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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: City and County of San Francisco, Department of City Planning 
450 McAllister Street• 6th Floor, San Francisco, CA 94102 

Agency Contact Person: Barbara~. Sahm Telephone: (415) 558-6378 

Project Title: 86.683E: San Francisco International 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 De the San Francisco International 
Airport (SFIA) 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 excluding the undeveloped west of Bayshore site. Principal 
projects considered in the SFIA Master Plan include: 1) new International 
ienninal, 2) transportation/transit center, 3} consolidation of cargo 
facilities, 4) consolidation of administrative facilities, 5) overall 
circulation sy~tem, 6) hotel/comnercial/airport support development on airport 
lands, 7) consolidation of airline maintenance and administrative facilities. 

THIS PROJECT MAY HAVE A SIGNIFICANT EFFECT ON THE ENVIRONMENT ANO AN 
ENVIRONMENTAL IMPACT REPORT IS REQUIRED. This determination is based upon the 
criteria of tlle Guidelines of the State Secretary for Resources, Section 15063 
(Initial Study), 15064 (Determining Significant Effect), and 15065 (Mandatory 
Findings of 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 1 1989. An appeal requires: 1) a letter specifying the 
grounds for the appeal, ano; 2) a ~75.00 filing fee. 

SEM174 

'if a.; lfp-1,:7. /0-~'/J'/' 
~~o~r:ilt~~u~l!view Officer 

l 
Sen Francilco,'<i""9'1\0f c 



Proposed San Francisco International Airport Master Plan 
Initial Study 

Case jJ 86.683£ 

I. PRo;EcT DESCRIPTION 

Project Location 

The 2 ,400•acre San Francisco International Airport (SFIA) 1• the principal 
/commercial air passenger and cargo facility in the Bay Area. handlin& 

approximately 30 million annual pasaengers. Although located on unincorporated 
land within San Mateo Coun-cy, the airport is owned by the City and County of 
San Francisco. 

✓ SFIA is surrounded by the City of South San Francisco to the nOrth; the Cities 
of San Bruno and Millbrae to the west; the Cicy of Millbrae to the south; and 
San Francisco Bay to the eas'C. (See Figure 1.) 

✓The airport land is traversed near the Vestern perimeter by U.S. Highway 101 
(Bayshore Freeway). Most of the land west of the freeway remains undeveloped. 
In addition, approximately SO acres east of 'Che freeway are undeveloped. The 
airport complex, including runways, passenger facilities, and airline 
'IDain-cenance facilities, occupies the larger area east of the Bayshore Freeway. 
Approximately 260 acres of airport land remain undeveloped. The majority o! 
this acreage, approximately 180 acres lies in the area west of the Bayshore 
Freeway. 

Pro1ect DescriPtion 

The forecast of aviation activity at SFIA estima-ces that by 1991 the volume of 
pasHngers using SFIA vill be 36 million annually. and by the ye~.06_.it....__ 

~11 increase to 51.3 million passengers annually. 1 lti order to accommodau ·; 
( the expected growth in aviation activity at SFIA, the Airports Commission has I 
'l proposed preparation of a SFIA Master Plan. The Plan will be a blueprinc 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 reconfigura'Cion and 
consolidation of facilities at SFIA. The proposed SFIA Master Plan will be a 
phyaical/manage.ment design plan focusing on the accommOdation of facilities 
through the development of improved land use and circulation patterns for all 
airport•ownad lands exclu41ng the undeveloped Vest of Bayshore site. 

The Five•Year Capital Projects Plan will provide fun41ng for the improvement 
of the infrastructure at the airport and construction of new facilities 'Co 
accommodate expected growth in aviation activity at SFIA. The Five-Year 

, 
Forecast of Aviation Activity at SFIA was prepared by Thompson 
Consultants International for the San Francisco Airports Commission 
and is foun4 in the SFIA Master Plan Vorking Paper •A" (1987). 

A. l 
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Capi t■l Plan which 1s upda.ted and approved by the Airport Commias1on annually, 
will reflect additional capital improvel'lenu neceuary to implement the SFIA 
Master Plan if the SFlA Kaster Plan is approved. 

The size and specific location• of the developments that_ would occur as a 
result of 'Che SFIA Kuter Plan have been identified as near 't:erm (to 1996) and 
long tem (to 2006) projects and are described in SFlA Kaster Plan Working 
Paper I, Daniel, Kann, Johnson, and Mendenhall (Dl'UH), June 1988. n».e 
principal project.a considered in the SnA bater Plan inc:lude: 

l. Nev International Terminal. 
2. Transportation/transit center at SFIA. 
3. Consolidetion of cargo facilities. 
4. Consolidation of airport administrative facili't:1es. 
5. Overall circulation system. 
6. Hotel/commercial/airport support development on airport lands. 
7. Consolidation of airline maintenance and administrative 

facilities. 

II. StJM!IAI\Y OF POTENTIAL ENVIRONMENTAL EFFECTS 

A. EFFECTS FOUND TO IE POTENTIALLY SIGNIFICANT 

The proposed snA Kaster Plan is examined in this Initial S't:udy to iden't:1fy 
potential effects on the envirorment. Effects chat have been determined co be 
potentially significant and will be analyzed in an environmental impac't: report 
include: transportation, noiae, relationship of the proposed SFIA Kas't:er Plan 
to and its effect■ on adjacent land usu, population and housing, ·air quality, 
public aervices and utilities, hazardous materials, cultural rHources and 
anergy. 

I. EFFECTS FCUND TO IE INSIGNIFICANT 

The following potential impacts were detemined either to be 
mitigated through measures included as part of the project. 
require no further analysis in the EIR: 

insignificant or 
Then items 

Yhual: All projects identified in the SFIA Na.seer Plan would be located east 
of the layahore Freeway. The project area is Hparated from neighboring 
population centers by the Freeway, the West of layahore open apace, and the 
Peninsula Commute Service tracks. The new facilities would be construc't:ed 
among axisting Airport structures and be aubject co FAA height re1tric't:ions. 
No public open space ax.bes on Airport Commission land east of the Bayshore 
Freeway. 

llelegy: The West of lay shore open space area owned by the Airport Commission 
is the habitat of the San Fl'ancisco garter snake, an endangered 1p1cies:. This 
open space area has been axcluded from SFlA Na.ster Plan development. 
Additionally, t.he lay ahoreUne would not be affected by SFlA development: 
aince the current runway configuration will be retained in the SnA Kaster 
Plan. lecause ope1'1 space■ and lay shoreline would not be affected by SFIA 
Na.ster Plan development, biological effects require no fur't:her analya1■. 

A.3 



III, ENVIaON!IENTAL EVALUATION CHECKLIST 

A. COMPATIBILITY VITH EXISTING ZONING AND PLANS 

1) Discuss any variances, ■pecial 
authorizations, or changes proposed to 'the 
City Planning Code or Zoning Kap. 

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

Surrounding Jurisdictions 

Not 
Applicable Discussed 

.JL 

The airport 1• ■urrounded by the City of South San Franci■co to the north; the 
Cities of San Bruno and Millbrae to the West; the City of Millbrae to the 
■Outh; 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 low to medium residential. 

Airport Land Vse Commission (ALUC) 

The AUJC, established by State mandate, has authority to ■pacify how land near 
SFIA 1■ to be used b■s■d on ■■fety and noise considerations. -Cities affected 
by SFIA noise and aafety considerations, and thus guided by the AlllC Airport 
Land U■e Plan (AUJP), are: lriabane, South San Francisco, Daly City, Colma, 
San Bruno, Millbrae, lurlingame, San Matao, Foster City, Hill■borough, and 
Pacifica. The Al.UP aets height restrictions for new con,:tructiona, and 
■tandards for buildings near the airport, including aoundproofing require
ments. Although AUJC has no authority over SFIA operations, it r■viaws any 
■ub■tantive change in development plans ■■de by the San Franci■co Airports 
Commission. 2 Specifically, in addition to preparation, adoption and imple• 
■ent■tion of the airport land use plan for airport environs, the San Kateo 
County AUJC has a role in monitoring progress on implementation of 
recommendations of the Airport Land Use Plan. AUJC's community perspective 
and intergovernmental organization place the Committee in an excellent 
,osition to ■onitor communitias to ensure the AU.JP is impleaentad and to work 
cooperatively with the SnA to reduce adverse affects of the Airport on its 
neighbors. 

Residential land uses are considered more noi■•• ■ensitive than c0111Z11ercial or 
industrial uses. Around the airport, AUJC policy allows rasidential 
development without noise insulation in areas up to 65 CNEL. In araaa 65 to 
70 CNEL, noise insulation.is required. 

Compatibility of d1e proposed project with aurrounding land \1.9■■, soning, and 
,ublic policies of the 1urrounding jurisdiction will be di■cua■•d in the· EIR. 

z •Airport Land Use Plan,• l.egional Planning Colllmittee, Sa~ Kateo 
County, page II 1-15, 1981. 

A.4 
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Federal Aviation Administration (FAA) 

The FAA regulates aviation noise and flight operational procedur11 (including 
aviation safety). Increase in projected aviation activity at SFIA could 
generate noise levels that exceed FAA standards. FAA policy on noise exposure 
and aviation safety will be discussed in the EIR. 

Regional and Local Plans 

KetrOPOlitlD TrlDIPOtUtion Commission (MTC) IDd Auociat:ion of Bay Area 
Governm•nt:s CABAG): Developed a Regional Airport Plan which allocates 
future volumes of air passengers to the three regional &itl)ort■ (San 
Francisco, Oakland and San Jose). 3 SFIA is expected -c:o exceed its 
allocated volume of passengers. 

Bax Consenation Development Commission CBCDCl: The project h also 
.subject to BCDC permits because it h located on the waterfront, It ii 
therefore required to respond to BCDC policies. . ' 

San Mateo County: Although located on \fflincorporated land in San Mateo 
County, the airport 1s owned by the City and Couney of San Frencisco and 
it cherefore ii not directly subject to land use regulations of San 
Kateo Couney. SFIA h clauified. as a special urban area in the San 
Mateo County General Plan. 

The EIR will provide a discussion of the propo■ed SFIA Master Plan as it 
relates to these regional plans and their policies, 

B. ENVIRONMENTAL EFFECTS• Could the project: 

l) Land Use :XU l!Q 

.lL 

PISCUSSED 

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

Have any substantial impact upon the ..JL 
existing character of the viciniey? 

n.e proposed SFIA Kaster Plan ii a physical/management design plan that 

..L 

focus•• on the accommodation of facilities through the development of land use 
and circulation patterns for all airport•ovned lands. Land use racommenda• 
tions emanating from the proposed SFIA Kaster Plan would be limited to airport 
lands, and as such, there would be no dhrvption or division of any 
eatablished communiey. n.e project'• relationship to surrounding land uses 
vill be disc:u■sed in the EIR. 

J "legioNll Airport Plan,• ABAG/MTC, 1980. 

A.5 



2) Vilual Qua.11 ty 

•> 

b) 

c) 

Have ■ substantial, demonstrable 
negative aesthetic effect? 

Substantially degrade or obstruct any 
acenic view or vista now observed 
from public areas? 

Generate obtrusive light or &l■re 
substantially impacting other 
properties? 

m l!Q DISCUSSED 

..lL ..lL 

..lL ..lL 

..lL ..lL 

The residential subdivisions of lelle~Air (in San Bruno), Marino Vilt■ Park 
and Bayside Manor (in Millbrae) are adjacent to the currently vacant Vest of 
l■y■hore site. Since the proposed Kaster Plan does not include ~he Vest of 
l■yshore area, the SFlA Kaster Plan would not generate visual impacts 1:hat 
would affect 1:he aforementioned residential areas. The project area is 
■ap■rated from neighboring population centers by the Freeway, the Vest of 
layshore open space, and the Peninsula Commute Service track&. The new 
facilities would be constructed among existing Airport structures and be 
subject to FAA height restrictions. Ne public open 1pace &xi■t• on Airport 
Commi■1ion land east of the Bayshore Freeway. IJ a result,· Ule EIR vill net 
discuss potential visual effects and mitigation measures. 

3) Population 

a) Induce substantial grovth or 
concentration of population? 

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

c) Create ■ substantial demand for 
additional housing in San 
Franciaco, or substantially 
·reduce the housing supply? 

Ill l!Q DISCUSSED 

..lL ..L ..lL 

..L 

..L 

The 350 firms and organizations operating at the airport employ about 31,000 
persons, aaking SFIA the largest employer in the county. Employee rasidances 
are diatributed throughout Ule lay Area vi th 38% residing in _San Katee County, 
23% residing in San Francisco, 13% residing in Alameda County-, and 10% 
residing in Santa Clara Coun'C)', The other 16% live in oUlar counties in the 
lay Ar••·' 

• Airports Commission, 
International Airport, 

SFIA, 
1987. 
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M indicated above, SFIA eicployees reside chroughout che nine CO\fflti•• in che 
lay Area. The project would not be expected to creau a demand for h~u.•ing in 
excess of market: ■upply capacity. However, because of che expected increase 
in e111ployment at SFIA and becaiae job/hoiaing balance 1a a region&l concern, 
population and housing i111pacts will be diacu11ed in che EIR.. Additionally, 
che EIR will discuss employment aa it relates to eicployee commute patterns and 
potential impacts on traffic. 

4) Transportation/Circulation 

., 

b) 

c) 

d) 

Cause an inerea■e in traffic which 11 
■ubst:ant:ial in relation to che 
existing traffic load and capacity of 
the street: system? 

Interfere with exi■ ting 
transportation systems, causing 
substantial alterations to 
circulation patterns or ujor traffic 
hazards? 

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 
accommodated by existing parking 
facilities? 

m 6Q MscpssEp 

..L ..L 

..L -

..L ..L 

..L 

Increase in employment and airport: operations could potentially increase 
demand on existing transportation systems. In particular, t:he con1truct:ion of 
a new International Terminal and Transportation Center, including relat:ed 
access ramps, could change che existing circulation system. 

Airport: traffic contributes to congestion on the lay1hore Freeway and local 
arterial roads near the airport. Airport:•relat:ed traffic accounts for 251 of 
t:he t:raffic on layshore Freeway 1 and 20 to 401 of traffic on Old Bayshore 
Highway, Millbrae Avenue, and San Bruno Avenue in the Yicinit:y of the 
airport:. 5 Jn addition, the growth in air freight: operations has ruult:ed in 
■ore truck t:raffic t:o and froic the airport:. 5 Truck traffic from San Francisco 
Jnt:arnat:ional Airport comprises about 151 of the t:ruck traffic on the Bayshore 
Freeway in the vicinity of the airport:. Traffic•related effect:■ of the 
proposed SFIA Kaster Plan will be analyzed in cha EIR. Kit:igat:icm Ha■ures 
will also be di■cia■ad. 

San Mateo County General Plan 1986. 
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5) Nohe ru l!li DIScussEp 
a) lncre••• the &Dbient noise levels for ...L .JL 

adJoining areas? 

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

c:) Be •ubstantially impacted by 
noi■e levels? 

existing - .JL -
The predominant noise source at SFIA is from aircraft operaUona. The 
Airports Commission collects aviation noise data which are regularly ■ubmitted 
to the State ~or review. Noiae monitoring requirement■ for airports in 
California are contained in Title 21, Subchapter 6, of the California 
Admini■tntive Code. Airports that have ■r■H impacted by noiae levels greater 
'Chan 65 dJ Community Noise Equivalent Level (CNEL) are required to operate a 
noise monitoring 1y1tem that collects noise level data for at least 48 vaeks 
per year. 

The Airport Noise Mitigation Action Plan (ANMAP) is a prograDJ at SFIA designed 
to reduce noise at SFIA and its environs. The ANN.AP consists of a package of 
noise-reducing actions including aircraft noise monitoring, fli&ht procedure 
changes, aircraft noise limits and restrictions, and economic incentives. 
These actions combined vith a new generation of aircraft vith quieter engines 
have reduced aviation noise at SFIA. While the noise level has been reduced, 
the number of flight operations has increased. 

The proposed Master Plan, if approved and implemented, vould permit further 
increase in number of flights and possible noise lncrea1es. The EIR vill 
analyze aviation and traffic-related noise impacts of the proposed SFIA Kaster 
Plan on land uses vithin SFIA and in surrounding areas. Mitigation measures 
vill be discussed. 

6) Air Quality/Climate 

a) 

b) 

c) 

d) 

Violate any ambient air quality 
■tandard or contribute substantially 
to an ezisting or projected air 
qu.ality violation? 

Expose aensitive receptors to 
1ub1tantial pollutant concentrations? 

Parmeate its vicinity vith 
objectionable odors? 

Alter vind, ■oisture or temperature 
(including ■un ■hading effects) ■o as 
to substantially affect public areas 
or change the climate either in me 
community or region? 

A.B 

m l!Q DISCDSSEP 

- .JL 

.JL -
- .JL -

.JL 

• 



lbe major sources of air pollutants from San Francisco Int.ern.t:ional Airport 
an motor vehicle and aircraft emiuion,:. Other •ourcu of •miuioM include 
sround •upport equipment •uch as ■ervice vehicle•, but generation plants, and 
fueling operations. The major air pollutants auociated vith airport. 
operations are carbon monoxide, hydrocarbon,:, and nitrogen oxid11. No public 
open •paces that exist on Airport Commiasion land would be ahadad by proposed 
development. Aircraft and traffic-induced air quality impacts ral■ted to the 
SFIA Kaster Plan vill be analyzed and mitigat.ion measures discussed in the 
EIR. 

7) Vtilities/Public Services 

•> 

b) 

c) 

d) 

Breach publiahed national, •tate or 
local standards relating to •olid 
waste or litter control? 

Extend a sever trunk line with 
capacity to serve nev development? 

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

Require major expansion of power, 
water or communications facilities? 

:XU Ill DISCUSSED 

- ..L -
- ..L -

..L -
....lL ....lL 

The proposed project could potentially increase demand for public Hrvic■s and 
utilities on the ■ ite and increase water and energy con,:umption. For example, 
increase■ in the number of passengers, increase in airport operations and 
concomitant increaHs in employment vould generate increased •oUd waste• 
vastevater, and the demand for public ■ervices. The affect of the increased 
demand for public services and utilities will be analyzed in ale EIR and 
aitigations will be discussed. 

8) lliology 

•> 

b) 

c) 

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

Substantially diminish habitat for 
fi•h, wildlife or plants, or inter• 
fere aubstantially vith t.he movement 
of any resident or migratory fish or 
wildlife •P•cies? 

Require removal of substantial num
be'rs of uture, ■cenic trees? 

A.9 
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The West of layshore Airport Commission land has been identified•• the habi· 
tat of the San Francisco garter snake, which is on che list of endangered 
species. Pursuant to Section 7 of the Endangered Specie• Act of 1973, 
CAl..TRA!lS and che Federal Highway Administration requested interagency 
consultation vith che U.S. Fish and Wildlife Service (USNS). 
The USF\.TS, under the Endangered Species Act of 1973, i1 required ~o ensure 
that the continued existence of any endangered or threatened apeci■s i1 not 
jeopardized•• a result of a Federally-funded or authorized action. Thia Act 
applies to projects which adversely aodify or destroy habitat critical to 
thue species. 

Th■ area vest of the Bayshor■ Freeway between Millbrae Avenue and San Bruno 
Avenue has been identified a1 habitat of the San Francisco Carter Snake 
lThlIJ1DOPbis sirtalis te;r1taeni1), a federally and state listed and.angered 
speci•s. The San Francisco Carter Snake occurs from the San Francisco/San 
Mateo County line south to Ano Nuevo Point on ~he coast in fresh vat■r creeks 
and aar1hes vith adjoining upland areas. The Millbrae population 1■ the only 
known population of this species on the eastern aide of San Francisco 
P■:ninaula; it 1■ also thought to be the largest and aost vigorous population6. 
This site, therefor■, represents critical habitat for this species. The 
Millbrae population vas subject of a two year study from 1983•85, vhich 
identified ecological and life history aspects of chis population7. 
Management of this species is the responsibility of the USFl,,'S and the 
California Department of Fish and Came. 

Jmpacts to the West of Bayshore will not be evaluated in the EJR ■ inc■ this 
area is excluded from SFIA Master Plan development. 

9) 

C■ology 

Geology/Topography 

•> 

b) 

Expose people or ■tru.ctur■s to aajor 
geologic hazards (slid••• aub■ id■nc■, 
erosion and liquefaction)? 

Change substantially the topography 
or any unique geologic or physical 
features of the ■ite? 

m Bil ptsgpssEp 

-
-

....L 

....L 

....L 

-

SFIA is about 8.6 feet above aean sea level (San Francisco City Datum). Soila 
at th■ site are composed of sedimentary layers of three types of ■oil aateri■l 
over bedrock. The uppermost layer is the younger bay aud, which is a ■oft to 
■lightly praconaolidated grey, silty clay containing ■hells and organic 

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

7 llbarton, Jrode and JCnud5en, Ecological and Life History Aspects of 
the San Francisco Carter Snake at th■ San Francisco International 
Airport Study Site, 1988. 
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.. teri■ls. The lowest layer or older bay mud h firm clay eonshting of silt. 
Sandwiched betveen the uppermost layer or younger bay mud and che lowest layer 
or older bay mud is a layer of fine•grained aand. 

The engineering properties of the younger bay 111\ld make it most troublesome of 
the Hdimenta 1n the Bay. Foundation problems ariH from the nature of the 
younger bay 11Uid, which is generally a ■oft, ailty clay that has a high water 
content and is weak and highly coapreuible. Additionally, landfill has been 
.added to the project site through 1969. The most recent landfills have been 
utilized to prepare the sites for tvo construction projects in 1969, the Pan 
Am Food Service Center and Flying Tiger■ Carg"o Center, neU:her of whic.h were 
built1. The nature of the landfill as it relates to ■oil ■ tability and to the 
possible presence of methane gas pocket■ vill be examined in the EIR. 

Seiamology 

Th• major geologic effect of concern at San Francisco International Airport is 
earthquake damage. To appreciate the potential affect, an understanding of 
the behavior of !ay are■ soil and fill materials 1a required. Civen chis 
understanding, the potential effects can be esrim■ted. 

Moderate to strong earthquakes may produce 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 H tsunamis or aeiches. The specific local effects from 
an earthquake depend as much, if not more, on the condition of the soil than 
on distance from the epicenter or magnitude of the quake. In general, 
earthquake waves in pauing from more dense solid rock to lass denu alluvial 
and water saturated material tend to increa■ e in amplitude and acceleration. 

Crcnmd ■hak1ng, due to earthquakes, produce■ different effects on different 
■oil types. Generally, in cohesionleu ■oils, compaction of ■oils vi th low 
clay content reault in ground settlement; in saturated ■oil ■, high water 
pressures reduced by ground vibration cause an upward flov of water which 
liquefies theae aoih; this liquefaction phenomenon is rather couon in 
earthquakes of moderate to large magnitude. 

ln the area of the SFIA, the fill materials vould act ■omewhat differently 
than underlying bay 111\ld and aand deposi ta to earthquake induced ground 
motions. In the event of an earthquake, the aand ■ eaJDS in the bay mud may 
liquefy. Th• magnitude of the affect would depend on the density of Che 
deposit and the intensity and duration of the earthquake. Fill uterials are 
likely to settle substantially in the ■vent of an earthquake. Thi ■ vou.ld lead 
to differential settlement• of buildings that they aupport. Fill materials 
can al■o liquefy, undergoing lateral aovements, or develop alide1. 

The closest active fault■ to the SFlA are■ are the San Andreas Fault, about 
~ree ■ilea aouthvest of SFIA, and the Hayward and Calaveras Faults, about 15 

I Leong, Mel; Assistant Deputy Director • Environmental CDT1trol, 
San Francisco International Airport; tebphone communication, 
February 27, 1989. 

& 11 



and 30 miles east of SFIA respectively. In the ■vent of an earthquake on tht 
San Andreas Fault, a magnitude of S.3 on the Richter Scale shock would close 
SFIA for a period of weeks. A magnitude of 7.0 on the Richter Scale would 
close SFlA for several days. An earthquake on the Hayward Fault with a ID&gni
r;ude of 8.3 would close down SFIA for leas than one veek. A aagnitude of 7.0 
on the Hayward Fault would delay operations for only a few hour■. In the 
event of a seiche or tsunami, the part of Runway 28R that extends into the lay 
could be flooded. 

During th• ,implementation phase of the Master Plan, the project sponsor would 
follow the recommendation■ of structural and foundation report■ ~o be prepared 
for any construction on the site. Vhile the airport will review 'the plans for 
specific construction projects, its building code, San Francisco Intcrn1tien1l 
Airport Tenant Improvement Guide, 1988, uses the ■ a.me seismic engineering 
standards as those within the 1985 Uniform luilding Code. These standards 
include earthquake-resistant design and material apecifications that are 
designad to allow for aome structural damage to buildings but not for collapse 
during a major earthquake. This topic requires no further discussion in the 
EIR. 

10) Water Ill 1111 p1scussrp 

a) 

b) 

c) 

Hydrology 

Substantially degrade water quality, 
or contaminate a public veter supply? 

Substantially degrade or deplete 
ground water resources, or interfere 
substantially vith ground 
water recharge? 

Cause substantial flooding, erosion 
or siltation? 

- ..JL ..JL 

..JL -

..JL -
The water table in the airport area is approximately five feet above see level 
in winter months and drop■ several feet during the drier ■wm:er month■. The 
water table has posed a problem for previous construction activities at SFIA. 
However. proper construction methods and dewatering of the con■tn.iction ■ ite 
have peniitted previous construction activities to proceed without affecting 
aurrouriding structures. Therefore, i■■ues related to SFlA Master Plan 
Facili'ty Construction vill not be addressed in the EIR. Potential 
contamination and it■ effect on water quality will be analyze.d in the EIR1. 

There exists the possibility of 1rouridwater contamination from use of 
hazardous uterial■ at SFIA. 

I t.ong, Mel, M■i■ tant l)eputy Director• Environmental Control, 
San Francisco International Airport; telephone communication, 
February 27, 1989. 
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11) Energy/Resources 

a) 

b) 

Encourage activities which result in 
the use of large amounts of fuel, 
water, or uae these in a wasteful 
manner? 

Have a ■ubstantial affect on the 
potential extraction or depletion of 
• natural re■ource? 

m mi DISCUSSED 

..L -
..ll. ..L 

Construction and operation of the propoaed facilities would result in 
increased energy conswnption, especially 'Che •people•■over• 1y1tem. Pacific 
Gas and Electric Company (PG&E) ■upplies all of SFlA's elec'Cricity and natural 
&•• uaed for space conditioning, lighting,. information proceas:ing, and various 
operations machinery. Potential impact■ of the project on energy rHources 
will be diacusaed in the EIR. 

12) Hazards m mi DISCUSSED 

a) Create a potential public health _JL. 
hazard or involve the use, production 
or disposal of materials which pose 
• hazard to people, animal or plant 
populations in the araa affected? 

b) Interfere vith emergency response ...l.. 

c) 

plans or emergency evacuation plans? 

Create a potentially aubatantial fir• 
hazard? - ..ll. 

Aviation fuel 1torage and a necvork of pipelines are located at the airport. 
SFIA has contingency plans in caae of fire or plane crash. The propoaed SFIA 
Kaster Plan by it.self vould not create a public health hazard. would not. 
interfere vith ex.ilting emergency response plans, nor overburden ■11ergency 
aervice capacity. However, fuel apilh have occurred on Airport Commission 
lands in t.he past and an analysis of thea·e hazardous materials, including 
potential effect on groundwater, will be atudied in the Elk. Additionally, 
the effect of new pipelines and fuel storage locations vill be ax.ained. 

13) Culcural 

a) Disrupt or adversely affect a 
prehistoric or historic 
archaeological aite or a proper~ of 
historic or cultural aignificance to 
a community or ethnic or aocial 
group; or a paleontological aite 
except as a part of a acientific 
study? 

A.13 
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b) 

c) 

Conflict with established 
recreational, educetionel, religious 
or scientific uses. of the area? 

Conflict with the pr•••rvation of 
buildings subject to che provhiona 
of Article 10 or Article 11 of 'the 
City Plannin& Code? 

..lL -

...L -
A cultural resource ■■arch of snA ••• conducted by 'Che California 
Archaeological Inventory. Archival and field ■ tudy was recommended to 
identify and evaluate possible cultural resources 'that may be of historic or 
architectural value. These vill be evaluated in the !IR. 

C. OTHER 

Require approval of permits from City Departments 
other Ulan Department of City Planning or Bureau of 
Building Inspection, or from Regional, State or 
Federal Agencies? 

m 
..lL 

11'1 PISC'QSSED 

- ..lL 

~•w maintenance, cargo, airline support, ground traru:portation, and 
International Terminal would be constructed on Airport Commlaaion lands east 
of the Bayshore Freeway as part of the Master Plan. Permits for coru:tructlon 
activities at SFIA must be obtained from the Bay Conservation Development 
Cozmnission for any facility that ls within 100 feet of the Bay shoreline'. 

D. MITIGATION 11£ASIJRES 

I) 

2) 

If any ■ignlflcant effects have been identl• 
fied, are there ways to mitigate them? 

Are all mitigation measures identified above 
included in the project? 

m 
..lL 

..lL 

l!l2 Dtsc:pssto 

...L.. 

-
Environmental issues determined to have no significant impact or to have been 
altigated are: visual and biological. 

E. ALTERNATIVES TO THE PROPOSED PROJECT. 

In accordance with 'the State CEQA guidelines Section 15126, an EIR IIIWlt 
coru:ider and analyze alternatiVH to the proposed project. A •No Project• 
alternative, which describes the impact• related to retaining exi■ ting 
conditiona and facilities at SFIA withOYt modifying or constructing new 
facilities, and a Reduced Scale alternative, a leaser degraa of buildout in 
terms of the number of facilities and/or total ■quare footage to be 
constructed, would be incorporated into the EIR analysis. Additionally, a 

f Leong, Mel: Assistant Deputy Director• Environmental Control, 
San Francisc~ International Airport; telephone CODIDlunicatlon, 
Fobrwiry 27, 1989. 
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'Chird el ternative, a mu.i111W11 buildout or gnater total square footage than the 
propond project, would abo be included. 

F. IIANDATORY FINDINGS OF SIGNIFICANCE 

l) 

2) 

3) 

4) 

Does the project have the pot■ntial to degrade 
che quality of the ■nviroment, ■ubstantially 
r■duce che habitat of a fish or wildlife 
■pecies, cause a fi■h or wildlife population 
to drop below aelf-austaining levels, threaten 
to eliminate a plant or animal community, 
reduce che number or restrict che range of a 
rare or endangered plant or animal, or 
eliminate important examples of che major 
periods of California history or pre-history? 

Does the project have the potential to achieve 
abort-term, to the disadvantage of long-term, 
environmental goals? 

Does the project have possible environmental 
effects vhich are individually limited, but 
cumulatively considerable? (Analyze in the 
light of past projects, other current 
projects, and probable future projects.) 

Yould che project cause substantial adverse 
effects on human beings, either directly or 
indirectly? 

m G DISCUSUD 

..L -

- ..L 

..L 

..L 

Potential impacts of the proposed project on traffic, ambient nobe, land use, 
population and housing, air quslity, utilities/public aervlc••• 1nargy, 
hazardous materials, cultural resource and measures to mitigate thHe impacts 
will be discussed in the EIR. 

nte project would contribute to cumulative effects in the area■ of transporta
tion, air quality and noise. nte project could potentially degrade ambient 
air quality and could increase the level of ambient noise; bod\ impacts could 
cause adverse effects on human beings either directly or indirectly. These 
potential impacts and mitigation measures will be discussed in the EIR.. 
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C. ON lllE IIASIS OF nus lRITI.AI. STIJl)Y 

_ J find t.he propoHd project CODU> 101 have a aicnlflcant effect on Che 
environment, and• UC.ATIVI DECLUI.A.TJOI vill b• prepared by Ch• hparaaent 
of City Plannlns. 

_ J find that althoush the propo••d project could bave aiplficant effect on 
Che environment, thin VILL 110'1 'b• • ■ 11niflcant effect in Chi ■ cue 
b1cau11 ch• ■itl&•tion ■1aaur1a, mmb■ra -,--...,..--• ln Ch■ dl■c1&11lon 
have been Included •• part of Che propo■•d project. A DQATIVZ. 

~u.J.A'J'JON vill be prepared . 

.£1 find chat th■ proposed project KAT have ■ icnificant ■ff■ct on the 
environment, and an IRVIIORKENTAL DO'.Act UPOI.T la r1qulr1d. 

DATE: 

A.16 
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for 
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XII. Appendices 

APPENDIX B. PROJECT DESCRIPTION 

Table B.1 Master Plar Projects (Near-Term 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 Carrier Airpons 
(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 SAA MASTER PLAN PROJECTS (1990-1996) -TERMINAL 

Project/Facility Existing Net New - facility Name .1.22!! Demolish Construct Construction/a/ RemOOel No Change/bf 1996 Total/cl 

1.0 TERMlNAL 

North Terminal Id/ 1,161,000 1,161,000 1,161,000 

lot'I. Terminal /el 120,000 120,000 120,000 

South Terminal /fl 571,900 571,900 571,900 

l.l.l International 
Tenninal (New) fl/ 250,000 250,000 250,000 

1.1.3 Boarding 
Area G (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 

~ 
00 S!,!BTOTALJERMINAL 

lNEA,R-TERM PLAN) 2,620,500 (245,600) l,65Q,OOO J,404,400 490 000 l,8S4,900 4,024,900 

/a/ Net New Construction= Construct square feet minus Demolish square feel. 
lb/ No Change == Existing 1990 square feet minus (Demolish square feet+ RemOOel square feet). 
le/ Total 1996:: Conslruct square feet+ RemOOel square feet+ No Change square feet OR Existing 1990 square feet+ Net New Construction square feet. 
/d/ New International Terminal Levels 4 - 8 lo 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. 
/cl Includes Boarding Area E and Boarding Area F square feet. 
/fl Does not include Boarding Area D square feet (together, the International Tenninal/Boarding Area D == 610,000 square feet). 
/g/ Includes Boarding Area C square feet, but does not include Boarding Area A and Boarding Area B square feet (together, the South Taminal/Boarding Areas A, Band C == 849,500 

square feet). 

SOURCES: Table 6.3 and Appendix 12.5, SF/A Firial Draft Master Plan, 1989; SF Airports Commission, 1"990; Environmental Science Associates, Inc., 1990. 



TABLEB.I: LONG-TERM SRA MASTER PLAN PROJECTS (1997-2006)-TERMJNAL 

Project/Facility Net New 
Number Facility Name 1996 Total Demolish Construct Constructjon/a/ Remodel No Change/bl 2006 Total/cl 

1.0 lERMINAL 

North TerminaJ /d/ 1,161,000 1,161,000 1,161,000 
IDt'l. TerminaJ /e/ 120,000 120,000 120,000 
South Term.inal /fl 571,900 571,900 571,900 

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

1.2.1 Boarding Are11, B 432,000 (32,000) 104,000 72,000 400,000 5D4,000 
Boarding Area D 490,000 490,000 490,000 

?> 
SUBTOTAL TERMINAL 
(LON:G-TERM PLAN} :1,Q2:1,900 - (32,000) 104,000 3,992,900 4,096,900 

'° NEAR-TERM Demolish, Construct, 
Net New Construction, Remodel (245,600) 1,650,000 1,404,400 490,000 

TOT AL MAS1ER 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 feet+ Remodel square feet). 
/c/ Total 2006 = Construct square feet+ Remodel square feet+ No Change squan: feet OR 1996 Total square feet+ Net New Construction square feet. 
/d/ focludes Boanling Area E and Boarding Area F square feet. 
le/ Does nol include Boarding Area D square feet. 
/f/ Includes Boarding Area C square feel, but does not include Boarding Area A and Bow-ding Area B square feet. 

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



TABLEB.l: NEAR-1ERM AND LONG-lERM SAA MASlERPLAN PROJECTS (1990-1996and 1997-2006)-AIRUNE SUPPORT 

Project/Facility Existing Net New - facility Noone 1222 Demolish Cocstruct Cons1ructioo/a/ Remodel No Change/bl 1996 Total/cl 

1.0 AIRLlNESUPPORT (NONTERMINAL) 

Ce.terig1; 
52 Host Intcme.tional 31,690 31,690 31,690 

2.1 62 United Airlines Catering 13,800 (13,800) 60,0CXJ 46,200 60,000 

Sy12oorting Fe.cili!ies; 
31 United Warehouse 12,544 12,544 12,544 

2.2.1-.2 " American GSE 2,500 (2,500) 10,000 7,500 10,000 
45 Delle. Warehouse 7,200 7,200 7,200 
90 AS II/Evergreen 12,544 (12,544) /d/ (12,544) 
93 Pe.n Am Cll:W 

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

' 
SUBTOTALNONfERMINALAIRLINE 
SUPPORT CNEAR-1ERM PLAN> fil.fil!!! (30,300) 51,500 .llLl.QQ 

TOT AL MAS1ER PLAN Demolish, 
Consbuct, Net New Consbuction, Remodel (30,300) = = 
/a/ Net New Construction= Coos1ruct square feet minus Demolish square feet. 
/b/ No Change= Existing 1990 square feet minus (Demolish square feet+ Remodel square feet). 
/cl Total 1996 = Consbuct square feet+ Remodel square feet+ No Change square feet OR Existing 1990 squ11n: feel + Net New Construction square feet. 
/d/ Replacement area in proposed North Field Cargo/Maintenance Facility, under Functional Area 5.0 
/el Replacement area in proposed Pan Am Maintenance/Adm.inistralioo/Cargo Facility, under Functional Area 3.0. 

SOURCES: Table 6.3 and Appendix 12.S, SF/A Final Draft Master Plan, 1989; SFJA Airports Commission, 1990; Environmental Science Associates, Inc., 1990. 



TABLE B.1: NEAR-TERM SAA MASTER PLAN PROJECTS (1990-1996) - AIRLINE MAIN1ENANCE 

Project/Facility &isling Net New - Facj\ity Name 1990 Demolish Construct Construction/a/ Remodel No Change/bl 1996 Total/cl 
3.0 AIRLINE MAINTENANCE 

Major; 
1-12 United Maint. Cir. 2,870,950 2,870,950 2,870,950 

Line: 
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) id/ (168,761) 
42 Continental Maint. Hangar 26,825 26,825 26,825 

45,47 Delta Maintenance 136,875 136,875 136,875 
3.Ll f,() United Service Center 90,000 (90,000) /di (90,000) > 3.2 65 Pan Am Maintenance 161,825 (161,825) 262,500 lei 100,675 262,500 ;.., 3.L3 67 1WAService 9,800 (9,800) /di (9,800) - 84 JAL Ma.int. Building 9,000 (9,000) /fl (9,000) 

51 NorthwestMaint, Hangar 36,000 36,0!Xl 36,000 

SUBTOTAL AIRLINE MAINTENANCE 
<NEAR-TERM PLAN} J,2Ht300 (455,400} .ill...5.00 302 100 3,462,900 4,220.400 

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

!cf Total 1996 = Construct square feet+ Remodel square feet+ No Change square feet OR Existing 1990 square feet+ Net New Construction square feet 
/d/ Function to be accommodated in new East Field Maintenance Hangar. 
/el 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, respectively. 
!fl Replacement area in new North Field Cargo/Maintenance facility (Functional Area 5.0). 

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



~ 

TABLEB.l: LONG-1ERM SAA MAS1ER PLAN PROJECTS (1997-2006) - AIRLINE MAINTF.NANCE 

Project/Facility - Facility Name 

3.0 AIRLINE MAINTENANCE 

Major: 
1-12 UniledMaint. Ctr. 

Line: 
E11St Field Maint. 
Hangar 

33 American Maintenance 
42 Continental Maint. Hanger 

45,47 Della Maintenance 
65 Pan Am Maintenance/ 

Administration/Cargo 
51 Northwest Maint. Hangar 

SUBTOTAL AlRUNE MAINIBNANCE 
(LONG-TERM PLAN) 

NEAR-TERM Demolish, Conslrtlct, 
Net New Construction, Remodel 

TOT AL MAS1ER PLAN Demolish, 
Constroct, Net New Constroction, Remodel 

1996 To!al Demolish 

2,870,950 

495,000 

392,240 
26,825 

136,875 

262,500 
36,000 

4,220,400 

(26,825)/d/ 

(26,800) 

(455,400) 

(482,200) 

Construct 

757,500 

757 500 

/a/ Net New Construction = Construct square feet minus Demolish square feet.· 

Net New 
Construction/a/ 

(26,825) 

(26,800) 

302,100 

/bl No Change= 1996 Total square feet minus (Demolish square feet+ Remodel square feet). 

Remodel No Change/bl 

2,870,950 

495,000 

392,240 

136,875 

262,500 
36,000 

4,193,600 

Id Total 2006 = Construct square feet+ Remodel 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). 

2006 Total/cl 

2,870,950 

495,000 

392,240 

136,1175 

262,500 
36,000 

4,193,600 

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

.. 



TABLEB.1: NEAR-TERM AND LONG-TERM SFIA MAS·TER PLAN PROJECTS (1990-1996and 1997-2006) - GENERAL AVIATION 

Project/Facility - Facility Name 

4.0 GENERAL AVIATION 

4.1/4.1.3 Fixed Base Operator 
(FBO) Facility (New) 

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

SUBTOTALGFNERALAVl!\TION 
(NEAR-TERM PLAN) 

TOT AL MASTER PLAN Demolish, 
Construct, Net New Construction, Remodel 

Existing 
l22Q 

48,112 
40,000 

llliJ!!Q 

Demolish 

(48,112)/d/ 
(40,0CM)) 

{88,100) 

(88,100) 

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

Construct 

90,000 

90,000 

2QJlOO 

/,1 
?> /bl No Change= Existing 1990 square feet minus (Demolish square feet+ Remodel square feet). 

Net New 

Construction/a/ 

90,000 

(48,112) 
(40,000) 

J,900 

J,900 

Remodel No Change/bl 

~ Id 
Id/ 

Tota] 1996 = ConslJUcl square feet+ Remodel square feet + No Change square feet OR Existing 1990 square feet+ Net New Construction square feet. 
Function lo he 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. 



> ..., .. 

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

Project/Facility 
Number facjljty Name 

5.0 AIR FREIGHT 

,.1 West Field Cargo/ 
Maintenance (New) Id/ 

,.1.1 Building 1 
5.1.2 Building 2 
5.1.3 Building 3 
5.1.4 Building 4 
5.3/5.3.3 North Field Cargo/ 

Maintenance (New) 
5.3.1 16 Flying Tigers Hangar 

43 U.S. Air Mail Facility 
5.3.2 83 JAL Cargo Building 

41 Airborne Cargo Bldg. 
46 Delta 
53 Cargo Building No. 7 

" Northwest Orient Cargo 
56 American Airlines Cargo 

" U.S. Air Cargo 
,.2 " United Cargo , .• 68 lWACargo 

SUBIDTAL AIR FREIGHI 
<NEAR-TERM PLAN} 

Existing 
J.2.2Q 

108,036 
168,000 
78,000 
60,000 
21,000 
55,296 

114,550 
71,400 

6,356 
113,720 
71,387 

Demolish 

(108,036) /el 

(78,000) /f/ 

(55,296) /g/ 

(241,300) 

/a/ Net New Construclion = Construct square feet minus Demolish square feet. 

Construct 

108,000 
108.000 
54,000 
54,000 

432,000 

36,280 /h/ 

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

Net New 
Constrµctjop/a/ 

108,000 
108,000 
54,000 
54,000 

432,000 
(108,036) 

(78,000) 

(55,296) 

36,280 

Remodel No Change/bl 

71,387 

71 400 

168,000 

60,000 
21,000 

114,550 
71,400 

6,356 
113,720 

555 000 

/r:J Total 1996 = Construct square feet+ Remodel square feet+ No Change square feet OR Existing 1990 square feel+ Net New Construction square feet. 
/d/ Facility to include replacement area for Building 42 (Continental Maintenance Hangar), in Functional Area 3.0. 

1996 Total/cl 

324,000 

432,000 

168,000 

60,000 
21,000 

114,550 
71,400 

6,356 
150,000 
71,387 

1 418 700 

/e/ 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. 
/g/ Function to be accommodated in new West Field Cargo Maintenance facility. 
/hi Addition to existing facility. 

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



TABLEB.l: WNG-TERM SAA MASTER PLAN PROJECTS (1997-2006) -AIRFREIGHT 

Project/Facility Net New - Facility: Name 122!i: Iota! Demolis!i, Construct Constructiol!/a/ Remodel No Change/bl 2006 Total/cl 

S.O AIR FREIGHT 

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

5.4.1 Building 7 (New) 54,000 54,000 
5.4.2 Building 8 (New) 54,000 54,000 
5.4.3 Building 9 (New) 54,000 54,000 

North Field Cargo/ 
Maintenance 432,000 432,000 432.000 

5.5 43 U.S. Air Mail Facility 168,000 132,000 /d/ 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 
;.., 58 United Cargo 150,000 150,000 150,000 
u, 68 1WACargo 71,387 71,387 71,387 

SUBTOTAL AIR FREIGHI 
(LONG-TERM PLAN) 1,418,700 (60,000) 224,000 ~ I 358 700 1,652,700 

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

TOT AL MASTER PLAN Demolish, 

Construct, Net New Construction, Remodel (301,300} 1,086,300 785,000 71,400 

/a/ Net New Construction= Construct square feet minus Demolish square feet. 
(hJ No Change= 1996 Total square feet minus (Demolish square feet+ Remodel square feet). 
/c/ Tota.I 2006 = Construct square feet+ Remodel square feet+ No Change square feet OR 1996 Tota.I square feet+ Net New Conslnlction square feet. 

/d/ Addition to existing facility. 

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



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

Project/Facility &isling Net New 
Number facility Name l22Q Demolish Construct Constryction/a/ Remodel No Change/bl 1996 Total/cl 

6.0 AIRPORT SUPPORT 

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

M!lintenance; 
,o Shops/Office 56,000 56,000 56,000 
48 Equipment Garage 20,000 20,000 20,000 
88 Bus Maintenance ,.ooo ,.ooo 5,000 

CI!Yib, Fire an!l &i~ue: 
6.2 17 Contingency Bldg. 1000 10,800 (10,800) 15,000 Id/ 4,200 15,000 
6.3 " 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 !el 12,000 

> 28 Communily College 

"' flight School 26,200 26,200 26,200 a, 

SUBTOTAL AIRPORI SUPPORT 
<NEAR-IERM PLAN) 172.800 (34,800) 138 000 ]77,000 

TOT AL MASTER PLAN Demolish, 
Construct, Net New Construction, Remodel {34,800) 39,000 4200 

/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). 
/c/ 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." 
/e/ 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 Mmter Plan, 1989; SAA Airports Commission, 1990; Environmental Science Associates, foe., 1990. 



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

Project/Facility Existing Net New 
Number Facjlity Name l.22Q Demolish Construct Construction/a/ Remodel No Changefbf 

7.0 COMMERCIAL 

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

7.1 Chevron Gas Station 900 (900) 1,000 100 
8.1 Hotel Space, Int'!. 

Terminal 100,000 100,000 

:SUBTOTAL COMMfRCIAL 
CNEAR-TEB,M PLAH} ll!J!QQ !fil..!!!!Q 100,100 233,100 

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

> Id Total 1996 = Construct square feel+ Remodel square feet+ No Change square feet OR Existing 1990 square feet+ Net New Construction square feet. 

1996 Totallc/ 

13,062 
220,000 

1,000 

100,000 

334,100 

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



TABLE B.l: LONG-TERM SFIA MASTER PLAN PROJECTS (1997-2006)- COMMERCIAL 

Project/Facility Net New - Facrntv Name 1996 Tota) Demolish Construct Construction/a/ Remodel No Change/bl 2006 Total/cl 

7 .0 COMMERCIAL 

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

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

~UBTm'ALCQMMERCIAL 
<WNG-TERM Pl.AN) illJl!!! (13,10(}) (13.100} 21Q.QOO 101,000 321 000 

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

> TOT AL MAS1ER PLAN Demolish, 

\-, Construct, Net New Construction, Remodel 04,00\)) !!IJ.!!,)Q 220,000 
00 

/a/ Net New Construction = Construct square feet minus Demolish square feet. 
/b/ No Change= 1996 Total square feet minus (Demolish squace feet+ Remodel square feet). 
/c/ Total 2006 = Construct square feet+ Remodel square feet+ No Change square feet OR 1996 Total square feet+ Net New Construction square feet 
/d/ Replacement area under Project 8.2, New Office Building. 

SOURCES: Table 6.3 and Appendix 12.,. SF/A Final Draft Master Plan, 1989; SFIA Airports Commission, 1990; Environmental Science Associates, Inc,, 1990. 



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

Project/Facility fuisting Net New 
Number faci)ity Name 122!! Demolish Construct Cogstruction/a/ Remodel No Change/bl 1996 Total/cl 

8.0 ADMINIS1RA TION/OFFICE 

8.1/8.1.2 International Tenninal 
l.e¥e)s 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) 

iSUBTOT AL ADMINIS1RATION/ 
QW~E (NEAR-TERM PLAN) illJllQ (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). 

la/ 
lb/ 
le/ 

> Id/ 
• le/ 

Total 1996 = Construct square feet+ Remodel square feet+ No Change square feet OR Existing 1990 square feet+ Net New Construction square feet. 
Airport offices located in existing international tenninal would be relocated to the new international terminal. 

!ll 
Function to be accommodated under Project 3.2, Pan Am Maintenance/ Administration/Cargo facility. 

160,000 
92,216 

252,200 

SOURCES: Table 6.3 and Appendix 12.5, SF/A FiMl Droft Master Plan, 1989: SFlA Airports Commission, 1990; Environment-al Science Associates, Inc., 1990. 



TABLE B.l: LONG-TERM SFlA MASTER PLAN PROJECTS (I 997-2006) - ADMINISTRATION/OFFICE 

Project/Facility Net New - facility Name 1996 Total Demolish Construct Construction/a/ Remodel No Change/bl 2006 Total/cl 

R.0 ADMINISTRATIONfOFFICE 

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

International Terminal 
Levels 4,.5,6,7 160,000 160,000 160,000 

S9 United Administration 92,216 92,216 92,216 

S![QIQT AL ADMINIS1RATIONI 
OfBCE(LONG-TERM PLAN) 252.200 100.000 100,000 ill.lQQ 352,200 

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

> 
i,, lOTAL MASlER PLAN Demolish, 
0 Construct, Net New Construction, Remodel (33,900) 260,000 226,100 

/a/ Net New Construction = Construct square feet minus Demolish square feet. 
/bl No Change= 1996 Total square feet minus (Demolish square feet+ Remodel square feet). 
Id Total 2006 = Construct square feet+ Remodel square feet+ No Change square: feet OR 1996 Total square: feet+ Net New Construction square feet. 

SOURCES: Table 6.3 and Appendix 12.S, SF/A Final Draft Master Plan, 1989; SFIA Airports Commission, 1990; Environmental Science Associates, Inc., 1990. 



TABLE 8.1: NEAR~'IERM AND LONG-'IERM SAA MASTER PLAN PROJECTS (1990-1996 and 1997-2006) - MISCELLANEOUS 

Project/Facility Existing Net New 
Number facility Name 122!l Demolish Construct Conslructionfa/ Remodel No Change/bl 1996 Total/cl 

10.0 MISCELLANEOUS 

IO.I U.S. Coast Guard 
Facilities 

"A" Hangar 29,700 (29,700) 29,700 29,700 
"B" Adm.in. Building 12,021 (12,021) 12,021 12,021 
"C" Barracks 2',000 (25,000) (25,000) 
"D" Buildiug 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-'IERM PLAN} 88,400 (88,400) 63,400 (25,000) 63,400 

?> 10T AL MASTER PLAN Demolish, ,.,, - Construct, Net New Construction, Remodel (88,400) liM!!Q (25,000) 

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

SOURCES: Table 6.3 and Appendix 12,5, SF/A Filial Draft Master Plan, 1989; SFlA Airports Commission, 1990; U.S. Coast Guard, 1990; Environmental Science Associates, Inc., 1990. 



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

TOTAL NEW DEMOLISH NET NEW REMODEL 
FUNCTIONAL AREA CONSTRUCTION EXISTING AREA CONSTRUCTION EXISTING BLDG. COMMENTS 
lERMINAL: 

I.I.I Intemationa1 Tenninal 250.000 250,000 Existing International 

1.1.2 Boarding Area A 500.000 
Tenninal converted to Domestic 

185,600 (Demo la) 314,400 Replaces existing Boarding 
Area "A" 

1.1.3 Boarding Area G 500,000 500,000 

1.2.[ Boarding Area D 490,000 

1.2.2 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 

... AIRLINE SUPPORT: 

.... 2.1 United Airlines Catering 60,000 13.800 (Demo 2a, 2h) 46,200 Replaces existing catering .., 
2.2 American GSE IO.ODO 2,500 (Demo 2c) 7,500 Replaces existing 

American GSE 

Subtotal 70,000 16,300 53,700 

AIRLINE MAINTENANCE: 
3.1 East Field Maintenance 

Hangar 495,000 90,000 (Demo 3a) Replaces existing U.A. Service Ctr. 
16,000 (Demo le) 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,ROU 

(Continued) 



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

TOTAL NEW DEMOLISH NET NEW REMODEL 
FUNCTIONAL AREA CONSTRUCTION EXISTING AREA CONSTRUCTION EXISTING BLDG, COMMENTS 

GENERAL AVIATION: 

4.1 FBO 90,000 48,112 (Demo 4a) 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 5a) 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 I08,036 (Demo 5b) Replaces existing Federal Express 
(Hying Tigers). Demo Project 
included in approved SFIA 

?> Five-Year Capital Projects Plan. 

"' 9,000 (Demo 3e) Replaces existing JAL Maintenance "' 78,000 (Demo 5c) Replaces JAL Cargo 

12,544 (Demo 2d) 224,420 Replaces existing cargo (Evergreen) 

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

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

AIRPORT SUPPORT: 

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

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

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 8,2: NEAR-TERM MASTER PLAN (1990-1996) PROJECT SUMMARY/a/ (Continued) 

TOTAL NEW DEMOLISH NET NEW REMODEL 
FUNCTIONAL AREA CONSTRUCTION EXISTING AREA CONSTRUCTION EXISTING BLDG. COMMENTS 

COMMERCIAL: 
7.1 Service Station 1.000 900 (Demo 7a) IOO 

7.2 Hotel Space 100.000 100,000 New hotel space in levels 4-8 
of new International terminal. 

Subtotal 101,000 900 100,100 

ADMll!!ISI!\ATIQN/OFFICE: 
(Airport. Airline, Tenant) 

8.1 IntemationaJ Tenninal 
(Levels 4-8) 160,000 160,000 

?> 
"' 

Subtotal 160,000 160,000 ,. 
MISCEL!.,1.li!lOUS: 

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

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

TOTAL NEAR TERM PLAN J,ZZJ,200 1,218.700 2,504.~00 561.400 

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 
FUNCTIONAL AREA CONSTRUCTION EXISTING AREA CONSTRUCTION EXISTING BLDG. COMMENTS 
TERMINAL: 

1.2 Boarding Area B - Phase II 104,000 32,000 (Demo le) 72.000 Replaces existing Boarding Area "A" 

Subtotal 104,000 32,000 72,000 
AIRFREIGIIT: 
5.5 West Field Cargo/Maint. 162,000 26,825 (Demo 3g) Replaces Bldg. 82 Maint. Hangar 

60,000 (Demo Se) 75,175 Replaces Existing Airborne Cargo 

5.6 Mail Facility Expansion 132,000 132,000 

Subtotal 294,000 86,800 207,200 

COMMERCIAL: 

7.2 Hilton Hotel 220,000 

Subtotal 220,000 

ADMINISJRATIVE/OFFICE: 
8,2 Office Building 100,000 13,062 (Demo 7b) 86,938 

Subtotal 100,000 13,100 86,900 

TOTAL LONG TERM PLAN 498.000 131.900 366.100 220.000 

TOTAL MASTER PLAN 4.221.200 1.350.600 2.870.600 781.400 

/a/ All figures are in gross building square feet. SubtoLals and IOtels are rounded to lhe neru-est 100. Note: This summary table was provided by SFIA Airports 
Commission 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 

TABLE B-3: IIlSTORJCAL ANNUAL PASSENGER TOTALS, BAY AREA AIR CARRIER 
AIRPORTS, 1960-1990 

San 
Fi-ancisco Metro San Jose Buchanan Sonoma 

Y"'1l ll1l1 Oakland ll1l1 &IJl .co= Total 

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 6,414,620 425,650 119,260 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 lei 33,866,190 
1986 28,874,068 /a/ 3,800,770 5,659,140 86,874 Id/ 30,751 lei 38,451,603 
1987 29,812,440 4,010,000 5,693,944 125,004 /di 52,618 lei 39,694,006 
1988 30,506,790 /b/ 3,832,241 5,744,223 120,245 /di 44,739 /e/ 40,248,238 
1989 29,939,835 4,228,986 6,726,558 114,852 /d/ 113,431 let 41,123,662 
1990 lei 30,387,922 /bl 5,261,164 7,090,268 101,476 Id/ 130,336 /e/ 42,971,166 

NOIBS: 

la/ San Francisco Inrernational Airport Final Draft Marter Plan, Table 7.2. 
/bl San Francisco International Airport ComparaJive Traffic Report, respecLive years. 
Jc/ 1990 figures for Metropolitan Oakland and San Jose IntemaLioaal 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 
indicaicd year). 

/d/ Hal White, Buchanan Field Airport, April 1991. 
/e) Manager's Office, Sonoma County Airport. April 1991. 

SOURCES: 1960-1979: Metropolitan Transportation r.ommisslflll (MTC), from respective airport 
records; 1980-1990: MTC, from respective airport records, unJess otherwise noted. 
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APPENDIX B 

TABLE B-4 

CONTRACT Ell NEW/REV DESCRIPTION 
,es R Reu~tl Engineerin9 811ildin9 

1011 B Reconstr11tl 1111 'C' to Plot SO • Phne II 

1989 PRIOR 
450,~00 

1,000,000 

SAN fRAIICISCO IHTrnNATIOIIAL AIRPOR; 
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C J 
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1
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1
000 • .. A -
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1562 Reconstruct Serv Rl 1 North Access Rold to l/W 'C' 155,000 A 1,6 
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TABLE B-4 

CONTRACT[!! ~ DESCRIPTION 118! IRIDR 
1&,6 R Dniuge l,.provuenh lot 9-1 

SAN rRANCISCO INTERNATIONAL AIRPORT 
FIVE YEAR CAPITAL PROJECl PLAN 

SEPTEN&ER 19, 119! 
ESIINATED tOHSTRUCTION COST 

1,a,1,0 1991192 
eoo,ooo 

1992/93 1991/91 ~UNO NOTE 
E 
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TABLE 8-4 

CONTRACT Ell NEW/IEV IES(RIPTIDN 
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1989 PRIOR 
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SAN FRANCISCO INTERNAIIONAL AIRPORT 
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TABLE B-4 

CONTRACT Ell HEW/RIV !ESCRIPTION 
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TABLE B-4 

CONTRACT Ell 
113J 

!'[!!!!!IT DESCRIPTION 
~ [ontin9ency f•cility 

1101 PRIOR 

SAN FRANCISCO INTERNATIONAL AIRPORI 
FIVE !EAR CAPIIAL PROJECI PLAN 

SEPT£HBER IB, 1181 
ESTIHATED CONSTRUCTION COIT 

1101110 M90/91 
11s00,000 
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TABLE B-4 

toNT~ACT lli !!lliBrL DESCRlnJON 11B9 PRIOR 
2247 N Noderni!ation of Fin Alar• Systea 

SAN FRANCISCO INTERNATIONAL AIRPORT 
FIYE YEAR CAPITAL PROJECT PLAN 

SEPTEMBER ID, 1909 
ESIINATED CDNSIRUCIION [OSI 

19B9/!0 1990111 
600,0QO 

1991/92 1112/93 I 911/91 FUNO MOTE 
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TABLE B-4 

Note1 to project schedule: 

Cl) Projects which are In design phase. 
(2) Projects for which construction contracts have been awarded. 
(3) Projects which are In construction. 
(4) Projects which are 90t complete. 
<SJ Projects which are eligible for ADAP or A!P reimbursement. 
(6) Projects which will receive ADAP or AIP reimbursement. 
(7) Projects will not be funded without first returning to the Airline Affairs Committee and the Airports 

Commission for approval. 
(8) Project will be funded from other projects appearing on the Plan relating to South Terminal Modernization & 

Renovation. 

(AJ Projects financed by the proceeds, and/or the Interest earned on the-_,proceeds, of the Serles A Revenue 
(BJ Projects financed by the proceeds, and/or the Interest earned on the -proceeds, of the Serles B Revenue 
<CJ Projects financed by the proceeds, and/or the Interest earned on the proceeds, of the Serles C Re-venue 
(D) Projects financed by the proceeds, and/or the Interest earned on the proceeds, of the Serles D Revenue 
(E) Projects to be financed with the new Serles E Issue. 
(G.O) Projects financed by the Interest earned on the proceeds, of the 1967 General Obligation Bonds. 
(700) Projects financed by the Fund 700 Capital Projects Fund. 

R - Revised 
N - New 

2652B 

Bonds. 
Bonds. 
Bonds. 
Bonds. 



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 
lHRU 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 Repon (by Ken Eldred, Ken Eldred Engineering, February 1991) 
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TABLE C-1: AVERAGE DAILY AIR CARRIER AIRCRAFT DEPARTURES, TRIP 
LENGTII AND AIRCRAFfTYPE, 1990/a/ 

Departure Trip Length (Nautical Miles)Jb/ 

Type of 500- 1,000 - 1,500 - 2,000- 2,500- 3,000 -
Aircraft Ll)QQ LlllQ I.QllQ UQQ :l.QQQ ~ .:LlQQ+ Toll!! 

Stage 2Jc/ 

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-l 01 l(all) 1.3 3.7 4.0 30.2 3.6 0.0 0.0 42.8 
MD-80 series 20.5 9.0 1.0 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 --12.,, _a.5. .ll.ll ...lLll .ll.ll M ll.l) ~ 

Total 169.9 93.9 15.4 102.9 20.7 4.0 7.5 414.3 

NOTES: 

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

/b/ 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. 
/d/ Includes departures by :OC-9 aircraft 
/e/ Earlier models of the B-747 are classified as Stage 2 aircraft. 

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

Percent Departures by Runway End 

Timefa/ l.R .IL .!QL .!.QR 121 1.2B 28!. l[R Toll!! 

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% 

All 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% 

la/ Day: 7:00 a.m. to 7:00 p.m.; Eve.= 7:00 p.m. to 10:00 p.m.; Night= 10:00 p.m. to 
7:00 a.m. 

/b/ With destinations of 1.500 miles or fewer from SAA. 
/c/ With destinations greater than 1,500 miles from SFIA. 
/d/ AU other airline aircillft. 

SOURCE: Ken Eldred Engineering and Environmental Science Associates, Inc., 
based on SFIA runway use data for 1989. 
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TABLE C-2: AIRCRAFf DEPARTURES AT SFIA BY PAIR OF RUNWAY ENDS, 
NIGHTI1ME NOISE ABATEMENT RUNWAY USE, 1989 

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

Type of Nrcraft l lQ 12 1ll. Tolal 

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 am. and 6:00 a.m. Based on sampling for five consecutive days 
each month. 

/b/ Each of the four pairs of runway ends listed refers to the ends of the parallel runways 1-19 
and 10-28 (e.g., "I" 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 /al 

CNEL Values (dBA) 

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

1 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 San 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 Burlingame 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 (I.I) 
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 vaJues caJculated using the Integrated Noise Model. Values reflect aircraft 

operations at SFIA only. 
/cl Measured vaJues reflect all aircraft operations recorded at remote monitoring stations. 
Id/ Ca1culated vaJues minus measured vaJues. 

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 aircrafL The contours are similar to the CNEL 

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

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

represents the noise produced by one aircraft landing on and taking 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 J) 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 single-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 arriving 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-foot runway). 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) hy Representative Aircraft T:roe/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 

/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. 

SOURCE: Ken Eldred Engineering. 

TABLE C-5: SOUND EXPOSURE LEVELS AT VARIOUS TAKEOFF DISTANCES FOR 
REPRESENTATIVE AIRCRAFT USING SFIA 

Distance 
From Start Sound Exposure Level (in dB) 
of Takeoff b:,: Reg~senta.tb:e t\in,mifi I:,:~a/ 
Roll (feet) B-727-200 B-747-200 lU!i1 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 !01.9 100.8 86.3 78.7 
40,000 94.0 92.8 83.1 75.3 
50,000 92.0 89.5 80.5 72.7 
70,000 88.4 85.6 76.9 68.5 

100,000 84.5 82.1 73.2 65.3 

/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. 
Sound levels are those that wouJd be heard on the ground directly under the aircraft. 

SOURCE: Ken Eldred Engineering. 
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TABLE C-6: SOUND EXPOSURE LEVELS AT VARIOUS LANDING DISTANCES FOR 
REPRESENTATIVE AIRCRAFT USING SFIA 

Distance 
From Runway 

Threshold 
(feet) 

5,000 
15,000 
30,000 
50,000 

Sound Exposure Level (in dB) 
by Representative Aircraft Type/a/ 

B-727-200 B-747-200 lUfil 

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 

la/ Assuming arrival aJong a 3-degree glide sJope and typicaJ aircraft performance 
characteristics. Sound levels are those that wouJd 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 
(feet) 

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

B-727-200 

96.9 

86.6 

Sound Exposure Level (in dB) 
by Representative Aircraft Type/a/ 

B-747-200 lUfil 

92.8 

92.7 

83.1 

83.7 

B-737-300 

78.7 

82.0 

la! Assuming straight-out departure or anivaJ aJong a 3-degree glide slope, and typicaJ aircraft 
performance characteristics. For takeoffs, trip lengths (related to aircraft weight) are those 
most frequently used by aircraft at SAA. Sound levels are those that would be heard on 
the ground directly under the aircraft. 

/bl From beginning of takeoff roll, assuming a 10,00C)..foot runway. 
Id VaJues are higher than those in Table C-5 because aircraft flight destinations are assumed 

to be further away (making aircraft height higher and aJtitudes at distances shown lower). 
Id/ 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 AIRCRAFf USING 
SFIA 

Sound Exposure Level (in dB) 
No. b):'. Repre:se:o:tative Air~rafi Twe/a/ 
iJ:!1. Cit;:i LoQation B-72I-2Q!l B-MI-200 l!,1fil B-Il1-3QQ 

I San Bruno 112 106 92 88 
2 San Bruno !07 !02 88 84 
3 South San Francisco 108 102 88 85 
4 South San Francisco !08 103 89 85 
5 San Bruno !IO 105 91 87 
6 South San Francisco !08 102 88 85 
7 Brisbane 103 99 85 82 
8 Millbrae 120 114 100 94 
9 Millbrae 113 107 93 90 

IO Burlingame Ill 105 92 88 
11 Burlingame I I3 106 93 89 
12 Foster City 95 90 82 77 
I3 HiIJsborough !07 102 87 83 
14 South San Francisco 106 IOI 86 83 
15 South San Francisco 108 103 89 85 
16 South San Francisco 103 98 85 BI 
17 South San Francisco 103 98 85 BI 
18 Daly City JOO 96 84 80 
19 Pacifica 98 94 83 79 
20 Daly City 95 90 81 76 
21 San Francisco 94 89 80 76 
22 San 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 9! 86 76 71 

la/ 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. 

/bl 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 SFJA 

Sound Exposure Level (in dB) 
No. h!t R~in~ntatiy1:. Air!;;raft I:aJ~a/ 
{jJ1. Cill:'. L~atign ll-ZZZ-200 ll-Z:IZ -200 !Ufil a-nz-,oo 
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 Berkeley/OakJand 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 

Jal Assuming a slnught-out departure and typica1 aircraft performance 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: SENSffiVE RECEPTORS WITHIN 65 to 70 and ?Oto 75 dB A, CNEL NOISE 
CONTOURS/a/ 

1990 Existing Base 

70-75 dBA Contour 

Millbrae Nursery School 
Millbrae Serra Conva1escent Hospital 
Sheltering Pines Convalescent Hospital 

65-70 dBA Contour 

Chadbourne School 
Fire Station 
Belle Air School 
A val on School 
Taylor School* 
Green Hills School* 
South San Francisco High School* 
Los Cerritos School* 
El Rancho School* 
Alta Loma School* 
Llncoln School* 
Millbrae City Hall 
Millbrae City Library 

1996 Project and No-Project Alternative 

65-70 dBA Contour 

Chadbourne School 
Mills High School* 
Penirumla Hospital* 
Fire Station* 
Belle Air School* 
Ava1on School* 
South San Francisco High School* 
Los Cerritos School* 
Millbrae Nursery School 
Millbrae Serra Convalescent Hospital 
Sheltering Pines Convalescent Hospital 
Millbrae City Hall 
Millbrae City Library 
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e TABLE C-10: SENSITIVE RECEPTORS WITHIN 65 to 70 and 70 to 75 dB A, CNEL NOISE 
CONTOURS/a/ (CONTINUED) 

2006 No Project Alternative 

65-70 dBA Contour 

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

2006 Project 

65-70 dB A Contour 

South San Francisco High School 
Los Cerritos School 
Southwood School 
Avalon School* 
Sheltering Pines Convalescent Hosptia1* 
Millbrae Serra Convalescent Hospital* 

NOTES: 

/a/ Other than residences. 

*On border of contour. 

SOURCE: Environmental Science Associates, Inc. 
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1. INTRODUCTION 

This appendix summarizes information on ways to descnoe 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 on the U.S. Environmental Protection Agency 
"Levels Document"'' 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 Souod Level (Ldn). 
This quantity very similar to the California Community Noise Equivalent Level (CNEL), 
except that CNEL contains a 5 dB penalty for the evening hours of 7:00-10:00pm, 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 nnman 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 i-efer to references at the end of the appendix text. 



2. DESCRIPTION OF ENVIRONMENTAlSOUND 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 he considered in defining the 
appropriate activity level and the typical expected difference between outdoor and indoor 
noise. 

2.1 Descriptors' 

There are a great many descriptors that have been advocated for the purpose of 
characterizing one or more attn"butes of environmental sound. Herc we present a set of 
quantities that were developed originally by the United States Environmental Protection 
Agency, 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 frequency 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 he 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. 
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TABLEl 

Principal Descriptors of Environmental Sound 

Symbol 
Quantity Abbreviation 

L 
Sound 
Level 

Sound SE 
Exposure 

Sound 
Exposure 

Level 

Equivalent 
Sound 
Level 

Day/night 
Sound 
Level 

Day/night 
Sound 

Exposure 

SEL 

Ldn 

DNSE 

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 ). 

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 even4 or for a 
stated time interval. 

10 x logarithm of sound Decibel form of sound 
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-bour 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-bour 
period with a 10 times 
weighting applied to all 
sounds occurring between 
10 pm and 7 am. 

exposure. 

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

1 hr {L..,(1)}, 
8 hr {1:--,(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 Level is 
very useful for adding up or 
comparing con.stituent parts 
of the total sound 
elIYironment. 



Sound l&ve) (L.J 

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 Benz) 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-Ii 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 inches" 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 definition, 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 
normal 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 I. 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 decbel 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 words, 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 levels 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 shou4 I meter away, 
is 85 dB. Other examples of sound levels are illustrated in Figure 3. 

Sound Exposure CSE)"' 

Sound exposure is the analogous non-logarithmic arithmetic quantity to sound 
exposure level. It provides the basis for describing the total 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 are pascal squared seconds (pasques for shon). 

Sound Exposure Leve) (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 5 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. !eve~ allows the summation of all of these individual 
sounds into a single total value for each sample in a manner that can be correlated with the 
probable effect of these sounds on people. 

Egyivalent Sound Leve) (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 total outdoor noise environment, the Day-night Sound Level. 

The equivalent sound level for the hour which contained roost 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). 

Day-mimt Sound Leve) (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 
increase the levels measured in nighttime bY 10 dB. Hence, an environment that bas a 
measured 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 bas been adopted throughout the 
federal government and is now embodied in numerous federal regulations and guidelines. 
Its magnitude has been related to most of the effects of noise on people to an extent 
unmatched bY any other descriptor. Therefore, it bas 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 

• California have adopted such variations from Ldn. However, the standardized Lein used 
here results in the best overall comparability of various residential noise environments. 
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Da,y-Niiht Weighted Sound Exposure (DNSE) 

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 10 pasques is equivalent to an Ldn of 55 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 1()() 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 cumulative sound exposure is 
calculated by adding 4 + 9 + 23 to obtain 36 pasques. 

This simple arithmetic property of sound exposure is very useful when eramining the 
possible effects of alternative noise mitigating measures. For example, a 30 percent 
reduction in the operations on a &fHsifia ,etltHtieR irc tne opuHem e■ 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 depanures on five runways to 
sound exposure at a specific location 
(at a typical large commercial airport) 

DNSE per 
Depanure Ldnp" DNSE % Total No. Operation 

Runway (decibels) (pasQJJeS) Exposure ~ (pasques) 

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 w J5: 10 ..6l! ..:Jj_ 

TOTAL: 71.3 461 100 358 1.29 

TABLE2 (continued) 

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

DNSE per 
Aircraft Ldnp• DNSE % Total No. Operation 

m• (decibels) (pasQJJes) Exposure ~ (pasQJJes) 

727 69.9 338 72 152 2.22 
OC9 64.2 89 19 113 0.79 
747 60.5 38 8 23 1.67 

OC!O 51.6 5 1 41 0.12 
767 ill ...2 ..Ne&. .22 ll.ll1 

TOTAL: 71.3 472 100 358 1.32 

• 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 example, assume that the noise from airfield operations impacted two 
apartment properties; Apartment A with 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 
bas a DNSE of JO 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 A, population-weighted 
DNSE is 5,000 people pasques and at Apartment Bit 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 can 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 
(dB) 

80-85 
75-80 
70-75 
65-70 
60-65 
55-60 

TABLE3 

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

Population 
(millions) 

.1 
2 

1.0 
3.4 
6.8 

12.8 

Average 
DNSE 

(pasqyes) 

6150.0 
1940.0 
615.0 
194.0 
615 
19.4 

Population 
Weighted 

DNSE 
(people 11asQU•s) 

615 
388 
615 
660 
418 
~ 
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 Modifvin& 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 transition 
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 are discussed in the following paragraphs. 

2.3. t Outdoor to Indoor Noise Reduction 

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 purposes, 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 pulJ>OseS, the typical 
reduction in sound level from outside to inside a house can be summarized as follows in 
Table 4. 

• ; 



TABIB4 

Sound Level Reduction due to Houses• in Warm and 
Cold Oimates, with Windows Open and Oosed 

Windows 
Qpen 

Warm Oimate 12 dB 

Cold Oimate .11..dll 

Approximate National Average 15 dB 

Windows 
Oosed 

24dB 

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). 1bis 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 "window 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 Factors 

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 interest. 

In some cases where the operation of the noise source is invarilmt, such as an 
electrical power transformer, selection of definition for typical day requires little effon. 
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 airpon which 
has significantly fewer flights from midnight Friday through 
Saturday at noon. 

• Highway traffic in a summer reson 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 schedules, 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 used in several civilian 
airpon 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 season. 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 are often helpful in understanding the impacts as perceived by the 
residents. 

• 



3. INTERFERENCEWTIHHUMANACTIVTI1ESANDANNOYANCEi,,,a,,.,o,u 

3.1 Activity Interference 

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

311 I ~ "th s h Co •• ,.,,, 1~" . . Jrteuerence WI ~eeLmmumca.t10n • 

Speech communication bas long been recognized as an important requirement of any 
human society. Interference with speech communication disturbs norm.al 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 raoge of about 30 
dB, throughout the frequency band. The intelligibility of speech will be nearly perfect if llll 
these contributions are available to a listener for bis 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 masks out or cover> some of these 
contributions, the intelligibility deteriorates more readily the higher the noise level, 
particularly if the noise frequencies coincide with the important speech frequencies. 

Results of speech research define the levels of noise that will produce varying degrees 
of masking as a function of average noise level and the distance between talkers and 
listeners. Other factors such as the talker's 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 bearing also influence intelligibility. 

For outdoor speech communication, Table 5 shows distances between speaker and 
listener for satisfacto,y outdoor speech at two levels of vocal effon 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-weightedSound Levels that AllowCommunication with 95 Percent Sentence 
Intelligibility Over Various Distances Outdoors for Different Voice Levels 

VOICE LEVEL 

Normal Voice 

Raised Voice 

05 

72 

78 

COMMUNICATION DISTANCE (Meters) 

1 

66 

72 

2 

60 

66 

3 

56 

62 

4 

54 

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 typical 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 pan 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 vary with the type and amount of furnishings, 
carpets, drapes and other absorbent materials, being generally least in bathrooms and 
kitchens and greatest in 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 50 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 thc"normal voice 
line, communications are at an Articulation Index of 05, 98 percent sentence intelligibility. 
At a shout, communications are possible except above and to the right of the "impossible" 
area line. 

• 
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3.1.2 Rest and Sleep Interference",ll,19,,. 

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 level, 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. H 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 1 I. These figures, which were adapted from a summary and analysis of recent 
experimental sleep data a:; 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 stage, 
including behavioral awakening) is plotted as a function of the Sound Exposure Level. 
Similarly, the frequency of awakening is shown in Figure !I. 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 sleeping 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 SEL's for typical 
closed windows. Thus, Figure 10 indicates a 50 percent probability of disturbance with an 
outdoor sound exposure level of 89 dB with windows 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 AnnoyanCCJ..1,C,11..J4,U.H 

Noise is defined as "unwanted sound." Its most common 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 two factors determine the potential detectability of the intruding sound. 

The model also contains several non-acoustic factors, including the listener's: 

• degree of ooncentration, 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 beard. However, if a sound is heard 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 he stronger. 

When interviewed on their annoyance 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, an actual complaint action is often 
triggered 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 response 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 anooyance. Others report responses to the direct question of "how 
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 bave 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 Dying military aircraft in military training areas or on military 
training routes can pose a special problem due to the high onset rate of the Dy-over (see 
Section 3.22). Due to the startle or surprise, they can contnbute directly to the perceived 
annoyance. AI, 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 5 dB 
for onset rates beyond 30 dB per second. This value has been confirmed by pr~liminary 
laboratory annoyance studies with such Dy-over noise. It is recommended for incorporation 
into the SELs and Ldns 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 bave been made to the use of this type of data as a surrogate 
for annoyance. These objections are based on two principal issues. First, there may be 
considerable distortion of the number of complaints caused by a few energetic complainants. 
Second, a variety of socio-economic factor.; may intervene between the reaction of 
annoyance to noise and the action of filing a complaint. 

The first 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-live case histories of community noise problems were analyzed. 
Approximately one-half of the cases involved steady state industrial and residential noises, 
and the other one-half consisted of multiple single event transportation and industrial noises. 
The basic Ldn Data are 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 Lein with the observed community reaction. The nonnaHzation procedure 
summarized in Table 6 follows the Stevens; Rosenblith and Bolt method with a few minor 
modifications. The results are summarized in Figure 14. Approximately 90 percent of the 
cases are enveloped by :t5 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 of 7.9 dB for the 
basic data in Figure 13. 

The no-reaction response in Figure 14 corresponds to a normaUzed outdoor Ldn 
ranging between 50 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 normaU:red Ldn of an identifiable 
intruding noise is approximately 5 dB Jess than the Ldn in the absence of the identifiable 
intruding noise. This conclusion is not surprising; 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. 

Oear Jy, 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 involved in the normalization is the background noise ( the Ldn that exists 
without the intruding noise). When the background noise is not included in the 
normaliuition of the data, the standard deviation increases from 3.3 to 6.4 dB, clearly 
accounting for a large fraction of the standard deviation (1.9 dB) of the basic data. 

In order to evaluate noise in areas where the background noise is different from the 
urban Ldn of 60 dB used for the nonnaliuition 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 background Ldn values given in Table 7 together with the relative Ldn values given 
in Table 8. As shown in the example for a quiet residential beighborhood in Table 8, 
sporadic complaints might be expected where the Ldn of the intruding noise is 50 dB and 
widespread complaints at an Ldn of 55 dB. 



COMMUNITY REACTION 
VIGOROUS ACTION 

SEVERAL THREATS 
OF LEGAL ACTION 

0 R STRONG APPEALS 
TO LOCAL OFFICIALS 

TO STOP NOISE 

WIDESPREAD COMPLAINTS 
OR SINGLE THREAT 

OF LEGAL ACTION 

SPORADIC 
COMPLAINTS 

NO REACTION 
ALTHOUGH NOISE IS 

GENERALLY NOTICEABLE 

• • • • •• • • 

• • • :: ·1•.' 

• ••••••• • • • •• • 

• • • •• • 

I• I • • • •• • • • 

DATA NORMALIZED TO: 

RESIDENTIAL URBAN RESIDUAL NOISE 
SOME PRIOR EXPOSURE 
WINDOWS PARTIALLY OPEN 
NO PURE TONE OR IMPLUSES 

• 

40 ~ ~ ro ~ w 
NORMALIZED OUTDOOR DAY/NIGHT SOUND LEVEL OF INTR11n1~r. Nn1sE IN dR 

Figure 14: Community Reaction lo Noises or Many 'lype• a• a l'uncllon or Ille 
Nonnalizm Outdoor Day-night Sound Level or the Intruding Noise 

•--



Type of 
Correction 

Seasonal 
Correction 

Correction for 
Outdoor Residual 
Noise Level 

Correction for 
Previous 
Exposure and 
Community 
Attitudes 

TABLE6 

Corrections to be Added to the 
Day-Night Sound Level (Ldn) to Obtain Nnrma!i:red 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 cities, industrial activity and trucking 

0 
-s 
+10 

Normal suburban community (away from industrial + S 
activity) 

Urban residential community (not near heavily 0 
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 mmmunity 
which has not been exposed previously to noise, but 
the people are aware that bona fide effons 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. 

Pure Tone or No pure tone or impulsive character. 0 

+ s 
Impulse 

Pure tone or impulsive character present. 



TABLE? 

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

Average Census 
Tract Populations 

lypical Density, Number 
Qualitative Range Average of People per 
Description• Ldn in dB Ldn in dB Square Mile 

Quiet Suburban 48-52 50 630 
Residential 

Normal Suburban 53-57 55 2,000 
Residential 

Urban Residential 58-62 60 6,300 

Noisy Urban 63-67 65 20,000 
Residential 

Very Noisy Urban 68-72 70 63,000 
Residential 

• Rural and undeveloped areas typically have Ldn levels in the 
range of 33-47 dB. 



TABIES 

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 

ComJI1unity 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 

5 

14 

21 

Example of 
Quiet Suburban 

Residential Area 
Intruding Noise 

Ldn in dB 

45 

50 

55 

64 

71 

• Example is quiet suburban residential area with a background = 50 dB 



TABLE9 

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

and Awakening from Noise 

Probability of Sleep 

Awakening 

10 % 
30 % 
50% 

Disturbance 

25% 
50% 
75 % 

Outside Sound Exposure Level (dB} 

Windows Open 

70 
89 

107 

Windows Oosed 

80 
99 

117 

The partial day-night sound levels resulting from a single nighttime occurrence of one 
of the events in Table 9 is approximately 39 dB less than the SEL Thus, 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, annoyance 
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 55 dB are frequently assumed. 

I 
• 



3.0 smnmazy 

3.1 Backi:round Guidance1,2,0~=.,.. 

The levels of environmental noise which are expected to interfere with human 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 
aonoyance. 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 
aonoyed, in a given environmental situation provides a useful index of the severity of the 
situation. Additionally, aonoyance 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 M.th 
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 day, 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 50 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. 

In 1980, five Federal cabinet departments, agencies and •dminlst'8tions 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, "Compauble Land Use with Respect to Noise"" and in the Federal Aviation 
Administration Airport Noise Campallbility Planning Part 150 Regulation. 



3.2 Evaluation of Existin~ and Furore 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(Shr)} 
• Speech communication {required 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 l.dn nonnaliud to urban 
residential background noise, year round, some prior exposure and without impulses 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 locations, for which the 
statistical response, on which Table 10 is based is not applicable. 
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TABLElO 

Summary Table Relating Residential Land Use Oiteria to Effects" 

Approximate Community 
Reaction for Urban 

Federal 
Interagency 
Guideline 
(Note 1) 

Approximate 
%Highly 
Annoyed 
(Note2) 

Residential Area. Year 
round, Some Prior 
Exposure and Without 
Impulse and Pure-tone 
Characteristic, (Note 3) 

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

Widespread complaints to 
strong appeals and threats 
of legal action 

above 75 Incompallble Greater 
than 37 % 

Vigorous Action 

TABU: 11 FOOINO'l'E& 

I) 

l) 

>) 

4) 

5) 

h) 

•l 

'11111ffebraaNuedh,-wtridaal-..ttiellolawpon1w.-blkltaNJiwl-llanpb1atotwpJ,11IJIIP.---.n.. 
IMk do_, la tlinlRha. ......... , ...... HM 1o1t bulllor .,._,r1aae 1a11- attlo• ..__.1..,- dD • ...W..-eost, 
ltallblWJ,*•llaln9btr-n,)IIIJtblar-fte,orO.•••k+•.d--1oftlMW11alfJUld•iarlade-.....,_._ 
_,...or MldJ. n.,, .... lllbt~h,-aU-.-.tllaiallleirplennln&'Madbaal..._wllo_.,. ..... ud.W. 
Ill pnlftff ll, u ..U u tboN wlalcll an Nlafh-lb' aolly ud .W. lo mklple 1M pnb.., 

J'ftallpn:10. 

........... 11. 

Eariron---WP1"Clt9dln.-,. ... ldnl:IDedU.of55dBupnMftMolpublir._.thaadl-Uandll•adeqaaat: ....... .. .....,. 
D,tdnlpalinolt_,.uuu•__,..lbk"latllll.,_rdlect11adhidua1Fedmllaparin'--w.r.dlllef ........ CIDll:ud 
llwbllitJfadonu..Uuput,_.ape,kwwlp~~ L«elu-,..._ ----•• applbfktaof 
..._ pldeU..te .,_m,, NIMdom.-, Uft dlffenlll -• .... lo nulda. 

illiouplocalmadMkllU-,Nqldnraldllll:ial-,lllldwmeq dla U.'5-71dBMd••Giiil, ........ laLda'Jl.75 
& ne ..__ or riaMt 11111..-..Bw ..,.,._... -,tkuu ...w a. ..,__. ..., - ..,... .. .....,.., ..._ • 
.....,__._....,.__.Im' ftlldnHalw -W • N _. H IMlilup:acat _,. prolalbll.i la._ - alioald N 
......... prior lo ........... 
W1M1w * ~ ..eraa.. IUI ndf t'alw ..a• .no...-1o a........_._ iadoor Nobe 1-1 
lledlldloll (NU) GI• 1wt 25 dB la U. 65-71 dB udJO dB laU. '71-15 dB ._Id be ...._punda,dlllo,-lldlna todel ..i 
N ....alderld la bdhldual.app-.11. Normal eoutrwtlollcu N apernd ID pN"l'llk • NLR or 21 dB, Iba Ille Nlhldloll 
nquinmndl an ofln ..._. u I, JI CII' 15 dB llftl' ltadud mulndioll ud ....uy...,.... mrie1ir:el ...tl.latloa ..i 
dole,d,,..,... ,-r roalNL Mdillaul muWmdloll ............. lo ..a,in&NUl ........... ,.. -'- ........ 
NLRatantawlllaocllmdnan.adocw-.lMJJ1t._1- e-,llaUdiJllloeatlollud•p1e,-1111,,in1p...rwetbnml 
ud'llurilncu •i, mkipnmtdoor ao1M apoan putlnllutyrr- .,.._. IMI .....,.._ Meuaradw ..._..,_at 
a Ilk ...WN wl ut.aaeuer pradk:alb.p.eft, ... lo ...-.ns•bkb Nq ....... laterlor apan1-



REFERENCES 

1. U.S. Environmental Protection Agency, "Information on Levels of Environmental 
Noise Requisite to Protect Public Health and Welfare with an Adequate Margin of 
Safety," EPA 550/9-74-004, March 1974. 

2. "Protective Noise Levels, Condensed Version of EPA Levels Document," EPA 
550/9 79-100, Nov. 1978. 

3. von Gierke, H. E., "Noise - How much is too much?" Noise Control Engineering 
(29-34), 1975. • 

4. "Guidelines for Preparing Environmental Impact Statements on Noise," National 
Research Council Committee on Hearing. Bioacoustics and Biomechanics, National 
Academy Press, Washington, DC, 1977. 

5. "American National Standards Quantities and Procedures for Description and 
Measurement of Environmental Sound. Part I," ANSI S12.9-1988, Acoustical Society 
of America, Standards Secretariat, New York, 1988. 

6. Eldred, K. M., "Sound Exposure Without Decibels," Proceedings of Internoise 86, 
Vol. I, pp 111-116, July 1986. 

7. Eldred, K.M. "Noise at the Year 2000," 5th International Congress on Noise as a 
Public Health Plan, Swedish Council for Building Research, Stockholm, Sweden, 
August, 1988. 

8. "Environmental Health Criteria 12: Noise," World Health Organization, Geneva, 
1980. 

9. Public Health and Welfare Criteria for Noise, Environmental Protection Agency 
550/9-73-002, 1973. 

10. K,yter, K. D., "Physiological, psychological and social effects of Noise" NASA 
Reference Publication 1115, National Aeronautics and Space Administration, 1984. 

11. "Noise as a Public Health Problem," Proceedings of the 5th International Congress 
on Noise as a Public Health Problem (B. Berglund eLal. editors) Swedish Council for 
Building Research, Stockholm, Sweden, 1988. 

12. Webster, J. C., "Effects of Noise on Speech Intelligibility," in Proceedings of 
Conference on Noise as a Public Health Hazard, pp 49-73, 1969. 

13. "The Effects of Time Varying Noise on speech Intelligibility Indoors," National 
Research Council committee on Hearing, Bioacoustics and Biomechanics, National 
Academy Press, Washington, OC, 1981. 



14. Schultz, T J., "Synthesis of Social Surveys on Noise Annoyance," Journal of the 
Acoustical Society of America 64 (2), 377-405, 1978. 

15. Fidel, S., et.al, "A Strategy for Understanding Noise Induced Annoyance,' HSD-TR-
87-013, Air Force Systems Command, Brooks Air Force Base, TX, 1988. 

16. Stevens, K. N., Rosenblith, W. A, and Bolt, R. H., "A Community's Reaction to 
Noise: Can It Be Forecast?" Noise Control, 1:63-71, 1955. 

17. Lukas, J. S., "Measures of Noise Level: Their Relative Accuracy on Prediction 
Objective and Subjective Responses to Noise During Sleep," EPA 600/1-77-010, 
February 1977. 

18. Griefahn, Barbara, "Research on Nose-Disturbed Sleep Since 1973," In Proceedings 
of the Third International Congress on Noise as a Public Health Problem. ASHA 
Report No. 10, April 1980. 

19. LeVere, T. G.,Morlock and F. Hart, "Waking performance decrements following 
minimal sleep description: The effects of habituation during sleep, Physiological 
Psychology, Vol. 3, pp 147-174, 1975. 

20. Ando, Y. and H. Hatton, "Effects of Noise on Sleep of Babies, Journal of The 
Acoustical Society of America, Volume 62, pp 199-204, 1977. 

21. "Toward a National Strategy for Noise Control," EPA ONAC, April, 1977. 

22. Federal lnteragency Committee on Urban Noise, "Guidelines for Considering noise 
in Land Use Planning and Control,' U.S. Government Printing Office 1981-
338-006/8071, June 1980. 

23. American National Standard, "Compatible Land Use With Respect to Noise,' 
ANS S3.23-1980, Acoustical Society of America, 1980. 

24. Federal Aviation Regulations, 14 CFR, Part 150, Airport Noise Compatibility 
Planning, Development and Submission of Airport Operations Noise Exposure Map 
and Noise Compatibility Planning Program, January 1985. 

25. Harris, C. S., "Effects of Military Training Route Noise on Human Annoyance," 
AAMRL-TR 89-041, Armstrong Aerospace Medical Research Laboratory, Wright 
Patterson Air Force Base, Ohio, 1989. 



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 
• REBAS ONE 
• SAN FRANCISCO THREE 
• SHORELINE EIGHT 
• STINS FOUR 

SOURCE: U.S. Government Flight Infonnation Publication "Standard Instrument 
Departures (civil) Western United States, Effective 11 January 1990 to 8 
March 1990," NOAA. 
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"' (DUMB3.BARTN) ,.,,, 
DUMBARTON THREE DEPARTURE (PILOT NAV) 

5AM FUNCISCO INTl 
!.lN FRANCISCO, CAUFO .... IA ... 

1150 
Ol'OD CON 
1211 
SAN UANCl!oCO TOWlt 
110S7691 
IAVDEl'CON 
12093731 

112HNI~• 

""'"" 

111:DIIUFF 
115 7 Hl~::li: 

Chon 104 
N«l°0~:1°1.a 1t•I 

·l, H-l SACU,M(NfO ... 
115.2 So\C ,::_, 

ci.ann 

~t~ 
~~~ 

IM31"26.&3' -Wl21"3UJ' 
f.2.H·l-2 --

SC ... 005 151AND 

1111.!.<;;'-tl!-:· 

NJ.-10 ,;, -wTn"n 32•1 '~ r.,~ -

., I '"""" ;J IIUUNU':"" 

~~"-"-
N3 .. 0Hl'-W117"oo 17' 

-:Z.H-f 

,,JI>. •--· 
ollf_,.,,-,.,,, 

1
~Al'AM ••~ 

,_.,.., ,r,,.u· ~ - --- 11•,,.,a' • 
~ 

NJrolO.Jl' 
SAN fU.i'fOSCO Wl11°!5 U' 
1!.U sro 11!::&.. 11,000 

Cha" 105 /? ---

M.i.Nff'CA 
1116.0 fCAf-,,.:

C ..... 107 

AlCOA O,::: £/ J{i,;c;-

~ N37",000' , Off1'-.tf 
/ Wl25',0,00' (1') a;/'\ NOT!: It-,. 191./• dep111rturft tum .. ,, 

/ ~-jy;:;, IAJlfN 01 - ot pn:,climblt dut to 
IEIOP '-" .::;: N37"31.'1' -ply rilinct Nr,aito lo 2000' 

◊ N37"00 00' f WlU"O•.H' lr,v,,tdiotely _,it, of olrpo,t, 
,,~")/ Wl15"00.00' fD< ol>t!adt cl11a,an,;t it.a 

<,,_.._/ ~ loftowl"11 ~•u111 ell .... ra'91 

/ <' --'"°------ art required: 191. Al~ per NM lo 
/ ,,,.. WOODSIOI: 1400'; 191. cut•o- A, I 

1/ ~ ClUKl 1139051 1""- •80'parMMkt1400', 
A.f> NM•os.00' • TI tolegorle1 C D 530' per NM kt 
~- w12.-,o.ocr ch.,.,114 • 

/ 

• NlrU.55'-Wl2r16.II' IIOO'. ,. 
.!"QlE: Ch"rt ""'to"'"'•· 

V DEPARTURE ROUTE DESCRIPTION HEV 11 
TAIE•Off RUNWATS lO_l/R and l'IL/R: Tum .. ,, ond climb .,.io 
SFO R-090 lo BARTN INT, thence .,.NI (1tan1ition) o, (011igned 
route/Ii•). 
UNOEN TRANSITION (DUMIIJ.LIN): From over IARTN INT via OSI 
R-028 and ~ R-229 to UN VORTAC . 
RED lllUFF TRANSITION (OUM83.RBl): Fram -r BAlrTN INT via 

OSI R·028 and RBl R· 152 to RBL VORTAC. 
SACRAMENTO TRANSITtON (DUMB3.SAC): from om BARTH 
NT.,.:., OSI R•028 ond SAC R-ln to SAC VORTAC. 
SCAOOS ISLAND TRANSITION (DUMll3.SOD): Front over BARTN 

INT ¥io 051 R,028 ond SGO R• 109 to SOD VORTAC. 
WOODSIDf TRANSITK)N (DUMB3.0SI): Fran1 over BARTH NT 
...a OSI R-028 ta 051 VORT AC. 

DUMBARTON THREE DEPARTURE (PILOT NAV) 
ln\lJA.I\".\ I\A.ll'tM\ 232 

l 
' 

5,.,. fU,NC15C0, CAlll'Oll!,I.-, 
SAN FUNCfSCO INU 

(EUGEN4.EUGEN) a910a "' 
EUGEN FOUR DEPARTURE (PILOT NAV) SAN FRANCISCO INil 

~AN fUNCISCO C"!lfOIINIA 

0Apu di1I 

!. • 

S,1.~AUIO 
116 2 SAU I" 

Cl>o •-
' "1('9 j NJ7 1.15' 

·-;- ~ __............w122•21_ 75, 

• #.,.: -J .....----~ 1600 
0 I~ rt·- S"N f~"N(ISCO 
, "',l ,._ . !.!.llSfOII:..., 

"111, Ct.an ,QS 
\~•· ./lMJ7

1
J1 ,,. .w11rn J7'

1 

, Hlr3'.
99
~'op,J• ... ,r,,.,,· 

W122°29,IM I Wltt°ll.'l'O' 
2000 2500 

NOTE: 

Al!S 
1HH 

GNO CON 
111 8 

S,o.N U"NCISCO IOWU 
110,1691 

BAY OfPCON 
IHI 3012 

1, f/oll o••a ' -~ r, -,waoooo,,, •• a,,-11 

Ml. Son l•uno ,...,,.,he, 
inh,rmalion a .. :,ilobl• 
on 11l.05. 

N37"1U6' 

11J.90SI n~-
Ch .... 16 

1,o?uss·-w112•16 ,,. 

_.. ... 
NOTE, DME t•q1tl,•d. 

5,0.N IQSE 
11U SJCL'i=:

Chc,., 118 

w»~H>r, ~ / 

EUGEN\_, 1....t~ ,q/ 
• ..-,, '-C ~ 

;~';?:/:.... ?~~ y• NOff: -..,.. 11'1./I deJ>?rture1 turn I•~ 
M:A 7000 GI -n 01 ptaclicable du• lo tleepi, 

~ 
rl1lng ,.,.,.,., lo 2000' lmmed1ate'r 
oaulh al ai,part 

NOTE: ..., lft. far oh1tacle d11a 
a mlnl111uffl d,mh rate a ~ '&.. . ....n SAUNA$ 

par NM to 1400' ~ ~"lfr ,vu- _-,,,c•• 117.JSNSffl 
--r ' ' • ,:, \.:, ...... , 1~ WI 
for ah1tode d1tatance ct mlni-111 , "'"' • Nl6 3 l - I 6. 
-1911 cateoone1 A I olrctafl ~-"\~Al~ Cho" 120 

climb af "80' per NM to UDO' \16) l,2, H,2 
11 ,.qu,red lwr 191 calego<ie1 ~ SHOO 

C, D alrttalt. la, ah~tacle deatance &-...._•,.~•:;/:.. 11G 51.11: 
ct minimum difflb al 530' par NM to -;,. WI 1t

2 
I 14.0 ISi FU:• 

IIOO' It requH'ed. ,;. °'"" 11 
NOl!, I-, ffl/1: Fa, ah1!acle d1taronte ';;~Tf, Nl6 IOH'-Wl21 39 . .U' 

a fflinlffluffl climb of 300' pet NM ~ I· . H 
to 2000' it reqo,i,ed. 

"' DEPARfURE ROUTE DESCRIPTION 

TAkE-OFF RUNWAYS ll/R: Climb •ia SFO R-350 until 
pcming the 4 OME foe and ofter reoching 1600', then 
turn left heading 200" to inlerc:ept ond prac:eed via SAU 
R· 168 ond 8SR R.Jffi' to EUGEN INT. Thente via 
(transition) or (011igned route). 

TAKE-OFF RUNWAYS 10l/R: Climb •ia SFO R-095 to 

cross the 7 DME fix of or abo•• 2500', then turn right 
and proceed direct OSI VORTAC Cross OSI VORTAC 
ot COOO, then •io OSI R-188 to EUGEN INT. Thenc@ .,.,a 
(tronsilion) or (011igned route). 

((onlinu@d on nu! page) 

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

"' 

••:nE• C~"" ""' .,, ><alo 

mv II 

'• 
sAN i'i.ii-fe1sco. ciiifoii-fl• 
SAN FRANCISCO INTI. 



(EUGEN•.EUG~N) """ 
EUGEN FOUR DEPARTURE 

,,, 
PILOT NAV 

DEPARTURE ROUTIE DESCRIPTION 
(Continued) 

SAN flAHCISCO INll 
~ HAl,ICIKO. Ul•OIIMU, 

TAklE-OFf RUNWAYS 19LJR: Tum left to Intercept and pr0<eed wia SFO R-095 to 
cro1,1 the 7 OME fix ot or abo•• 2500', then tum right and proceed direct OSI 
VORTAC. Crot1 OSI YORTAC at .. 000, then \'ID 051 R-188 to EUGEN INT. 111ente 
wla(tranllffon) or (011igned route). 
TAltE-OfF RUNWAYS 28lJR: Olmb ,,10 SFO R-281 alter pasling 6 OM.IE fix and 
reachh,g 2000', tu:rn left to intercept and proceed wia SAU R-168 and IISR R-309 to 
EUGEN INT. 111ence ¥ia (tranlltion) or (assigned route). 
BIG WR TRANSITION fEUGEN4.ISR) 
SAUNAS TRANSITION (EUGEN4.5NS) 
SHOEY TRANSITION (f.UGEN4.$HQETI 

EUGEN FOUR DEPARTURE (PILOT NAV) 
(EUGEN•. EUGEN) ,,. 

SAN fllANCISCO, CA\IFOINIA 
SAN flANCISCO INTl 

"' (GAPP9.NORMM)1tm 
GAP NINE DEPARTURE (Pl~OT NAY) s1c» .~ ... ~:c'~.1~ 1'!Jw~ ... 
IUO 
Gt-ID COl<I 
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SAM fltA!'OCISCO TOWH 
no., 16~ 1 
l"'Y Dfl' COl<I ,u, 3011 

NOlE: Mt. Sor1 lrvno wealtier 
lnlormalion 11~11i\11ble 
"" 111.0,. 

..,._ . 

SAUSAtnO 
ll61SAU:~ 

Ckn ,09-

/
l ; 

.,,.,,,. ~ \ 
wnr>•n·"' ,,,,~ 

-u 
"'37"J917' 

W',77"211.76' 

NOTE: ...,. 181./11; 

.. 

fo, obola<le dea-ro...ce o ..,;lnl-m 
climb ol 300' P•• NM lo :IOOO' 
ii required. 

DEPARlURE ROUTE DESCRIPTION 

TAKE-Off RUNWAYS 28L/R: Via SFO VOR/DME R-281 
to NORMM INT; Thence via (assigned rouie). 

GAP NINE DEPARTURE (PILOT NAV) 
(GAPP9.NORMM) ,,, 

SANFU~!SCO 
,.,~ s,o:a ... 
-YI.an 101'--

HOit • Cho" - "'><al• 

flfV 11 

-.~ 

,. 
SA.H FIIANCISCO. (AllFOIIHIA 

SAN FRANCISCO l~L 



(PILOT HAY) (OFFSHl .MOO) """ "' 
OFFSHORE (HI) ONE DEPARTURE 

POINT ll!YlS 
11,., "' 1.na&.. c ........ f 

4 \ 

N)JlglU' 
Wl21°21.7S' 

UNflAHCISCO 
!.!U VO ll = &.. 

Cho11 lOS 
HU"JJ:"ir:wfir21. ~- ~ NJ6•57.7"'-Wl21°3,.H• ll,,:------._ 

16,000 _ •. .,,,.. 

"i'! 

~\-----•"'~ 

SAN flAHOSCO tNTl 
SAN fU.HCIKO, CAllfOeNIA 

Ans 1,s.o 
QHC Dl!l 

Ill J 
GND<= 

121 I 
SAN flAHCIKO lOWU 

1io., 1'91 
UY DIP CON 

135 I ,072 

MOTE:..,. ll/1: for obttode deoront1 
a mini..,um climb ral• ol 460' 
per NM to IIOO Ir, required. 
ltwyl 21l/l: For ob,tod1 clH1ronc1 
a 1111""'"""' dllllb role of 480' 
I"" NM kl 2500 h requi ..... 

NOff: Ml. lo11 lrvno _Iha, 
lnfor-tlon awoloble 
... 111.05. 

CYl'ltS--" t06"15.k'-Wl21°H.ff' 

1' flllOWI ,,3, 111.SflWl~"'U 

"•~ 0.11122 ~ 59'-WII 51.11' 
#! l•S, M-2 

~cc""'=::'°cc";;-'-, "", ~--~ 
1 IU MQO 5:!U- ~ f4'J •-2 .. 

Cha1171 ~ 

• 
':, 

r.c..~? 
;t 2'_ I SAN MAICUS 

~~,~ IIUHSh:-'•• 
GAW,fA ~ ,.,.., C"-11 ff 

NOTl!,[)Mf...,.. .... 
NOTf: lador required. 

uuovoDE!L -~ ~ Nl-t,osr O.n 112 #! ~ wn.-... 20' 

'31.11'-Wl~"OUI' ~- , l•J,H-2 

"°"' Oa,t""' ....... l-! 
9' DEPARTURE ROU_TE OE5CRIPTION 
TAIE•Off RUNWAYS ll/R: Intercept and procee~ vta 
SFO R-350. Crou SFO R-350-' DME at ar above 1600'. 
Thence •• , • 
TAKE-Off RUNWAY 28L/R: lnlerc•pl ond proc:Hd -.io 
SFO R-281. C,011 SfO R-281 6 DME ator obo,... 2.500'. 
Thenc• .... 
... , Tum Ith heading 200° to intercept and proceed 
vlo PYE R-151 to SEGUI INT. C,011 SEGUI INT ot o, 
obove 16,000', tl,en proceed via PYE R-151 to CYPIS 
INT. Then via MOO R-295 to MQO VORTAC. Thenc• via 

(tran1ilion) or (auigned route). 
(Continued on neKf page) 

OFFSHORE (HI) ONE DEPARTURE 
(PILOT HAV) (OFFSHl.MQO) "' 

""' 11 

,, 

SAN fUl'OCISCO. CALlfORNo• 

5AM FRANCISCO INTI 

(PILOT HAY) (OFFSHl.MQO) ,.,., "' 
OFFSHORE (HI) ONE DEPARTURE 

DEPARTURE ROUTE DESCRll'TION 
(Contlnu•d) 

SAN FRANCISCO INTl 
SAN HANCISCO, CALlfORNIA 

When SFO VOR/ OME is inoperative, Runway 28 departures e•pecl rodor YIKtor 
to the PYE R-1 S 1 then resume SID. 

FEUOWS TRANSITION (OFFSHl .FIW) 
GAVIOTA TRANSITION (OFFSH1.GVO) 
SAN MARCUS TRANSITION (OFFSH1.RZS) 

OFFSHORE (HI) ONE DEPARTURE 
(PILOT HAV) (OFFSHl.MQO) "' 

SAN fllANCIS(O, Cil1llfOINIA 

SAN FRANCISCO INTl 



I PORTE7. WAGES)m,o "' 
PORTE SEVEN DEPARTURE PILOT NAV 

R_ 
-!, 

NJ7"•1.15', SA,NUANCISCO 
:1999' w12r21.7s l!lls,oU!::::.. 

N37" • •• ~ h n 10 . w11r79.0 
12 

w,n•n sa 
2500 _,I")/ ~ -- -

~ # ,_ 'tcA~l~!-
"- ... a,,,,,,, 11680U:_-:_ 

~,,. I/ . ct .. ,m !IS 

~>.. -'do l't37"31 71 

SAN fllANCISCO INTl 
SAN l•AHCIS(O ( AllfQINI" 

A11~1HO 
GND CON 

111 8 
S .. N fU.NCISCO 10W£t 

'Z"5 16'1 I 
0,! ll(P(ON 

tn1 JOl7 

NOTE: Ml. San lruno wemhe, 
inlo,malion a...,i1ob1e 
on 118.o,. 

• ;J'la..\.,...- Wl77"05 U 

\ """' WOOOSIDf.1""_ 
NOTE: tw-,1 21l/l: 

KJ7"29.:,t' 
w,2rn.,1•,;. - ~ 

'"'" Nl1"16.10' 
Wl2i°IPM' 

ll!Jll2 

113.fOSln -'. 
Chon 16 ,::, 

- " Nll"'JI ..... ' 
Wl11"51.63' -

for ob,tade clearance a ..,;,.;mum 
dimb ra .. et :JOO' ~• NM lo 2000' 
11 requi,ed, 

W.I.GU 
N»"n.11· 

CtOVl!t 
11ucro&!!!L 

NJi"53.0i"-W11r.ii irl 

"IJJ 

Nl7°l1.'U'-Wl22'oo.✓• 
Wlll"0.77' 

1. C,011 at or obowt fl200 1/ Of oi,igned lower alt/fl 

Nt0°u.or-w121•n ,,. 079!, 
Cron ot ot ob- FU,O ,,.,,;,-.__Op (9J) ,•NOCHf 
o,a1911i...dk,-•a"tFL"- ,,, 'Jv.,,.., IIUP~N-"i~-' 

NOTE: fwrl 191./11 Departure1: PJ ~ n 7 
Tum left a1 -n a1 pradicoble due to ~--.. J6°U 9)'-Wt10"•e 66 
11Hpl, ming terrain to 2000' lmmediai.ly 11_--q, . H 

saulh of alt-port. ~ fl~• M:M".12 37 
f~• ob1tode deoran~e lhe lellawl119 111lnho,""' ~ w121•22 U 
d,mb rolfl ore requuH: ltwy 191. A90' ,., NM Croll at a, abo~• 
to IAOO'; ltwy 19R, rotego,i91 A, I aitcralt '80' ~ 't2«> o, 01 ned 
per NM to 1 AOO', rotegorle1 C, 0 530' ,., NM lo ~ 0'9 I ,•/,fl 
11100'. $ \ •t\, owo, a 

• 

NOTE: OME requifed. nuows 
111.snwJHlJ 

:hon 122 NOT!: •odor rtqulred !or 
...,, tl/lt deportvrn 

tlOTI, Chort - to ocote. 

lj5"(i5.5f' Wll9°51 H' 

l•3, H·1 .. 
DEPARTURE ROUTE DESCRIPTION 

TAlE•OFF RUNWAYS 1L/R: Intercept and proceed via 
SFO R-350. Cross SFO R-350 • DME 1111. at or above 
1600'. Turn left heading 200" to Intercept ond praceed 
via the PYE R- '35. Crots PORTE DME fi11. at or above 
9000' and PESCA DME fi11. at or above 13,000'. Then 
turn leh heading 090° to intercept and proceed via the 
OSI R-116 to cron WAGES INT al or abave Fl200 ar at 
assigned lower altitude/flight level. Thence via 
(transition) or (assigned route). 

(Continued on ne11.t page) 

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

AVEMit.l, 
1111..,vtl -

:hon 118 
N3s"l! B2 .w11v"s8M 

Ith' 11 

> 

'• 

Sit.N flfAMCISCO. Cit.U,O.NIA 
SAN FRANCISCO INlL 

(PORTE7.WAGES) ..,,. 
,,. 

PORTE SEVEN DEPARTURE PILOT NAV 

DEPARTURE ROUTE DESCRIPTION 
(Continued) 

SAN FRANCISCO INTL 
S,lt,N flAN(ISC:0. CAllfO-NIA 

TAlE-OFF RUNWAYS IOL/R AND 19L/R: Intercept and p.roceed vio SFO R-095 lo 
intercept the OAl R-135 at or above 5000'. Proceed via OAK R-135 to cross the 
OAK R-135 25 DME fi11. at or above 9000'. Cross WAGES INT 01 or above FL:200 or 
at assigned lower altitude/flight level. Thence via (transition) or (assigned roule), 
TAlE-OFF RUNWAYS 28l/R: Intercept and proceed via SFO R-281, crau 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 DME fi11 at or above 9000' and PESCA DME fix at 
or above 13,000'. Then turn left heading 090'" to intercept and proceed via !he 
OSI R-116 to Cl'OH WAGES INT at or above Fl200 or at assigned lower 
altlhlde/llight level. Thence via (transition) or (assigned route). When SFO 
YOR/DME is inoperotive,Rwy 28 departures Hpet' ot:1dor vedor to PYE R-135 then 
resume SID. 
AVENAL TRANSITION (PORTE7.AYE): From over WAGES INT via OSI R-116 and 
AYE R-298 to AYE YORTAC. Cross the OSI R-116 60 DME fi11 at or obo"e Fl 2-40 or 
at assigned lower olJ;hJde/fnght level. 
CLOVIS TRANSITION (PORTE7.CZQ): From over WAGES INT via CZQ R-259 lo 
CZQ YORTAC. 
FELLOWS TRANSmON (PORTE7.fLW): From over WAGE~ INT via FLW R-306 to 
FLW YORTAC. Cross the FLW R-306 126 DME 1111. bt or above Fl2AO or at assigned 
lower altitude/flight level. 
PANOCHE TRANSITtbN (PORTE7.PXN): FrOfll o .... r WAGES INT via PXN R-273 to 
PXN YORTAC. 

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

Sit.N r1ANC1sc:o. CAlWORMit. 

SAN FRANCISCO INTL 



(CUITI .RE BAS)""' 
QUIET ONE DEPARTURE ... 

135 ., 
ONDCON 
121.1 
U.t,1 nANCnCO TOMI 
no.5 ,..,_, 

'" 
PILOT NAV 

~DIIUFf 
115 7 Ht H::i:11 

(he,., '°' 
N~5.9''-wn2"1• 11· 

SAN FIIANCISCO INTl 
$.II,. fltANCISCO. CAlfOINIA 

IAY Dl!PCON 
U0.9 323.1 

~ 
8s· - a ,,.o_ __ _ 
-~~ .._<flf 1091CIC t!•-• ....... ~ 1/ e1 ..... 1, I 

N:Jll"52.10' •,~,5)& N3~•7.,t0'-Wl2l"S0.77' WltJ"lHM' •.,a.._..,., 

/" 
~~ ,-~--":::,- .... J! 

"""'"""" ,,, '-...I .... ,,,.. .,,,: 
nuE':h" =i_.,....w,21°21.w _ y 

,N .20 -Wl2 - / 

~ .a,f' 

SACIAMENTO 
115.2 SAClff _, 

""'"" IN31"26 63'-W111"U 03' 
IT.iiT--

SC,.GGS ISlAHO 
112 I SC0 !! !,,• 

0..11 SI 
10.11' wur22.3: 5000 •. , .... tz: -C16&•- llt,I 

• ::..----- \661 IIUUN!!:"" 

-- °"""" 
NW0• '9" 

WIJl00Q.17' 
ii -

11us ... u11L "'"", .. ·""/' 
✓ :;~ NOTE, '-a1' 21l/lr 1-2, H-2 

NOTE, Mt. San •una w901f,er 
lnlor11111:1tlo,, o.-oiloble 
on 111,05. 

9 

SAOI H.1,f,1(15(0 
, .,_, vo us~ 
----cr-,. 105 

~II 
I 
' t £/-... A IADAI - . 

DfPARTURE ROUTE DESCRIPTION 

TAKE-OFF RUNWAYS ll/R: Cllmbvia SfOR-01 I IOthe_. 
DME/Rodor, fhen furn leff heodtng 320" fo infercept and 
proceed vlo SFO R-3A2 to U<KI REBAS lf,lt al or obove 
6000'. Thence Ylo (transition) or (onigned route). 
TAKE-OFF RUHWATS 28l/R: furn right as soon as 

feasible heading 03011 to intercept and proceed via the 
SFO R-342 to REBAS INT. Croll REBAS INT ot or above 
6000'. Then wia (transition)or(a11ign11droute). Maintain 
VFR conditions until intercepting SFO R-342. 
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CHICO TRANSITION (CUITI.CIC): From o•er REBAS INT •io SFO R-342 ond CIC 
R-190 to CIC VOR/DME. 

LINDEN TRA.NSlllON (CUITl.llN}: From over REBAS INT vio LIN R-248 lo UN 
VORTAC. 
MENDOCINO TRANSITION (CUITI.ENI): From over AEBAS INT vio SFO A-342 ond 
ENI R- I 18 to ENI VORTAC. 

RED BLUFF TRANSITION {CUITI.RBL): Fro'" over REBAS INT vio SFO R-3•2 ond A8L 
R-168 to RBL VORTAC. 

SACRAMENTO TRANSITION (CUITl.SAC): From over REBAS INT ¥io SAC A-216 to 
SAC VORTAC. -
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Dl:PARTURE ROUTE DESCRIPOON 

TAll:E-OFF RUNWAYS ll/R: Ohnb .-lo the SFO R-350to 
c,ou the 6 OME I'll ot or abo.-e 1800', then hlrn left to 
intercept and proceed via the SFO R-342; to crou REBAS 
INT at or obo-re 6000'. Then Via (transition) or (assigned 
raute) . 
TAll:E-Off RUHWAYS28l/R: Cnmb 'fta tfte SFO R-281 to 
cross the 6 DME li11 or WESI.A INT ot or abo.e 1800', then 
turn right heading 0-40'" to Intercept and proceed ,..ja SGD 
R-165 lo cro11 REBAS INT at or abo,,e 6000'. Then ,..ja 
(lt'an1ition) o, (assigned route). 
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CHICO TRANSfflON (SHOR8.Cl9= dimb ¥io OAl R-347 ond CIC R-178 to CIC 
VOR/DME. Cross OAll:.R-347 U DME lix cit or o~"" 8000'. Maintoin 
(assigned oltitude) or (flight le,..el). Thence via (assigned route). 

MANTECA TRANSITION (SHORB.ECA): Oimb via OAK R-060 and ECA R-250 to 
ECA YORTAC. Cron OAl R-060 8 DME fir. at or above 6000'. Maintain 
(assigned altitude) or {!light Je,..el). Thence vio {assigned route). 
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YORTAC. Cross the OAI( R-347 14 DME fix ot or obave 8000'. Maintain 
(oulgned altitude) or (flight level). Thence vio (ossigned route). 
SACRAMENTO TR"'-NSITION (SHORaSAg: dirnb Yla OAI( R-022 ond SAC R-195 
fo SAC YORTAC. Crou "1e OAI( R-022 8 DME f111 ot, or above 6000'. Maintain 
(osltgned altitude) or (fl). Thence vio (assigned route). 

LOST COMMUNICATIONS: 
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TAKE-OFF RUNWAYS JOL/R AND I9L/R: Intercept ond 
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(tranlition) or (assigned route), 
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INTROOUCTION 

This addendum cont:ains an analysis of t:he sensitivit:y of the noise 

impact:s to t:he differences amongst alternative fleet: forecast:s, The 

init:ial analysis of noise impact:s were made for t:he future years of 

1996 and 2006. based on forecast:& from t:he Draft: Master Plan (HP). Ref. 

1. It also not:ed t:hat: t:he number of operat:ions est:imat:ed in the FAA 

Terminal Area Forecast: (TAF). Ref. 2. were int:ermediat:e bet:ween the 

const:rained and unconst:rained Mast:er Plan est:imat:es. 

Iri this analysis we add t:hree addit:ional forecast:s t:bat: were con

t:ained in t:be California Aviation Syst:ems Plan (CASP). These forecasts 

consist: of an unconst:rained "likely result:" for t:he t:wo study years. 

Ref. 3. and a recommended scenario for 2005. Ref. 4. ext:rapolated t:o 

2006. 

This report develops det:ailed fleet: mixes from t:he CASP forec.ast:s 

and t:hen compares t:hese fleets and t:heir estimat:ed noise t:o t:hose 

obt:ained from t:he ot:her forecast:s. 



UIII 

2. AIRPLANE FLEET HIX 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 smm.ary statement. ss follows: 

"San Francisco 

The opening 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. sir 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 lover) during the forecast period. While some .inter

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

Francisco will continue as the dominant· international gateway 

airport for the Bay Area.• 

The CASP fleet operations forecasts for air carrier operations 

(excluding ccmmuters) were based on forecasts of the enplaned passen

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

forecasts for the counties set"Ved by the Airport and th~ historic per 

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

passenger enplanements were then 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 •recent scheduling 

practices and fleet modernization programs•. 

Table lA presents -the CASP forecasts of air carrier operations in 

turbojet powered airplanes at San Francisco International Airport. It 

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

categories: 

Large Jet 

Medium Jet 

Small Jet 

300 seat average 

165 seat average 

100 seat average 

Table 1B combines the annual passenger and cargo departure esti

mates. multiplies the result by two to obtain total operations (arriv

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

l 
L 

[ 



daily operations in each size category. It: also cont.ains the estimates 

for t:he study year of 1996 obtained by linear interpolation and for ✓/ 
2006 obtained by extrapolation of t:he 2000-2005 forecast: periods, 

Table 1B contains t:he 2005 rec an.mended scenario. Ref. 4. It was 

based on the following st:at:ed assumptions: 

11 Sen Francisco Bey Het:ropolit:en Area 

The preliminary CASP update recommendations for t:he San Francisco 

Bay Met:ropolit:en Area are described below: 

1990 Scenario Conditions 

o No air carrier operations are redistributed t:o other air

ports. 

0 No new air carrier airports or rurways are proposed. 

o No general aviation operations are relocated from air carrier 

t:o general aviation airports in the Region. 

1995 Scenario Conditions 

o Some air carrier operations are redist:ribut:ed from San Fran

cisco Int:ernat:ionel t:o Het:ropolit:an Oakland and San Jose 

Int:emational Airports. 

0 No new air carrier airports or rurways are proposed. 

o Runway extension at: San Jose Int:ernat:ional Airport: to provide 

parallel air carrier runways. 

o No general aviation operations are relocated from air carrier 

to general aviation airports in the Region. 

2000 Scenario Condi t:ions 

0 Some air carrier operations are redistt'il>uted from San Fran

cieco International t:o Metropolitan Oakland. San Jose Inter

national and a new air carrier airport. 

o Air carrier service is added at Travis Air Force Base. Sev

eral. atudies have been conducted to identify potential new 

air carrier airport: locations in the San Francisco Bay Area 

at 'bot:h ezisting airports and new sites. There is already an 

ezisting joint-use agreement with the military that would 

permit air carrier operations at Travis Air Force Base. It 

was therefore assumed for this study that this would be the 

first: na, air carrier airport: that could be added to the 

system ill 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 International. an expanded Metro

politan Oakland and a new air carrier airport. 

o A second air carrier runway is added et Metropolitan Oakland 

International Airport. The Port of Oakland is currently 

evaluating the feasibility of adding a new air carrier runway 

at Metropolitan Oakland International Airport. At this time 

the preferred location for a new runway has not be.en deter

mined and the necessary environmental and other processing 

that would be required has not been initiated. 

o General aviation operations are relocated from air carrier to 

general B11iation airports. The relocation involves reloca

tion of 90 percent of the local generel aviation operations 

and 50 percent of the single-engine propeller airplane itiner

ant operations. 

o The redis-cribution of air carrier operations results in a 

requirement for increased passenger terminal capacity over 

that currently es-cimated at airports in the San Francisco Bay 

Area by 2005. 

The latest information indicates MAP capacities of 12.0 MAP 

at Me-cropolitan Oakland intemational 1 51..3 MAP at San Fran

cisco International. 18.0 MAP at San Jose International and 

5.0 MAP for joint use of Travis Air Force Base. 

To the ex-cent it is not possible to provide these levels of 

passenger terminal capacity, then additional air carrier 

airports will need to be developed or upended. Al..terna

tively, the redistribution of more smaller and fewer large 

capacity air carrier airplanes and/or the relocation of addi.

tional high-performance general aviation turbojet operations 

need to be relocated from San Francisco International in 

or~r to perm.it additional air carrier operations and utilize 

-che estimated excess passenger terminal capacity by 2005. 

l 



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 Ares. the 

Sonoma County Airport in Santa Rosa is e%pected to attract a 

relatively small amount of any air carrier operations that 

might be redistributed from the three major Bay Area 1ir 

carrier airports. 

0 The general aviation activity associated with the preliminary 

reca:amended Scenario requires the relocation of a forecast 

total of 270 0 000 general aviation airplane operations and 

about 600 based airplanes from the three air carrier airports 

to other airports in the San Francisco Bay Area by 2005." 

These three forecasts were distributed amongst the detailed equip

ment types using a methodology similar to that previously applied to 

the 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 small. The category assignments were 

similar to those used in the CA.SP. ez:cept that the DCB70 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 J!AA national fleet forecast, Ref. 5 1 contains the B7J7 air

plane and does not contain the newly announced 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 MDBO 

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

included in this study since its launch announcement came long after 

all of the MP analysis was completed. Additionally, there are no reli

able national 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 CA.SP unconstrained and recommended scenarios. 
=-respectively. These numbers are consistent with the e:cisting San Fran

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

be amended to require only Stage 3 airplane operations beginning in 



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 sir carrier fleet by 

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

reduce all of the 2006 c1.11Dul.ative noise estimates (CNEL) by about one 

decibel. 

The methodology to obtain the forecast fleet distributions was to: 

a) Determine the proportionate change in the n1.11Dber 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) Determine the proportionate reduction in future daily opera

tions of airplanes operating at SFIA in 1989 because of fore

cast retiranent. 

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

proportionate number of operations required of new airplanes 

(new aicylane operations required equals forecast operations 

less 1989 operations plus retirements). 

d) Allocate new airplane operations by equipment type in each 

size category in proportion to their ezistence in the fore

cast national fleet, 

The resulting fleet mixes were then allocated to departure stage 

lengths (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 20 

3 and 4. It is noted that these forecasts have a small n1.11Dber of 

"nighttime" Stage 2 airplanes which represent those estimated to oper

ate between 10:00 and 11:00 P.M. when the Noise Abatement Regulation 

nighttime rule begins. 

Tbe correspoad.ing CNEI. contours calculated by the FAA Integrated 

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

"'Note the INM algorithm for noise at the beginning of takeoff roll 

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

~tter represent the noise (back blast) actually e%J>erienced in this 

area. 
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of these three figures indicates both 2006 contours are substantially 

smaller than the 1996 contours in the region over the bay (Runway 01 L 

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

San Francisco (Runway 28 L and R 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. C:OMPARISON OF THE VARIOUS FORECASTS 

The various forecasts of average daily operations for air carriers 

(u:cluding commuter) at San Francisco International Airport are summar

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

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

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

the smallest forecast number of operations and the CASP unconstrained 

the largest number. 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 tbe 1996 MP constrained end unconstrained daily 

operations forecasts with the CASP unconstrained forecasts. The CASP 

forecast is ocly 4 percent larger than the MP unconstrained forecast 

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

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

Table 7 com.pares the 2006 forecasts for the MP constrained end 

unconstrained end the CA.SP unconstrained and recommended scenario. The 

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

cast in ell size categories .. However. the CASP unconstrained forecast 

is larger than the MP unconstrained forecast by 17 1 12 and 73 percent 

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

cant difference in the forecasts with respect to tbe small airplanes 

does not have a major effect on noise impact becayae these airplanes 

are among tbe quietest airplanes. The magnitude of the difference is 

partly due to the base periods selected; for ezample 1 much of Ameri

can's operations in small end medium airplanes had moved to San Jose in 

1989. Als01 the FAA national fleet forecast contained few airplanes of 

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

from airplanes at the high seat capacity end of the small size range. 

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

gory contain more seats than the CASP forecast assumed. 

Table 8 gives the INH calculated CNEL values st the remote monitor

ing stations (RMS). see Figure 4 1 for all of these forecasts. Table 9 

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

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

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 remote locations. 

For this purpose the maximum e:icpected single event sound exposure 

levels at each of these locations is far more meaningful. 

Tables 10 and 11 summarize the differences between the forecast 

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

for remote selected sites discussed above with respect to absolute 

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

the average difference at these sites from 1989 was -2.8 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:icpected to be 

bet.ween -2.B 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 sod 

-5.0 dB for the MP constrained and CA.SP recommended scenarios to -4.4 

and -3. 7 dB for the KP and the CA.SP unconstrained cases. Similar 

results are fouod for the selected remote locations in Table 11. The 

FAA TAF 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 tbe measurement microphones. In fact. for the two uncon

strained forecasts in 2006. small increases ranging from O to 0.9 dB 

were 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 assumed increase in B747 traffic. Future 

projections of this traffic based on a better understanding of the 2006 

heavy 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 AIP.PORT 

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 
===:==========----==-=======-==========z==:..=z::=-============----

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 l.034 

B) CALIFORNIA AVIATION SYSTEM PLAN FORECAST PASSENGER AND CARGO 
JET POWERED AIR CARRIER AIRPLANE AVERAGE DAILY OPERATIONS * 

AVERAGE AIRPLANE SIZE 
YEAR LARGE MEDIUM SMALL TOTAL 

AVERAGE 
NO. SEATS 

====================================================== 
UNC0NSTRINED FORECAST 

1980 126.36 314.95 231.20 672.50 167 
1985 151.59 341.45 252. 46 745.51 169 
1990 208. 52 374.28 326.82 909.61 172 
1995 2 53 .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 356.21 537.44 549.05 1442.70-- 173 

•• 2006 366. 79 548. 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. 

•• Obtairied by linear interpolation 
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TABLE 5 

SUMMARY OF TOTAL DAILY AIR CARRIER OPERATIONS FORECASTS FOR SAN FRANCISCO 
INTERNATIONAL AIRPORT 

SOURCE 1989 1996 2006 
•-----=•••-==-----snn=-=------=a--------=-----=--------------=------------------

1989 ACTUAL 

MASTER PLAN CONSTRAINED 

CASP RECOMMENDED SCENARIO 

FAA TERMINAL AREA FORECAST 

MASTER PLAN UNCONSTRAINED 

CASP UNCONSTRAINED 

829 

927 

945 

1028 

1225 

881 

922 

1041 

1128 

1479 



TABLE 6 

1996 FORECASTS FOR AVERAGE DAILY OPERATIONS IN COMPARISON 
WITH 1989 ACTUAL OPERATIONS 

AIRPLANE 
TYPE 

NUMBER 
SEATS 

ACTUAL MASTER PLAN FORECAST 
1989 OPS CONST UNCONST 

CASP 
FORECAST 

==-====-============================================================-
Large airplanes 
8747 
MDll 
A330/340 
DClO/LlOll 
AJ00/310 
8767 
DC870 

Sub total 

Medium airplanes 
8757 
AJ20 
B7J7 
MD80/90 
8727 

Sub total 

Small airplanes 
8737300 
B737/DC9/BA111 
BAE146 
FlOO 

Sub total 

(i300 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 
0.00 

8L60 
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 

215.03 
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 

stage 2 ·operations 
stage 2 percent 

828.80 

314. 78 
38.0I 

927.24 1027.68 

224.094 229.4864 
24.2% 22.31 

1225.20 

224.10 
18. 3\ 

C. 



TABLE 7 

2006 FORECASTS FOR AVERAGE DAILY OPERATIONS IN COMPARISON 
WITH 1989 ACTUAL OPERATIONS 

AIRPLANE 
TYPE 

NUMBER 
SEATS 

ACTUAL 
1989 OPS 

M. PLAN 
CONST 

CASP REC. 
SCENARIO 

M. PLAN 
UNCONST 

CASP 
FORECAST 

==-==z=====-===--==~===-===========-==========================-========-=------
Large airplanes 
B747 
MDll 
A330/J40 
DClO/LlOll 
A300/310 
B767 
DC870 

Sub total 

Medium airplanes 
B757 
A320 
B7J7 
MD80/90 
B727 

Sub total 

Small airplanes 
B737300 
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 
85.80 

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 .11 
86.21 

2.94 
291.67 

62.80 
8.20 
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 

80.91 
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 
38.0I 

881.25 

38.63 
4.41 

922.16 

38.63 
4.21 

1127.55 

38.63 
3.41 

1478. 70 

38.63 
2.6% 



TABLE 8 

SAN FRANCISCO INTERNATIONAL AIRPORT CNEL VALUES CALCULATED AT REMOTE MONITOR STATIONS 

1989 1996 2006 
Rl'IS CITY LOCATION BASE MP(q MP(U) CP(U) MP(C) CP(R) MP(U) CP(U) 

-===-=••••••••=====•••a••-=====maa•======-=•====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. 1 52.7 4 South San Francisco 68.8 68.0 68.5 67.8 68 .1 68.0 68.9 69.2 5 San Bruno 63.7 62.2 62.6 62.2 61.5 61.4 62.3 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 48.5 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 60.1 60.3 61.1 56.2 56.8 57.1 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 57.1 57.3 58.3 
12 Foster city 62.5 62.7 63.1 62.6 62.5 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. J 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 49.1 49.5 50.0 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) 
-===~=============~--=====~™-'==========-==~=-============================================ 
A SF-Visitacion Valley 59.1 56.0 56.2 57. 0 53·.4 53.8 54.3 55.3 
B SF-San Miguel Hills 52.8 49.8 50.0 50.7 47.3 47.7 48.3 49.l 
C SF-Ingleside 53.7 50.7 50.9 51.6 48.2 48.6 49.l 50.0 
D Albany 49.6 46.1 46.2 47.0 43.0 43.4 43.8 44.7 
E Kensington 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 43.3 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 38.8 38.3 3'-1, 8 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.rinda 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 35.1 35.5 36.5 
p Moraga 52.8 49.3 49.4 50.2 46.1 46.6 46.9 47.8 

Q Danville 41.l 38.2 38.3 39.1 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.l 

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) 

-=--------------===-====--=-----------------============----------------------------------~ 
1 San Bruno 71.7 -0.6 -0.2 -1.0 -0.0 -1.0 0.0 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 -0.0 0.1 0.4 
5 San Bruno 63.7 -1.5 -1.1 -1.5 -2.2 -2.J -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 -3.3 -2.4 -6.8 -6.4 -5.9 -5.0 
8 Millbrae 71.2 -3.4 -3.3 -2.4 -1.0 -6.5 -6.1 -5.2 
9 Millbrae 63.6 -3.5 -3.3 -2.5 -7.4 -6.8 -6.5 -5.6 

10 Burlingame 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 -6.8 -6.6 -5.6 
12 Foster City 62.5 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 -5.8 
14 South San Fancisco 54.2 -2.2 -1.9 -1.7 -3.4 -3.4 -2.6 -2.1 
15 south San Fancisco 62.2 -3.2 -3.l -2.5 -7.4 -7.0 -6.8 -6.l 
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 -J.5 -1.8 -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 -3.l -2.9 -2.1 -5.6 -5.2 -4.7 -3.8 
21 San Francisco 53.7 -3.0 -2.8 -2.0 -5.4 -s.o -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 59.5 -3.3 -3.2 -2.5 -6.1 -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.l 
27 San Francisco 40.5 -2.8 -2.6 -1.7 -5.1 -4.7 -4.1 -3.1 

-------------------------------------------------------------------------------------------
Average -2.8 -2.6 -2.1 -5.2 -5.0 -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) 
•••••••-••••••-D=•ama••=-=•===a•e=•===•===~=====-====---===-=--=-----=----------=--=---= 
A SF-Visitacion Valley 59.1 -3.1 -2.9 -2.1 -5.7 -5.3 -4. e -3.8 -
B SF-San Miguel Hills 52.8 -3.0 -2.8 -2.1 -5.5 -5.1 -4.5 -3.7 
C SF-Ingleside 53.7 -3.0 -2.8 -2 .1 -5.5 -5.1 -4.6 -3.7 
D Albany 49.6 -3.5 -3.4 -2.6 -6.6 -6.2 -5.8 -4.9 
E Kensington 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 -s.e -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. 5 -1.8 -5.1 -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 -2.3 -0.9 -0.7 
L Piedmont 40.5 -1.8 -1.5 -1.1 -3.2 -3.3 -2.2 -1.7 
M Orinda 39.4 -2.7 -2.4 -1.7 -5.0 -4.6 -3.9 -3.1 
N Walnut Creek 47.2 -3.3 -3.2 -2. 4 2.6 -5.9 -5.6 -4.6 
0 Richmond 40.5 -3.1 -2.9 -2. 1 -5.9 -5.4 -5.0 -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 -3-2 -3.0 -2.2 -6.0 -5.6 -5.1 -4.2 
s Pacifica 49.4 -3.2 -3.1 -2. 3 -6.1 -5.7 -5.2 -4.3 
T Pacifica 49.8 -3.3 -3.1 -2.3 -6~1 -5.7 -5.2 -4.3 

-------------------------------------------------------------------------------------------
Average -2.8 -2.6 -2. 0 -4.9 -5.0 -4.5 -3.6 
Standard Deviation 0.8 0.8 0.6 2.2 1.2 1.2 1.2 
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XII. Appendices 

APPENDIX D: AIR QUALITY 

TABLE D-1: SAN FRANCISCO AIR POLLUTANT SUMMARY, 1987-1989 

MQnitQrin1: Data b:i:: Year /al 
Pollutant Standard 

Ozone(O¾-
Highest 1- average, ppm/b/ 0.09/c/ 

Numrer of standard excesses 

Carbon MonQxide (CO) 
Highest 1-hr average, ppm 

Number of standard excesses 
20.0/c/ 

Highest 8-hr average, ppm 
Number of standard excesses 

9.0/c/ 

Nitrneen Dioxide (NOi) 
Highest 1-hr average, ppm 0.25/c/ 

Number of standard excesses 

Sulfur Dioxide (SOz) 
Highest 24-hr average, ppm 

Number of standard excesses 
0.05/d,f/ 

Parti!,;;ylat~ Matte;r-lQ Mi!.:;rQn (PM10) 
Highest 24-hr average, ugtffi3 /bl 50/c/ 

Number of standard excesse~ /g/ 
Annual Geomelric Mean, ug/m 30/c/ 

w!I 
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.fill 

0.09 0.09 
0 0 

17.0 15.0 
0 0 
lQ.Q .u.J! 
1 I 

0.15 0.12 
0 0 

0.01 0.01 
0 0 

~ ll1 
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 

!Jll 
13 
.l..Ll! 

0.09 
0 

/a/ 

/bl 
/cl 
Id/ 
le/ 

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 - parts 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, but 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 ug/m 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 QUALIIT SENSITIVE RECEPTORS 

Within 1 /4 miJe of Ain,ort Property Line 

Sheltering Pines Convalescent Hospital 
Millbrae Serra ConvaJescent Hospital 
Millbrae Nursery School 
Residential areas (West of US 101) 
Belle Air School (San Bruno) 
Lomita Park School (Millbrae) 

Within 1/2 mile of Airport Property Line 

Residential areas (West of US 101) 
Churches 
Capuchino High School (San Bruno) 
Happy Hall Schoo] (Childcare Center• San Bruno) 
Saint Dunstan School (Millbrae) 

Within 1 mile of AiWort Property Line 

Churches 
Dedma 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 
Green Hills School (Millbrae) 
Highlands School (Millbrae) 
Taylor Jr. High School (Millbrae) 

XII. Appendices 

Fonner Chadbourne School (now vacant, will become senior citizens center/home) (Millbrae) 
Mills High School (Millbrae) 
Spring Valley School (Millbrae) 
Peninsula Hospital 
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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APPENDIX E: SEISMICITY 

AIRPORTS COMMISSION 
SAN FRANCISCO INTERNATIONAL AIRPORT 

THE EARTHQUAKE OF 1989 

A REPORT ON 
SAN FRANCISCO INTERNATIONAL AIRPORT 

BY: RV. WILSON 
DIRECTOR 

COMMUNITY AFFAIRS 



THE EARTHQUAKE OF 1989 
A REPORT QN. 

SAN FRANCISCO INTERNATIONAL AIRPORT 

At 5:04 p.m. on Tuesday, October 17, 1989, just about 
the time the third game of the World Serie■ was scheduled to 
begin at Candlestick Park, a 7.1 earthquake ■truck the San 
Franciaco Bay Area. It was a 15 second nightmare everyone knew 
was inevitable, a monster we would one day have to confront. 
Even ~ough the quake's epicenter was centered aouth of San 
Francisco by acme 70 ailes, it he1d devastating effects on our 
City and our Airport. We bad• lucky break, however, as it was 
■till daylight. 

The personal experiences of Airport employee■ during 
the earthquake are as numerous as the number of employees who 
experienced the trembler. 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 
banging askew on the walls and pieces of plaster and ceiling 
tile and rubble covered the floors. overhead water lines burst 
from the stress flooding terminal waiting areas and public 
lobbies. Amazingly there was little or no panic among the more 
than 15,000 passengers and employees that were i:mmediately 
evacuated from the three terminal buildings. Aftershocks were 
on everyone's mind. Electrical power vent off i:mmediately in 
the terminals and except for emergency lighting everything 
inside was dark. A quiet sort of eerie aensation came over 
many 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. 

Damage to the south Terminal was minimal with some 
elongated metal ceiling panels falling. The International 
Terminal suffered more damage, particularly in the main lobby 
and the Air Traffic Control Tower. The ticket counter area 
lost approximately 151 of the ceiling tile and several broken 
sprinkler lines spewed water onto the marble and terrazzo 
floor. The water soaked composition ceiling tile and smooth 
aurface of the floor was cauae for aeveral pe_ople slipping; 
however, 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 the entire ceiling 
including lighting fixtures, inaulation and ceiling supports 
came crashing down onto the controllers and their consoles. A 
large l/2" tempered plate glass tower window broke out of its 
frame and portions of the glass came hurtling inside the tower 

L 



cab injuring three controllers with cuts severe enough to need 
medical attention. Some of the control tower'• electrical gear 
fell out of the gaping 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 ■econds of the 11ain power failur• again restoring 
power to the tower. 'l'he Airport vaa ordered closed and 
controllers immediately began diverting inbound aircraft on 
approach to SFO as well a■ holding all outbound aircraft from 
departing. Aircraft wer• held at their point of origin in 
various citie■ throughout the United States or if in route were 
diverted to other West coast airports. Even though the tower 
vas electronically functional, it lacked enough controllers to 
safely operate. 

Approximately 500 to l, DOD passengers remained at the 
Airport overnight awaiting flights with no place to go. When 
safe to do ■o, passengers were allowed back into the South 
Terminal. Many of them slept on the floor in the South 
Terminal lobby along ticket counters anl5 in the baggage claim 
areas on cots that were provided by the local American Red 
cross. Hotels in the area immediately filled with other 
passengers. Hotel courtesy Vans transported people from the 
Airport to various hotels. The Amfac and Hyatt Hotels in 
Burlingame were damaged by the ■arthquake and guests from those 
hotels quickly filled the remaining rooms of competitive hotels 
.leaving little room for our remaining pas■■ngera. 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 many passengers remained at the Airport 
overnight, they were given blankets and pillows aupplie15 by 
some of the •airlines and food from the Airport•• food 
concessionaire Marriott Host. 

Airport Director Lou Turpen maintained periodic 
meetings vi th airline managers and Airport staff throughout the 
evening and early morning to map ■trategies and a■aess damage 
of various airline, Airport and t■nant areas. 

The Airport terminals were determined to be 
structurally sound by Airport engineers and there was no 
obvious damage to any of the runways. Additional inspection 
during daylight. the next day confirmed there was no runway 
damage. Damage to the runways vaa expected because of the 
liquefaction effects that resulted in structural failure to so 
many other areas including the Marina District and Oakland 
Airport runways. It did not occur at SFO.. Underground fuel 



hydrant systems were reported okay and there were no fuel leaks 
or ■pills. 

Initially no landings or takeoffs were permitted and 
the Airport roadways were secured by Airport Police who were 
only allowing emergency vehicles, necessary Airport employees 
for cleanup, and the media through. Other terminal traffic was 
turned away so as not to interject additional problems to an 
already emergency situation. 

The Jlorth Terminal took the brunt of damage which was 
mainly focused in the United Airline■ area. Boarding Area "F" 
suffered major damage with loss of approximately BOI of the 
ceiling tile, broken fire sprinkler lines spewing thousands of 
gallons of water onto the furniture and carpets as well aa TV 
flight monitors in several locations toppled from their 
mountings above public seating areas miraculously hitting no 
one. Fifteen of United'• twenty-two gates were out of service 
for three .and one half days. Four to six inches of water 
covered most of Boarding Area •F• from gate■ 76 to 90 mak'ing it 
difficult to traverse and search the area. Carpet■ became 
soggy mixed with saturated ceiling tile and moving walkliays 
were flooded. One serious injury occurred at Cate 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 Department, Police Department and medical 
clinic doctor were ■wnmoned to her aid. She was transported by 
Medivac ambulance to Peninsula Hospital. 

The evacuation of all three terminals went very 
smoothly with many passengers and employees directed to the 
outside center islands and courtyards to await further notice 
concerning their flights, Airport closure, overnight status and 
food. Portable emergency lighting waa ■et up by the Fire 
Department in the courtyards tor passenger safety. Medical 
personnel made frequent trips to the courtyard areas to 
ascertain it anyone required medical attention. 

The Airport's Fire Department responded to many reports 
of fires, medical requests, natural 9as leaks and chemical 
spills at United Airline■' Maintenance Base. Several 
firefighters responded ott duty to assist Marina District 
residents, many who were trapped in homes and apartments that 
had collapsed. 

The Airport's sewage treatment facility was surveyed 
with no apparent damage and the water supply was investigated 
tor contamination. 



The Airport's rescue boat was readied for launching in 
order to provide bay water for firefighting if the domestic 
water supply should be cut off, 

Electrical power was restored by the Airport 
electricians within 3 hours after the initial ahock of the 
earthquake which definitely aided in the Airport'• attempts to 
begin a major cleanup effort, 

EVen though the Airport vaa officially closed, United 
Airlines received permission and decided to transport 500 of 
their passengers to Seattle, Washington on two wide body 
aircraft. Passengers were bused from a remote location and 
9round loaded onto the aircraft. 1'he■e passengers were 
avai ting departure to various part• of the country and voul d be 
disbursed through 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 passenger■ were in the proceas 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 
damage to smaller general aviation airports, ■uch as San Carlos. 

Jlany employees on their way home hearing of the 
problems at the Airport returned back to help. :tn fact, some 
retired employees called in and offered to return to help in 
any way they could at no cost. Nov that•• dedication. 

The Airport did not receive e lot of media attention as 
you might expect. The media was focused on the Marina 
District, the Bay Bridge collapse and Interstate 880'1 
devastation and only a •mattering of radio, TV and print media 
paid any attention to the Airport. 

Cleanup activities began a• aoon as povar vao 
restorad, Airline and Airport people alike had no lines of 
demarcation and literally thouaand• of employees pitched in to 
help each other restore SFO to operational status in only 13 
hours after the initial shock of the earthquake. In fact, the 
San Mateo Times said it preciaely in an article the day 
following the earthquake in which the reporter wrote •sro 
operated magnificently throughout the crisis, and how the 
building maintenance people got all that ceiling tile swept and 
hauled away in auch short order remains a mystery.• Well, .it 
was no mystery but just hard work by a large group of tireless 
and dedicated employees. The Airport even received letters 
from passenger■ who couldn't believe the Airport was restored 
to operation ao quickly, 



-s-

Exactly 13 hours later at 6:00 •·•· on OCtober 18, 
1989, flights officially began again. Initially flights 
operated at about 501 of achedule since the taver was operating 
without a window and the noiae waa extreme. Tower controllers 
wanted to make sure they could convey and under•tand all radio 
tranami■■iona between pilots and controllers. Activity 
improved the follaving day when a temporary plexiglass panel 
was put in to replace the windav glaaa and by Thursday, October 
19, 1989, the taver was fully operational. In fact, within ,10 
days after the earthquake th• Airport had a record day with 
1,443 operations. Logistically it was a nightmare for the 
airlines. It took several days to properly schedule flights 
since aircraft and flight crews had been diverted all over the 
country and were not where they were •uppo■ed to be, in San 
Franci■co. 

The terminal areas underwent exten■ive ■tructural 
checks by Airport and independent engineers. Emergency 
contracts were put into force almoat immediately to remove 
remaining ceiling, carpet and begin the task of replacement. 
The terminals will have the visible cosmetic scars of the quake 
for months to come but reatorBtion of the damaged areas will 
have little effect on pa~•engers and airline operations. 

Aaide from the terminal complex, major damage took 
place at Cargo Building Mo. B which housed Continental and 
Mexicana air cargo as well aa other n,aller offices. Because 
of the time of the quake, 5:04 p.m., very few people were in 
the building. Concrete colllllll\a supporting the three ■tory 
structure broke away exposing reinforcing steel allowing the 
■teel to "balloon• from the weight of the upper story. Thia 
building was constructed •prior to• the stringent earthquake 
standards incorporated today and had limited seismic 
resistance. This particular building was constructed with 
techniques very similar to the Cypress Viaduct in the East Bay 
which so dramatically collapsed. Cargo Building Mo. 8 has been 
torn down and will be replaced with a modern structure. 

A random survey was taken from the various airlines 
concerning the passenger loads immediately after the 
earthquake. Various airline■ reported between normal passenger 
loads and a drop off of 401. Cargo loads were down between 12 
to 141. 

The rapid response to the disaster was not accidental, 
It pay■ to be prepared and the Airport was. The Airport•• 
Disaster Preparedness Program worked. 

• 

' l 



Airports Commission President Morrie Bernatoin and 
Airport Director Lou Turpen had high praiae for thoae people 
involved in the aarthquake cleanup as vell as safety response 
and vill honor all those employees vho so unselfishly gave of 
their time and energy to restore operations at SFO 10 quickly. 
At a gathering on Tuesday, December 12, 1989, a small token of 
appreciation vill be presented to the employees, Airport, 
airline end tenant alike, vho participated in the claanup 
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 Department 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 ill, 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 Hazardous 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 Environmental Health and the Airports 

Commission at SFIA 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 ga1lons 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 Waste Handlin~ Requirements 

The federal Resource Conservation and Recovery Act of 1976 (RCRA) created a federal 

hazardous waste "cradle W 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 Hawrdous and Solid Waste Act (HSWA), which 

affirmed 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 st.ates 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 W 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 (OHS) 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 CalifomiaHawrdous Waste Control Law 
(HWCL). the st.ate 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 st.ate law. The HWCL allows DHS to adopt regulations governing 

the generation, transportation, and disposal of hazardous 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, 
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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 OHS. The generator must match copies of hazardous 

waste manifests with receipts from the treatment/ 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 pennits to businesses that store hazardous 

materials. To ensure compliance with regulatory requirements, the County conducts 
regular inspections. 

Hazardous Material Emeruncy Response 

The state Haz.ardous Substance Account Act of 1984 (the state "superfund") 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 Requirements 

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 [CFR 29]). 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 CFR 29. 

Cal/OSHA 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. Cal/OSHA 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 a]so require preparation of emergency 
action plans (escape and evacuation procedures, rescue and medica1 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 chemica1 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. Conformance 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 disposa1 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 

infonnation and to conduct premanufacture reviews of potential risks associated with the 

production of certain chemicals. Two hazardous materials that EPA must regulate under 

TSCA are a class of chemical stbstances known as polychlorinated biphenyls (PCBs) 

and asbestos. 

The Safe Drinking Water and Toxics Enforcement Act (Proposition 65) requires that a 

business with 10 or more employees warn its employees and other individuals of any 

exposures to "significant levels" of state-listed substances that cause cancer, birth 

defects, and other reproductive hann. In addition, businesses are prohibited from 

A.152 



XII. Appendices 

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 (I 972). 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 Remediation 

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 Department 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. If extraction of contaminated groundwater or construction 

dewatering of a hazardous waste site is required, subsequent discharge of such waters to 

the stonn / sewer collection system or to the publicly owned treatment works is regulated 

by the RWQCB and the Airports Commission. 

A.153 



XII. Appendices 

Land Disposal Restrictions 

The HSW A 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 I, 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 Board 

regulations (Title 23 of the California Code of Regulations) by June 30, 1988 or stop 

accepting waste by that time. 1his law has resulted in closure of old ponds and 

alternative treatment and disposal of liquid hazardous wastes. 

Unden:round Stora&e Tanks 

Federal Jaw 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. Regulations 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. Permitting of underground storage tanks installation and 
removal is overseen by the San Mateo County Office of Environmental Health and the 
Airports Commission. 

Above-Ground Stora~e 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 Fire 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-ground 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 storage 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 1, 

1992, will detennine 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 (PCBsl 

PCBs are organic oils that were fonnerly used in many pieces of electrical equipment, 

including transformers 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 transfonners 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 I, 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. 

AB of October I, 1990, the use of network PCB transformers is prohibited and all 

existing network PCB transfonners must be removed. All PCB radical transformers 

must be equipped with electrical protection to avoid transfonner 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. ABbestos 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. 

eBecause the EPA has delegated the enforcement responsibility of all National 

Environmental 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 buildings are known to contain asbestos. This requirement also applies to the 

removal of asbestos from areas of at least 100 square or linear feet.II/ 

eThe Asbestos Hazards Emergency Response Act (AHERA) has also given EPA the 

authority to regulate abatement methods and establish standards for exposure levels 

during and following abatement activities, but AIIERA 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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In conformance with the Federal Clean Air Act, the Bay Area Air Quality Management 

District may require permits 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 the resulting 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/1/ 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 10, 1992. 
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TABLE F-1 

SAN FltANCI5CO INTERNATIONAL AIRPORT 

UNDERGROUND TANKS 
AIRPQRTd>WNED (20l AS QF JANUARY 10, 1991 

CAPACITY s.r.I.A. Year 

LOCATION GALLONS I ,p,,- CONTENT$ g.w.o,c.e. I.D-# Haterial Installed 

1. Central Pm Stat-ion 

2. Lomita/Hi 11 brae Pu,np Sta ti on 

3. Shuttle Bus Haintenanct Base 

4. Shuttle Bus Haint.cnance Base 

5- Haintenance Base 

6- Maintenance Base 

7. Hainttnance Bast 
8- t11intenance Base 

9- Central Plant fuel Storage Atta 

10- Central Plant Fuel Storage Area 

11. Central Plant fuel Storaae Area 

12. Ctntral Plant fuel StOCJRt Ar,a 

13, Ctn lo 1 Pl '"t fue 1 Storage Area 

14, Centol Plant fuel Storage Arn 

15. NSJrth T enni naJ 

16- Field Lighting Bldg, Ficthovae #2 

17, H & I Connector 
18 Parking Garage 

19. International Ien1inal 

20. South Teminal E/End 

4,000 

4,000 

10,000 

550 

eso 
4,000 

10,000 

6,000 

40,000 

40,000 

20,000 

20,000 

20,000 

20,000 

],QDQ 

6,000 

1.000 

1,000 

4,000 

2,000 

JUD 

2UD 
3UD 

6UW 

9UG 

7UG 

BUG 
]QUF 

]]UF 

12ur 

J3UF 

14Uf 

]SUF 

JBUE 

20Uf 

19UE 

17UO 

16UP 

21UD 

Diesel 

Diesel 

o;,se1 

Waste Oil 

Waste Qil 

Diesel 

Unlndtd 

Leaded 

o;esel 

Diesel 

Qjesel 

o;euJ 

Diesel 

Diesel 

Diesel 
Oieael 

Diesel 

Diesel 

Diesel 

Diesel 

Note: SWfG - s;ngle Wall fiberglass 

DWfG - Double Wall f;berglass 

" - Vaulted 

38000024230000004 

38000024230000005 

38000024230000026 

38000024230000027 

38000024230000012 

38000024230000015 

38000024230000013 

38000024230000014 

38000024230000016 

Steel 

DWFG 

DWFG 

SWFG 

SWFG 

SWFG 

SWFG 

Steel 

38000024230000017 Steel 

38000024230000018 $Wf'G 

38000024230000019 SWfG 

38000024230000020 SWFG 

38000024230000021 SWFG 

38000024230D00009 ·steel 

380000242300000IJ Steel 

38000024230D000]0 *SFDW 

38000024230000008 •pwfG 

38000024230D00023 ·steel 

SfDW - Steel fib.erglass Dovble Wall 

1969 

19§9 

1985 

1985 

197'l 

1974 

197'l 

197'! 

1978 

1978 

1976 

]976 

1976 

1976 

1990 

19S4 

]990 

1986 

1990 

1988 



TABLE F-2 

Location 

1. Treatment Plant 

2. Int' 1 Term1 na 1 

3. Feild Lighting 
Building No. 2 

4. Central Plant 
Garage 

5. Plot 50 B-1 
JAL Cargo 
Facilities 

Doc .• 15B5d/2 

San Francisco [nternat1onal A1rport 

lili:port--o,med 
Above Ground Storage Tanks 

Capalcty 
(gallons) 

1,200 

1,000 

4,000 

1,000 

260 

Contents 

Diesel 

Diesel 

Diesel 

Diesel 

Diesel 

Age 

1989 - l year 

1987 - 3 years 

1984 - 6 years 

1976 - 14 years 

1980 - 10 years 

' I 

' 



TABLE F-3 

TENANT 

1. AMERICAN 

2. AVIS 

3. BUDGET 

4. CHEVRON 
(Gas Station) 

5. DOLLAR 

6. FAA 

7. HERTZ 

SAN FRANCISCO INTERNATIONAL AIRPORT 
UNDERGROUND TANKS 

Superbay Hangar 

2 Rent-A-Car Faci 1 i ty 
Rent-A-Car Facility 

4 Rent-A-Car racility 
Rent-A-Car facility 
Rent-A-Car Facility 
Rent-A-Car Facility 

4 Gas Station 
Gas Station 
Gas Station 
Gas Station 

1 Rent-A-Car Faci 1 i ty 

5 ALS Runway 28R 
Air Traffic Control Tower 

Glide Slope R,inway 28 

GWQ Localizer 
Remote Trans~itter Receiver 

4 Rental Car facility 

Rental Car facility 
Rental Car facility 
Rental Car Facility 

TENANT OWNED {36) 
Revised (12/12/90) 

CAPACITY 

GALLON 

8,600 

10,000 
10,000 

12,000 
12,000 

1,000 
6,000 

1,000 
10,000 
10,000 
10,000 

10,000 

2,000 
2,000 

550 

1,000 
550 

12,000 
12,000 
10,000 
10,000 

lfil 

Unleaded 

Unleaded 
Unleaded 

Unleaded 
Unleaded 
Oil Product 
Diesel 

Oi 1 Waste 
Unleaded 
Unleaded 
Leaded 

Unleaded 

Diesel 
Diesel 
Unleaded 
Diesel 
Unleaded 

Unleaded 
Unleaded 
Unleaded 
Diesel 

8. NATIONAL S Rental Car facility 10,000 
10,000 
10,000 
10,000 

Unleaded 
Unleaded 
Unleaded 
UnlHded 

Rental Car Facility 
Rental Car Facility 
Rental Car Facility 
Rental (a?" Facility 350 

9. SHELL OIL CO. 1 Shell SatelHte II 6,000 

10,000 

8,000 

10. TWA 

11. UNITED 

12. PAN At1 

1377d(7) 

TWA Maintenance facility 

6 Bldg. 15 West (Au;,t. fuel 
Tank for Generators) 
Bldg. 51 
Bldg. 56 
Bldg. 84 (Dirty Solvent Tank) 

UAL-tllC (CalibraUon fluid 
Tank-West) 

UAL-Jt,C (Calibration fluid 
Tank-East I 

2 Pan Allt Maintenance Facility 

Pan /lttft Maintenance faciHty 

4,000 
1,500 
1,000 

1,200 

1,200 

6,800 
10,000 

fmill: DWFG - Double Wall Fiberglas 
SWFG - Single Wall Fiberglas 
VCS - Vaulted Carbon Steel 

Oi 1 Product 

Oil Waste 

Unleaded 

Jet fuel 

fuel Oil 
Solv'!'nt 

Solvent 

Calibration 
fluid 

can brat ion 

fluid 
Waste Oi 1 

Diesel 

LlL. 

AAL-ULG-2 

AVS----4 UG 
AVS-5 UG 

BUD-1 UG 

BU0-2 UG 
BU0-3 UO 
BU0-4 UO 

CHV-ULG 4 

UL #6670 
UL #666B 
UL #6667 

DOL-1-UG 

fAA-1 UD 
FAA-2 UO 
FAA-3 UO 
FAA-4 UD 
FAA-5 UD 

HRT-ULG 
HRT-ULG 2 
HRT-ULG 3 
HRT-UD 4 

NAT-ULG-1 
NAT-ULG-2 
NAT-ULG-3 
NAT-ULG--4 
NAT-U0-5 

SHL-5 UW 

KATER I AL 

Slee l 

DWFG 
DWFG 

DWFG 
DWFG 
DWFG 
O\lfG 

O\lfG 

O\IFG 
DWFG 
DWFG 

OWFG 

Steel 
Slee 1 
Steel 
Steel 
Steel 

DWFG 
DWFG 
OWFG 
DWFG 

SWFG 
SWFG 
SWFG 
SWFG 
Unknown 

OWFG 

TWA-1-UG DWFG 

UAL-t10C-1W VCS 

UAL-110(-SUS 
UAL-HOC-6US 
UAL-HOC-7US 

vcs 
V(S 

vcs 

YEAR 

INSTALLED 

Unknown 

1986 
1986 

1990 
1990 
1990 
1990 

1986 
1986 
1986 
1986 

1990 

Unknown 

.1990 
Unknown 

Unknown 

Unknown 

1986 
1986 
1985 
1985 

1976 
1976 
1976 
1975 
1976 

1986 

1984 

1982 

19€-CI 
1~71 
1%£1. 

UAL-110C-12UO Carbor, Stee 1 1971 

UAL-t10C-13UO Carbc,n St'!'el 1Cl71 

PAA-1-UW 
PAA-2-UF 

Carbon Steel JO':-~ 

Unknown 1%1 



APPENDIX G: TRANSPORTATION 

Table G-1: Vehicµlar Levels of Seivice 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 

Level 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 0.71-0.80 
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. 

o Level of Service D describes a condition of increasing restriction 0.81-0.90 
causing substantial delays and queues of vehic1es on approaches to 
the intersection during short times within the peak period. 
However, there are enough signal cycles with lower demand such 
that queues are periodically cleared, thus preventing excessive 
back-ups. The traffic operation can generally 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 vehicles 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 less than capacity. 

/a/ 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 Description 

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 littJe 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 Bis in the higher speed range of stable flow, with 0.61-0. 70 
operating speeds beginning to be restricted somewhat by lraffic 
conditions. Drivers still have reasonable freedom to select their speed and 
lane of operation. Reductions in speed are not unreasonable, with a low 
probability of traffic flow being restricted. 

c Level of Service C is sti:1 in the zone of stable flow, but speeds and 0.71-0.80 
maneuverability are mm:'"' closely conlroUed by the higher volumes. Most 
of the drivers are restricted in their freedom to select their own speed, 
change lanes, or pass. A relatively satisfactory operating speed is still 
obtained. 

D Level of Service D approaches unstable flow, with tolerable operating 0.81-0.90 
speeds being maintained though considerably affected by changes in 
operating conditions. Fluctuations in volume and temporary restrictions 
to flow may cause substantial 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. 

E Level of Service E cannot be described by speed alone, but represents 0.91-1.00 
operations at even lower operating speeds (typicalJy about 30 to 35 mph) 
than in Level D, with volumes at or near the capacity of the highway. 
F1ow 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 
substantially 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. 

/a/ 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: VEHICULAR LEVELS OF SERVICE AT UNSIGNALJZED INTERSECTIONS 

Level of 
Service Description 

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 vehicles. The traffic operation can 
generally be described as very good. 

C Level 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 Level 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 Level 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 sire 
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. lhis 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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TABLEG-4: CUMULATIVE DEVELOPMENT VEffiCLE TRIP GENERATION, A.M. and P.M. PEAK HOURS 

----------------------A.M. Peak Hour---------------------------- ----------P.M. Peak Hour--•··-··--..., Rate Trips Trips ToLRl 
""" Rak Trips Trips Total 

Cumulative Development• lliJi !Jl ll!!l !Jl ll!!l - !Jl lllil !Jl Q,j -Burlingwne:/11/ 
Hoiel Rooms 1,325.00 Room 0.35 0.18 464 238 702 0.27 0.22 358 291 649 
Restaurants 535.00 KSF 10.70 8.41 5,725 4,499 10.224 10.51 9.37 5,655 5,013 10.668 
Office Space 714.00 KSF 1.32 0.20 942 143 1,085 0.23 1.18 164 843 1,007 
Hyatt Re11ency Hotel 791.00 Room 0.35 0.18 277 142 419 0.27 0.22 214 17' "' 

Millbrae:/b/ 
Millbrae Waterfront P11rk 2.80 A= 0.30 0.16 I 0 I 0.19 0.36 I I 2 

San Bruno:/c,d,eJ/ 
Bayhill 8 Office Sp11ee 250.00 KSF 1.55 0.23 387 57 444 0.27 1.43 67 357 424 
Bayhill 8 Senior Hol15ing 150.00 DU 0.20 0.55 30 82 112 0.63 0.37 94 55 149 
Bayhil\ 8 Hotel Suites 300.00 Suiie 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 Cenier 109.00 KSF 0.86 0.86 94 94 188 2.21 2.21 241 241 482 
94-Unit Motel Suites 94.00 Suiie 0.21 0.11 20 16 36 0.14 0.19 13 18 31 
US Navy Offi~ Space 107.20 KSF 1.72 0.26 184 28 212 0.31 1.64 33 176 2(1') 

US Navy Hoo.sing Unitt II0.00 DU 0.20 0.55 22 60 82 0.63 0.37 69 41 110 

South San Francisco:/g,hf 
Marriott Courtyard 152.00 <=m 0.35 0,Jg 53 27 80 0.27 0.22 41 33 74 
Hampton lnnf!.I 140.00 <=m 0.35 0.18 49 " 74 0.27 0.22 38 31 69 

,., 
/bl 
1,1 
Id/ 
I,/ 

Al 

lg/ 
/hi ,., 

Monroe, Margaret, City Planner, City of Burlingame, ielephone conYeuation April 27, 1990 and letter to DKS Associllles, May 2, 1990. Included in letter: Bwlingame Hotel Development a.s of 10/86 and updated 
10 7/89; BurlingllITie Bayfront Specific Arn Plan Efflibit M; Ncrtbem Bayfronl Area Development list of eompleied projects revised 12/1/89. 

• 

Department of Community Development, City of Millbrae, telephone conversalion, April 27, 1990. 
Fosc11rdo, George, Diredor of Planning and Build in 11, City of San Bruno, telephone conversation, April 27, J 990. 
City of San Bruno, North San Bruno Areawide Traffic Srudy Final Report, prepared by .DKS Associaies, December 1986. 
City of San Bruno. Tanforan Park- Proposed Median Break on El Camino Real, inpared by OKS Associates, August 30, 1988. 
City of Sao Bruno, Bayhill VIII Traffic Study, prepared by OKS Associates, May 17, 1989. 
Corde!, Ken, City of South Sao Francisco Planning Department, telephone conversation, April 27, 1990. 
City of South San Fr1111cisco, "Major Projeclll in Sooth San Fn1.nciscot May 1990. 
The analysis wc,.ild remain essentially the same with deletion af one project and the addition of another. Carlson, Sieve, Senior Planner, City of South San Francisco Planning Department, telephone eonversalion, 
March 27 and June 17, 1991. The ttPrecise Plan" approved for Hampton Inn expired in 1990. A new Geneniech project, a 225,000-sq.-ft. research and develq:,ment building, has subsequently been approved. 
Cunrulative development was assumed to be built out by 1996 in Millbr11e, Sao Bruno, and South Sa.n Fr1111cisco. In Burlingame the Hyan Regency Hotel and 38 percent of other development was a~sumed to be 

built out in 1996. 

Note; DU"' dwelling unil'l: KSF "'thousand.- of grw:s square feet of noor area. 

SOURCES: ITE and DKS Associates 
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TABLE G-5: PROJECT lRIP 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 Tolal 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 58 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 I.IO 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 -"' 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 

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 5 6 

SOURCES: ITE, OKS Associates 



TABLE G-6: PROJECT TRIP 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 92 105 
Service Station Relocate 0.10 KSF 0.85 0.12 0 0 0 0.13 0.91 0 0 0 
I OOK Office Building 86.94 KSF 0.46 0.07 40 6 46 0.08 0.42 7 37 43 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. 1,428.00 Enp I.JO 0.88 1,567 1,261 2,827 
Unconstrained Growth P.M.Enp 1,552.00 Enp 0.950 1.030 1,474 1,599 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/~faint. 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 I 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 16 128 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/Main!. 237.00 KSF 0.85 0.12 201 28 229 0.13 0.91 31 216 247 
Multipurpose Faci1ity 5.00 KSF 0.85 0.12 4 1 5 0.13 0.91 1 5 6 

SOURCES: IIB, and OKS Associates 
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OFF-SITE AIR TERMINALS 

Technical Aspects 

The term "off-airport terminal" 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". 
There 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 terminal 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 services to 
SFIA are described in Section Ill (Environmental Setting) of the Effi, 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 terminal 

service; and 
• Density of the market near the off-Airport terminal. 

Toe 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 terminal 
operation. When ticketing and baggage check-in services were added, the 
following difficulties arose: 

• A.167a 
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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 terminal; 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 
reports indicate that air passenger service is up. 

Potential Ef/ecti~eness in Mitigating Airport Traffic Congestion 

Additional off-Airport te.nninal 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 terminal operation, and encourage new 
service in this market This would include opening new terminals and starting 
new coach services. 

• Determine 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 
California 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, SFIA 
would then be in a position to participate in efforts to increase the level of 
off-Airport tenninal activity. 

If off-Airport tenninal 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 tenninal. 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 
Cal trans demonstration project relating to off-Airport tenninals. Therefore, for 
SFIA to engage directly in any activity related to implementing an 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., SamTrans, AC Transit) to improve transit/off-Airport 
terminal services to SFIA. 

On the basis of available infonnation, it appears that adding off-Airport 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 
seivices. 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 
terminal 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 

Prqposed Improvements 

North Access Road 
Improvements 

New Building Comaruction 

General Aviation Facilities 
Relocation 

Construction of Boarding 
AreaG 

Construction of Ground 
TransJX)rtation Center 

1. Building construction 
increases ruooff 

Comtruction of East Field 
Maintenance Hangar 

(Continued) 

Which Utility 
Affected 

• Water 
• Sanitary Sewer 

• Water 

• Sanitary Sewer 

• Sanitary Sewer 

• Sanitary Sewer System 

• Industrial Waste Sewer 

• Drainage 

• Industrial Waste 

• Sewer System 

A.169 

What WHJ Haru,en 

Relocation of ex.isling 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 re1ocation 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 SFlA MASTER PLAN IMPROVEMENTS TO EXISTING 
UTILITIES (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 
current48-inch to increase 
capacity for current flooding 
and increased runoff 

Drainage tines in each of 
these areas will be relocated 
to new roadway system 
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TABLE H-2: EXISTING SFIA lITTLmES AND MISCELLANEOUS STRUCTIJRES, 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 

IndustriaJ 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 Farm 
26 Pacific SW Trading Fuel Farm 

Day Starace: 
69 Shell Storage Tanks 
86 Shell Garage/Warehouse 
70 Union Storage Tanks 
71 PST Tanks 
72 PST Tanks 

Miscellaneous 
Multi-Purpose HarOOr Dock 
U.S. Coast Guard 

Ramps 
Pumps 
Fuel Hydrants 
Tank Farm 

SOURCES: Table 6.3, SFJA Fin.al Draft Master Plan, 1989; Airports Commission, 1990; 
Environmental Science Associates, 1990. 
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APPENDIX I: FAA AND CASP 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 

InternationalAfrports (prepared jointly by FAA, Bay Area International Airports Staffs, 

Air Transpon 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 te.nns 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 detennine 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, Oak.land 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 1-3. (SFBAA Task Force Study, p. 6) 
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TABLE 1-1: RECOMMENDED ACTION PLAN FOR SAN FRANCISCO INTERNATIONAL 
AIRPORT 

IMPROVEMENTS 

Annual 
Savings/a/ 

($ Millions/ 
Hours, Tbs.) 

Type of 
AcLion/b/ 

• Airfield 

I. Create holding areas ne.ar R/W 
IO L/R, JR and 28R ---/---/di Achievable 

2. Improve noise barrier for R/W IR $2.6/1.4 Achievable 
3. Extend R/W 191.JR $57.1/31.5 Master Plan 
4. Extend R/W 28L/R $151.7/83.7 Master Plan 
5. Construct independent. pamllel R/W 28 $67.0/36.9 Master Plan 
6. Extend taxiway C to threshold R/W IOL ---/---/di Achievable 
7. Create high speed exit from 

R/W lOL between taxiway Land P ---/---/di Achievable 
8. Extend taxiway T to taxiway B or A ---/---id/ Achievable 

• Air Traffic Control Improvements 

9. Expand visual approach procedure $7.6/4.2 Achievable 
I 0. Offset instrument approach to R/W 28R $17.1/9.2 Achievable 
11. Use staggered, I-mile divergent IFR. 

departures on R/W 1 OUR $12.5/6.8 Achievable 

• FaciliLies and Equipment 

12. InsWI Microwave Landing System 
(MLS) on R/W 28 and 19 $12.5/6.8 Achievable 

• User Improvements 

13. Taxi aircraft across active runways 
instead of towing ---/---/di Achievable 

14. Distribut.e airline traffic more evenly 
among three airports $93.0/53.0 Major Policy 

15. Distribute traffic uniformly within 
lhe hour $11.5/6.2 Major Policy 

16. Divert 50% general aviation aircraft 
to reliever airports $]7.6/9.5 Major Policy 

• Improvements Considered But Not Recommended 

1. Construct angled high speed exit for R/W 1: Cost couldn't be justified. 
2. Convert taxiways w STOL runways: Not operationally advantageous. 
3. Reduce IFR. spacing: Not operationally feasible. 
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Time Responsible 
Frame/cl Group 

Near Tenn Airport 
Near Tenn Airport 

Far Term Airpon 
Far Tenn Airpon 
Far Tenn Aupon 

Near Term Aupon 

Near Term Anpon 
Near Tenn Aupon 

Near Term FAA 
Near Tenn FAA 

Near Tenn FAA 

Near Tenn FAA 

Near Tenn Carriers 

Near Tenn Carriers 

Near Term Carriers 

Near Tenn Aupon 
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TABLE 1-2: RECOMMENDED ACTION PLAN FOR SAN JOSE INTERNATIONAL AIRPORT 

IMPROVEMENTS 

• Airfield 

I. Create staging area at R/W 30L/R 
2. Extend and upgrade R/W 30R/29 
3. Create angled exits for R/W 12R 

• Facilities and Equipment 

4. Promote use of reliever ILS training 
facilities 

5. Install MLS on R/W 30L 

• Air Traffic Control Improvements 

6. Implement simultaneous depanures 
with Moffett 

Annual 
Savings/a/ 

($ Millions/ 
Hours, Tbs.) 

... / ... /dJ 

$1.011.5 
... / ... /dJ 

--/---/di 
... / ... /dJ 

... / ... /dJ 
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Type of 
Action/bl 

Achievable 
Achievable 
Achievable 

Achievable 
Achievable 

Achievable 

Time Responsible 
Frame/cl Group 

Near Teim Airport 
Near Term Airpon 
Near Term Airport 

Far Term FAA 
FAA 

Near Term FAA 
USN 
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TABLEI-3: RECOMMENDED ACTION PLAN FOR METROPOLITAN OAKLAND 
IN'TERNA TIONAL AIRPORT 

IMPROVEMENTS 

Annual 
Savings/a/ 

($ Millions/ 
Hours, Tbs.) 

Type of 
Act.ion/bl 

Time Responsible 
Frame/cl Group 

• Airfield 

1. Construct taxiway from S.E. comer of 
tenninal to RJW 29 approach threshold ---1---/d/ 

2. Build taxiway parallel to R/W 27L ---/---Id/ 
Achievable Intermediate 
Achievable Intennediate 

3. Add taxiway between north and 
south complexes ---!---Id/ Achievable Intennediate 

4. Convert taxiway 1 to air carrier RJW 29 
and add parallel taxiway ---/---Id/ Achievable lntennediate 

5. Enlarge staging pads at enrrances 
to RfW 11/29 ---/---id/ Achievable lntennediate 

6. Construct additionaJ angled ex.it 
offR/W 11 ---/---id/ Achievable Intermediate 

7. Build penaJty box on south side of approach 
end of R/W 29 ---/---id/ Achievable Intermediate 

• Facilities and Equipment 

8. Install MLS on R/W 29 and 27 ---/---/d/ Achievable Intermediate 
9. Install a non-directional beacon 

approach to RJW 29 ---/---/d/ Achievable Intermediate 

Airport 
Airport 

Airport 

Airport 

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, 1-2 and 1-3 

/a/ Fiscal year implemented (in 1986 dollars). 
/b/ Types of action: Achievable - changes or improvements for which benefits have 

been clearly identified; on which action may aJready 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 JX)licy revision by one of the Task Force 
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NOIBS - (continued) 

organizations. Master Plan Study - a physical change for which the benefits in delay 
reduction must be evaluated in terms of its environmental and economic consequences by 
groups outside the task force. 

/c/ Time Frame: Near Term - 1991; Intermediate Term - 1996; Far Term - 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 Transponation, Division of Aeronautics: 

"J 990 Conditions 

• No air carrier or general aviation operations are redistributed w other airpons. 

1995 Conditions 

• Some air carrier operations are redistributed from San Francisco International to 
Metropolitan Oakland International and San Jose International Airports. 

• Runway extension at San Jose International Airport w provide parallel air carrier 
runways. 

2000 Conditions 

• Air carrier 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. 

2005 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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• 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 carrier airports to other 
airpons 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 infonnation indicates MAP capacities of 12.0 MAP at Metropolitan 
Oakland International, 51.3 MAP 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/ 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 terminal capacity by 2005. 

• At the Buchanan Field Airpon in Concord, air carrier operations are assumed to 
continue to be limited to small jets and medium and small propeller aircraft. The 
airpon is expected to remain primarily a general aviation airpon. 

• Because of its remote location from most of the Bay Area, the Sonoma County 
Airpon 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 AVERAGE DAY PEAK MONTH FLIGHTS FORECAST FOR THE 
PROJECT SHOWING BOTH PROPORTIONAL INCREASES AND 
CAPACITY CONSTRAINTS (61 PERCENT OF TIIE TIME)/a/ 

199!, 20Qt, 
Proportional Capacity Proportional Capacity 

!iQll[ [99Q Increase/bl Constraints/cl Increase/bf Constraints/cf 
0000 19 22 22 24 24 
0!00 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 15 
0800 75 88 88 96 96 
0900 80 94 94 !02 102 
1000 74 87 87 95 95 
1100 90 !06 !03 115 103 
1200 94 110 !03 120 103 
1300 86 IOI 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 __.1Q ~ ~ .:l.8. _,a 

TOTAL 1,309 1,536 1,536 1,669 1,669 

NOTES 

/a/ Under visual flight rules, the airfie]d capacity at SFIA is 103 total flights Oandings plus 
takeoffs) per hour (61 percent of the time) for a total daily (24-hour period) capacity of 
2,472 flights. 

lb/ Proportional increase assumes that all flights could take off and land per hour in the same 
proportions that occured in 1990. 

Id Capacity constraints assumes that flights would first be scheduled to take off and ]and 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 would be accommodated within the daytime 
hours. In 2006, these de1ays 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 possib1e both scheduled to, and in actuality 
to take 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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TABLE J-2: SFIA AVERAGE DAY PEAK MONTI! FLIGHTS FORECAST FOR TIIE 
PROJECT SHOWING BOTTI PROPORTIONAL INCREASES AND 
CAPACITY CONSTRAINTS (25 PERCENT OF TIIE TIME)/a/ 

1996 2QQ{i 
Proportional Capacity Proportional Capacity 

!;!QJ!l: 1.22Q Increase/bl Constraintsk/ Increase/bl Constraints/d 

0000 !9 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 I02 
1000 74 87 87 95 95 
IIOO 90 I06 103 II5 103 
1200 94 !IO 90 120 90 
!300 86 IOI 90 IIO 90 
1400 77 91 90 98 90 
!500 77 9! 90 98 90 
1600 81 95 90 104 90 
1700 73 86 90 93 90 
!800 69 81 90 88 90 
!900 77 9! I03 98 103 
2000 69 81 94 88 I03 
2100 71 83 83 91 103 
2200 53 60 60 65 I03 
2300 __]jJ _ll_ _ll_ ..:l.8. fil 

TOTAL I,309 1,536 1,536 1,669 1,669 

NOTES: 

/a/ Under visual flight rules there are occasions (alxlut 25 percent of the lime) when the most 
optimum weather conditions do not occur requiring that alternate runways (28L, 28R 
instead of lL, 1 R) are used for departures. The airfie1d capacity at SFlA drops from 103 to 
90 total flights (]andings plus takeoffs) per hour. During the peak month the times when 
such weather conditions generally 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. 

/bl Proportional increase assumes that all flights could take off and land per hour in the same 
proportions that occurred in 1990. 

/cl Capacity constraints assumes that flights would first be scheduled to take off and land in 
the same proportion per hour as occurred in 1990. This 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 alxlut 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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