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ABSTRACT

The American Society ofCivil En,meers. Technical COUDcil on Ufelioe EInhquIke EngineeriDl
was awarded a pant by the Nldiooal Scieoce fouDdIIioD (NSF BCS-90113~) to develop a
computer-based daraba.e of pipeUae dlIma&e and euter dill. mlJected from the Loma Prieta
earthquakt. The earthquake occurred De. the SID FrlDdsco Bay area in ClUforDia, USA. on
October 17, 1989. The purpose of this project is 10 develop a computer-based dMibue to
preserve information OD the locaIion, pipe size, pipe lDIIeriallllld type of pipelioe damI&e for the
engioeeriog, eeological. seismological, and seismic risk commuaities, and for UfeJioe raeuchers.
The resulting database and melbodololY will be available in a public depository, in diskette
form.. for use on personal computers, 10 the engineeriDl aDd scientific COIIIIDUDity for 1he cost of
duplication. It is the intent to add pipelioe daJDa&e data from future eanhquates to Ibis dabase
as resources permit

1NTR0DUcnON

LIFELINES

Lifelines are those services 1hat are vital 10 the health IDd safety of the collllDUDity aDd to 1he

functioniD& of an urban and iDdusIriaJized aociety. Ufelioes are aitical for emeqeocy respoue

aDd recovery of a community after a disaster such as III eardlquake. Lifeliaes iDctude power,

communication, ttansportaIion. W8ler. sewqe, cas IDd liquid fuel systems.

Functional seismic performace of pipelioes is DCCCSSIIy 10 fIIclIiClle emecICOCY respoase lad

recovery of a community after an ~uake. UDiIltanlplCd WIler SIIJlPly is DalessaJ)' for public

health and safety purposes. includioa fire fiJhtioa. driDkioa. cookioalad saoi1ll'y use. FuDc:doDIl

sewer pipelioes are necessary to carry waste away and to peveDl pollution aDd the spad of

Lund and SChiff, BCS-901132~ pileI



illness or disease. Gas supplies are aitical for hellillllUld cootiDI in essential facilities such as

hospitals. Also, gas and liquid fucls are cssential for operation of cmerecncy vchicles and

equipment. Electric power generation is aitical to suppon emergency services. In addition to

public health and safety issues, lifeline operability can be aitical to the ecooomy of the effected

region. In some cases, lifeline damage can reach far beyond the local ecooomy. producing

serious economic effects II the state aod even oationallevel.

LOMA PRIETA EARTHQUAKE

On Tuesday, October 17, 198911 S:04 p.m. (PDT), a magDitude Ms 1.1 earthquake occurred

along the San Andreas Fault in the Santa Cruz Mountains ofCaliforoia. 1be epicenter was
located 16 km (10 miles) northeast of Santa Croz and 100 laD (60 miles) south of San Fnmcisco,

California. This event killed 63 people, injured 3,7S7 peoplc, destroyed 366 businesses, damaged

3,530 businesses and left more than 12,000 temporarily displaced. lbe S1I'oug shakinalasted less

than 15 seconds, but is estimated to have caused more than $7 billion in damage, DOt including

economic losses.

The Loma Prieta Earthquake affected the performance of almost every type of lifeline system in

the San Francisco and Monterey Bay areas. 1he most significant were in ttaDSpOnaliOD,

especially the loss of the Cypress Street viaduct on US Interstate 880, and the collapse of a

linking span on the San Fraocisco-Oakland Bay Bridge. Significant damage to pipelines OCCUlt',-d

in the Marina and South of Market Street areas of San Francisco, areas aloug the San Francisco

Bay in Oakland and Alameda, and areas along the San Lorenzo River in Santa Croz.

Underground pipelines were affected in aastable erouoo areas. especially those subjected to

liquefaction. In a few cases the inability or tb~ these pipelines to function affected emergency

respoose and recovery activities.

AMERICAN SOCIETY OF CIVIL ENGINEERS

Preljmimvy Eartbguake InyestigaliQQ of UfeJjoes

The Earthquake Investigation Committee, Technical Council on Ufelioe Eanhquake Engineering

(TCLEE), American Society of Civil Engineers (ASCE) conducted a preliminary investigation of

bfelioe damage from the Lama Prieta Earthquake of OCtober 17, 1989. This investigation

evaluated the performance oftransportadon. power, gas. communicatioos and water and sewage

facilities, and subsequently prepared a report 00 lifeline performauce. The report was published

Lund and Schiff. BCS-901 I 325 page 2



in the &rthquake Enaineerillllleleard1lDsdtu1e'l professIo_ joumII, EIr1bqaIke Spcdra

(EERI,I990).

NATIONAL SCIENCE FOUNDAnON

ASCE-TCLEE, ~ndillllOa mpst for propoaI (RPP), WII awmted a put (BCS-901132S)

by the Natioaal SCieoce FouDdatioo (NSf) to develop a etenbale ofpipeIiDe fIilures lad illlett

dIra from the Loma Prieta eK1hquake. The raultiDI elec:umDC: deIabw il to be IDIde IVlilible

in a number of public deposiblriel for use by the eqlaeerillllad IdeIIdfic: COIIUDUDlty for the

a>st of dupUcalion. The etabtwe is stored in files 011 a liqle '··114 iD., 1.2 Mb diIkeUe formatted

for IBM-type personal computers.

OBJECTIVES

The objecdves of this project Ire 10 develop a computer-blled dIlIbue IDd eater dIta collected

from the Loma Prieta Earthquake. lDformIdoo 00 die 100000oD, pipe Iize, pipe IDIIeriaIIDd type

of damaae, for use by the eDliDeerilll, aeolQlica1, seismoIQlical,1Dd Jeismk: risk commwdties,

and lifeline researchers is to be preserved. Also it is to eIIIC01D&C IDd fldlitlte the \lie of tbese

data aod metbodololY io future eII'thquakes, IDd ultimlrely 1) help iJllll'OYe the se:ismic

performance of UfeliDe systems tor 1he public weIfue.

It should be DOled that this is the first kDowD Ittempt to documeDl pipeline damqe 011 a

regionwide buis, and to establish a COIIUIIOIl metbodoIoIY for coRdill, stodlll.1Dd

dissemioatiDJ pipeline dama&e dIla io an e1ectroDic format.

SCOPE OF "O,JEer

1. Establisb Idvisory ,roup to review objectives of the project IDd to detamiDe the type of
data to be (ftSUVed.

2. ldelllify lifeliae aaeoctes operIIiDa pipeliDes 11III ....."W: beea afI'ec:ted by die
earthquake. (A list of these apDdes 11 provided ill AppeadIJ A.)

3. Co!lect the dac. on pipeliae diunIF from .DCiea UIiDa alltlDdlrd fonD. ('The Icaer
requestiDJ iDformation IDd the form used to coDect it -1ftICIIIed in Appeadix B.)

04. Determine looptudc IDd lid... ofpipeliae dImIp.

S. For ead11oc1don. Idd OCher cilia fieJdI delaibiDI die dImqe.

1..uDd aDd Schiff, BCS-9011325 I-ae 3



6. Compile pipe break and leak dam. into eleeuoDic ftrmat, thereby crealiq computer
database adaptable to eltisting commercially-available softwlre lor use on the penoDa1
computer.

7. Place methodology and computer dam. diskette io public depositories. availlble for use by
researchers.

8. Publis~ and make oral preseotatiODS 00 the aeaeraJ melhodol01Y for collectiaa pipeliDe
breal. and leak data to collect dam. from futwe eanbquakes to develop a similar dIt.base.

ADVISORY GROUP

A project advisory Jl'oup was established to usist !he IUIhors in ideDtij)iaa relevant damqe and

repair data. The advisory group consisted ofexperts io pipeline seismic perlormaDce. and

iacluded the following members:

Donald Ballantyne. KeDDedy Jenks Coasu1tUs. Federal Way. WA

Ron Epchi. EQE EDpoeering and Desi,n, Costa Mesa. CA

Duane Ford. CoDCeCo EJl&iDeerina, sacramento. CA

Thomas O'Rourke, Cornell Uaiversity. Ithaca, NY

In aseries of conversations and correspoodeDCC, the advisory group recolJUDeDde(J specific types

of information to be collected 00 ppeline damaee. 1bese are desaibed io the next section.

DATACOLLEcnON

The advisory group recommended col1ediq the followioe basic infxmadoo 00 ppelioe damaee

locations:

UfelillC conveyed: Warer, sewaae. &tOnD WIler. DllUraJlas or liquid fuels

SiB: Pipe diameter aDd thickDess

Material: Steel. cast iron, ductile iroD, plastic. copper. ccmcrete (reiDforced
or unreinforced). coocrete cyliDder, etc.

Pipe or fjlline: Pipe, valve, elboW, tee, reducer, CIe.)

Joint \)';pc: Bell and spi'0t, welded (ps or elec1ric arc), rubber lasket,
bolted. mechaDica1 couplina. butt sap. CIe.

Ale: Year of iDS1llll~OD.

LuDd aDd SChiff, BCS-901132S pile 4



Tme Qf damaee:

I uk or Break:

Tension, compression, beodina. corrosion, etc.

I.ak: IifeUDe coDtinued to fuoction with miDim loss of service.
Break: lifeline damaeed with complete loss of fuDctiOD.

The advisory ifouP also recommeDded collectina several OCher items. althoulh with the

knowledge that these data may DOl be as readily available as those listed above. These IduitioDal

items are:

Method Qf Repair:

warer Table:

FoundatiQn Material:

Coatipg and UQing:

Carhodically PrQtected:

Repair damp. welding. coupling, replace pipe or fittin&. etc.

Elevation Qr depIh to water from the ground surface.

Description of bedding or trench material.

Cement mortar lining or coaling, coal tar enamellininl or
coating. multiwnp coatiog, etc.

Yes or DO.

The authors sent a letter requesting this informalion (an example is provided in Appendix B), to

more than 65 water, sewer, drainage, aDd gas aaencies. A list of qeocies from whom data were

solicited is provided in ApptDdix A. Telephone calls and personal visits were made to

approximately 25 agencies in an effort to collect pipeline damlle daIa. A printOUt of a sample

response that was entered ioto the database is provided in Appendix B.

In the process of contacting these IifeUDe agencies, it has become evident that many, but DOt all of

them have documented the location Qf clamaee to UDdergrouDd pipelines. Some ideDtitied the

size, pipe material. type of damage and other features of the damqe. In contrast, about Qne-half

of agencies concentrated on restoring the lifeUDe service, and on documeDtina the cc~ of repair

for use in P'eparing Agency's Damage Survey Reports, which are documents used for soliciting

federal damage reimbursement from the Federal EmerEency MllDIIemeDt Aaeocy (FEMA).

Damage Survey Repon forms were availlble from public utiUties. as only public qeocies are

eligible for reimbursement from FEMA. (Private qeDCies may be eligible for low·imaestloans

from the federal govemment.) In SUIDIIl.-y, then, the availlbility IDd detail of pipelioe dam.,e

data varied between agencies. Though most agencies did respoDd to our requests for damage

data. some were uoable TO do so, even though their systems experienced damale. 1be daubase

provided with this report contains 862 pipeline failure records from the Loma Prieta Earthquake.

Indeed, since records were made only of reported repairs, much cIamage may have oa:urred has

not yet been discovered. let alooe documented.

LuDd aDd SChiff, BCS·901132S



Some agencies were fortunate and had DO damlge and only very few failed to respoDd. The

project does DOt include data on service connections, meters aDd private lliIes. 1bere were DO

reported breaks or leaks to pipelines transporting petroleum. Although substantial damlge is

known to have occur.ed to gas pipelines. the only damlge data contained in the database is from

Palo Alto.

DATA CONVERSION

COORDINATE CONVERSION

Contributing utilities generally provided street addresses of pipe repairs. These were convened to

globallatitudellongitude coordinates using EQEHAZARD. a proprietary proJrIID of EQE

International. Global coordinates were chosen to provide the most-c:ommonly accessible location

context, although it is recognized that some areas have more sopustieated coordinate systems.

The address database used by EQEHAZARD is drawn from the United States Census Bureau's

most recent address files.

PIPE DAMAGE ELECTRONIC DATABASE

The database is composed of records, one record for each pipe failure. Each record consists of 51

dala fields, which describe the earthquake aDd the pipe damqe. The fields are defined in

Table 1. Field names are shown on the left; explaoatol'y text is provided opposite the field names.

For example the first field in each database record is EARlHQUAKE, that is. the causative

earthquake. Every record in this database refers to damlge that occurred in the Loma Prieta

earthquake, and therefore every record has the text "17 ocr 1989 Loma Prieta" eatered in the

first field. Field names are based on the entries in the pipeline dama&e check sheet, which

contributing utilities fined out to supply pipe repair data. It should be noted that terminology

used to describe pipeline material. CODSttUcdoD. and repair wries betwccn ~encies. This fact is

reflected in the data the Igencies provided. and therefore is also reflected in the database. A

glossary of relevant terms is provided in At"l'CDdix C.

The diskette provided with this report contrJins the fonowing files:

TCLEE_DD.DBF: Pipeline dalmage database, compatible wilh dBase DI database

software.

Lund and Schiff, BCS-9011325 pile 6



REPORT.DOC:

REPORTI.STI':

Pipeline damaae database in comma-lDd-quote delimited format,

which is readable by \'irtually any database or spreadsheet

proeram. These Jrograms, such as dBase, FoxPro, and

Lotus 1-2-3, have fuDctioas thIl eaable the user to lIIlI1yze,

search, or print the daIa.

lbis repon, in Miaosoft Word for DOS. version 5.5 format.

Microsoft Word 55 stylesheet associated with REPORT.DOC.

PROJECT PRODUCTS

I. Project repon describing methodology used to collca data, computer data tile, aDd a
sample application for use in future research.

2. Methodology and format for rollectiog similar data from future earthquakes.

3. Diskette in pocket with database tiles TCLEE_DD.DBF lIDd TCLEE_DD.PRN. whose
formalS are discussed above.

4. Figure 1, showing pipeline breaIcs aDd leaks in the Loma Prieta earthquake area of impact

.5. Figure 2, showing close-up view of pipeline breaks and leaks in the San Francisco
Marina District

6. Figure 3, showing pipeline breaIcs aDd leaks in the san FraDCisco Marilla District, along
with soil classification (using the UBC soil profile system).

PROBLEMS

There are significant differences in the amount of damage informatiOD available from different

agencies. Not all agencies kept detailed records of the type ofdamqe lIDd method of repair.

Most public agencies kept records on the cost of repair for possible reimbursement by FEMA.

This reimbursement was DOt available to priVIle aaeocies, although they may be elipble for low

interest loans if the earthquake impact area is declared a "disaster area" by a state and federal

governments.

Some agencies lack extensive iDformatioo 00 the systems they ope:rIlC. Many rea.som explain

this. In some cases a utility acquired an old system for which detailed records were never kept.

Some utilities were created through the merger of a group of smaJler qencies, and therefore lack

Lund and Schiff, BCS-90t t 325 p8&e7



common records. Some smalllI£eDcies lack any teehDica1 staff. The quality and detall of data

provided by these aaeDcies may therefore be lower than that provided by larger. older utilities.

After the Loma Prieta earthquake, a flyer with a check sheet (similar to that shown in AppeDdix

B) was distributed by the TCLEE Earthquake lDvestiption Committee (EIC) to a number of

lifeline ageDcies. requestina they collect tilt: information desaibed above. The qeocles were

informed that a TCLEE EIC representative would cootaet them in about 30 days to collect

damage information for ioclusion in a report on the performance of lifelines in the earthquake.

When TCLEE EIC personnel called or visited the qeDcies. it was found that oll1y a very few

respondents followed these SUgestiODS. The infonDl!ion ttvy provided was the basis for the

1990 EERJ Spectra Loma Prieta PrelilDinary JlecoDDaissaoce l:port on water lUld sewage

fadIities.

The methodology used in this project is the first mown t~mpt to collect lUld digitize pipeline

damage on a regionwide basis. Uke all first artempts. it is subject to improvement in future

events. 10 future earthquakes in the UDited States, the flyer and check sheet, with a format

similar to that shown in Appendix B. should be distributed. The foraaat should be modified if

appropriate; however. the value of the database may be degraded by inconsistencies between

events. It should be recognized that there may be varyiq degrees of compliance.

APPUCAnONS

One purpose of this study is to supply resell'chers with a siagle. consistent daIabue of pipe

damll&e in a formal usable to all dalabase and spreadsheet proJl'llDS. The object of future

investigations that use this data is. of course. up to the resell'Chers themselves. However. for

purposes of illustrating the utility of this dallbase. we have supplied resu1ts from 11 sample

application: soils data for each pipeline repair m:ord. Two soil c1assificatioos are provided for

each pipe repair location: one accordioa to the United States GeoloJical Survey (USGS), IDd one

according to the UDiform Buildioa Code. The former system. by Evemdeo aDd others of the

USGS (1981), describes soil type in terms of grouNJ cOtldition WliIS A throuIh J. as defined io

Table 2. The latter system classifies a soil profile IS Sl duough S4. for the purpose of

characterizing seislDic frequeocy response content at the pound surface. Table 3 is extracted

from the UDiform BuildiDg Code (ICBO. 1991),lIDd defines the Sl throuah S4 soil profiles.

One possible use for these data would be to correlate pipe daIDI&e with soil type. It is kDown that

pipe damaze in earthquakes is frequently conceatrlted iD zones of liqueDclion. Uquefaction

Lund and SChiff, BCS·90113~



typically occurs where loosely-coasolidaJed SIIUl'IIed alluvium is subjected to IUODIIfClUDd
motion. Therefore, the teDdeucy for pipe bre8kaIe to occur in SIIUrIICd lIIuvial soils may be

evaluared by overiayiD& the data provided in this sample lPPIicIIioa with pelle If'OUDd
ICCelention or 0Iher lAJl'opriate measure of seismic iGtalSity.

Soil daIa presented in the sample lppIieation are based primarily OD hilb resolution aeolOJical

maps digitized by BQB. These elcc1roaic maps cover the urt.aizcd S. Fnacisco Bay area. aud

are based on I:24.000 and I :62,sOO-scale aeological maps published by such aaenc:ies as USGS

and the California Division of Mines aDd GeoIOIY (CDMG). SU....y over half of the San

Francisco Bay area was digitized usiOC the mp-resolU1ioo maps. In additiOD, S&rta Cruz has

betn digitized using a 1:24.000 scale ,eologicaI mlp. The small scale provides for an lCCUI'ICy

of between 75 and 300 feet in the IocItiOD of soil type boundlries.

Except for Santa Cruz, soil data for regions outside the urbaDized San FraDcisco Bay area are

based on II2-minute aeologicaI maps provided by EverudeD IDd 1boIDpson of the United States

Geological Survey. The USGS II2-minute maps presea avenee sml types in rCC1aDlles whose

dimensions are approximately 2.400 feet (east-west) by 3,000 feet (north-south); accuracy of soil

data drawn from this SOW'CC is therefore limited.

DISSEMINAnON

The computer diskette and reJUI. are to be disaibuted for pennIDCDl storqe in a Dumber of

public depositories. iocludina; the NllioaallnfOl'lDllion service for EInhquake Eqioeerina aud

Bechtel Engineering Li'mlry It University of California, Berteley; NMional CcDta" for

Earthquake EngioeeriDe Research It State Uni~ty of New York, Bu1faIo; Terman EDaiDeerina
Library It Stanford University; Sou1hem Califomia EIrtbquake Ceoter. at UDiversity of Southern

California; Libl'Ny of CODIfCSS; Califomia 1DsIitute of TecbDoloIY; University ofcaHfmda,

Davis; University of California. Los Aqdes; University of CaIiforaia. IrviDe; CaliforDia Stile

University. San Jose; and availlble to any researcher for DOmiaaI cost. Also oral presemldODS

aDd publication in professiooal jourDa1s.

CONa..USIONS

The data provided with this report may be used by Je01echnica1 researchers to detetmioe dImaIe

as reilled to ctiffemlt aeolopcll c:oDditioas or seismidty. SeisDUc risk relelrdlers may employ

the informalion to aaalyze lifeIiDe syslallS. to UDdentaDd beUer the performaDce oflifeliae
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systems in earthquakes. and to identify regiom where soil or aeolo&ical conditions would affect

seismic risk or damage 1be ultimate goal for these data is to improve the performance of tifetine

systems.

The methodology presented herein may be used in future earthquakes for the collec:tion of

pipeline damage data. As future earthquakes occur. DeW data may be collected in the same

manner and compiled into the same database. so that ICCUmulaled data can be placed in a data

bank representing different magnitudes. geolo&ical and topopaphica1 conditions.

RECOMMENDAnONS

I. The collection of pipeline data is different than other post-earthquake investigation

activities in that it is often several months before most of the damage is discovered and

repaired. Thus. the data collection of pipeline damage cannot meet~ needs for most

reconnaissance activities. which are typically to be completed within 2 months after the

earthquake. Thus. there is a need for a mechanism to support the detailed effort neWed

to document pipeline damage.

2. There is a need for better coordination in the collection of pipeline damage data. After

significant earthquakes. many geolCChnical teamS go into die field to collect data,

including pipeline damage data. As a result. wlllc:r and other agencies get several

requests for damage information.

3. Ohtaining a reasonable desLTiption of the system at the time of die earthquake would

greatly enhance the value of the data in die database. It would be desirable at least to get

aggregate length of various types and sizes for each aeeocy reporting dam.,e.

4. It is recommended that this methodology be used in future earthquakes to ensure that

critical data is collected and that it is compatible with the database.
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I'IelCJ no. I'IeICI rwne

1 EARniQUAI(E NIme"'~GI,*"'''''''
2 AGENCY NIme OIIl'81p01dig IOI"Clf
3 MEDIUM MedIum c:n.d by....,. (e.g.,~
4 CONTACT .... 011 PMCI"l provIcIIlg ala
5 PHONE Telepholle runbIr 01 PMCI"l provIcIIlg ...
e LOCATION ~.... 011 pIpIh dImIgt
7 CITY CllyOll .....~• ZIP 5-dIgIt zip caa. 011 .........
8 LAT I.ocIIIIclnOII~.__Idude (+N, -8)

10 LONG I.ocIIIIcln 011~, -"1clr9'* (+E, -W)
11 SOl. USGS 801_: UIGIIJound CClldlloii WIll
12 =:USC 801_: UBC 101 pnlIIIt;FIT 'c.IOn
13 PIpe nomk1II dIImMIr./nCMI
14 THICICN:!8S PlpeW81ftdll-.~
15 MATERIAL PIpe~

US LNNG PIpe Iring, IflPIIed to InIIde 011 pipe
17 ~TING PIpe ccdng. IflPIIed to oulaIde 011 pipe
18 YEAR 1N8T V..OfIl-.aDn
18 JOINfmae ~otlOlnt
20 BUR DEPTH DIpIh 011 pipe IrMIt bIIlM CIftU'd ...., fNI
21 IIEDOING ...... onwhk:h pipe~
22 BACKFU ...... In which pipe II burled
23 GW_PRESENT ~ pr...a...........Ig pipe
24 GW DEPTH Dlplhto~bIIlMCIftU'd...,...
25 IA€AK flOw CIIIr\4*d. 101I Of UICIIOn
21 LIAK e.m.g. ca..s .... tlIa pIpIIInt In:Ion conIInuId
~ ROUND ClI'cu,...... pipe cndc
21 BlOWOUT ~-type ciImIIge
28 SPLIT LongIIudInII pipe crICk
30 COAAOSION CclnoeIon evident • .".
31 PIPE OTHER PIpe dImIIge CIUMd bV 0IhIr pI'lIllOft'lenOll (deIcrtbed)
32 CRACK .IcIlr-. ....... ca.-:I by CHCIc
33 PULL .IcIlr-. puIIMt..
34 CCUIAE8SION .IcIlr-. ..... ca.-:I by CCllW..-.ion
35 CJA8ICET .IcIlr-. ...........
35 .rr OTHER Obr type 01 joint .......(~
37 dow ,.......-.g
31 TEE ,......~
38 CAOII ,......aa.-.g
40 OPFI!T ,......*II-.g
41 FLANGE ,..........~
G H'I'DMNT ' ......... hWdrW1la mG OTHER , ......OIW type OfD1g (dIICII)Id)
44 CLAMP DImIgI ,...,....I'IP*~
48 ITJWI o.n.g.,...,. .... td...... WELD o.n.g.,..., ....MId
47 AIPLACE DImIgI,...,. by .....18 pipe or aI"Q... REP OTHER o.n.g. ,..., .... OIW meIhod (dllc:ilbecl)
4t COIilENT81 eornm..a. 111 lint
I5Cl COMMENT'82 COIMlInII. 2nd lint
51 COMMENT83 CGrIIIMnIa. 3Rt InI

Table I: DItabue format
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ClooIofx_
••• 0;;..........
J5:;1.~ti·~. ~V:PiDV:i:~~i);:;s:·;e;~···-A

•pelf.~.,c. I..._PP-:' ~ racb 8
.-. • • C. C •C)(, D. 8. pie, O. II

luiy N-ec
J

'..u-tuy rocU ••••••••••••••••••••••••••C
Uk. 11. JaB. Tr. ~fl .

C:r~K.~U~taryncb•••• . 0
UDdiYidldzr~ .....w, racb •__E

CQ'I'e. Te. n, Tal
o~&IlrouD aiddI. P1ioont...u-~rocb _._ •••• _F

cPIaEc. PaZ. lie. "uc. "II, Mme..... lIE.....)
-PUQc'o-PltOP~' -.Ii_tary redtI ._ ••••••••••••••••••••••G

C • • n:. Puc. PIll

T~:8r:.ii:~":T~i..m--.......-----.-.---- .....-U
Qua......,. ..ac..ue redtI • • 1

CQn.QpvI

~=Q(~=:1r. ijq;Qi:QiDi............•...J

Table.'}.: ExpllDltiOD of USGS IfOUDd CODdidoD wdl5
From EvemdcD et aI., 1981

"" II ..
$. A1aiI....willi tilIItr:

(a) A.......--.....w..,.-.....-
~..- .... 2..500...........,...
......._",. I' , •

<')IIIIr..... IOiI ........... IIil ......
........ 300 ....

Sa A-:r=.......................
lIII ........... 211IO...

$. A.1Iil='JO..._iII .......~- ...",............,..._........",...,.
s. A.ttII~~_ .......",..:z.

......., .... - "*iIr ....... 'IIO......
Table 3: F.xpII8IdoD ofUBC lite 1011 proIle d_ftcIdoaI

From 1991 UaitonD BuBel., COde
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APPENDIX A
LIST OF AGENCIES SOLlcn'ED FOR PIPELINE

DAMAGE DATA



SAN FRANCISCO BAY AREA WATER USERS ASSOCIATION

Jim Beard
Alameda County WIter DiSbict
43885 S. Grimmer Blvd, P.O. Box 5110
FremoDt, CA 94537
(510) 659-1970

Warren 1. Mitchell
Belmont County Water District
1513 Foleer Drive, P. O. Box 129
Belmont. CA 94002
(415) 591-8941

Roger A. Kilil
Water Department
44 Visitacion Avenue
Brisbane, CA 94005
(415) 467-1515

Ralph E. Kirkup
501 Primrose Une
Burlingame. CA 94010
(415) 342· 8132

Ralph J. Steiber
California Water Service Company
1720 North FU'St Street
San Jose, CA 951084598
(408) 453-8414

Roben R. Rathborne and Dave Mier
Coastside County Water DiSbiet
766 Maio Street
Half Moon Bay, CA 94019
(415) 726-4405

Mario Wijtman
Cordilleras Mutual Water Association
1827 CordiDeras Road
Redwood City, CA 94063
(415) 572-1919

R. George Zinckgrat
East Palo Alto W8ler District
80s Veterans Blvd, Suite 301
Redwood City, CA 94063
(415) 3634102
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R. George Zincklflf
Palomar County Water District No.3
80S Veterus Blvd., Suite 301
Redwood City, CA 94063
(415) 363- 4102

Michael D. Abramson and Mike Cooney
Water Department
153 Lake Merced Blvd.
Daly City. CA 9401S
(415) 75S·6SS7

Charles F. Loucks and David Valkenns
Estero MUDicipallmprovement District
610 Foster City BlVd.
Foster City. CA 94404
(415) 349-1200

Roger Kalil
Guadalupe Valley Municipal Improvement Disaiet
44 Visitaeion Avenue
Brisbane, CA 9400S
(415) 467-151S

James Lundgren and Mike Higares
Water System
22300 Foothill Blvd.
Hayward, CA 94S41
(510) 581-2345. X 5211

Terrance Leong
Town of Hillsborough
1600 Aoribunda Avenue
Hillsborough. CA 94010
(415)343-2735

Stanley R. Gage
Los Trancos County Water District
455 Old Spanish Trail
Ponola Valley. CA 94025
(408) 435-6J J5

Lauren E. Mercer
City Eoeioeer
701 Laurel Street
Menlo Park. CA 94025
(41S) 858·3420

Wayne Bush
Director of Public Works
62 J MaenoUa Avenue
Millbrae, CA 94030
(415) 259-2339
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Wesley D. Smith
City of Milpitas
455 East Calaveras Blvd
Milpitas. CA 95035
(408) 942-2361

Mari': R. Harris and Paul Olmos
Maintenance Department
231 North Whisman Road
Mountain View, CA 94043
(415) 966-6329

Pete Nelson
North Coast County Wattr District
P.O. Box 1039
Pacifica, CA 94044
(415) 355-3462

Douglas M. Shon
City of Palo Alto
250 HamiltOD Avenue
Palo Alto, CA 94301
(415) 329-2523

William D. McCann
Purissima Hills Water District
26375 West Fremont Avenue
Los Altos Hills. CA 94022
(415) 948-1217

Curtis M. Luck
City of Redwood City
P. O. Box 391
Redwood City. CA 94064
(415) 78()"7377

Lee R. Rittman
City of San Bruno
567 E1 Camino Real
San BIUDO, CA 94066
(415) 877-8865

Dennis Futamase
City of San Jose
801 North FIrSt Street
San Jose, CA 95110
(408) 277-4218

Richard H. Hathom
City of Santa Clara
1500 Warbwton Avenue
Slota Clara, CA 9SOS0
(408) 984-3183
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Richard Henwood
Skyline County Water Disaiet
13885 Skyline Blvd.
Woodside, CA 94062
(415) 851-0529

Cheryl Jensen
Stanford University
31S Bonair Siding
Stanford. CA 94305
(415) 725-1813

William WeiseDd
City of Sunnyvale
P. O. Box 3707
Sunnyvale, CA 94086
(408) 730-7558

Robert Yee
Westborough County Water District
2263 Westborough Blvd.
South San Francisco. CA 94080
(415) 589·1435

SANTA CLARA VAlLEY WAlER USERS

San Jose Water Company
San Jose Municipal Water
City of Sunnyvale Water
City of Santa Clara Water
City of Cupertino Water
California Water Service Company

WATERANDSEWAGEAGENC~

Ted Way,
Tom Linville, Manager of MaioteaaDce, IIId
JackJacobs,Managerof~DS

EBMUD
Box 24055
Qakland. Co\ 94623-1055
415-835-3000

Jim Beard
Alameda County Watts Disuiet
P. O. Box 5110
Fremont, CA 94537·5110
415-659-1970
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Jack LaPorte
Hollister Water and Sewer
375 Fifth Street
Hollister. CA 95023
408-637-8247. -8221

Joe Rosa
Pajaro CommuDity Services District
Sunny Mesa Water District
305 Salinas Road
Box 1S43
Watsonville. CA 95077
408-722-1389

William McCann
Purissima Hills Water District
26375 Fremont Road
Los Altos Hills. CA 94022

Robert Howard
Santa Clara Valle)' Water District (SCVWD)
400 More Avenue
Los Gatos. CA 95030
408-395-8121

Roger James. Mgr. of Water Operations IDd Water Quality
57S0 Almaden Expressway
San Jose. CA 95118
408-265-2600

Robert Gazulta
California Water service Company
1720 North FlI'St Screet
San Jose. CA 9S112
408-4S3·8414

Bill Kocher and Gre" Tom
Santa Cruz Water
809 Center Street
Santa Cruz. CA 95060
408-429-3674

Martin Lieberman
Water Department
1990 Newcomb Avenue
San Francisco. CA 94124
4IS-SS0-4902

Paul Schreiber
San Jose Water COmplUlY
1221 South Bascom Avenue. Box 229
San Jose. CA 95 196
408-279-7801
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JohD CapebilDCo
sao Loreozo Valley Water Distria
13060 Central Aveaue
Boulder Creek. CA 9S006
408·338·2153

JonSUsina
Scocts Valley Water District
Boll. 660006
Scocts Valley. CA 9~066-0006

408-438-2363

Robert Johnson
Soquel Creek Water District
Boll. IS8
Soquel, CA 9~073

408-475·8500

Bryan Yamaoka
Sunnyslope County Water District
~16 Airline Hi,hway
Hollister. CA 95023·9702
408-637-4670

JohD Nichols aDd Charles Wales
Warsonville Water
Boll. 430
Warsonville. CA 95077
408-728-6045

JobDJones
Tracy Water
6649 South Tracy Boulevard
Tracy. CA 95376
209·836-2550

Riva RidJe Mutual Wiler Company

Wester Sweet
MoWllain 01arUe Water Compuy
338 East Juliaa Street
San Jose. CA 95112
408·292·2759

Don McKeDzie
Bruce Fr8Dts. Owner/open!«
Villa Del Moot.e MulUal Wit« CoaIpuy
ldIywild Wiler Co.
Chemekeca PIrIe Water Co.
AJderaoft Valley Wiler Co.
20915 Old S...Cruz Hipway
Holy City. CA
<408-353-1343
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Redwood EstaIes Mutual Water Co.
Redwood EstalCs. CA 95044

James Davis
Cupertino Water Utility
lOS55 Mary Avenue
Cupertino. CA 95014-3255
(408) 253-5757

John Ballard
Palo Alto Water Pollution Control FlCillty
2501 Embarcadero Way
Box 10250
Palo Alto, CA 94303
415·329·2120

Todd Cockburn (Pronounced Coeburn) and Henry Anderson
san Francisco Clean WIter Proanm
1550 EvlDS Avenue
san Francisco. CA 94124
415-SSQ.2750. 415-673-4296, 41S-55().()831

RobenJew
Public Works
45 Hyde Street
san Francisco, CA 94102
415-5584415

JinaCombs
Watsonville sewer
Box 430
Watsonville, CA 95077
408-728-6077

Steve Woltman
Public Works Sanitation
809 Certer Street
san:a CNZ •CA 95060
408-429-3016

Bob Geyer
Scotts Valley Wastewater
700 Lundy LaDe
Scotts Valley, CA 95066
408-438-0732

LeeDoty
Union Sanitary District
37532 Dusterberry Way
Box SOlS
Fremont, CA 94536
415-79().()100
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Marilyn Campos and Jimi Yoloye
East Bay Municipal Utility Distria-WlStewater
P. O. Box 240S5, OaJclIll.'1, CA 94623-1~5

2020 Wake Avenue
415-469-3700 and 415465-3100 x287

Jim Bewley
South Bayside Discharles Authority
415·591·7121

Bill Williamson
Saota Cruz County Sanitation District
701 Ocean Street
Santa Cruz, CA 95060
408-425·2133

Martin Gonzalez
San Jose-Sewer
801 North First SUeet
San Jose, CA 95112
408-2774628

TIm Clayton
West Bay Sanitary District
500 Laurel Sueet
Menlo Park. CA
415-321-0384

Bill Mcbee
Cupertino Sanitary District
20065 Stevens Creek Blvd.• Bldl. C
Cupertino. CA 950]4
408-253-7011

Gary Va1ladao
Mid-Coast Sewer Authority
P. O. Box 3100
Half MOOD Bay, CA
4]5-726-0124

FredCebalt
San Mateo Wastewater Treatment Plant

James Clark
Pad1k GIS and Electric Company
123 Mission Street 8·1013
S~ FraDCisco. CA 94106
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ROler Jensen
Water, sewer aDd Gas
City of Palo Alto
250 Hamiltoo Aveoue
Palo Alto, CA 94301
(415) 469-6932
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APPENDIXB

REQUEST FOR PIPELINE DAMAGE INFORMATION;
SAMPLE PIPELINE DAMAGE CHECK SHEET;

SAMPLE DATABASE RECORD
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AMERICAN SOCIETY OF CIVIL ENGI~ERS

TechnIcal CO'"I1 on L1fel1ne Earthquake EngIneering
Lorna Prieta Earthquake Plpeltne FaUn Doc\mentatlon

NSF Contract No. BCS-go11325

9 August 1990
Mr John Ballard
Palo Alto Water 1>011utton Control Facility
P.O. Box 10250
Palo Alto CA 94303

Dear John
The American Society of ClvU Engineers, Technical CCXIlCI1 on L1fellne

Earthquake EngIneerIng has been awarded a grant by the National SCIence
FooodaUon (NSF) to deVelop a data baSe of plpel1ne fan",es from the Lorna
PrIeta EarthQUake, 17 October 1989. The pISpOse of the project IS to
preserve Information on pipeline fal1"'es for the engIneerIng and scIentific
communIties. The resultIng data base w111 be aval1able, In disk format for
personal computers at the cost or _lIcatlon. No reference to specific
agencies wtll be made be made In the f1nal report.

I would like to come to yow- agency CUIng the month of september to
Obtatned amap of yetr system and a map ShOwing the locatton of plpel1ne
fa 11lres. The map wtJ1 be used to tie plpellne fatltres tnto acoordtnate
system of latItUde and longitUde.

Also, I would be Interested In the total length or pIpe In yu system,
the percentage or ptpe by different materIals, mode of falllnsand method
of repairs. Adamage Information sheet IS attached for yu convenience.

The pr1mary IUPOH of the vIsIt Is to determIne the locatton of pipe
fal1ns, and lIlY other tnformatlon on pipe fal1"," would be apprecIated. I
w1l1 call to schedule a meeting wIth yiM'~.

SIncerely yOll'S,
I)4f

Le Val LtJ'id, P.E., M. ASCE
Prlnctpal Investigator

3245 Lowry Road
Los Angeles, CA 90027
(213) 664-4432

Attachment
LL 8-8-90



AmerIcan Society of CIvIl Engmeers
TeCMlcal CouncIl on LIfelIne Earthquake EngIneering

pipeline Damage Cbeck Sheet

LocatlOn of Damage _

pipe Descrlotlon

Size __, ThiCkness __, Materlal
i
, Lln1ng __,

Coating __, Date of Installation __

Type of Joints , Burial Depth __,
Bedding Material ,Type of Backf111 _

Ground Water Present _, Depth to Water Surface _

Damage

Impact on Flow: Break (flow disrupted)_
or Leak (flow continued) __

Pipe Fai lure: C1rcumferent1al (round crack) __,
Change In Pressure (Dlowout) __. long1tudlnal (split> __,
Corroslon __, Other (descrlDe)__

Joint Failure: Cracked _ Pulled _, CompreSSion _, GaSkt't_,
Other (descnbe) _

Fittmg Failure: Elbow _,Tee _, Cross _.orrset _,Flange _. Flange_,
Hydrant _, Other (describe) _

Repair MethOd: RepaIr Clamp _, Butt Strap _, Welded _, Replaced pipe or
fitting _, Other (describe) .

Supervisor _ Date _

Comments . _

LL 8-8-90



American Society of civil Engineers
Technical Council on Lifeline Earthquake Engineering

Pipeline Damage Check Sheet

Earthquake: 11 OCT 1989 LOMA PRIETA

Agency: SAN FRANCISCO WATER DEPARTMENT
Contact person: MARTIN LIEBERMAN Phone: 415-550-4902

LOcation of damage: 3642 WEBSTER ST
SAN FRANCISCO, CA 94123

Medium: WATER

Latitude: 37.8043
Soil (USGS): J

PIPE DESCRIPTION

LongitUde: -122.4342
Soil (UBe): S4

Size (in): 8.00 Thickness: 0.00
Lining: Coating: Year installed:

Material:
o

Joint type: Burial depth (ft): 0.00
Bedding material: Type of backfill:

Ground water present:

DAMAGE

At depth (ft): 0.0

Impact on flow: break (flow disrupted): X
or leak (flow continued):

Pipe failure: circumferential (round
Change in pressure (blowout):
Corrosion:
Other (describe):

crack): X
Longitudinal (split):

Pull:
Gasket:

Joint failure: Crack:
compression:
Other (describe):

Fitting tailure: Elbow:
Otfset: Flange:
Other (describe):

Tee: Cross:
Hydrant:

Repair aethod: Repair clamp: X Butt strap:
Weld: Replace pipe or fitting:
Other (describe): 8" FULL CIRCLE

Comments:



APPENDIXC

GWSSARY OF TERMS USED IN PIPELINE DAMAGE
DATABASE
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AB5

AC
ACP
AV
B&S
CI
CIIIP
CCCL
CONC
COP
mCL
FK.CL
R..EXCOUPL

REX FITG
FS
GAlV
GG

HSL
ML&C
PLAS
POLY
PVC
RCP
RGJ
RPP
5
51
SM
5MB
SMM
SOMCL
SRV
55
SlL
SVC
TRANSI1E
VCP
WS
W5CL

Acrylonitrile butadieoe styreoe. a black plastic pipe used tor sewer IDd
low pressure gas
Asbestos cement
Asbestos cement pipe
Air valve
Bell aDd spigot
Cast iron
Cast iron high-pressure pipe
Cement-eoated, cement-tiDed welded steel
Concrete
Copper
Ductile iron, cement-lined
Kraft-wrapped. cement·lined steel
Aexible couplina. also called Dresser coupIiq or mechlDical coupling.
A 2·3 ft in-lioe segment of pipe with unrestrained, gasketed sleeve joints
at each end. Space is left between the pipe seement IDd adjacent pipe to
permit contraction of the coupling. Gaskets are clamped into the sleeve
A V-shaped offset fitting 1-2 feet in each dimension
Fire service
Galvanized (steel. typically)
Grovielgrip. a thin-walled steel pipe with vietlU1ic-like joints. of 1940's
vintage
House line. service pipe on the CODSume(S side of the meter
Monar-Uned and coiled steel
Plastic
Polyvinyl chloride
Polyvinyl chloride
Reinfolced concrete pipe
Rubber gasket joint
Reduce pressure principle. a baclttlow device
Steel
Sheet iron. riveted or gas-welded
Steel main
Steel main with bitchmastic (tar) lining
Modified prestressed concrete
Somastic-coated. ceme..-lined steel
Service
Standard screw steel
Steel
Service
Trade name for asbestos cement
Vitreous clay pipe
Welded steel
Welded steel, cement-lined

Lund and Schiff. BCS-901 J32S C-I
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