PB93-163301

TECHNICAL COUNCIL ON LIFELINE EARTHQUAKE
ENGINEERING AMERICAN SOCIETY OF CIVIL
ENGINEERS TCLEE PIPELINE FAILURE DATABASE

CIVIL ENGINEER
LOS ANGELES, CA

1993



DT DT L TATICN PAGE

Form Approvea

QOME Na. 17745138

- 1. JE LR DGtk A URING Tre [e TOF CRVIBWING AT eT TR maf S R e e ey g om
T e e eamrate Tar tcematan ey e e LT
sreer 0] g et Faceea ok Aagurton Prgiect JT04-G098) Svawn anr o ’
D . ST 3. REPORT TYPE AND DATES COVERED _
PB93-163301 August 1990 !
T TTTTEIT R 5. FUNDING HLMGESS :
Technical Council on Lifeline Earthquake Engineering !
{TCLEE) Pilepine Failure Database ;
!
{
i
t
- T o e U T el L ESHES) 8. PERFORMING CRG.NiZ T, 0N
National Science Foundation REPORT NUMBER
18-- G Street, N.W.

Washington DC 20550

R S N oY

T T T T SGonG. IAMAE. L, <D ADDRESSIES) 10. SPONSORING - MONITGRING
AGENCY REPORT NUMBER
NSF/DF/DK-93/002

o b e e T

For diskette see PB93-505360

CAATLHLTY CTATEVIENT

oLt

128. DISTRIBUTION COOE

TECURITY CLASSIFICATICN

IFoASTRACT

185, MUMBER '2F 4GS
[ J
6. ARICE JCCoE
o D



PB93-163301

TECHNICAL COUNCIL ON LIFELINE
EARTHQUAKE ENGINEERING
AMERICAN SOCIETY OF CIVIL ENGINEERS

TCLEE PIPELINE FAILURE DATABASE

Le Val Lund, P.E., M. ASCE
Civil Engineer, Los Angeles, CA, Principal Investigator

Anshe! Schiff, PhD, M. ASCE
Precision Messurement Instruments, Los Altos Hills, CA, Co-Principal Investigator

National Science Foundation Project BCS-9011325

REFROOLCED BY

U.8. PEPARTMENT OF COMMERCE
NATIONAL TECHMICAL INFORMATION SERVICE
SPRINGFIELD, VA. S8



TABLE OF CONTENTS

LomaPrictaEarthquake . . . . .. ... ... . ... ..........c.....
National Science Foundation . . . ., Ce st e e e et e e

OBJECTIVES . ... . .. ... ittt naneas
SCOPEOFPROJECT . ... ... it i ittt it st oss
ADVISORYGROUP . ., . . ... . ittt i e
DATACOLLECTION . .. . ... . ittt it ear i nnsennes s

PROBLEMS . ... . ... . . it i e e

Explanation of USGS Ground Condition Units
FromEverndenetal, 1981 . . . . ..... . ... ... ... .. 0.

Explanation of UBC Site Sail Profile Clsssificstions , . , . ............

FIGURES
Pipeline Breaks and L eaksinthe Loma Prieta Earthquake . . . . . .. ... ...
Pipeline Breaks and Leaks in the San Francisco Marina District . . .. ... ...

Pipeline Breaks and Leaks in the San Francisco Marina District,
withUBCSoil Type . . .........0. ittty

APPENDICES
List of Agencies Solicited for Pipeline Damage Data

Request for Pipeline Damage Information; Sample Pipeline Damage Check Sheet;
Sampie Database Record

Glossary of Terms Used in Pipeline Damage Database

BW\ONQQQO&%UUM&NMHHE

— et
- O

12

13
13

4
15

16



AMERICAN SOCIETY OF CIVIL ENGINEERS
TECHNICAL COUNCIL ON LIFELINE EARTHQUAKE ENGINEERING

TCLEE PIPELINE FAILURE DATABASE

Le Val Lund, P.E., M. ASCE
Civil Engineet, Los Angeies, CA, Principal Investigator

Anshe] Schiff, PhD, M. ASCE
Precision Measurement Instruments, Los Altos Hills, CA, Co-Principal Investigator

National Science Foundation Project BCS-9011325

ABSTRACT

The American Society of Civil Engineers, Technical Council on Lifeline Earthquake Engineering
was awarded a grant by the Nationa! Science Foundation (NSF BCS-9011325) to develop a
computer-based darabase of pipeiine damage and enter data coilected from the Loma Prieta
carthquake. The earthquake occurred near the San Francisco Bay area in California, USA, on
October 17, 1985, The purpose of this project is to develop a computer-based database to
preserve information on the location, pipe size, pipe maerial and type of pipeline damage for the
engineering. geological, seismological, and seismic risk communities, and for lifeline researchers.
The resulting database and methodology will be available in a public depository, in diskete
format for use on personal computers, to the engineering and scientific community for the cost of
duplication. Itis the intent to add pipeline damage dat from future earthquakes to this database
4s resources permit.

INTRODUCTION

LIFELINES

Lifelines are those services that are vital to the health and safety of the community and to the
functioning of 20 urban and industrialized society. Lifelines are critical for emergency response
and recovery of a community after a disaster such as an earthquake. Lifelines include power,
communication, transportation, water, scwage, gas and liquid fuel systems.

Functional seismic performance of pipelines is necessary 1o facilitate emergency respoase and
recovery of a community afier an earthquake. Uninterrupted water supply is necessary for public
health and safety purposes, includiag fire fighting, drinking, cooking and sanitary use. Functional
sewer pipelines arc necessary to cary waste away and o prevent pollution and the spread of
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illness or discase. Gas supplies are critical for heating and cooking in essential facilities such as
hospitals. Also, gas and liquid fuels are essential for operation of emergency vehicles and
equipment. Electric power generation is critical to suppon emergency services. In addition to
public health and safety issues, lifeline operability can be critical to the economy of the effected
region. In some cases, lifeline damage can reach far beyond the local economy, producing
serious economic effects at the state and even national level.

LOMA PRIETA EARTHQUAKE

On Tuesday, October 17, 1989 at 5:04 p.m. (PDT), a magnitude Ms 7.1 carthquake occurred
along the San Andreas Fault in the Santa Cruz Mountains of California. The epiceater was
located 16 km (10 miles) northeast of Santa Cruz and 100 km (60 miles) south of San Francisco,
California. This event killed 63 people, injured 3,757 people, destroyed 366 businesses, damaged
3,530 businesses and left more than 12,000 temporarily displaced. The strong shaking lasted less
than 15 seconds, but is estimated to have caused more than $7 billion in damage, not including
economic losses.

The Loma Pricta Earthquake affected the performance of almost every type of lifeline system in
the San Francisco and Monterey Bay areas. The most significant were in transportation,
especially the loss of the Cypress Street viaduct on US Interstate 880, and the collapse of a
linking span on the San Francisco-Oakland Bay Bridge. Significant damage 1o pipelines occurr. d
in the Marina and South of Market Street areas of San Francisco, areas along the San Francisco
Bay in Oakland and Alameda, and areas along the San Lorenzo River in Santa Cruz.
Underground pipelines were affected in unstable ground areas, especially those subjected to
liquefaction. Ina few cases the inability o1 the these pipelines © function affected emergency
response and recovery activities.

AMERICAN SOCIETY OF CIVIL ENGINEERS

Preliminary Eathauake Investigation of Lifel

The Earthquake Investigation Committee, Technical Council on Lifeline Earttqquake Engineering
(TCLEE), American Society of Civil Engineers (ASCE) conducted a preliminary investigation of
lifeline damage from the Loma Prieta Earthquake of October 17, 1989. This investigation
evaluated the performance of transportation, power, gas, communications and water and sewage
facilities, and subsequently prepared a report on lifeline performance. The report was published
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in the Earthquake Eagineering Research Institute's professionsl journal, Earthquake Spectra
(EERI, 1990).

NATIONAL SCIENCE FOUNDATION

ASCE-TCLEE, responding 1o a request for proposs] (RFP), was awarded a grant (BCS-9011325)
by the National Science Foundation (NSF) to develop s database of pipeline failures and insert
data from the Lotna Pricta earthquake, The resulting electronic database is to be made available
in a rumber of public depositories for use by the engineering and scientific commurity for the
cost of duplication. The database is stored ia files on & single 5-14 in, 1.2 Mb diskette formatted
for IBM-type personal computers.

OBRJECTIVES

The objecdves of this project are to develop a computer-based database and enter data collected
from the Loma Prieta Earthquake. Information on the location, pipe size, pipe material and type
of damage, for use by the engineering, geological, seismological, and seismic risk communities,
and lifeline researchers is to be preserved. Also it is to encoursge and facilitate the use of these
data and methodology in future earthquakes, and ultimately 1 help improve the seismic
performance of lifeline systems for the public welfare.

It should be noted that this is the first known sttempt to document pipeline damage on a
regionwide basis. and to establish a common methodology for collecting, storing. and
disseminating pipeline damage data in an electronic format.

SCOPE OF PROJECT

1. Establish advisory group 10 review objectives of the project and 1 determine the type of
dats to be preserved.

2. Idemify lifeline agencies operating pipelines that migin have beea affected by the
earthquake. (A list of these agencies is provided in Appeadix A.)

3 Collect the dats on pipeline damage from sgencies using a standard form. (The letter
requesting information and the form used o collect it are presented in Appendix B.)

4. Determine Jongitude and Istitude of pipeline damage.
s. For each location, add other data fields describing the damage.
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6. Compile pipe break and leak dara into electronic format, thereby creating computer
database adapable to existing commercially-available sofrware for use on the personal
computer.

7. Place methodology and computer data diskette in public depositories, available for use by
rescarchers.

8. Publist and make oral presentations os the general methodology for collecting pipeline
breal. and leak data to collect data from future earthquakes to develop a similar database.

ADVISORY GROUP

A project advisory group was established to assist the authors in identifving relevant damage and
repair data. The advisory group consisted of experts in pipeline seismic performance, and
included the following members:

Donald Ballantyne, Kennedy Jenks Consultants, Federal Way, WA
Ron Eguchi. EQE Engineering and Design, Costa Mesa, CA
Duane Ford, ConCeCo Engineering, Sacramento, CA

Thomas O'Rourke, Cornell University, Ithaca, NY

In a series of conversations and correspondence, the advisory group recommended specific types
of information to be collected on pipeline damage. These are described in the next section.

DATA COLLECTION

The advisory group recommended collecting the following basic infarmarion or pipeline damage
locations:

Lifeline conveyed: Water, scwage, storm water, natural gas or liquid fuels

Size: Pipe diameter and thickness

Maiiegal: Steel, cast iron, ductile iron, plastic, copper, concrete (reinforced
or unreinforced), concrete cylinder, etc.

Ripe or fining: Pipe, valve, elbow, tee, reducer, etc.)

Joinl ype: Bell and spigot, welded (gas or electric arc), rubber gasket,

boled, mechanical coupling, bunt saap, eic.
Age: Year of installation.
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Type of damage: Teasion, compression, bending, corrosion, etc.
Leak or Break: Lzak: lifeline continued to function with minim loss of service.
Break: lifeline damaged with complete loss of function.

The advisory group also recommended collecting several other items, although with the
knowledge that these dafa may not be as readily available as those listed above. These aduitional
items are:

Method of Repair: Repair clamp, welding, coupling, replace pipe or fitting, etc.

Wailer Table: Elevation or depth to water from the ground surface.

Foundation Material: Description of bedding or trench material.

(oating and Lining: Cement mortar lining or coating, coal tar enamet lining or
coating, multiwrap coating, etc.

Cathodically Protected: Yes or no.

The authors sent a letter requesting this information {(an example is provided in Appeadix B}, to
more than 65 water, sewer, drainage, and gas agencies. A list of agencies from whom data were
solicited is provided in Appendix A. Telephone calls and personal visits were made 1o
approximately 25 agencies in an effort to collect pipeline damage data. A printout of 2 sample
response that was entered into the database is provided in Appendix B.

In the process of contacting these lifeline agencies, it has become evident that many, but aot all of
them have documented the locarion of damage to underground pipelines. Some identified the
size, pipe material, type of damage and other features of the damage. In contrast, about one-half
of agencies concentrated on restoring the lifeline service, and on documenting the << st of repair
for use in preparing Agency's Damage Survey Reports, which are documents used for soliciting
federal damage reimbursement from the Federal Emergency Management Agency (FEMA).
Damage Survey Report forms were available from public utilities, as only public agencies are
eligible for reimbursement from FEMA. (Private agencies may be eligible for low-interest loans
from the federal government.) In summary, then, the availability and detail of pipeline damage
data varied between agencies. Though most agencies did respond to our requests for damage
data, some were unable to do so, even though their systems experienced damage. The database
provided with this report contains 862 pipeline failure records from the Loma Prieta Earthquake.
Indeed, since records were made only of reported repairs, much damage may have occurred has
not yet been discovered, let alone documented,
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Some agencies were fortunate and had no damage and only very few failed to respond, The
project does not include data on service connections, meters and private lines. There were no
reported breaks or leaks to pipelines ransporting petroleum. Although substantial damage is
known to have occuried to gas pipelines, the only damage dats coptained in the datsbase is from
Palo Alto.

DATA CONVERSION

COORDINATE CONVERSION

Contributing utilities generally provided srest addresses of pipe repairs. These were converted w
global latitude/Jongitude coordinates using EQEHAZARD, s proprictary program of EQE
International. Global coordinates were chosen to provide the most-commonly accessible location
context, although it is recognized that some areas have more sophisticated 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
data fislds, which describe the earthquake and the pipe damage. The fields are defined in

Table 1. Field names are shown on the left; explanatory text is provided opposite the field names.
For example the first field in each database record is EARTHQUAKE, that is, the causative
carthquake. Every record in this database refers to damage that occurred in the Loma Prieta
carthquake, and therefore every record has the text "17 OCT 1989 Loma Prieta” entered in the
first ficld. Field names are based on the entries in the pipeline damage check sheet, which
contributing utilitics flled out to supply pipe repair data. It should be noted that terminology
used to describe pipeline material, construction, and repair varics between agencies. This fact is
reflected in the data the agencies provided, and therefore is also reflected in the database. A
glossary of relevant terms is provided in Appendix C.

The diskette provided with this report contains the following files:

TCLEE_DD.DBF: Pipeline dumage database, compatibie with dBase III database
software.
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TCLEE_DD.PRN: Pipeline damage database in comma-and-quote delimited format,
which is readable by virtually any database or spreadsheet
program. Thesc programs, such as dBase, FoxPro, and
Lots 1-2-3, have functions that enable the user 1o analyze,
search, or print the data.

REPORT.DOC: This report, in Microsoft Word for DOS, version 5.5 format.
REPORT3.5TY: Microsoft Word 5.5 stylesheet associated with REPORT.DOC.
PROJECT PRODUCTS
L. Project report describing methodology used to collect data, computer dats file, and a

sample application for use in future research.
2. Methodology and format for collecting similar data from future earthquakes.

3, Diskette in pocket with database files TCLEE_DD.DBF and TCLEE_DD PRN, whose
formats are discussed above.

4, Figure 1, showing pipeline breaks and leaks ie 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 breaks and leaks in the San Francisco Marina District, along
with sail classification (using the UBC soil profile system).

PROBLEMS

There are significant differences jn the amount of damage information available from different
agencies. Not all agencies kept detailed records of the type of damage and method of repair.
Most public agencies kept records on the cost of repair for possible reimbursement by FEMA.
This reimbursement was not available to private agencies, although they may be eligible for low
interest loans if the earthquake impact area is declared a "disaster area” by a state and federal
governments.

Some agencies lack extensive information on the systems they operate. Many reasons 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 smaller agencies, and therefore lack
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common records. Some small agencies lack any technical staff. The quality and detail of datz
provided by these agencies may therefore be lower than that provided by larger, older utilities.

After the Loma Prieta earthquake, a flyer with a check sheet (similar 1o that shown in Appendix
B) was distributed by the TCLEE Earthquake Investigation Committee (EIC) to a number of
lifeline agencies, requesting they cnllect the: information described above. The agencies were
informed that a TCLEE EIC represcntative would contact them in about 30 days to collect
damage information for inclusion in a report on the performance of lifelines in the earthquake.
Wher TCLEE EIC personnel called or visited the agencies, it was found that nnly a very few
respondents followed these suggestions. The information thry provided was the basis for the
1990 EERI Spectra Loma Prieta Preliminary Reconnaissance 12post on water and sewage
facilities.

The methodology used in this project is the first known s*tempt to collect and digitize pipeline
damage on a regionwide basis. Like all first attemps, it is subject io improvement in funare
events. In future earthquakes in the United States, the flyer and check sheet, with a format
similar to that shown in Appendix B, should be distributed. The format 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 varying degrees of compliance.

APPLICATIONS

One purpose of this study is to supply researchers with a single, consistent database of pipe
damage in a format usable to all database and spreadsheet programs. The object of future
investigations that use this data is, of course, up to the researchers themselves. However, for
purposes of illustrating the utility of this database, we have supplied results from a sample
application: soils data for each pipeline repair record. Two soil classifications are provided for
each pipe repair location: one according to the United States Geological Survey (USGS), and onc
according to the Uniform Building Code. The former system, by Evernden and others of the
USGS (1981), describes soil type in terms of ground condition units A through J, as defined in
Table 2. The latter system classifies a soil profile as S1 through $4, for the purpose of
characterizing seismic frequency response content at the ground surface. Table 3 is extracted
from the Uniform Building Code (ICBO, 1951), and defines the S1 through 54 soil profiles.

One possible use for these data would be to correlate pipe damage with soil type. It is known that
pipe damage in earthquakes is frequently concentrated in zones of liquefactdon. Liquefaction
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typically occurs where loosely-consolidated saturated alluvium is subjected to strong ground
moton. Therefore, the teadency for pipe breakage to occur in saturated alluvial soils may be
evaluated by overlaying the data provided in this sample application with peak ground
scceleration or other appropriate measure of seismic ictensity.

Soil data presented in the sampie application are based primarily on high resolution geological
maps digitized by EQE. These electronic maps cover the urbanized San Francisco Bay area, and
are based on 1:24,000 and 1:62.500-scale geological maps published by such agencies as USGS
and the California Division of Mines and Geology (CDMG). Slighdy over half of the San
Francisco Bay area was digitized using the higher-resolution maps. In addition, Sarta Cruz has
bern digitized using a 1:24,000 scale geclogical map. The small scale provides for an accuracy
of between 75 and 300 feet in the location of soil type boundaries.

Except for Santa Cruz, soil data for regions outside the urbanized San Francisco Bay area are
based on 1/2-minute geological maps provided by Evernden and Thompson of the United States
Geological Survey. The USGS 1/2-minute maps presem average soll rypes in rectangles whose
dimensions are approximately 2,400 feet (east-west) by 3,000 feet (north-south); accuracy of soil
data drawn from this source is therefore limited.

DISSEMINATION

The computer diskette and report are 1o be disribuied for permanent storage in a number of
public depositories, including: the National Information Service for Earthquake Engineering and
Bechtel Engineering Livrary at University of Califomia, Berkeley; National Center for
Earthquake Engineering Research at State University of New York, Buffalo; Terman Engineering
Library at Stanford University; Southern California Earthquake Ceater. at University of Southern
California; Library of Congress; California Institute of Technology; University of California,
Davis; University of California, Los Angeles; University of California, Irvine; California State
University, San Jose; and available to any researcher for nominal cost.  Also oral presentations
and pubdlication in professional journals.

CONCLUSIONS
The data provided with this report may be used by geotechnical researchers to determine damage
as related to different geclogical conditions or seismicity. Seismic risk researchers may employ
the information to analyze lifeline systems, to understand better the performance of lifeline
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systems in earthquakes, and to identify regions where so0il or geologicsl conditions would affect
seismic risk or damage  The uitimate goal for these data is 10 improve the performance of lifeline
systems.

The methodology presented herein may be used in future earthquakes for the collection of
pipetine damage data. As future earthquakes occur, new data may be collected in the same
manner and compiled into the same database, so that accumulated dats can be placed in a data
bank representing different magnitudes, geological and topographical conditions.

RECOMMENDATIONS

1. The collection of pipeline data is different than other post-carthquake investigation
activities in that it is ofien several months before most of the damage is discovered and
repaired. Thus, the data collection of pipeline damage cannot meet the peeds for most
reconnaissance acuvities, which are typically to be completed within 2 months after the
carthquake. Thus, thete is a need for a mechanism to support the detailed effort needed
to document pipeline damage.

2. There is a need for better coordination in the collection of pipeline damage data. Afier
significant earthquakes, many geotechnical teams go into the field to collect data,
including pipeline damage data. As 2 result, water and other agencies get several
requests for damage information.

3, Obtaining a reasonable description of the system at the time of the carthquake would
greatly enhance the value of the data in the database. It would be desirable at ieast to get
aggregate length of various types and sizes for each agency reporting (amage.

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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[“FeI 1o, | FIold i Explanation
1 EARTHQUAKE Nama and date of Causative sarthquain
2 AGENCY Name of responding agency
3 MEDIUM Madium carmisd by pipsiine (8.g., weler)
4 CONTACT Name of person data
5 PHONE Telephone number of person providing data
] LOCATION ADDIOXIMate a0Cress Of DIPSINS GaMage
7 cy Cliy of same aciciress
] balg zip code of same acdress
-] LAT Location of damage, degress istitude {+N, -§)
10 LONG Location of darmage, degrees longitude (+E, -W)
n 8OR_usas Soll type: USGS condition unit
12 SOIL_UBC Soll type: UBC 30l profile classification
13 SIZE Pipe nominal dlamaer, inches
14 THICKINESS Pips wall thickness, inches
18 MATERIAL Pipe material
18 LINING Pips lining, applied 10 inside of pipe
17 COATING Pips coating, applied 10 outside of pips
18 YEAR_INST Your of instatation
19 JOINT_TYPE Type of joint
20 BUR_DEPTH Depth of pipe invert below ground surtace, feet
2 BEDDING Material on which pipe rests
2 BACKFILL Material in which pipe is buried
23 GW_PRESENT Groundwater present when
24 GW_DEFTH Depth 10 groundwaier below ground surtace, feet
2s BREAX Flow disrupied, jose of function
2¢ LEAK Damage caused isai. but pipeiing unction continued
4 ROUND Circumierential pipe crack
20 BLOWOUT Blowout-iype demage
29 SPUT Longitudinal pipe crack
a0 CORROSION Corrosion evider? at camage
n PIPE_OTHER Pips camage caused by other phenomenon (described)
32 CRACK Joint tallure caused by crack
a3 PULL Joint apart
34 COMPRESSION Joint fallure caused by compression
as GASKET Joint tallure
3¢ JT_OTHER Other type of joint tellure (escribed)
a7 ELBOW Fallure at SIDOW MiNg
3 TEE Faliure ot t0e RIng
» CROSS Fallure at cross fitting
40 OPFFSET Fallure at offest
41 FLANGE Fallure st flange fing
a2 HYDRANT Faure at firs hyorant
43 FITG_OTHER Fallure at other typs of Stting (describecd)
rr] CLAMP Demage repaired with repair clemp
48 STRAP Darnage repaired with bust strap
48 WELD Darnage repaired with weid
47 REPLACE Damage repeired by replacing pipe or fting
48 REP OTHER Damage repaired with other method (deecribed)
49 COMMENTS1 Comments, 151 ine
50 COMMENTS2 Comments, 2nd lins
&1 COMMENTS3 Commaents, 3rd ine

Table 1: Database format

Lund and Schiff, BCS-9011325
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Figure 2. Pipeline breaks and leaks in the Sac Francisco Marina District
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APPENDIX A
LIST OF AGENCIES SOLICITED FOR PIPELINE
DAMAGE DATA



SAN FRANCISCO BAY AREA WATER USERS ASSOCIATION

Jim Beard

Alameda County Water District

43885 S. Grimmer Bivd, P.O. Box 5110
Fremont, CA 94537

(510) 659-1970

Warren J. Mitchell

Belmont County Water District
1513 Folger Drive, P. 0. Box 129
Belmont. CA 94002

{415) 591-8941

Roger A. Kilil

Water Depanment
44 Visitacion Avenue
Brisbane, CA 94005
{415) 467-1515

Ralph E. Kirkup

501 Primrose Lane
Burlingame, CA 54010
(415) 342- 8132

Ralph J. Steiber

California Water Service Company
1720 North First Street

San Jose, CA 95108-4598

{408) 453-8414

Robert R. Rathborne and Dave Mier
Coastside County Water District
766 Main Street

Half Moon Bay, CA 94019

(415) 726-4405

Mario Wijtman

Cordilleras Mutual Water Association
1827 Cordilleras Road

Redwood City, CA 94063

(415) §72-1919

R. George Zinckgraf

East Palo Alto Water District
805 Veterans Blvd, Suite 301
Redwood City, CA 94063
(415) 363-4102
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R. George Zinckgraf

Palomar County Water District No. 3
805 Veterans Blvd,, Suite 301
Redwood City, CA 94063

(415) 363- 4102

Michael D. Abramson and Mike Cooney
Water Department

153 Lake Merced Bivd.

Daly City, CA 94015

(415) 755-6557

Charles F. Loucks and David Valkenas
Estero Municipal Improvement District
610 Foster City Blvd.

Foster City, CA 94404

(415) 349-1200

Roger Kalil

Guadalupe Valley Municipal Improvement District
44 Visitacion Avenue

Brisbane, CA 94005

(415) 467-1515

James Lundgren and Mike Higares
Water System

22300 Foothill Blvd.

Hayward, CA 94541

(510) 5S81-2345, X 5211

Terrance Leong

Town of Hillsborough
1600 Floribunda Avenue
Hillsborough, CA 94010
(415)343-2735

Stanley R. Gage

Los Trancos County Water District
455 Old Spanish Trail

Portola Valley, CA 94025

{408) 435-6115

Lauren E. Mercer

City Engineer

701 Laurel Street
Menlo Park, CA 94025
(415) 858-3420

Wayne Bush

Director of Public Works
621 Magnolia 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

Mark R. Harmris and Paul Olmos
Maintenance Department

231 North Whisman Road
Mountain View, CA 94043
(415) 966-6329

Pete Nelson

North Coast County Water District

P.O. Box 1039
Pacifica, CA 94044
{415) 3155-3462

Dougias M. Short
City of Palo Alto

250 Hamilton Avenue
Palo Alto, CA 94301
{415) 329.2523

William D. McCann
Purissima Hills Water District
26375 West Fremont Aveaue
Los Alws Hills, CA 94022
{415) 948-1217

Curtis M. Luck

City of Redwood City

P. 0. Box 391

Redwood City, CA 94064
415) 780-7377

Lee R, Rizman

City of San Bruno
567 El Camino Real
San Bruno, CA 94066
(415) 877-8865

Dennis Futamase
City of 3an Jose

801 North First Steet
San Jose, CA 95110
(408)277-4218

Richard H. Hathom

City of Santa Clara

1500 Warburton Avenue
Santa Clara, CA 95050
(408) 984-3183
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Richard Henwood

Skyline County Water District
13885 Skyline Bivd.
Woodside, CA 94062

(415) 851-0529

Cheryl Jensen
Swnford University
315 Bonair Siding
Stanford, CA 54305
(415) 725-1813

William Weisend
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 WATER 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

WATER AND SEWAGE AGENCIES

Warer

Ted Way,

Tom Linville, Manager of Maintenance, and
Jack Jacobs, Manager of Operations
EBMUD

Box 24055

Oakland, CA 94623-1055

415-835-3000

Jim Beard

Alameda County Water District
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 Community Services District
Sunny Mesa Water District

305 Salinas Road

Box 1543

Watsonville, CA 95077
408-722-1389

William McCann

Purissima Hills Water District
26375 Fremont Road

Los Altos Hills, CA 94022

Robert Howard

Santa Clara Valley Water District (SCVWD)
400 More Avenue

Los Gatos. CA 95030

408-395-8121

Roger James, Mgr. of Water Operations and Water Quality
5750 Almaden Expressway

San Jose, CA 95118

408-265-2600

Robert Gazzena

California Water Service Company
1720 North First Street

San Jose, CA 95112
408-453-8414

Bill Kocher and Gregg 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
415-550-4902

Paul Schreiber

San Jose Water Company

1221 South Bascom Avenue, Box 229
San Jose, CA 95196

408-279-7801
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John Capebianco

San Lorenzo Valley Waier Distric
13060 Central Avenue

Boulder Creek, CA 95006
408-338.2153

Jon Sansing

Scotts Valley Water District
Box 660006

Scouns Valley, CA 95066-0006
408-438-2363

Robert Johnson

Soquel Creek Water District
Box 158

Soquel. CA 95073
408-475-8500

Bryan Yamaoka

Sunnyslope County Water District
3416 Airline Highway

Hollister, CA 95023-9702
408-637-4670

John Nichols and Charles Wales
Watsonville Water

Box 430

Waisonville, CA 95077
408-728-6045

John Jones

Tracy Water

6649 South Tracy Boulevard
Tracy, CA 95376
209-836-2550

Riva Ridge Mutual Water Company

Wester Sweet

Mountain Charlie Water Company
338 East Julian Screet

San Jose, CA 95112
408.292.2759

Don McKenzie

Bruce Franks, Ownet/opentor

Villa Del Monte Mutua! Water Company
Idlywild Water Co.

Chemeketa Park Water Co.

Aldercroft Valley Water Co.

20915 Oid Santa Cruz Highway

Holy City, CA

408-353-1343
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Redwood Estates Mutual Water Co.
Redwood Estates, CA 95044

James Davis

Cupentino Water Utjlity
10855 Mary Avenue
Cupertino, CA 55014-3255
(408) 253-5757

Sewer

Joha Ballard

Palo Alto Water Pollution Control Facility
2501 Embarcadero Way

Box 10250

Palo Alto, CA 94303

415-329-2120

Todd Cockburn (Pronounced Coeburn) and Henry Anderson
San Francisco Clean Water Program

1550 Evans Avenue

San Francisco, CA 94124

415-550-2750, 415-673-4296, 415-550-0831

Robert Jew

Public Works

45 Hyde Steet

San Francisco, CA 94102
415-558-4415

Jim Combs
Watsonville Sewer
Box 430

Watsonville, CA 95077
408-728-6077

Steve Wolfman

Public Works Sanitation
809 Certer Street

Santa Cruz , CA 95060
408-429-3016

Bob Geyer

Scotts Valley Wastewater
700 Luady Lane

Scotts Valley, CA 95066
408-438-0732

Lee Doty

Union Sanitary District
37532 Dusterberry Way
Box 5015

Fremont, CA 94536
415-790-0100
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Marilyn Campos and Jimi Yoloye

East Bay Municipal Utility District-Wastewater
P. O. Box 24055, Oakland, CA 94623-1055
2020 Wake Avenue

415-469-3700 and 415-465-3700 x287

Jim Bewley
South Bayside Discharges Authority
415-591-7121

Bill Williamson

Santa Cruz County Sanitation District
701 Ocean Street

Sams Cruz, CA 95060

408-425-2133

Martin Gonzalez

San Jose-Sewer

801 North First Sueet
San Jose, CA 95112
408-277-4628

Tim Clayton

West Bay Sanitary District
500 Laurel Street

Meunlo Park, CA
415-321-0384

Bill Mcbee

Cupertino Sanitary District

20065 Stevens Creek Blvd., Bidg. C
Cupertino, CA 95014

408-253-7071

Gary Valladao

Mid-Coast Sewer Authority
P. 0. Box 3100

Half Moon Bay, CA
415-726-0124

Fred Cebalt
San Mateo Wastewater Treatment Plant

Gas

James Clark

Pacific Gas and Electric Company
123 Mission Street H-1013

San Francisco, CA 94106
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Roger Jensen

Water, Sewer and Gas
City of Pale Alto

250 Hamilton Avenue
Paio Alto, CA 94301
(415) 469-6932
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REQUEST FOR PIPELINE DAMAGE INFORMATION;
SAMPLE PIPELINE DAMAGE CHECK SHEET;
SAMPLE DATABASE RECORD



AMERICAN SOCIETY OF CIVIL ENGINEERS
Technicat Councll on Lifeline Earthquake Engineering
Loema Prieta Earthquake Pipeline Failure Documentation
NSF Contract No. BCS-9011325

9 August 1990
Mr John Ballard

Palo Alto water Pollution Control Factlity
P.0. Box 10250
Paio Alto CA 94303

Dear John

The American Society of Civil Engineers, Technical Council on Lifeline
Earthquake Engineering has been awarded a grant by the National Science
Foundation (NSF) to develop a data base of pipeline fatlures from the Loma
Prieta Earthquake, 17 October 1989. The purpose of the project is to
preserve information on pipeline fallures for the engineering and scientific
communities. The resuiting data base will be availabie, in disk format for
personal computers at the cost of duplication. No reference to specific
agencies will be made be made in the final report.

| would like to come to your agency during the month of September to
obtained a2 map of your system and a map showing the location of pipeline
fallures. The map will be used to tie pipeline fallures into a coordinate
system of 1atitude and 1ongitude.

Also, | would be Interested in the total length of pipe in your system,
the percentage of pipe by different materials, mode of failures and method
of repairs. A damage information sheet is attached for your convenience.

The primary purpose of the visit is to determine the location of pipe
failures, and any other information on pipe fallures would be appreciated. |
will call to schedule a meeting with your agency.

Sincerely yours,
Le Vai Lund, P.E, M ASCE
Principal investigator
3245 Lowry Road
Los Angeles, CA 90027
(213) 664-4432
Attachment

LL 8-8-90



American Society of Civil Engineers
Technical Counctl on Lifeline Earthquake Engineering

Pipeline Damage Check Sheet
Location of Damage
Pipe Description
Size ____, Thickness ____,Material _____ Lining —__,
Coating —__, Date of instaliation
Type of Joints ., Burtal Depth ——,
Bedding Material __________ Type of Backfill

Ground Water Present ___, Depth tp water Surface ____

Damage

impact on Flow: Break (flow disrupted)
or Leak (flow continued)

Pipe Failure: Circumferential (round crack) —
Change in Pressure (blowout) ____, Longitudinal {split) __,
Corrosion —_, Other (describe)

Joint Failure: Cracked —_ Pulled _, Compression —., Gasket __,
Other (describe)

Fitting Failure: Elbow ___,Tee ___, Cross __,Offset __ 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 Enginesrs
Technical Council on Lifeline Earthquaks Engineering

Pipeline Damage Check Sheat
Earthquake: 17 OCT 1989 LOMA PRIETA

Agency: SAN FRANCISCO WATER DEPARTMENT Medium: WATER
Contact person: MARTIN LIEBERMAN Phone: 415-550-4S02

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

Latitude: 37.8043 Longitude: -122.4342
Scil (USGS): J Soil (UBC): sS4

PIPE DESCRIPTION

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

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

Ground water present: At depth (ft): 0.0
DAMAGE

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

Pipe failure: circumferential (round crack): X
change in pressure (blowout): Longitudinal (split):
Corrosion:
Other (describe):

Joint failure: Crack: Pull:
Compression: Gasket:
Other (describe):

Fitting failure: Elbow! Tee: Cross:
Offset: Flange: Hydrant:
Other (describe):

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

Comments:



APPENDIX C

GLOSSARY OF TERMS USED IN PIPELINE DAMAGE
DATABASE



CIHP

CCCL

CONC

COP

DICL

FKCL

FLEX COUPL

FLEX FITG

GALV

HSL

WSCL

Explanatiop

Acrylonitrile butadiene styrene, a black plastic pipe used for sewer and
low pressure gas

Asbestos cement

Asbestos cement pipe

Alr valve

Bell and spigot

Cast iron

Cast iron high-pressure pipe

Cement-coated, cement-lined welded steel

Concrete

Copper

Ductile iron, cement-lined

Kraft-wrapped, cement-lined steel

Flexible coupling, also calied Dresser coupling or mechanical coupling.
A 2-3 fi in-line segment of pipe with unrestrained, gasketed sleeve joints
at cach end. Space is left between the pipe scgment and adjacent pipe to
permit contraction of the coupling. Gaskets are clamped into the sieeve
A U-shaped offset fitting 1-2 feet in each dimension

Fire service

Galvanized (steel, typically)

Grovie/grip, a thin-walled steel pipe with victaulic-like joints, of 1940's
vintage

House line, service pipe on the consumer’s side of the meter
Mortar-lined and coated steel

Plastic

Polyvinyl chloride

Polyvinyl chloride

Reinforced concrete pipe

Rubber gasket joint

Reduce pressure principle, a backflow device

Steel

Sheet iron, riveted or gas-welded

Steel main

Steel main with bitchmastic (tar) lining

Modified prestressed concrete

Somastic-coated, cement-lined steel

Service

Standard screw steel

Steel

Service

Trade name for asbestos cement

Vitreous clay pipe

Welded steel

Welded steel, cement-lined
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is made in filling your order, if the item was received
in damaged condition, or if the item is defective.

NTIS does not permit return of items for credit or
refund. A replacement will be provided if an error

Reproduced by NTIS

National Technical Information Service
U.S. Department of Commerce
Springfield, VA 22161

This report was printed specifically for you
order from our coliection of more than 1.5
million technical reports.

For aconomy and efficiency, NTIS does not maintain stock of its vast
collection of technical reports. Rather, most documents are printed for
each order. Your copy is the best possibie reproduction available from
our master archive. If you have any questions concerning this document
or any order you placed with NTIS, plesse call our Customer Services

Department at (703)487-4660.

Always think of NTIS when you went:

® Access to the technicsl, scientific, and enginesring results generated
by the ongoing muitibillion doliar R&D program of the U.S. Government.
¢ R&D results from Jepan, West Germany, Great Britsin, and some 20
other countries, most of it reported in English,

NTIS aiso operstes two centers that can provide you with valuable
information:

¢ The Federal Computer Products Center - offers software and
datafiles produced by Feders agencies.

© The Center for the Utliization of Federal Technology - pives you
access to the best of Federa! technologies and iaboratory resources.

For more information sbout NTIS, send for our FREE NTIS Products

and Services Catalog which describes how you cen access this U.S. and
foreign Government technology. Call (703)487-4650 or send this
sheet to NTIS, U.S. Department of Commaerce, Springfield, VA 22161.
Ask for catalog, PR-827.
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NTEB. - vour Source to U.S. and Foreign Government
Research and Technology.



