4.0 SYSTEM VULNERABILITY ASSESSMENTS

4.3 INTRODUCTION

This eection discusses oveluation of system vulnerability. The
cbjective of a system assessment s to see if the system will
parform to the axpected level for CBE end DBE svents. Based
on the discussion in the preceding section, system cwners end
operators should ba abla to quantify performance of their system
componaents in categaries of high, moderate, snd low
vulnerability. Using this Information, an assessment of system
perfarmance can be daveloped.

In generel, aach system component should be evaluated before
tha system is evaluated as & whola, System vulnerablility
assessmonts are typicelly conducted in accordance with the
following task list. Previous sactions of this document have
focused ontagks 1, 2, and 5,

1. Define System Objlectivas

2.  Assoss Hazards

3. Inventory System

4.  Visit Sites

6.  Assess Componant Vulnerebility _
6.  Assoss System Vulnerability

7. Develop Mitigation Alternatives
8. Priodtize Mitigation Alternatives
S, Implement Mitigauon Program

This section focuses on task 6, assess systam vulnerability.

The following subsactions diecuss ovaluation of the systam by
function such as source and transmission. Those functions are
then relsted to systam performance objectives. The use of
soismnic hazard information for system evaluation is considered,
followed by eveluation techniques using the computer, Finally,
mitigation through s mwiti-use approach is discusaod.

4.2 EVALUATION BY FUNCTION

The firat step bevond assessing system componants is asasasing
spacific functions required for the systam to parform as a whole

including supply, transmission, treatment, pumping, storage, and
digtribution.

After the vulnarabitity of each of the supplies is asesssed, group
tham togethar, and look at the oversll systsm supply reliability.
Ara 8ll supplies vulnersbla to the same damage mechanlsm? s
there supply redundancy, or will failure of any one of the system
supplies put the system out of operation? Is thers flaxibility in
using diffarent supplies indepandent of one enother, or are the
supplies intardapandent?

In one example In Bagulo, Philippines, landslides increased tha
water turbidity to as high as 2,400 NTU, making it usable only
intormittently. To supplamaent their supply they resctivated
walle that had besn moth-balled in previous years. Ultimately,
they davelaped an slternative groundwater source in another
area to supplemont thair supply. Had they had these slternative
sourced In place st the time of the sarthquake, they would have
bean boetter able to quickly restore system operation.

Aftar sach transmission line has been ovaluated, considar the
ovarall system capability to move water from tha source to
tarminal resarvoirs and/ar the distribution system. le the
transmission system dependent an a single pipeline. or sra there
multiple pipelines connecting the source with the distribution
system? Are the transmisgion pipslines aligned in the same
corridar, and subject to common earthquake hazarde, or are they
independent? il one of the tranamission lines is inoperable,
what portion of the system can be served with the remasining
linas oporsble? What effect does dmgdﬁo';'\_ler\dcaabla areas?
It may be acceptable to oparate st winter demands until the
system can ba restored. Emergancy watar conservation
measures can be invoked following a disaster.

Treatmant capability should be evaluated from the perspective
of lavel of treatmant as well as hydrsulic capacity of the

traatmant tacility. There might be four categories of oparation
including:

Full treatmant, full hydreufic capacity.

Full traatment, partial hydraulic capacity
. Partial treatmant, full hydraulic cepacity
. Partial treatmaent, partueal hydraulic capacrty.

Congider what minimum lsvel of treatmontl requiredf‘mut
opersting objectives. For example, unit procass for removal of
trace contamunants having only long-tarm haalth impacts may
ot ba raquired to stay in operation for short pariods foliowing
an earthqueke. Similary, lesas afficiant/more sxpensive plant
oparational approaches might be employed for shert pariods of
tima. Again in Limon, operations staff ware able to operate thair
traatmant plant at ono-half capacity using a
polymer until the turbidity subsided. At th

high dosage of
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Traatment Plent following the Loma Prieta ssrthquake, thay
want to direct filtration at lower loading rates after the
flocculstor/clarifiers were damaged, Consideration of alternative
treatmant strategies should be made bafore the earthquske.

Group pumping capability together by funation. Is thers a pump
station with low vulnerability avallable to sarve each service
area? Elactrical power ls crucial for most pump stations 1o
remain oporable. Reliability of commarcial slectric power is
questionable, Are thare smergency generators avallable for
oparstion of key pump stations?

Group storage facilities together by service srea. Systems
ususlly depend on in-syetem storage to meat demands for fire
suppression, and not transmission capacity. How much storage
redundancy is available In sach sarvice area/pressure zona?

Does each servica area have multiple feeds from either a storage
facility in the zone, or a highor zane? How mwuch storage is
there downstream of transmission lines that are highly
wulnerable and would take an extended period to repslr? In ona
farge community in California, the purveyor is constructing s
farge resarvoir downstream of the San Andreas Fault so they will
have water during the recovery period whan they are repairing
the transmission line.

Typically, little redundancy is provided in a distribution systam
other than looping of pipelines.

Eveluation by function can be conducted in a workshop format,
including system operations staff, and angineers familiar with
system componant saismic vulnersbility. Alternatively, the

pipelina evalustion can be accomplished using a computer
maodal.

4.3 FUNCTIONS REQUIRED TO MEET POST-

EARTHQUAKE PERFORMANCE OBJECTIVES

System performance objectives described in Chapter 1.0
focused on system requirements for fira flow, water quality, and
demand levels corresponding with tima periods after the
sarthquake. Each of thess system requirements is related to
tha syatem functional assassment in this subssction. General
system performance objectives are more difficult 1o relate to
spocific system components, and are not discusead,

Fire flow availability is usually depsndant on watsr stored within

the systom and the distribution system to deliver the watar to
the fire. This capability is not dependent on the source and

" transmission system. Therafore, the more stnngant

requirementa for fire low can be focused on storage and

distribution system components.

Watar quality is dapondant on source watar quality, treatmeont
plant functionslity, and distribution system contamination.
Vuinerability of treatment plant umt processos can be controlled,
implementing upgrades if required. Contaminatian of the
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distribution systern by ground waterdesking sewaga is more
difficult to control if aystem pressure is lost.

Ovarall systoem demand can be controlied to some degree by
implementing sn emergency conservation program. On the
supply side, supply will be impacted by the source and
transmission systam capabllity to deliver water. An svsluation
can ba mada of tha system components required to deliver the
demand required by the system performance objectives.

4.4 USE OF HAZARD INFORMATION

Hazard information is cruciel in selsmic eveluation of system
componants and the system as & whole, Site specific
Information on ground shaking, iquefaction suscaptibility, and
wisinerability to landslide Is required 1o make a reasonable
assessmont. Harard mapping becomes very important whan
evaluating pipelines. I[n particuler, pipeline vunerability is closely
rolated to liquefaction susceptibility and lateral spread,

Tha typlcal approsch is to ovarley hazard mapping information
on pipsline drawings to identify vulnerable areas. This
information is than coupled with the specific pipe material
vulnerability as discussed in Chapter 3.0 to make an asssssment
on pipeline vulnerability.

Vulnersbility to liquefaction cen be taken one step further by
estimating the PGD of liquefiable material and estimating the
impact on the burisd pipe structure. Youd’s methodology
provides a machanism to estimate PGD. O‘Rourke {1992}
presants & mathod to caloulate the sffect varying levels of PGD
have on pipelines. This approach has been used for pipeline
ovaluation projects in Vancouver, B.C., East Bay Municipasi
Utility District, San Francieco, and San Diego.

4.5 COMPUTER SYSTEM EVALUATION TECHNIQUES
Computer modale have been developed that can relate
earthqueake hazard information, water system component
vulnersbility information, and water systom cperation. Use of a
geographic information system {GIS) interface particularly for
pipeline system inventory and hazard information mapping is
very efficient.

Computer systsms are usually designed to model various
sarthquake demage scenarios represanting various sarthquakes.
For example, oarthquakes from different sources, subduction
oarthquakes, intrapiata ssrthquekes, and crustal earthquakae,
aach of a given size and location can be modeled.

With a given location and depth, and feult langth, the computer
first usas aarthquake onorgy attenuation relationships to
estimate the shaking at each locauon in the study area. Figure
4-1 shows & map of MMI for a portion of Soattle for a
magnitude 7.5 esrthquaka scenanc {Kennedy/Jenks/Chlton



1990b). Site amplification is then caloulated giving the level of
shaking at the ground surface for sach site.

MODIFIED MERCALLI INTENSITIES

i []
D (RN ]
L]
g :ﬂ::tmuu.m

KENT

Figure 4-1. Modified Mercslli Intensity map for the southern half af Sestts for 8 magnitude 7.5 sarthquake.

Liquafaction suscoptibility information such as grain size,
dansity, and ground water level information is input. The modsl
will ontimate liquefaction probability based on liquafaction
suscaptibility and ground shaking information. Figure 4-2 shows
o liquefaction suscepubility map for 8 portion of the Sestte
watar system,
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Figure 4-2. Liquefaction susceptibility map for the southern half of Seattle for 8 magnitude 7.5 sarthquake.

Pipeline information and releted vulnaerability is input in GIS
format. Damaege relationships for ground sheking, liquafaction,
and landslide is input based on damage information gathered
from previous earthquskes, pipe gaometry, and structural
analysos, Figures 4-3 and 4-4 show pipeline damage
relationships for shaking and liquefaction PGD, respectively.

The model then estimated the sxtent of damage to aach pipaline
segment.
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Figure 4-3. PFipeline damage aigorithrn for shaking showing
repairs per 1,000 fee! as a function of MM/,
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With this Information, the somputer can moael the system
hydraulically ysing modified network onslysis model such as
KYPIPE. The model includes demands from plpe leskege and
braaks, and takes into account system prassures whan
delivering system “demande.” The madel will conelder system
connectivity, whether sach node ls connacted to adjacent
nodes. The resulting hydreulic prossures are calculated. Figure
4-5 shows the resulting system pressure mep for the Seatte
magnitude 7.5 scenario,
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FRguwre 4-5. System pressures in the southemn half of Seattie after 8 magnitude 7.5 sarthquake scenario deveioped using a loss

estimation mode.

Modals have bean developad 1o sstimate the time 1o put the
system back into operation based on sstimated repair times for
the estimatad damage. Preliminary estimates have slsc been
made on the economic impact water system damage would
have on the community. Thig information can be used for
justificetion of sarthquake mutigation programa.

4.6 MITIGATION PRIORITIZATION AND

IMPLEMENTATION USING MULTI-USE APPROACH

Basad on the system evaluation, sawsmically deficient system
componenta are identified, and can be prioritized bagsed on
cnticality for system performance.

4.6

This information should then be meided with other planning,
cepital improvemant, and maintanancs information to develop an
multi-use program that incorparates sarthquake mitigation.
Planning information might identify water quality issues leading
to interconnaction of multipie sources. Additonally, increasing
system demande may be identified requiring the addition of a
new source or trenemiesion line. Road resurfacing projects
might be projected for specific highway segmants; the cost of
new pipeline construction costs would be reduced when
incorporatad in a road projact. A replacemant program for
pipelines with a hugh maintenance history msy be in place.

With this informeton, a comprehensive improvement plan can
be developed to address growth and maintonance issuas while
INcCorporating sewsmic ritigation considerations




5.0 EARTHOUAKE HAZARD INFORMATION

Esrthquake hazard information has beon devolopod by federal,
stata, and local egancias. The availsbility of information will
vary depending on lecation. The most useful information is in
the form of seismic hazard mapping. Mapping may be available
for liquefaction susaeptibility, landslide probability, and/or fault
locations. In areas where specific seismic hazard information
has not basn developed, federal or state agricultural soif
mapping and/or geologic mapping may be useful to identify
areas suscaptible to fiquefaction.

Solected hazard mapping and othar information currentdy avail-
able or work underway is listed below. More detailed informe-
tion on local hazard information and local ssismology will be
provided at sach workshop, and may be obtained by contacting
the respactive state office.

. idaho Geologicsl Survey
Morrili Hall, Room 332
Univarsity of Idaho
Moscow, Idaho 83843-4199
{208} 885-7991

Material Available - from the 1993 List of
Publications Information Circular S0
- Seismic intensities in Idsha, Kennath
Sprenke and Roy Brackasnridge, 1992
- Various Geologic and Landelide Maps of
kiaho and idaho quadrangles
- Seismicity Map of the State of idsho,
C.W. Stover, B.G. Reagen, and S.T.
Algermissen, 1988, USGS Map MF-1857

. Oregon Department of Geology and Mining Industry
B0O NE Oregon Strast, No, 28
Portdand, Oregon 87323
(503} 7314100
lan Madin
Mathew Mabey

Matarial Available
- Relative Earthquake Hazard Maps of the
Portland, Oregon 7.5 Minute Quadrangle,
DOGAMI and Metro, Jenuary 1993

Work Underway

- Earthquake hazard maps for Linton,
Beaaverton, Leke Oswego, Vancouver,
and Orchards quadrangles

Washington State Department of Naturel Resources
Division of Gaology snd Earth Resourcos

P.0. Box 47007

Olympis, Washington 38504-7007

{208) 802-1450

Steve Palmer - Principal Earthquake Geologist

Tim Waelsh

Material Available
- Preliminary Maps of Liquefaction
Susceptibility for the Renton snd Aubum
7.5 Minute Quadrangle - Steve Palmer -
Opaen fila report 92-7

Work Undetway
- Liquefaction mapping for Burien and Des
Moinas Quadranglas; ses DOGAMI for
Vancouver and Orchards quadrangles

U.S Geologic Survey

Waest 904 Riverside Avenue

Room 135

Spokane, Washington 99201-1087
(509) 353-2524

Materisl Available
- Evaluation of Liquefaction Fotentisl,
Seattle, Washington - W. Paul Grant,
USGS Open File Report 91-441-T

Work Underway
- Liquefaction mapping for Tacoma North,
Tacoma South, Poverty Bay, Puyallup,
and portions of Gig Harbor and Steilacom
Quadrengles,



6.0 SEISMIC CITY WATER SYSTEM VULNERABILITY ASSESSMENT

EXAMPLE

8.1 WATER SYETEM DESCRIPTION

Water is supplied primaerily by the waeter treatment plant that
draws raw water from the Seismic River. During peak demand
pedods In the summar, Wells 1 and 2 are opersted. Standpipes
1 and 2 float on the low pressure system. Both pump stations 1
and 2 pump the water up to the high pressure system. The
resarvoir floats on the high prossure system, Water ls delivered
to the wast side of the Seismic River through two river
crossings; ons bured and one hung on & bridgs. The average
daily system demand is 10 million gallons per day {mgd), and
pesks at 18 mgd during the summer, The treatmant plant has a
capacity of 13 mgd. Each well has a capacity of 4 mgd. The
system is shown in Figure 6-1.

6.2 GEOLOQGIC BETTING

Seismic City is located in the Pacific Northwost. Until recenty,
magnitude 7.2 earthquakas 50 km under the city ware
considered to be the maximum credible sarthquske. Recant
studies have reised the concorn for @ magnitude 8.5 earthquake
ceantered 100 km to the west. Tha Saismic River has left alluvial
daposits slong its course that hae meandered scross a
significant part of the velley theough the yaars. The solls nearer
the valley walls and east hill ars of glacial arigin, and are
compatent materials.

6.3 SYSTEM COMPONENTS

. Waeil 1

- Constructed 1948

- Founded on liquefisble ground

- Building - masonry reinforcing ?, roof not
anchored to walls

- Buried piping - cast iron

- Motor Control Centar {MCC} cabinets
unanchored

- Waell discharge piping - no lateral support

- Engine/genarator sat (added 1975),

. Woaell 2

- Constructad 1983

- Constructed on glacial till

- Building - reinforced masonry; roof
anchored to walis
Buned pipe - ductile iron
Elactrical cabinets, squipment, and piping
sdequataly supported
No angine/genorator set.

. Water Treatmant Plant

. Pipelinas

Conatructed in 1971

Constructed on liquefisble materis)
Structures pipe supported; yard piping,
rivar intake - 0 Pile support

Useas reactor {fleoculator} clarifiers
Chiorine supplied in ton containers
(unanchored}

Equipment and piping - no lateral support
oxcapt as required for thrust
Engina/generator set provided for plant
opsaration, raw watsr pumping, and
pumping to the system.

Transmission/distribution in "0Old* area -
constructed 1848
Transmission/distribution in "New" araa -
conatructed 1871 +

Burisd river crossing - constructed 1948
Bridge/bridge crossing, multispan
concreta girder bridge - constructed
1973.

. Pump Station 1

Constructed 1957

Founded on glacisl til}

Building - wood frame

Buried pipe material?

Piping designad to resist thr.st
Electrical cabinat anchorage?
No sngine/generator aat.

. Pump Station 2

Constructed 1971

Founded on glacial tll

Building - masonry reinforcing ¥; roof
attachmaent?

Buried pipe meterial?

Piping designad to resist thrust
Electrcal cabinat anchorage?

No sngine/genarator set,

. In-ground Resarvair

Constructed 1961

Soile in ares competent; ona sida is
manmads smbankment

Concrate lined

Concrete roof added 1978

Access road constructad on unstable side
hill.
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Standpipe 1

Constructed 1948

No anchorage

Foundation appears to be ring wall
80-feet high, 80-fest diamater
Outeide rigid pipe connection.

Standpipe 2

Conatructed per 1986 AWWA D100
Ancharage

80-feat high, 80-feet diameter

Pipe connection through bottom.

6-3



7.0 EMERGENCY PLANNING

7.1 INTRODUCTION

This section provides Information to be used to improve eerth-
queake preparednass and response planning. This secticn is
arganized in a racommended cutline format of an emargancy
responsa plan developed for water purveyors. The recommand-
od plan outline is dasigned to sddrese differant types of
emorgencies and disastere, of which sarthquekes ir one.
Sections are followed by s briaf comment an their relevance to
sarthquakae responsa. While it s not critical that an emergency
plan be organized in this format, each cf the points included in
this outlins should he addressed somewhere In the plan.

To supplemeant this section, two references are recommended.
First, the American Water Works Assoclation M19, Emergency
Planning for Water Utility Management. This manual is currently
being updsted to Include more information on response to
earthquakes. The second refarance is Emergency Management:
Frincipals and Practice for Local Governmaent, edited by Thomas
Orabek and Garard Hoetmar, and available from International
City Management Association.

Continuing training sessions are crucial to a good emaergency
response program. Training sessions allow trying out the
smergancy plan ard improving it based on what is learned, New
staff need to be introduced to the emergency response program,
and response stratagios refreshed in the minds of existing staff,
Training should provided at iiwee lavels, 1) table top, 2) equip-
ment function, and 3) system wide.

1.2 EMERGENCY RESPONSE PLAN QUTLINE

7.2.1 Introduction, Policy, and Priorities

Provide one page introduction to plan. Define sendce priarities
to supply such items sz 1) fite protection, 2) emergency facili-
tias (hospitals), and 3) commerciel and residential sarvica.
7.2.2 Authority and Activetion

Define the procedure to establigh authority to sctivate and
operata the esmsrgaency plan.

7.2.3 Emargency Responss Organization

Establish ovorall, office operations, and field operations follow-
ing a disaster,

71

7.24 Functions and Responsibliities

It ie Iimportant to identify who s most likely to respond following
an sarthqueks, and how tha number of responders can be
enhanced. Human nature will make most people go home to
teke care of their familios it they are at work, or stay home if
thay are siresdy at home. Staff fiving eignificant distances away
from thair work place may find it difficult 10 respond beceuse of
closod highways. It is useful to openly discuse who will be
aveilable to respand basad on family commitments and proximity
to tha work place. Those with no families may be better sbla to
commit to responding. Training steff to be prepared at home
will assistin gotting & better responaa.

7.26 Effect/Response Matrix

Rafar to Amarican Water Works Association M-19 for example.

7.2.8 Emargency Respones Checkiists and Inspection
Forma
7.2.6.1 Command, Establish the Emergency Operations’

Canter {(EOC), conduct roll call, dispatch search and rascus
teamns, and establish first ald station; all in accordance with
chacklists.

7.2.6.2 Communications. Inventory operable systems and
open communication with the county EOC and other local juris-
dictions.

7.2.6.3  Roll Call. Establish procedure.

7.2.6.4  Ssfoty. Establich procedure.

7.2.85 Search and Rescua. Establish procedure.

7.2.6.6  First Aid. Establish procedurs.

7.2.6.7 Public_Information. Coordinate news relesses.
7.2.68 Record Keeping. Crucisl to keep in FEMA format for

recovery of demage repair costs.

7.2.69 Operauanal Recovery. Operational recovery in sarth-
quakes can be overwhelming, in that there are so riany
smergancies happaning sinultanaously, Therefore, it is wmpor-
tant to have these various tasks wesll defined and undarstaod by
the paople parfarming them, before the sarthquaka.

7.2.6.9.1 Assass, stabilize, snd isolate darmage. As
leaking water can quickly drain a tank and/or ceuse




7.2.6.10

secondary damage, quick response Is crucial, - Une
approach is to have pre-sscigned facilities/pipaline
alignments to check before checking into the office.
Paople with redio-equipped vehiclas can provide feedback,
to the office the quickest.

In developing tha facility/pipeline inspaction assignments,
use this document 1o identify which facilities are the most
vulnarable,

On an ongoing besis, ensure that all system valvas are
accessible, operations, and are part of a defined and
mapped isolation grid,

As part of this task, consideration should be given to
developing & procedure to quickly inspect the elevated
tanks, and drain them if thay show signs of damage.
Aftershocks could ceuse an siresdy damaged tank to
collapse.

7.2.8.9.2 Determing pricrities. It is important to develop
a complete picture of the extent of damage before
dispatching repair crawe. Repair craws will be & limited
commodity, and should not be "wasted” on the first
demage located. Ses Section 7.2.1, Introduction, Policy,
and Priorities.

7.2.6.9.3 Cparate lurvii:ing facilities. Operate ramaining
wells and/or pump stations to fill tanks.

7.2.6.9.4 Conserve water, Considar where water will
come from before committing to its uge.

7.2.6.9.5 Emargency trestment mpin
distribution. Use portable chlorinator, amargency genara-
tor, and/or sboveground distribution system as requirad.

7.2.6.9.6 Emergency water supply. implement weter
delivery by tank truck or batted water as required.

7.2.6.9.7 Repair damags. By priority,

7.2.86.9.8 Monitor supply gquantity and quality.

Spactfic Emergancies.

. Electrical powar outage.

. Earthquake.

. System contamination.
. Volcano.

. Ica/snow storm

. Flood.
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’ Landslide.
. Employee shortaga/strike.
. Unauthorized entry/ssbotage.

. Fire storm.

1.2.7 Plan Update

Make provision for updating the plan part of the plan.

7.28 Appandices
7.2.8.1 Emargancy Contact List.

. Parsonnel rostar, phons numbers, radio. Develop an
organizational chart.

. Area jurisdictions. The county is the focus for
emargency rasponse. Spacial districts, such as
water districts, soem to get overdooked in the county
amergency planning offart, The county EOC can be
kuy'i?acquiring critical aquipmant and matarials for
repairs otherwise unavailable aftsr an earthquake.

Fire districts and city fire dspartments depand on tha
water supply baing oparable. They naed to know
about sreas where the water system is inoperable.
Cities should have their own smergency response
plan in oparation.

Meke contact with sach of these jurisdictions now.
Get names of contact peopls, esmergency phane
numbers, and if appropriats, acquire radios with the
samo frequanciss as thass jurisdictions. (Note that
phanas will hkely not ba operable, primarily bacause
of overioad.)

. Equipment, supply. and service contsct liat. Main-
tain a currant list of equipment, material, and avail-
sbls sarvico providers., Most municipalities will do
tha same: many may be depending on the same
contractors and/or equipment suppliere. It is
suggestad that cntical equipment, materialg, and
supplies be identified, and that standing contracts be
made with suppliers s that they are available whan
neseded. Typical needs includas construction
contractors including backhoes and trucks, pipe
rapeir matenals, and possibly water trucks.

. Mutual aid contact list  The systam may be

damaged to the axtent that it will overwhelm

available rosourcas. Develop mutual aid agramants
with othar similar watar purveyors, prafarably’



located some distance sway. A large wlhqiak! will
likely damage other districts in close proximity.

Identify requiraments for assistance through contrac-
tors or vendors. Maintain Jettar agresments with
contractors and vendors to provide specific services,
squipment, parsonnel, or materiel following & demag-
ing earthquake.

7.2.8.2 & Suopl .

7.2.8.2.1 EOC. An EOC should be identified.

The EQC should be fitted with communicationa aquipmant,
emargancy powarfhasatfight, food and wataer for three
days, a system map suitable for locating demage locations
and status, coples of tha smargency plan, winerability
stsossment, and facllity/pipeline drawings.

7.2.8.2.2 Supplies. Ganeral supplies should include pips
rapair materials, pipe, portable chloringtion equipment,
engina/gonerator set, provisions for fuel for angine/
generator set, materials for making Information signs to
place et key locstions aloang highway to inform customers
of water supply status.

Asgsass matarial, squipment, and parsonnel required for
damage repasir, Include in the Emergency Response Plan &+
predstermined listing of resources neaded for damage
repair {0.g.. spacify by compcnent and location 1} crews
roquired, 2} potential numbar of pipe bresks, 3} estimated
ropair tima, and 4) other commants]. Maintain supplies of
spara fittinga and plipe In staging ereas lacated throughout
the servico area st sitas that will romasin sccessible follow-
ing an sarthquake.

7.2.8.2.3 Communication equipment. Including radios
and ceiiviar telsphones.

7.2.8.3  Personnel List. Maintsin a copy of detailed personnel
information in an offsite Jocation.

7.28.4 important Documants
Copies of the smergency plan,

ocument Holders List.

7.285 Vulnarability Assessments. Cevalop and maintain
copies of vulnerability assessments for both earthquakes and
othar digasters, in eaveral locations.

7.2.8.8 Worst-Case Planning Scenarios.

7.2.8.7 System Hydraulic Scenaros. Develop a set of
systom hydraulic scenanos that can ba refarenced to holp idant-
ty ppaline failure Jocations.

7.28.8

System Maps Maintain copias in sevaral locations.

7.2.89
locations.

Facility Drawings. Maintasin copise in several

Dovolop simplified schematice snd oporating instructions-be=
PremETSE for each facility so that they could be oparated by
someone not femiliar with the facility.
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WORKSHOP EVALUATION FORM
EARTHQUAKE VULNERABILITY OF WATER SYSTEMS
NW OREGON SUBSECTION

24 June 1993

Please circle the number that best represents your impression.

1. Overall workshop Poor Excallent
1 2 3 4 5

2. Instructor Poor Excellent
1 2 3 4 5

Comments for improvement:

3. Guidsline Document - Poor Excellent

1 2 3 4 5
Comments for improverneni:

4. Which two sactions were the mgst worthwhile?

5. Which two sections were the least worthwhile?

6. What additional topics would have been useful?




