 
building was constructed 'prior to' the •trinqent earthquake 
standards incorporated today and bad limited seismic 
resistance. Thia particular building was constructed with 
techniques very aiailar to the Cypress Viaduct in the East Bay 
which so dramatically collapsed. _ Cargo Building Ho. 8 has been 
torn down and will be replaced with a •od•rn structure. 

A random survey was taken rroa the various airlines 
concerning the passenger loads immediately after the 
earthquake. Various airlines reported between normal passenger 
loads and a drop off of 40%. Cargo loads were down between 12 
to 14t. 

~be rapid response to the disaster was not accidental. 
It pa ya to be prepar.ed and the Airport waa. The Airport' a 
Disaster Preparedness Program worked .. 
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Airports Commission President Morri• Bernstein and. 
Airport Director Lou 'l'Urpen had hiqh prai•e for thoae people 
involved in the earthquake cleanup as well as safety response 
and wi11 honor all those employees who •o unselfishly gave of 
their time and energy to restore operations at SFO •o quickly. 
At a gathering on Tuesday, December 12, 1989, a ••all token of 
appreciation will be presented. to the employees, · Airport, 
airline and tenant alike, who participated in the cleanup 
effort. 
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APPENDIX F: HAZARDOUS MATERIALS REGULATORY SETTING 

Table F-1: Underground Tanks Airport Owned 

Table ·F-2: Airport Owned Above Ground Storage Tanks 

Table F-3: Underground Tanks Tenant Owned 
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HAZARDOUS MATERIALS REGULATORY SETTING 

Laws and regulations govern the management of hazardous materials and wastes at the 

federal, state and local levels. The Environmental Protection Agency (EPA) is 

responsible for enforcing laws pertaining to hazardous materials and wastes at the federal 

level. The primary federal hazardous material and waste laws are contained in the 

Resource Conservation and Recovery Act of 1976 (RCRA), and the Comprehensive 

Environmental Response, Compensation and Liability Act of 1980 (CERCLA and 

Amendments 1986). These laws require that responsible parties report any known 

hazardous waste contamination of soil or groundwater to the EPA (In the San Mateo 

area, reporting must be to either the California Department of Health Services, the San 
Francisco Bay Area Regional Water Quality Control Board (RWQCB) or the San Mateo 

County Depanment of Health Services, depending on the specific circumstance. Even 

though the Airport is owned and operated by the City of San Francisco. it is within San 
Mateo County borders and, therefore, reports to San Mateo Department of Health 

Services.) 

Public Disclosure of Hazardous Materials 

CERCLA was amended in 1986 by the Superfund Amendments and Reauthorization Act 

(SARA), which includes a section requiring public disclosure of information relating to 

the types and quantities of hazardous materials used at various types of facilities. The 

section, also called SARA Title m, or the Emergency Planning and Community 

Right-to-Know Act of 1986 ("right-to-know" law). addresses toxic air contaminant 
emissions inventories, community emergency planning, emergency release notification 

and hazardous chemical inventory reporting. SARA Title Ill includes requirements for 

making hazardous material safety data sheets (MSDSs) readily available in the 

workplace; it also mandates community information programs for industries with 

substantial hazardous material use. 

The Harardous Materials Release Response Plans and Inventory Law of 1985 (Business 
Plan Act) requires that any business that handles hazardous materials prepare a business 
plan, which must include the following: 
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• details, including floor plans, of the facility and business conducted at the site; 

• an inventory of hazardous materials that are handled or stored on the site; 

• an emergency response plan; and 

• a training program in safety procedures and emergency response for new 
employees, and an annual refresher course for all employees. 

The Business Plan Act also allows an administering agency to require designated 

businesses to submit a risk management and prevention program (RMPP). An RMPP 

must include the following: 

• a description of each accident involving acutely hazardous material that had 
occurred on the premises within the previous three years; 

• a report detailing the condition of equipment used to handle acutely hazardous 
elements; 

• maintenance and monitoring procedures and controls to minimize the risk of 
accident; 

• a schedule for implementing future response procedures~ 

• audits. inspections. and record keeping procedures for the RMPP; and 

• an identification of personnel at the business who are responsible for carrying out 
specified RMPP tasks. 

The San Mateo County Department of En.vironmental Health and the Airports 

Commission at SFJA share responsibilities as the designated local administering agencies 

for the Business Plan Act. Any business or facility which handles a hazardous material 

or mixture containing hazardous material which has a quantity equal to or greater than 

500 pounds, or total volume of 55 gallons or 200 cubic feet at standard temperature and 

pressure for a compressed gas, and is not contained solely in a consumer product and 

pre-packaged for direct distribution to, and used by the general public, is required to 

complete a Business Plan. Separate from the submission of the Business Plans, the 

County requires certain businesses handling· certain quantities of extremely hazardous 

materials to prepare a risk management prevention program. The County is responsible 

for reviewing and approving all Business Plans. In addition. formal inspections are 

conducted of all facilities storing hazardous materials. 
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The California Office of Emergency Services assists the county with implementation of 
the Business Plan Act. 

Hazardous Wast.e HWldlio2 Reguirements 

The federal Resource Conservation and RecoveryAct of 1976 (RCRA) created a federal 

hazardous waste "cradle to grave" regulatory program that is administered by the U.S. 
Environmental Protection Agency (EPA). RCRA gives EPA the authority to regulate the 
generation. transportation, treatment, storage, and disposal of hazardous waste. 

RCRA was amended in 1984 by the Hazardous and Solid Waste Act (HSWA), which 

affinned and extended the· "cradle-to-grave" system of regulating hazardous substances. 
HSW A specifically prohibits the use of certain techniques for the disposal of some 
hazardous wastes. 

RCRA also provides for individual states to implement a RCRA program directly as long 
as the state program is at least as stringent as federal RCRA requirements. EPA must 
approve state programs intended to implement federal regulations. In California, EPA 

has retained RCRA responsibility, but approval of the state program is pending. 

The EPA has delegated much of its regulatory authority to the individual states whenever 
adequate state regulatory programs exist The Toxic Substance Co~trol Division, 
California Department of Health Services (DHS) is the agency empowered to enforce 
federal hazardous materials and waste regulations in California, in conjunction with the 

EPA. 

The California hazardous materials and waste laws incorporate federal standards, but in 
many respects are stricter. For example, the California Hazardous Waste Control Law 
(HWCL), the state equivalent of RCRA, contains a much broader definition of hazardous 

materials and wastes. Some substances that are not considered hazardous under federal 
waste law are under state law. The HWCL allows DHS to adopt regulations governing 
the generation, transportation, and disposal of haz.ardous wastes. While the HWCL 
differs somewhat from RCRA, both laws impose "cradle to grave" regulatory systems for 
handling hazardous materials in a manner that protects human health and the 
environment. Regulations implementing the HWCL are generally more stringent than 

regulations implementing RCRA. 

A.149 



XII. Appendices 

State hazardous materials and waste laws are contained in the California Code of 

Regulations (CCR). Title 26. Regulations implementing the HWCL list 791 hazardous 

chemicals and 20 to 30 more common materials that may be hazardous; establish criteria 

for identifying, packaging and labeling hazardous wastes; prescribe management of 

hazardous wastes; establish pennits for hazardous waste storage, disposal and 

transportation; and identify hazardous wastes that cannot be disposed of in landfills. 

Under both RCRA and the HWCL, hazardous waste manifests must be retained by the 

generator for a minimum of three years. Hazardous waste manifests list a description of . 

the waste, its intended destination and regulatory information about the waste. A copy of 

each manifest must be filed with DHS. The generator must match copies of hazardous 

waste manifests with receipts from the treatment I disposal I recycling facility. 

The County of San Mateo Department of Health Services, Office of Environmental 

Health, is directly involved in the management of hazardous materials and wastes within 

San Mateo county. Any business in the state that generates hazardous waste needs to be 

permitted. The County handles the permitting of all hazardous waste generators in the 

San Mateo County, including the Airport. Hazardous waste generators within the Airport 

also are required to obtain pennits from the Airports Commission. In addition. the San 

Mateo County Fire Department issues pennits for the storage of flammable liquids. The 

County is also responsible for issuing permits to businesses that store hazardous 

materials. To ensure compliance with regulatory requirements, the County conducts 

regular inspections. 

Hazardous Material Emeruncy Response 

The state Hazardous Substance Account Act of 1984 (the state 11superfund") was enacted 

to establish a response authority for releases of hazardous substances. to compensate 

persons injured by the release of hazardous substances, and to establish funding 

mechanisms to pay for the cleanup of hazardous waste releases. 

The California Office of Emergency Services assists state and local agencies in 
emergency planning. In emergency situations, the Office of Emergency Services 

coordinates emergency response. 
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In the workplace, emergency equipment and supplies, such as fire extinguishers and eye 

washes, must be kept in accessible places and be checked periodically, according to State 

Fire Marshal's Office and Occupational Safety and Health Administration (OSHA) 
requirements. Spill centers must be inventoried and resupplied monthly (as required by 

OSHA). Fire extinguishers must be inspected and replenished, as necessary, on an 

annual basis. On a monthly basis, eye washes and safety showers must be checked. 

Hazardous Material Worker Safety Reguirements 

The California Occupational Safety and Health Administration (Cal/OSHA) and the 

Federal Occupational Safety and Health Administration (OSHA) are the agencies 

responsible to assure worker safety in the handling and use of chemicals. In California, 
Cal/OSHA assumes primary responsibility for the enforcement of regulations governing 
the handling and use of chemicals in the workplace. Cal/OSHA standards are generally 
more stringent than the Federal ''General Duty Codes." 

The Federal OSHA has adopted numerous regulations pertaining to labor and worker 
safety (contained in the Code of Federal Regulations Title 29 - Labor [CPR 29J). These 

regulations specify, under the authority of the Occupational Safety and Health Act of 

1970, inspections, citations, penalties, occupational injury reports, and labor agreements 
and agency standards. The OSHA regulations contain standards relating to hazardous 

materials handling, including workplace conditions, employee protection requirements, 
first aid, fire protection, and material handling and storage. Because California has a 
federally approved OSHA program it must have adopted regulations that are at least as 
stringent as those found in CPR 29. 

CaVOSHA regulations concerning the use of hazardous materials in the workplace 
(which are detailed in Title 8 of the California Code of Regulations [CCR]) include 
requirements for employee safety training, availability of safety equipment, accident and 
illness prevention programs, hazardous substance exposure warnings. and emergency 
action and fire prevention plan preparation. Ca1/0SHA enforces the hazard 
communication program regulations. which contain training and information 
requirements including procedures for labeling, identifying, and communicating 
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hazard information relating to hazardous substances and their handling as well as 

mandatory availability of Materia1 Safety Data Sheets (MSDSs), and communication 

plan preparation requirements. These regulations also require preparation of emergency 

action plans (escape and evacuation procedures, rescue and medical duties, alarm 

systems, and training in emergency evacuation). 

Both federal and state laws require businesses using hazardous materials to provide 

training to employees working with hazardous materials in chemical work practices and 

hazardous materials safety. The training must include methods of safe handling of 

hazardous materials, an explanation of Material Safety Data Sheets (MSDSs), use of 

emergency response equipment and supplies, and an explanation of the building 

emergency response plan and procedures. 

Chemical safety information must be available. Specific, more detailed training and 

monitoring is required for the use of carcinogens. lead, asbestos, and other chemicals 

listed in CFR 29. Confonnance with these regulations reduces the risk of accidents, 

worker health effects, and emissions. 

State Fire Code regulations require emergency pre-fire plans to include training programs 

in the use of first aid fire equipment and methods of evacuation. 

The federal Toxic Substances Control Act {TSCA) authorized EPA to regulate the 

production, use, distribution and disposal of chemicals that may present unreasonable 

risks to public health or the environment. TSCA provides EPA with the authority to ban 

(or phase out) the use of chemicals, to require record-keeping and reporting of certain 

information and to conduct premanufacturereviews of potential risks associated with the 

production of certain chemicals. Two hazardous materials that EPA must regulate under 

TSCA are a class of chemical substances known as polychlorinated biphenyls (PCBs) 

and asbestos. 

The Safe Drinking Water and To#cs Eriforcement Act (Proposition 65) requires that a 

business with 10 or more employees warnits employees and other individuals of any 

exposures to "significant levels" of state-listed substances that cause cancer, birth 

defects, and other reproductive harm. In addition, businesses are prohibited from 
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knowingly discharging "significant amounts'' of listed substances into water or land 
where the substance could get into any sources of drinking water. 

Water Quality Protection 

SFIA lies within the jurisdiction of the San Francisco Bay Regional Water Quality 
Control Board (RWQCB). The RWQCB is authorized by the State Water Resources 
Control Board (SWRCB) to enforce the provisions of the state Porter-Cologne Water 

Quality Control Act of 1969, which incorporates the federal Clean Water Act (1977) and 

the Federal Water Pollution Control Act (1972). The RWQCB has the authority to 

require groundwater investigations when the quality of the groundwaters or surface 
waters of the state have been or could be threatened; and to remediate the site if 
necessary. 

· Industrial wastewaters are regulated under many the provisions of the Clean Water Act to 
ensure that the state water quality standards are achieved. Regulations that affect airporu 

are the National Pollutant Discharge Elimination System (NPDES) program (Section 
402), Effluent Limitations (Section 301), National Standards of Performance (Section 

306), and Toxic and Pretreatment Effluent Standards (Section 307). 

Site Rmediation 

Remediation of a contaminated site is subject to many of the regulations described above; 
including CERCLA, RCRA, HWCL, and the state superfund act. These regulations are 

enforced by the California Department of Health Services and the SWRCB. Site 
remediation may be subject to regulation by other state or local agencies including the 
San Mateo County Depanment of Health Services. For example, if soils containing 
hazardous materials are excavated, the Bay Area Air Quality Management District may 

impose specific requirements on such activities to protect ambient air quality from dust 
or airborne contaminants. H extraction of contaminated groundwater or construction 
dewatering of a hazardous waste site is required, subsequent discharge of such waters to 
the storm I sewer collection system or to the publicly owned treatment works is regulated 

by the RWQCB and the Airports Commission. 
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Land Disposal Restrictions 

The HSWA increased environmental requirements for hazardous waste facilities and 
restricted the disposal of RCRA-regulated hazardous waste in or on land, including 
landfills. land treatment areas, waste piles and surface impoundments. Hazardous wastes 
must meet certain treatment standards that are promulgated by the EPA. Treated or 
exempted wastes may be land disposed in facilities that meet the design requirements of 
Subtitle C of RCRA. 

California land disposal restrictions are found in Title 22, Section 66900 of the California 
Code of Regulations. State land disposal treatment standards originate from the 
Hazardous Waste Management Act (1986) which parallels RCRA in that it also set a 
May 8, 1990 date for which all land disposal of untreated hazardous waste is banned. In 
addition, the act addresses the need for criteria for the disposal of solid hazardous waste 
and prohibits land disposal of liquid hazardous waste and hazardous wastes containing 
free liquids. 

The state Toxic Pits Cleanup Act ( 1984) banned the discharge of liquid hazardous wastes 
containing cyanide or PCB's on January 1, 1985. Restricted wastes (wastes containing 
certain metals, halogenated organics, and especially toxic materials), or liquid hazardous 
wastes with a pH greater than twelve or less than two were prohibited from land disposal 
on January 1, 1986. The Act also affected land disposal of liquid hazardous wastes. All 
surface impoundments were required to be fitted with double linings, leachate collection 
and groundwater monitoring consistent with the State Water Resources Control B oarcl 
regulations (Title 23 of the California Code of Regulations) by June 30, 1988 or stop 
accepting waste by that time. This law has resulted in closure of old ponds and 
alternative treatment and disposal of liquid hazardous wastes. 

Under2round Stora2e Tanks 

Federal law and regulations relating to underground storage tanks·(USTs) used to store 
hazardous materials (including petroleum products) require that UST owners and 
operators register USTs. New federal regulations also require extensive remodeling and 
upgrading of USTs, including installation of leak detection systems. Tank removal and 

testing procedures are also specified. 
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State laws relating to USTs include pennit, monitoring, closure, and cleanup 

requirements. Regulation·s set forth UST construction and monitoring standards, existing 

UST monitoring standards, release reporting requirements, and closure requirements. 

San Mateo County is designated by the SWRCB to enforce the state Underground 
Storage Tank (UST) Program. Pennitting of underground storage tanks installation and 

removal is overseen by the San Mateo County Office of Environmental Health and the 

Airports Commission. 

Above-Ground Stora2e Tanks 

Currently, above-ground storage tanks are regulated by local agencies, most commonly 
the fire department. SFIA operates its own Fire Department that is responsible for the 

regulation of above-ground storage tanks containing flammable substances at the Airport. 
The SFIA Fire Department enforces National Fi.re Protection Association (NFPA) 
standards and San Francisco Fire Code regulations regarding the storage of flammables 

in above-ground storage tanks, and includes above-ground storage tanks in its hazardous 

material storage inspection program. 

The Above-ground Petroleum Storage Act (SB 1050) was passed in 1989. This bill 
requires owners of above~gmund petroleum storage tanks to prepare spill prevention 

control and countermeasure plans, prepare monitoring programs an~ pay storage fees. 
The fees will be deposited into the Environmental Protection Trust Fund to be used for 
specified purposes relating to spills. While the Act focuses on the s~rage of petroleum, 

it also requires the State Water Resources Control Board to conduct a study concerning 
improving the oversight of above-ground storage facilities. This study, due by January l, 
1992, will determine the extent to which above-ground tanks will be subject to a state 

inspection program. 

OSHA also addresses the above-ground storage of hazardous materials. These 
regulations, found in Title 8, Section 5595 of the California Code of Regulations, 
establish requirements for drainage, dikes and walls to prevent accidental discharge from 
endangering employees or facilities. 
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Polychlorinated Biphenyls CPCBs) 

PCBs are organic oils that were fonnerly used in many pieces of electrical equipment, 
including transfonners and capacitors, primarily as electrical insulators. Years after their 
widespread and commonplace installation, it was discovered that PCBs cause various 
human health effects including cancer~ PCBs are highly persistent in the environment. 

In the early 1980s, EPA banned the use of PCBs in future electrical equipment and began 
a program to phase out PCB-containing portions of existing equipment. As part of the 
phase-out program, Pacific Gas & Electric Company (PG&E) has an active program to 
remove all PCB-containing transformers and replace them with equipment containing 
nonhazardous materials. Where PCB-containing transformers remain, they must be 

labeled. 

The TSCA, which authorized EPA to regulate the production, use, distribution and 
disposal of certain chemicals, specifically mandated EPA to regulate PCBs. Title 40. 
Section 761.00 of the Code of Federal Regulations contains these regulations. The 

TSCA set dates for the removal of PCB·containing articles. As of October 1, 1985, the 
use and storage for reuse of PCB transformers (defined as containing 500 ppm PCB or 
more) that pose an exposure risk to food or feed is prohibited. In addition, the 

installation of PCB transfonners in or near commercial buildings was prohibited. The 
EPA also required that all PCB transfonners must be registered with fire personnel as of 
December 1, 1985 whether in use or in storage, and be inspected every three months. If a 
leak is found. the area must be contained to prevent exposure, and the leak must be 
eliminated. 

As of October I, 1990, the use of network PCB transfonners is prohibited and all 
existing network PCB transfonners must be removed. All PCB radical transfonners 
must be equipped with electrical protection to avoid transformer failure due to high or 

low currents. 

Asbestos 

Asbestos, a naturally occurring fibrous material, was used as a fireproofing and 
insulating agent in building construction before such uses were banned by EPA in the 
1970s. Asbestos use was eliminated because it was discovered to cause 
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lung diseases in persons exposed to its airborne fibers.· It was widely used prior to the 
discovery of its health effects; therefore, asbestos may be found in walls, ceiling, floors 
(tile), and building coating materials. The legal definition of asbestos-containing 
materials includes all construction materials that contain more than 0.1 % asbestos by 

weight. 

Inhalation of airborne particulates is the primary mode of asbestos entry into the body. 

making friable (easily crumbled) materials the greatest health threat For this reason,. it is 
regulated both as a hazardous air pollutant under the Clean Air Act and as a potential 
worker safety hazard, under the authority of OSHA. These regulations prohibit 
emissions of asbestos-related manufacturing, prohibit demolition or construction 
activities that could disturb asbestos, specify precautions and safe work practices that 
must be followed to minimize the potential for release of asbestos fibers, and require 
notice to federal and local governmental agencies prior to beginning renovation or 

demolition that could disturb asbestos. In the San Francisco Bay Area the agencies with 

primary responsibility for asbestos safety are the Bay Area Air Quality Management 
District, Cal/OSHA, Fed/OSHA and the EPA. 

•Because the EPA has delegated the enforcement responsibility of all National 
Environmen~ Standard Hazardous Air Pollutants (NESHAP) requirements, including 

asbestos, to the BAAQMD, the BAAQMD is responsible for regulating the removal of 

friable asbestos of one percent or more. Although it was necessary at one time to notify 
the EPA of any intentions to demolish buildings, this is no longer required. Instead~ 
BAAQMD must be notified ten days prior to a demolition, regardless of whether or not 
the buildirigs are known to contain asbestos. This requirement also applies to the 
removal of asbestos from areas of at least 100 square or linear feet.fl/ 

eThe Asbestos Hazards Emergency Response Act (AHERA) has also given EPAthe 

authority to regulate abatement methods and establish standards for exposure levels 
during and following abatement activities, but AHERA only applies to public and non­
profit private schools (K-12). AHERA spells out accreditation standards for the training 

of personnel involved in asbestos abatement at these schools. and in November 1992, the 

EPA is expected to implement regulations recently mandated by Congress that extend the 
training provisions of AHERA to those working on other public and commercial 

projects./2/ 

Some state regulations on asbestos are more stringent than federal regulations. For 
example, California requires licensing of contractors who conduct abatement activities. 
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fu conformance with the Federal Clean Air Act, the Bay Area Air Quality Management 

District may require pennits for monitoring and containment of asbestos during 

construction and demolition activities. 

Air Toxics 

The Air Toxics "Hot Spots" Information and Assessment Act of 1987 (AB 2588) requires 

specified facilities to submit to the local air quality control agency a plan to inventory air 

toxics emissions for a specified list of substances .. After the inventory plan is approved, 

the facility must implement the plan and submit_ theTesulting facility air toxics emission 

inventory to the agency. In the San Francisco Bay Area, the Bay Area Air Quality 

Management District(BAAQMD) implements AB 2588. After BAAQMD receives 

completed emission inventories, it will be required to identify priority facilities for which 

health risk assessments must be performed. · 

•NOTES - Hazardous Materials Regulatory Setting 

e /l/ Bernardo, Naomi. Air Quality Technician. Bay Area Air Quality Management 
District.·telephone conversation. February 10, 1992. 

e/2/ Lanier, Don, Compliance Monitor, Environmental Protection Agency, telephone 
conversation. February l 0, 1992. 
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TABLE F-1 

SAN FRANCISCO INTERNATIONAL AIRPORT 

!JNt)ERGROVNO TANKS 
AIRPQRTd)WNED l20l AS OF JANUARY 10. 1991 

CAPACITY S.F.I.A. Year 
LOCATION - GA.LLOHS I.Q.# CONTENTS R.W.O.C.B. l.p.# Haterial Installed 

l· Central Pm Stat.jon 4 DOD Jup Piesel 3BOD0024230DOOOQ4 Steel 1969 

2. LqmHa/Hi11brae PwnP Stltjon 4.000 2UQ Diesel 3800.0024230000005 Stee1 l~9 

~ 3. Shuttle Bus Hajnt.enance Base - 10.000 3UP Dhsel 380QOQ24230000026 DWFG 1985 

4. Shuttle Bus Maintenance Base 550 4UW' Waste Oi1 38000024230000027 OWFG 1985 

5. Hai ntcnance bse eso 6UW )(aste Oi 1 38QQ0024Z3.Q00001Z SWFG 1974 

6. tlajntrnance Bue 4.000 9UG Oiuel 38000024230000015 SWFG 1974 

7. Maintenance Base lJ>.000 7UG Unleaded 3BQ0002423;Q000013 SWrG 1974 

8. Haintenance Base 6.000 BUG Leaded 38000024230000014 SWFG 1974 

9. Central Plant fuel $tprage Area 40.000 JOUF o;esel 38000024230000016 Steel 1978 

10. Ctl'ltra1 Plant fuel Storage Area 4J>.OJIO lJUf Diesel 38POP02423000QQJ7 St.:eJ 1976 

l1. Central Plant fuel Stgraoe Area 20.00Q 12UF Diesel 38000024230000018 SWFG ]97§ 

12. Ctntral Plant fuel StOUQt Arn Z0.000 nur Ojestl 380000Z42300QOOJ9 SWrG Pl7§ 

Q. Centttl Plant futl Storage Art• 20.000 14Uf Diesel 380p0p24230DDOQ2Q SWFG 1976 

14. Ccnlrtl Plant Fuel Storage Ar11 20.QOO JSUf Dicst1 38Q0002§230000021 S'WrG 1976 

JS • .North le!"!!!;nal 1.000 lBUf Diesel 38000024230000009 •steel 199(! 

16. lield UqhUng Bldg. fjrthpyse f2 6.000 20UF Diesel 380j)OQ24230000QJJ Steel ]9S4 

17. H & I Cgnntctpr J.OOP J9UE Piesel 38000024230DOQQJO *SrDW ...1990 

lS Parkjng .Garage l .DDO JZUD Ojtul 3800002423000QOOB *QWFG J986 

19. lnttrnaHonal Ieminal 4.000 J6UP Dbstl 38000024230000gz3 •steel 1990 

ZO • .,South Ienninal E/End 2.0QO 21UD pjesel - Stee1 1988 

Note: SWFG - s;ngle .Wall Fiberglass 

DWfG - Double Wall r;berglass 

• - Vaulted 

SfOW - St•el fi~~rglass Double Wall 



TABLE F-2 

locat1 on 

1. Treatment Plant 

2. Int'l Termtnal 

3 .. Fe1 ld Ltght1ng 
Bu11 d t ng No. 2 

4. Central Plant 
Garage 

s. Plot SO B-1 
JAL Cargo 
Facil lties 

Doc. l 585d/2 

San Franc1sco Internattonal A1rport 

Ailp?rt-owned 
Above Ground Storage Tanks 

Capa1ct~ 
<gallons> 

l ,ZOO 

1.000 

4.000 

1.000 

260 

Contents 

Dlesel 

O\esel 

Diesel 

Otesel 

Dtesel 

Age 

1989 - 1 year 

1987 - 3 years 

1984 - 6 years 

1976 - 14 yea.rs 

1980 - lO years 

~ 
i 

1' 

[ 



SAN FRANCISCO INTERNATIONAL AIRPORT 
UNDERGROUND TANKS 
T£NANT OWNEO {36} 

TABLE F-3 Revised (12/12/90) 
'APA!.:lTY YEAR 

TENAtH GALLON USE .L!L. HATER I Al lliSJALLED 

1. AHERICAN 1 Superbay Hangar 8,600 Unleaded AAL-ULG-2 Steel Vnknown 

2. AVIS 2 Rent-A-Car Facility 10,000 Unleaded AVS-4 UG OWfG 1986 
Rent-A-Car facil;ty 10,000 Unleaded AVS-5 UG DWFG 1986 

3. BUDGET 4 Rent-A-Car raci 1 i ty lZ,000 Unleaded BUD-1 UG DWfG 1990 
Rent-A-Car Facility 12,000 Unleaded BU0-2 UG DWFG 1990 
Rent-A-Car Facil;ty 1,000 0;1 Product BU0..:3 UO tlWFG 1990 
Rent-.A-Car Facility 6,000 Diesel BU~ UD DWFG 1990 

4. CHEVRON 4 Gas Station 1,000 Oi 1 Waste CHV-ULG 4 D\r/FG 1986 
CGas StaUon) Gas Station 10,0GO Unleaded Ul #6670 DWFG 1986 

Gas Station 10,000 Uri leaded UL #6668 OWFG 1986 
Gas Station 10,000 leaded UL #6667 OWFG 1986 

5. OOLLAI< 1 Rent-A-Car Facility 10 ,000 Unleaded DOL.:..1-UG DWfG 1990 

6. fAA S ALS Runway Z8R 2,000 Diesel FAA-1 UO Steel Unknown 
Air Traffic Control Tower 2,000 Diesel FAA-2 UO Steel .1990 
Glide Slope R~nway 28 550 Unleaded FAA-3 UO Stee1 Unknown 
GWQ Localizer l ,000 Diesel fAA-4 UD Steel Unknown 
Remote Trans~itter Receiver sso Unleaded FAA-5 UO Steel Unknown 

'7. HERTZ 4 Rental Car facility 12,000 Unleaded HRT-ULG 1 D\iFG 1986 
Rental Car fad 1 i ty 12.,000 Unleaded HRT-ULG 2 DWFG 1986 
Rental Car· facility 10,000 Unleaded HRT-ULG 3 OWfG 1985 
Rental Car Facility 10,000 Diesel HRT-UO 4 OWfG 1985 

8. NATIONAL 5 Rental Car facility 10,000 Unleaded NAT-ULG-l SWfG 197fi 
Rental Car Facility 10,000 Unleaded NAT.,.ULG-2 SWtG 1976 
Rental Car facility 10,000 Unleaded NAT-llLG-3 SlffG 1976 
Rental tar Facility 10,000 Unleaded NAT.;....\ILG-4 SWFG 1975 
Rental Ca~ Facility 350 Oil Product NAT-U0-5 Unknown 1976 

9. SHELL OIL CO. l Shell Satellite II 6,000 Oil Waste SHL-5 UW OWFG 1986 

10. TWA 1 TWA Maintenance facility 10,000 Unleaded TWA-1-UG 111/'fG 1984 

11. UNITED 6 Bldg. 15 West (Aux. fuel 8,000 Jet Fuel UAL-HOC-W VCS 1982 
Tank for Generators) 
Bldg. 51 4,000 Fuel on UAL-MOC-SUS vcs 1913-9 

Bldg. 56 1,500 Sol v'!!nt UAL-HOC-6US vcs 1~71 

Sldg. 84 (Dirty Solvent Tank) 1,000 UAL-HOC-7US vcs 196£1. 
Solvent 

UAL-HOC (Calibration Fluid l ,200 Calibration UAL-t10C-12UO Carbon Stee 1 1971 

Tank-West) rluid 

UAL-HOC (Cal;bration Flu;d 1.200 can bratl on UAL-f10C-13UO Carbt>n St~e l 1971 
Tank-East) Fluid 

12. PAN AM 2 Pan All Maintenance facility 6,800 Waste Oil PAA-1-UW Carbon Steel 1ot.1 

Pan /litti Maintenance facility 10,000 Diesel PAA-2-Uf Unknown 1%3 

!mfil: owrG - Double Wall f;berglas 
SWFG - Single Wall f;berglas 
vcs - Vaulted Carbon Steel 

1377d(7) 



. APPENDIX G: TRANSPORTATION 

Table G-1: Vehicµlar Levels of Service at Signalized Intersections 

Table G-2: Traffic Levels of Service for Freeways 

Table G-3: Vehicular Levels of Service at Unsignalized Intersections 

•Table G-4: Cumulative Trip Generation 

Table G-5: Project Trip Generation 1996 

Table G-6: Project Trip Generation 2006 
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TABLE G-1: VEHICULAR LEVELS OF SERVICE AT SIGNALIZED INTERSECTIONS 

LeveJ of Volume/Capacity 
Service Description, (v/c) Ratio/a/ 

A Level of Service A describes a condition where the approach to an less than 0.60 
intersection appears quite open and turning movements are made 
easily. Little or no delay is experienced. No vehicles wait longer 
than one red traffic signal indication. The traffic operation can 
generally be described as excellent. 

B Level of Service B describes a condition where the approach to an 0.61-0. 70 
intersection is occasionally fully utilized and some delays may be 
encountered. Many drivers begin to feel somewhat restricted within 
groups of vehicles. The traffic operation can generally be described 
as very good. 

c Level of Service C describes a condition where the approach to an O. 71-0.80 
intersection is often fully utilized and back-ups may occur behind 
turning vehicles. Most drivers feel somewhat restricted, but not 
objectionably so. The driver occasionally may have to wait more 
than one red traffic signal indication. The traffic operation can 
generally be described as good. 

D Level of Service D describes a condition of increasing restriction o. 81-0.90 
causing substantial deJays and queues of vehicles on approaches to 
the intersection dwing short times within the peak period. 
However, there are enough signal cycJes with lower demand such 
t.hat queues are periodically c1eared, thus preventing excessive 
back-ups. The traffic operation can general1y be described as fair. 

E Capacity occurs at Level of Service E. It represents the most 0.91-1.00 
vehicles that any particular intersection can accommodate. At 
capacity there may be long queues of vehicJes waiting upstream of 
the intersection and vehicles may be delayed up to several signal 
cycles. The traffic operation can generally be described as poor. 

p Level of Service F represents a jammed condition. Back-ups from 1.01 + 
locations downstream or on the cross street may restrict or prevent 
movement of vehicles out of the approach under consideration. 
Hence, volumes of vehicles passing through the intersection vary 
from signal cycle to signal cycle. Because of the jammed condition, 
this volume would be Jess than capacity. 

Jal . Capacity is defined as Level of Service E. 

SOURCE: Environmental Science Associates, Inc. from Transportation Research Circular 
No. 212, Transportation Research Board, 1980. 
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TABLE G-2: TRAFFIC LEVELS OF SERVICE FOR FREEWAYS 

Level of 
Service ~scription 

Volume/Capacity 
( vk} Ratio/al 

A Level of Service A describes a condition of free flow, with low volumes 0.00-0.60 
and high speeds. Traffic density is low. with speeds controlled by driver 
desires, speed limits, and physical roadway conditions. There is litt1e or 
no restriction in maneuverability due to the presence of other vehicles, and 
drivers can maintain their desired speeds with little or no delay. 

B Level of Service B is in the higher speed range of stable flow, with o. 61-0. 70 
operating speeds beginning to be restricted somewhat by traffic \' · 
conditions. Drivers still have reasonable freedom to select their speed and 
Jane of operation. Reductions in speed are not unreasonable, with a low 
probability of traffic flow being restricted. 

c Level of Service C ls sti'.i in the zone of stable flow, but speeds and o. 71-0. 80 
maneuverability are mor-:; closely controlJed by the higher volumes. Most 

D 

of the drivers are restricted in their freedom to select their own speed, 
change Janes, or pass. A relatively satisfactory operating speed is still 
obtained. 

Leve] of Service D approaches unstable flow, with tolerable operating 
speeds being maintained though considerably affected by changes in 
operating conditions. Fluctuations in volume and temporary restrictions 
to flow may cause substantia1 drops in operating speeds. Drivers have 
little freedom to maneuver, and comfort and convenience are low, but 
conditions can be tolerated for short periods of time. 

0.81-0.90 

E Level of Service E cannot be described by speed alone, but represents 0.91-1.00 
operations at even lower operating speeds (typically about 30 to 35 mph) 
than in Level D. with volumes at or near the capacity of the highway. 
Row is unstable, and there may be stoppages of momentary duration . 

. F Level of Service F describes forced flow operation at low speeds (less 1.01+ 
than 30 mph), in which the freeway acts as storage for queues of vehicles 
backing up from a restriction downstream, Speeds are reduced 
substantial! y and stoppages may occur for short or long periods of time 
because of downstream congestion. In the extreme, both speed and 
volume can drop to zero. · 

la! Capacity is defined as Level of Service E. 

SOURCE: Environmental Science Associates. Inc. from infonnation in the Highway Capacity 
Manual, Special Report 87, Highway Research Board, 1965. 
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TABLE G-3: VEffiCULAR LEVELS OF SERVICE AT UNSIGNALIZED INTERSECTIONS 

Level of Description 
Service 

A Level of Service A describes a condition where the approach to an intersection 
appears quite open and turning movements are made easily. Little or no delay is 
experienced. The traffic operation can generally be described as excellent. 

B Level of Service B describes a condition where the approach to an intersection is 
occasionally fully used and some delays may be encountered. Many drivers begin to 
feel somewhat restricted within groups of vehic1es. The traffic operation can 
generally be described as very good. 

C Leve] of Service C describes a condition where the approach to an intersection is 
often fully used and back-ups may occur behind turning vehicles. Most drivers feel 
somewhat restricted, but not objectionably so. The traffic operation can generally be 
described as good. 

D Leve] of Service D describes a condition of increasing restriction causing substantial 
delays and queues of vehicles. on approaches to the intersection during short times 
within the peak period. The traffic operation can generally be described as fair. 

E Capacity occurs at LeveJ of Service E. It represents the most vehicles that any 
particular intersection can accommodate. At capacity there may be long queues of 
vehicles waiting up-stream of the intersection and vehicles may experience very long 
delays. The traffic operation can generally be described as poor. 

F Level of Service F represents a jammed condition. Insufficient gaps of suitable size 
exist to permit movement of vehicles out of the approach under consideration. 
Extremely long delays occur, and drivers may select smaller than usual gaps. In such 
cases, safety may be a problem. This condition usually warrants improvement to the 
intersection. 

SOURCE: Environmental Science Associates, Inc. from Highway Capacity Manual, Special 
Report 209, Transportation Research Board, 1985. 
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TABLE G-4: CUMULATIVE DEVELOPMENT VEIBCLE TRIP GENERATION, A.M. and P.M. PEAK HOURS 

·-········--··--------A.M. Peak Hour-·---··--······----·-------- ······------------·······P.M. Peak Hour-·······------.-·--·--·· 
Rate Rate Trips Trips Tota) Rate Rate Trips Trips Tola! 

Cumulatiyt Deve!ooment• l!nlll. ID. QI!! ID. Qi!! ~ ID. !ml Jn Ql!l Irim 

Burlingame:/a/ 
Hotel Rooms 1.325.00 Room 0.35 0.18 464 238 702 0.27 0.22 358 291 649 
Restaurants 53S.OO KSF I0.70 8.41 5,72S 4,499 10.224 l0.S1 9.37 5,655 5,013 !0,668 
Office Space 714.00 KSF 1.32 0.20 942 143 1.085 0.23 1.18 164 843 l,007 
Hyatt Regency Hotel 791.00 Room 0.35 0.18 277 142 419 0.27 0.22 214 174 388 

Millbrae :lb/ 
Millbrae Waterfront Park 2.80 Acre 0.30 0.16 0 0.19 0.36 2 

San Bruno:/c,d,eJ/ 
Bayhi\18 Office Space 250.00 KSF 1.55 0.23 387 57 444 0.27 1.43 67 357 424 
Bayhill 8 Senior Housing lS0.00 OU 0.20 0.55 30 82 112 0.63 0.37 94 55 149 
Bayhill 8 Hotel Suites 300.00 Suite 0.28 0.23 84 69 153 0.27 0.31 81 93 174 
Tanforan Park 128.30 KSF 0.81 0.81 104 104 208 2.87 2.87 368 368 736 

Town Center 109.00 KSF 0.86 0.86 94 94 188 2.21 2.21 241 Hl 482 

94-Uoit Motel Suites 94.00 Suite 0.21 0.17 20 16 36 0.14 0.19 13 18 31 

US Navy Office Spece 107.20 KSF 1.72 0.26 184 28 212 0.31 1.64 33 176 209 

US Navy Housing Uniu 1moo DU 0.20 0.55 22 60 82 0.63 0.37 69 41 110 

Sou1h San Francisoo:/g,ltf 
Marriott Courtyard 152.00 room 0.35 0.18 53 27 80 0,27 0.22 41 33 74 

Hampton lnnfil 140.00 room 0.3S 0.18 49 25' 74 0.27 0.22 38 31 69 

fa/ Monroe, Margaret, City Planner, City of Burlingame, telephone conversation April 27, 1990 and letter lo DKS Associates, May 2, 1990. Tnch1ded in letter: Flwlingame Hotel Development as of 10/86 and updated 
to 7189; Burlingame Bayfront Specific Area Pla11 Exhibit M: Ncrthem Bayfront Area Development list of completed projects revised 12/1189. 

lb! 
lcl 
/di 
lei 
If/ 

lg! 
/hJ 
liJ 

• 

Department of Community Development, City of Millbrae, telephone oooversation, April 27, t990. 
Foscardo, CieOl'ge, Directoc of Planning and Building. City of San Bruno, telephone conversatfon. April 27, 1990. 
City of San Bruno, North San Bruno Areawide Traffic Srudy Final Report; prepared by ,OKS Associates. December 1986. 
City of San Bruno. Tanf<ran Park. Proposed Median Break oo El Camino Real. prepared by OKS Associates. AUl!U$l 30, 1988 .. 
City of San Bruno, Bayhill VllT Traffic Study, prepared by DKS Associates. May 17, 1989. 
Cordes, Ken, City of South San Francisco Planning Department, telephone conversation, April 27, 1990. 
City of South San Francisco, "Major Projects in South San Francisoo," May 1990. 
The analysis would remain essentially the same wilh deletion of one project and the addition of another. Carlson, Steve, Senior Plan net, City of South San Francisco Planning Department, telephone conversation, 
March 21 and June 17, 1991. The HPrecise Plan" approved for Hampton inn expired in 1990. A new Genentech project, a 225,000-sq.-ft, research and de'l'e]oprnent building, has subsequently been approved . 
Cumulative de'l'elopment wss assumed to be built out by 1996 in Millbrae. San Bruno, and South San Fraocisco, In Burlingame the Hyan Regency Hotel and 38 percent Qf other development was a~sumed to be 

built out in 1996. 

Note; DU =: dwelling units: KSF =thousands of gross squue feet of noor area. 

SOURCES: ITE and DKS Associates 



TABLE G-5: PROJECT 1RIP GENERATION 1996 A.M. AND P.M. PEAK HOURS 

------------A.M. Peak Hour ---------·--- ------------- P.M. Peak Hour------------
Rate Rate Trips Trips Total Rate Rate Trips Trips Tola! 

Name Units In Out In Out Trips In Out In Out Trips 

APM Interim Maint. Facility 60.00 KSF 0.85 0.12 51 7 ·s8 0.13 0,91 8 55 63 
Pan Am Maintenance Hangar 100.67 KSF 0;85 0.12 86 12 98 0.13 0.91 13 92 105 
Service Station Relocate 0.10 KSF 0.85 0.12 0 0 0 0.13 0.91 0 0 0 
New Bldg/Const/Engine Office 5.80 KSF 0.46 0.07 3 0 3 0.08 0.42 0 2 3 

Unconstrained Growth A.M. 824.00 Enp 1.10 0.88 904 728 1,632 
Unconstrained Growth P.M. 895.00 Enp 0.950 1.030 856. 922 1,772 

?'" UAL Catering Facility 46.20 KSF 0.85 0.12 39 6 45 0.13 0.91 6 42 48 -0\ UAL Cargo Facility Expand 36.28 KSF 0.85 0.12 31 4 35 0.13 0.91 5 33 38 °' 
W. Field Cargo/Maint. 268.70 KSF 0.85 0.12 228 32 260 0.13 0.91 35 245 280 
American GSE 7.50 KSF 0.85 0.12 6 I 7 0.13 0.91 I 7 8 

E. Field Cargo/Maint. 226.44 KSF 0.85 0.12 192 27 219 0.13 0.91 29 206 235 

FBO Facility 1.89 KSF 0.85 0.12 2 0 2 0.13 0.91 0 2 2 

N. Field Cargo/Maint. 237.00 KSF 0.85 0.12 201 28 229 0.13 0.91 31 216 247 

Multipurpose FaciJity 5.00 KSF 0.85 0.12 4 1 5 0.13 0.91 1 s 6 

SOURCES: ITE, DKS Associates 



TABLE G-6; PROJECT 1RIP GENERATION 2006 A.M. AND P.M. PEAK HOURS 

------------- A.M. Peak Hour--------------- -------·------- P.M. Peak Hour---------------
Rate Rate Trips Trips Total Rate Rate Trips Trips Total 

Name Units In Out In Out Trips In Out In Out Trips 

Pan Am Maintenance Hangar 100.67 KSF 0.85 0.12 86 12 98 0.13 0.91 13 . 92 I05 
Service Station Relocate 0.10 KSF 0.85 0.12 0 0 0 0.13 0.91 0 0 0 
1 OOK Office Building 86.94 KSF 0.46 0.07 40 6 46 0.08 0.42 7 37 43 
New Bldg/ConsUEngine Office 5.80 KSF 0.46 0.07 3 0 3 0.08 0.42 0 2 3 

Unconstrained Growth A.M. 1,428.00 Enp LIO 0.88 1,567 i.261 2,827 
Unconstrained Growth P.M.Enp 1,552.00 Enp 0;950 1.030 1,474 l,599 3,073 

~ UAL Catering Facility 46.20 KSF 0.85 0.12 39 6 45 0.13 0.91 6 42 48 -~ UAL Cargo Facility Expand 36.28 KSF 0.85 0.12 31 4 35 0.13 0.91 5 33 38 

W. Field Cargo/Maint. 268.70 KSF 0.85 0.12 228 32 260 0.13 0.91 35 245 280 

American GSE 7.50 KSF 0.85 0.12 6 1 7 0.13 0.91 1 7 8 

W. Field Cargo/Maint. 102.00 KSF 0.85 0.12 87 12 99 0.13 0.91 13 93 106 
US Post Office 132.00 KSF 0.85 0.12 112 16 t28 0.13 0.91 17 120 137 

APM Maintenance Facility 60.00 KSF 0.84 0.12 50 7 58 0.12 0.91 7 55 62 

· E. Field Cargo/Maint. 226.44 KSF 0.85 0.12 192 27 219 0.13 0.91 29 206 235 

FBO Facility 1.89 KSF 0.85 0.12 2 0 2 0.13 0.91 0 2 2 

N. Field Cargo/Maint. 237.00 KSF ·o.ss 0,12 201 28 229 0.13 0.91 . 31 216 247 

Multipurpose FaciJity 5.00 KSF 0.85 0.12 4 1 5 0.13 0.91 1 5 6 

SOURCES: ITE, and OKS Associates 
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OFFwSITE AIR TERMINALS 

Technical Aspects 

The term "off-airport tenninal" encompasses a variety of possible arrangements to 
get air passengers to (and from) an airport from remote locations. Depending upon 
the layout of the airport, characteristics of travellers, origins and destinations of 
travellers, and space available at remote locations, some or all of the following 
services could be provided: 

• Scheduled coach or van express service from a remote location; 
• Competitively priced (or free) parking; 
• Comfortable waiting area; 
• Ticket sales; 
• Seat selection; and 
• Baggage check-in. 

The first three of these are the minimum characteristics of an "off-airport terminal". 
The.re is really little difference between this level of service and typical airport 
express transit service. On the basis of this definition, SFIA already has some level 
of off-airport tenninal capability. The Marin Airporter has the most extensive 
service. It runs coaches from several locations. The Larkspur Landing location 
had, until 1991, provided space for airline ticket agents from United and American 
Airlines to sell tickets, check in bags, and have customers select seats. The basic 
coach service and one airline ticket agent still remain. Other airporter seivices to 
SFlA are described in Section ID (Environmental Setting) of the EIR. on pp. 130 -
134. 

Issues Affecting Feasibility 

The potential effectiveness of diverting auto traffic to the off-Airport operation 
would depend on a number of factors, including: 

• 
• 
• 
• 

• 

Frequency and reliability of bus or limo service; 
Accessibility of the remote location; 
Adequacy and price of parking, versus Airport parking characteristics; 
Efficiency of check-in services (if any) versus that of the airline tenninal 
service; and 
Density of the market near the off-Airport tenninal . 

The recent experience of the Marin Airporter at the Larkspur Landing tenninal.!> 
where ticketing and baggage check services were added to an established airport 
express transit service, highlights several issues relating to off-airport tenninal 
operation. When ticketing and baggage check-in services were added, the 
following difficulties arose: 
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• Since coaches left every half-hour, passengers tended to arrive with about ten 
minutes to spare. This put a severe burden on the check-in agents who were 
not adequately equipped to handle such peaking of traffic. 

• The ticket service was used mostly as a local ticket office rather than a 
convenience for same-day airline passengers. There was also a conflict 
between handling of ticket purchasers who were not flying that day and 
baggage check-in operations. 

• The service did not really attract additional patronage to the Marin Airporter. 

Eventually, baggage check-in operations were curtailed, and one of the airlines 
closed its ticket office. 

In the Los Angeles area, the Van Nuys Fly Away Service is operated by the Los 
Angeles Department of Airports. This is an express bus service from the San 
Fernando Valley to Los Angeles International Airport which has seven air carriers 
providing ticketing at the tenninaJ; baggage cannot be checked. This service 
recently reduced fares from nine dollars to four dollars. Apparently, this reduction 
did not have an immediate effect on the number of airline passengers using the 
service; however, airport employees found it to be a convenient service. Recent 
re pons indicate that air passenger service is up. 

Potential Efjecti11eness in Mitigating Airport Traffic Congestion 

Additional off-Airport tenninal capacity for SFIA would need to accomplish some, 
or all, of the following: 

• Provide additional frequency at existing off-Airport locations; 

• Seek out current gaps in off-Airport tenninal operation, and encourage new 
service in this market This would include opening new terminals and starting 
new coach services. 

• Detennine the level of bonus services such as baggage check-in and ticketing 
that could reasonably be provided, and the potential to attract new riders as a 
result of this additional service; and 

• Identify the level to which users of additional off-Airport terminal services 
would be diverted from private automobiles, or other transit services. 

Caltrans is currently funding a research project at the Institute for Transportation 
Studies at the University of California at Berkeley •. titled: Feasibility Study for a 
Qllifomia Off-Airport Tenninal Demonstration Pro2ram. In part of this research 
project, air passenger survey data taken by the Metropolitan Transportation 
Commission (MTC) will be evaluated to detennine current gaps in express 
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transportation services to Bay Area airports. Should the results of this research 
indicate that a potential market for additional off-Airport terminals exists, SRA 
would then be in a position to participate in efforts to increase the level of 
off-Airport tenninal activity. 

If off-Airport terminal services were initiated successfully, it would have the 
potential to reduce vehicle congestion at Airport approaches and regional routes· to 
and from the airport. It is impossible to quantify the effects of such actions without 
a specific service under consideration. 

Institutional Feasibility 

The San Francisco Airports Commission charter (Section 3.691) prohibits the 
Airport from offering a transit service to an off-Airport terminal. SFIA cannot 
operate a transit system in competition with existing ground transportation services. 
As a result of this prohibition. SFIA has not been able to take advantage of a 
Caltrans demonstration project relating to off-Airport terminals. Therefore, for 
SFIA to engage directly in any activity related to implementing ari off-Airport 
terminal would involve an amendment to the Airport's charter. 

Alternatively, it might be possible for Caltrans to work with a private operator or an 
existing transit agency (e.g., Sam Trans. AC Transit) to improve transit/off-Airport 
terminal services to SFIA. 

On the basis of available infonnation, it appears that adding off-Airpon tenninal 
capacity could reduce automobile travel to the Airport. As noted above, however, 
the Airport is prohibited by charter from offering, or being involved· in such 
services. If additional services are to be offered, it would have to be the work of 
private- or public-transit operators. These operators would make decisions on . 
whether to provide additional service, based on the potential profitability of the 
service. 

Off-Airport terminals are part of the transit system to the Airport. Several 
mitigation measures related to increasing transit mode share are already suggested 
in the EIR. Any efforts to increase transit mode share would increase the 
attractiveness to private businesses to expand on or implement new off-Airport 
tenninal services. 
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APPENDIX H: UTILITIES AND SERVICES 

Table H-1: Proposed SFIA Master Plan Improvements to Existing Facility 

Table H-2: Existing SFIA Utilities and Miscellaneous Structures, 1989 

Table H-3: SFIA Fire Department Apparatus Inventory 
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TABLE H-1: PROPOSED SFIA MAS1ER PLAN IMPROVEMENTS TO EXISTING 
UTILITIES 

Prpposed Improvements 

North Access Road 
Improvements 

New Building Consttuction 

General A viarion Facilities 
Relocation 

Construction. of Boarding 
AreaG 

Construction of Ground 
Transportation Center 

1. Building construction 
increases runoff 

Construction of East Field 
Maintenance Hangar 

(Continued) 

Which Utility 
Affected 

• Water 
• Sanitary Sewer 

• Water 

• Sanitary Sewer 

• Sanitary Sewer 

• Sanitary Sewer System 

• IndustriaJ Waste Sewer 

• Drainage 

• Industrial Waste 

• Sewer System 
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Wbat Will Hamien 

Relocation of existing water 
and sewer mains from 
adjoining future development 
parcels. 

Relocation of existing water 
mains. 

Additional Sewer Main to 
Access proposed site 

Addition of a new lift. 

Relocation of 18-inch force 
main to the perimeter of the 
apron 

Rerouting of sewer lines to 
exterior. 

Rerouting of IWSS lines. 

Resizing and relocation of the 
existing drainage facilities 
serving the. present car rental 
parking lots. 

Local system for this area 
requires the replacement of 
the current 4-inch diameter 
main to an 8-inch diameter 
main and that the locaJ lift 
station capacity be increased. 
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TABLE H-1: PROPOSED SFIA MASTER PLAN IMPROVEMENTS TO EXISTING 
UITI..ITIES (Continued) 

Proposed Improvements 

1. Building construction 
increases runoff 

Expansion of Parking Lots D 
and DD (area currently 
underserved; expansion will 
increase drainage) 

North and West Field 
Cargo/Maintenance Facilities 

Which Utility 
Affected 

• Drainage 

• Drainage 

• Drainage 

SOURCE: SFIA Final Draft Master Plan, 1989 
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What Will Happen 

Resizing of current 42-inch 
storm drain to 48-inch and 
relocation into new roadway. 

Addition of 48-inch drain to 
current 48-inch to increase 
capacity for current flooding 
and increased runoff 

Drainage lines in each of 
these areas will be relocated 
to new roadway system 
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TABLE H-2: EXISTING SFIA UTILITIES AND MISCELLANEOUS STRUCTURES, 1989 

61 United Boilerhouse 
89 United Water Storage Tank 
91 Cold Storage 

Utilities: 
14 EJectrical Substation 
22 Electrical Substation 
29 Electrical Substation 
37 Electrical Substation 
75 Electrical Substation 
77 Electrical Substation 
78 Main Substation 
27 Water Quality Control Plant 
87 Water Quality Control Plant 
30 Wastewater Pumping Plant 
36 Wastewater Pumping Plant 

Industria1 Waste Treatment 
66 Pump House 
85 Pump Station 
92 Pump Station 
73 Drainage Pumping Plant 
74 Drainage Pumping Plant 
76 Drainage Pumping Plant 
79 Drainage Pumping Plant 

Fueling Bulk Storage: 
24 Standard Oil Fuel Farm 
25 Pacific SW Trading Fuel Fann 
26 Pacific SW Trading FueJ Fann 

Day siora~e: 
69 Shell Storage Tanks 
86 Shell Garage/Warehouse 
70 Union Storage Tanks 
71 PSTTanks 
72 PSTTanks 

MjscellaneQ.Us 
Multi-Purpose Harbor Dock 
U.S. Coast Guard 

Ramps 
Pumps 
Fuel Hydrants 
Tank.Fann 

SOURCES; Table 6.3. SF/A Fi"al Draft Master Plan. 1989; Airports Commission, 1990; 
Environmental Science Associates, 1990. 

A.171 



TABLE.H-3 

'KJntta I tl'lllnC"ftJA! 
1ENl 

111 inxd •11 

Ill """ •n 
Uf Olllco9h ... 

UI Ollllmllh '11 

I 
141 O!Hmah'H 

fHA 
Olll*aeh '" 

IUA turd •n 

I 10 or. •n 
145 an-. •11 

l41A LTI 'II COllntt .,. bt 'rnlll!r 

15! rln ...,t •n 

U1 la...._ • ., 

II .,, CWllDll; 'll 

••• lllldl .,. 

IU ~·· 

11 
Ll'Jht tldts 121 

ftlflllTr•lt• 

.,.., 'l't:•ller 

II I I °'""'let 
I 1 Mpout.h 
UOA. Ptpmth 

SAN nw.t:ISW tmm.tATictt:f.\~ AtRPOOT nRE DEPl\R1Mml'. 

-Af PAR~!!! l!!!!TOR!-

M\'mll ..,,,. lllfMI°'"' .... 'ftJllRE'I' '. ... RfDS 
9'WHI GIUUHJ IU.a Gift cnt 

Dll' whlcle vlU. •Jl etanJatd fhat ... 111 ""fJIJllll!ftt, ~ ll!CfllJllll!ftl & teot11 D-2 

Tractor loft"' boat helter tMHI 9hl J4' 111!9c1M/t'ln bt: Ufi5t. 

40GI !ll! HllO llM/90I 1-HO' ti• .... '" lHI llOOl'OI J•l!IO' 11· .. ... ....... .. .. 1510/150 l-150• 1• 

JDOO ell ...... 1100 lSG0/150 t-tso• t• 

l'ln ~1de1• Vehicle 

Nd.cl• tod1111J 21' 1• lltMtan llhder .....,_ float 

9000 51 lSOO 1-zoo• 1• •. ,. 
5oa• s• ..,. JD 1980 1-250' •• 

ftfth "'-l tPller tot.-' JC' lllMcUe/t'IN llt9t. 

JC• llHcue/rfre Boat eqill~ wtt.h blo t2' full Rt• el 8C.'tb ,..,:, 
.tec.ll....,._ rde:'de ·-.al~ ..r bMnlf' :ZO-ptt ... l'MClle platform. 

·- J-100' 1• 

ISCIO toot "° r.- 1-1so• 1• 

-· ,. 500' ,. 

-
ts• @lentlnqi platfon1 fllet'l•l9Cap1!1). with tit8nl:llltd ladlltt C'OllJl--.f: I 
lip!cl•I entry/ovedmal tool•. 

1411 

0--l 

1-2 

lt-l 

J 

l 

2 

t 

J 

J 

J 

l 

l!lld ... flwe f!U HltUl'ell CMl,WIJ fllll!ht Ndt fbturet. llftllluy ..-ntar,, .Uff!l .,,..-. 
Bl.1!'191:ee to to•. Al.,, two .IJt •tnit• natures en 11' 9Uldt. 

l'reMnttr .. lnlJ aatflttel - •--..nan,.,.,,,., 
Dirdni 2500' of s• hme - portable hydr..te I HttJng11 • 

~tl(Jll9 ttfldi"'• whlcl• 
t'lni thief'• whlcle 
fire flltlhlll'• Tehlel• 

IH 
141 

~"In 
1111retr orHc::er'• whlele 

OHWfr smnNJ l.&V!L - J-<lfflc:mt I U·rlNfl-Me 

l 

t 

J 

1 

J 

1 

t 

1 



XII. Appendices 

APPENDIX J: FAA AND C6SP ALTERNATIVES 

SFBAA TASK FORCE RECOMMENDATIONS 

Recommendations and assumptions for San Francisco Bay Area air carrier airports from 

San Francisco Bay Area Airports Task Force Capacity Study of SFO, SJC and OAK 

IntemationalAiryorts (prepared jointly by FAA, Bay Area International Airports Staffs, 

Air Transport Association, and the Airlines serving the San Francisco Bay Area), 1987: 

"The San Francisco Bay Area Airports Capacity Task Force evaluated the operation of 

each airport and the potential benefits of the proposed improvements in terms of airfield 

capacity, demand, and delays. When appropriate, it used the airfield simulation model to 

detennine peak period aircraft delays for current and future operations. 

The task force annualized the peak period delays to determine the potential economic 
benefits of the proposed improvements, including different runway use strategies. The 

annualized delays indicate the efficiency of the existing system and provide a method for 

comparing the benefits of the proposed changes. 

A dollar value was attached to each minute of average annual aircraft delay for both 

present and proposed operations. This made it possible to make several comparisons to 

establish the relative benefits, costs, and priorities of each item. These include: annual 

delay cost associated with each current operation (baseline case); reduction in delay costs 

from proposed improvements; cost benefit of the delay reduction versus the annualized 

implementation cost; and a method of prioritizing the proposed improvements based on a 

ranking of the resultant delay reductions. 

The delay reduction proposals for San Francisco, Oakland and San Jose international 

airports are classified by category: airfield improvements; facilities and equipment 

(navigational aids); air traffic control procedures; and user improvements. The delay 

reduction recommendation for each airport listed by category, are shown in Tables 1-1, 

1-2 and I-3. (SFBAA Task Force Study, p. 6) 
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TABLE 1-1: RECOMMENDED ACTION PLAN FOR SAN FRANCISCO INTERNATIONAL 
AIRPORT 

Annual 
Savings/a/ Type of Time Responsible 

IMPROVEMENTS ($ Millions/ Action/bl Frame/cl Group 
Hours, Tbs.) 

• Airfield 

I. Create holding areas near R/W 
IO LIR. JR and 28R --~!---Id/ Achievable Near Term Airport 

2. Improve noise barrier for R/W IR $2.6/1.4 Achievable Near Tenn Airport 
3. Extend R/W I9L/R $57.1131.5 Master Plan Far Tenn Airpon 
4. Extend RJW 28L/R $151.7/83.7 MasterPlan Far Term Airpon 
5. Construct independent, parallel R/W 28 $67.0136.9 Master Plan Far Term Airport 
6. Extend taxiway C to threshold R/W IOL ---1---/dl Achievable Near Term Airpon 
7. Create high speed exit from 

R/W lOL between taxiway Land P ---1---/d/ Achievable Near Term Airport 
8. Extend r.axiway T to taxiway B or A ---1---/d/ Achievable Near Term Airport 

• Air Traffic Control Improvements 

9. Expand visual approach procedure $7.6/4.2 Achievable ·Near Term FAA 
I 0. Off set instrument approach to R/W 28R $17.119.2 Achievable Near Term FAA 
11. Use staggered, I -mile divergent lFR 

depanures on R/W 1 OUR $12.5/6.8 Achievable Near Term FAA 

• Facilities and Equipment 

12. Install Microwave Landing System 
(MLS) on R1W 28 and 19 $12.5/6.8 Achievable Near Term FAA 

• User Improvements 

13. Taxi aircraft across active runways 
instead of towing ---1~--ldl Achievable Near Term Carriers 

14. Distribute airline traffic more evenly 
among three airports $93.0/53.0 Major Policy Near Term .Carriers 

15. Distribute traffic uniformly within 
lhehour $11.5/6.2 Major Policy Near Term Carriers 

16. Diven 50% general aviation aircraft 
to reliever airports $17.619.5 Major Policy Near Term Airpon 

• Improvements Considered But Not Recommended 

1. Consb'Uct angled high speed exit for R/W 1: Cost couldn't be justified. 
2. Convert taxiways to STOL runways: Not operationally advantageous. 
3. Reduce IFR. spacing: Not operationally feasible. 
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TABLE I-2: RECOMMENDED ACTION PLAN FOR SAN JOSE INTERNATIONAL AIRPORT 

IMPROVEMENTS 

• Airfield 

I. Create staging area at R/W 30L/R 
2. Extend and upgrade FJW 30RJ29 
3. Create angled exits for R1W 12R 

• Facilities and Equipment 

4. Promote use of reliever ILS 11aining 
facilities 

5. Install MLS on R/W 30L 

• Air Traffic Control Improvements 

6. Implement simultaneous departures 
with Moffett 

Annual 
Savings/a/ 

($Millions/ 
Hours, Ths.) 

---1---Jdl 
$1.0/l.5 
---!---Id/ 

--1---fd/ 
---1---/d/ 

---1---ldl 
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Type of 
Action/bl 

Achievable 
Achievable 
Achievable 

Achievable 
Achievabli; 

Achievable 

Time Responsible 
Frame/cl Group 

Near Term Allpon 
Near Tenn Airpon 
Near Tenn Airport 

Far Tenn FAA 
FAA 

Near Term FAA 
USN 
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TABLEI-3: RECOMMENDED ACTION PLAN FOR METROPOLITAN OAKLAND 
INTERNATIONAL AIRPORT 

Annual 
Savings/a/ Type of Time Responsible 

IMPROVEMENTS ($Millions/ . Action/bl Frame/cl Group 
Hours. Tus.) 

• Airfield 

1. Construct taxiway from S.E. comer of 
terminal to R/W 29 approach threshold ---/---/di Achievable Intermediate 

2. Build taxiway parallel to R1W 27L ---/---/di Achievable Intermediate 
3. Add taxiway between north and 

south complexes ---1---/dl Achievable Intennediate 
4. Convert taxiway 1 to air carrier R/W 29 

and add parallel taxiway ---/--.;,Id! Achievable Intermediate 
5. Enlarge staging pads at entrances 

toR/W 11/29 ---/---Id! Achievable Intermediate 
6. Construct additional angled exit 

offRJW 11 ---1---/df Achievable Intermediate 
7. Build penalty box on south side of approach 

end ofR/W29 

• Facilities and Equipment 

8. InstaH MLS on RfW 29 and 27 
9. Install a non-directional beacon 

approach to RJW 29 

---1---/dJ Achievable Intermediate 

---/---/di Achievable Intermediate 

--'"/---/di Achievable Intermediate 

Airport 
Airport 

Airport 

Airpon 

Airport 

Airport 

Airport 

FAA 

FAA 

NOTE: The task force considers Oakland capacity adequate for forecast levels through 1995. 
However, it believes the improvements listed above would increase efficiency of aircraft 
movements on the ground. 

NOTES - SFBAA Task Force Capacity Study Tables 1-1, I-2and1-3 

/a/ Fiscal yearimplemented (in 1986 dollars). 
lb/ Types of action: Achievable - changes or improvements for which benefits have 

been clearly identified; on which action may already be underway; and which do 
not require a major policy change by any of the participating Task Force 
organizations. Major Policy Change - a change in procedure or operational 
regulation which requires a major policy revision by one of the Task Force 
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NOTES - (continued) 

organizations. Master Plan Study - a physical change for which the benefits in delay 
reduction must be evaluated in terms of its envirorunental and economic consequences by 
groups outside the task force. 

Id Time Frame: Near Tenn - 199L Intermediate Tenn - 1996; Far Tenn - Beyond 1996. 
/di Savings: Figures not available because improvements were not simu1ated. 

SOURCE (for Tables 1-1, 1-2 & 1-3): San Francisco Area Airports Task Force Capacity Study. 

CASP RECOMMENDATIONS 

Recommendations and assumptions for San Francisco Bay Area air canier airports from 
the California Aviation System Plan, Draft Report on Action Plan (July 1989), California 
Department of Transportation, Division of Aeronautics: 

"l 990 Conditions 

• No air carrier or general aviation operations are redistributed to other airports. 

1995 Conditions 

• Some air canier operations are redistributed from San Francisco International to 
Metropolitan Oakland International and San Jose International Airports. 

• Runway extension.at San Jose International Airport to provide parallel air carrier 
runways. 

2000 Condition& 

• Air canier operations are redistributed from San Francisco International to 
Metropolitan Oak.land International, San Jose International.and a new air carrier 
airport. 

• Air carrier service is added at Travis Air Force Base. There is already an existing 
joint-use agreement with the military that would pennit air carrier operations at 
Travis Air Force Base. 

• Some general aviation operations are relocated from air carrier to general aviation 
airports. 

2QQ5 Conditions 

• Air carrier operations are redistributed from San Francisco International to San Jose 
International, an expanded Metropolitan Oakland International and a new air carrier 
airport. 

• A second air carrier runway is added at Metropolitan Oakland International Airport. 
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: I 

• General aviation operations are relocated from air carrier to general aviation 
airports. The general aviation activity associated with the recommended plan 
requires the relocation of a forecast total of 270,000 general aviation aircraft 
operations and about 600 based aircraft from the three air canier airports to other 
airports in the San Francisco Bay Area by 2005. 

• The redistribution of air carrier operations results in a requirement for increased 
passenger terminal capacity over that currently estimated at some airports in the 
San Francisco Bay Area by 2005. 

The latest information indicates MAP capacities of 12.0 MAP at Metropolitan 
Oakland International, 51.3MAP at San Francisco International, 18.0 MAP at San 
Jose International and 5.0 MAP for joint use of Travis Air Force Base. 

To the extent it is not possible to provide these levels of passenger terminal 
capacity, then additional air carrier airports will need to be developed or expanded. 
Alternatively, the redistribution of more smaller and fewer large capacity air carrier 
aircraft and I or ... additional high·perfonnance general aviation turbojet operations 
need to be relocated from San Francisco International in order to pennit additional 
air carrier operations and utilize the additional passenger tenninal capacity by 2005. 

• At the Buchanan Field Airport in Concord, air carrier operations are assumed to 
continue to be limited to small jets and medium and small propeller aircraft. The 
airport is expected to remain primarily a general aviation airport. 

• Because of its remote location from most of the Bay Area, the Sonoma County 
Airport in Santa Rosa is expected to attract only a relatively small amount of air 
carrier operations that might be redistributed from the three major Bay Area air 
carrier airports." 
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APPENDIX J: SFIA CAPACITY 

TABLE J-1: SFIA A VERA GE DAY PEAK MONTH FLIGHTS FORECAST FOR THE 
PROJECT SHOWING BOTii PROPORTIONAL INCREASES AND 
CAPACITY CONSTRAINTS (61 PERCENT OF THE TIME)/a/ 

1996 20Q!i 
Proportionil Capacity Proportional Capacity 

full1r 199Q. lngease/h/ Constraints/cl Increase/bl Constraints/ c/ 

0000 19 22 22 24 24 
0100 12 14 14 15 15 
0200 6 7 7 8 8 
0300 3 4 4 4 4 
0400 2 2 2 3 3 
0500 4 5 5 5 5 
0600 28 33 33 36 36 
0700 59 69 69 75 75 
0800 75 88 88 96 96 
0900 80 94 94 102 102 
1000 74 87 87 95 95 
1100 90 106 103 115 103 
1200 94 110 103 120 103 
1300 86 101 103 110 103 
1400 77 91 99 98 103 
1500 77 91 91 98 103 
1600 81 95 95 104 103 
1700 73 86 86 93 103 
1800 69 81 81 88 103 
1900 77 91 91 98 100 
2000 69 81 81 88 88 
2100 71 83 83 91 91 
2200 53 60 60 65 65 
2300 -3!) ...15: ~ ..l8. ~ 

TOTAL 1,309 1,536 1,536 1,669 1,669 

NOJES 

la/- Under visual flight rules, the airfield capacity at SFIA is 103 total flights (landings plus 
takeoffs) per hour {61 percent of the time) for a total daily (24-hour period) capacity of 
2,472 flights. 

/bl Proportional increase assumes that all flights could take off and land per hour in the same 
proportions that occured in 1990. · 

lei Capacity constraints a8sumes that flights would first be scheduled to take off and land in 
the same proportions per hour as occurred in 1990. This would necessitate delays in some 
flights to the next hour. In 1996 these delays wou1d be accommodated within the daytime 
hours. In 2006, these delays would result in an increase of two flights in the evening 
period and no increase in the nighttime period. Future flights could be spread in such a 
way as to have the maximum number of flights possible both scheduled to, and in actuality 
to talce off and land during the daytime (7:00 a.m. to 7:00 p.m.) resulting in no increase 
during the evening hours. 

SOURCES: 1990 SFO Tower Daily Traffic Counts; Environmental Science Associates, Inc. 
~ 
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XII. Appendices 

TABLE J-2; SFIA AVERAGE DAY PEAK MONTH FLIGHTS FORECAST FOR THE 
PROJECT SHOWING BOTH PROPORTIONAL INCREASES AND 
CAPACITY CONSTRAINTS (25 PERCENT OF Tiffi TIME)/a/ 

1996 2006 
Proportional Capacity Proportional Capacity 

H.Qyr 122.Q Increase/bl Constraintsk/ Increase/bl Constraints/cl 

0000 19 22 22 24 24 
0100 12 14 14 15 15 
0200 6 7 7 8 8 
0300 3 4 4 4 4 
0400 2 2 2 3 3 
0500 4 5 5 5 5 
0600 28 33 33 36 36 
0700 59 69 69 75 75 
0800 75 88 88 96 96 
0900 80 94 94 102 102 
1000 74 87 87 95 95 
1100 90 106 103 115 103 
1200 94 110 90 120 90 
1300 86 101 90 110 90 
1400 77 91 90 98 90 
1500 77 91 90 98 90 
1600 81 95 90 104 90 
1700 73 86 90 93 90 
1800 69 81 90 88 90 
1900 77 91 103 98 103 
2000 69 81 94 88 103 
2100 71 83 83 91 103 
2200 53 60 60 65 103 
2300 -__Jil ..ll ..ll ..18. fil 

TOTAL 1,309 1,536 l,536 1.669 l,669 

NOTES: 

/al Under visual flight rules there are occasions (about 25 percent of the time) when the most 
optimum weather conditions do not occur requiring.that alternate runways (28L, 28R 
instead of IL, lR) are used for departures. The airfield capacity at SFIA drops from 103 to 
90 total flights (landings plus takeoffs) per hour; During the peak month the times when 
such weather conditions generaUy occur are during the peak flight hours (noon to 
7:00 p.m.). The table above generally reflects flight delays that would occur assuming 
these constraints. 

/bf Proportional increase assumes that all flights could take off and land per hour in the same 
proportions that occurred in 1990. 

le! Capacity constraints assumes that flights would first be scheduled to take off and land in 
the same proportion per hour as occurred in 1990. nus would necessitate delays in some 
flights to the next hour. In 1996 these delays would result in an increase of about ten 
percent more flights in the evening period and no increase in the nighttime period. In 
2006, these delays would result in an increase of about 12 percent more flights in the 
evening period and about 31 percent more flights in the nighttime period. 

SOURCES: 1990 SFO Tower Daily Traffic Counts; Environmental Science Associates. Inc. 
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