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Photographs 3-88 and 3-89. Broken fitting and repaired connec-

tian on unanchored Scotts Valfey tank following Loma Friets
sarthquake.

If the connsaction Is on the batton, the setback betwaan the
tank wall and connaction must be adequate. Stesl tanks are
fiexible. Whan the tank wall uplifts, the tank bottorn deflacts.
Only the bottormn saction nearest the wall will move. Aexibility
can elso bo provided in the bortom connection by adding an
exiangion slaeve to accommodata the uplift. Rafer to AWWA
D100-84 for more detaitad information,

in poor soils, ditfarantial ssttlamont may occur batween the tank
and connecung piping. Flaxibility should be provided.
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Photograph 3-90. Connecting pipe broke as & result of ground
zettisment sround concrets tenk in Baguio, Philippines.

Roofs and supporting columns are subject to damage from
sloshing water. The sloshing water will impart latersl loading on
columns. Sloshing water will impaat vertical upthrust losds on
tank rocfs, particularly sround the periphery. in addition, heavy
concrate roofs are susceptible to damage if the structure is not

designed to tranafer latersl roof loading to the tank walls and
foundation,
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Photograph 3-91. Roof demage to steol tank from shoshing from
Loma Prieta sarthquakas.

All tanks and reservoirs mayﬂsuh]ect to geotechnical and founde-
ticn failures. Uneven settiement is one concern, particutarly
whan 8 tank is founded partislly on undisturbed soil, and
partally an fil. Lendslides, either below or undar the tsnk, and
above or into the tank can be a concern.

Liquefaction may be a concern if the site is susceptible to
liquefaction. This ix unusuel bacauge tanke and ressrvosrs are
usually located on high ground whaere liqguaefaction suscsptibility
is usually low. In-ground reservoirs constructed with sarthan
berms may bo suscepuble 10 iquafacu.n particularly if water is
tesking from tha reservoir maintaining a ¢ sh ground wataer table.



3.485.2 Wire-Wrapped/Tendon Concrets. Wire-wrapped and
post-tensioned concrate tanks are vulnersble to sarthquake if

reinforcing has corroded, or if tha roof/wall or wall/bottom joints
are not designed to carry earthquakae loads.

Conctste tank wire wrapping hae shown tendenciss to oorrods
in 198048 vintage tanks which has resulted in tank fallure,
Indications of tank daterioration are vertical cracking. spalling, or
staining from tank leskage of the shot crete. Thesa problema
have bean mitigated first by stopping the lesks with tank linings
followed by ro-wrapping the tank with wire or steel bands.

w

Photographs 3-92 and 3-93. Wire-wrapped 1960s vintsge
concrete tank failed in Lorna Priata earthqueke in Parissimae Hills
Water District as a result of corrodad wiras.
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P
. c,;:'& Small unanchored tanks may slide,

Tank roof/wall and wall/bottom joints must be designed to
transfer sarthquaks shoar loade. In modem designs, earthqueks
cables are used between the wall and bottom. These cables
sllow the walls to move to accommaodate strsing induced from
tank filling. They limit movement in an sarthquske. Tanks
designed prior to the 18701 did not use sarthquake oables, and
may fail at the wall/bottom connaction In an sarthquaks. For
partially buried tanks, the passive earth pressure should prevent
sheasr (silure. One solution is to provide a curb around the
pariphery to limit sfiding.

3453 Stool Ground-{evel Tanks. This category of tanks is
usually unanchored. When their height to diamater ratio ls less

than 0.5, they will typically not be structurally vulnersble, but
are more Kkely to ba wvulnarable to sloshing demage to the roof,

Photographs 3-94 and 3-95. Unanchored tank slid in Moin,
Costa Rica; unanchored chemical tank slid in San Fernando.

3454 Stesl Standpipes. Thase tanks may be anchored or
unanchored. Standpipes typically have a higher heignt to
diamaeter ratio than ground-lavel tanks descnbad abova.
Standpipes may be vulnsrable to elephanta-foot wrnnkling
caused by impulsive and convective hydraulic loading



Unanchored tanks may begin to rock, and fail in comprassion
impact. Tanks may rupture st or near tha base in extreme

cases.

Photograph 3-96, Unanchored 400,000-galion tank uplifted,

bresking connecting piping, developing slephents foot wrinkling,

and bursting st the discontinuity between single and double
plates in the shell in Landers earthquake.

Photographs 3-97 and 3-98. Unanchored tanks developed
olsphants foot buckling, to the extreme of the zhell folding back
on itself without rupture in Moin, Costa Rica.
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Photographs 3-89 and 3-100. Unsnchored tank ruptured st the
wall/bottorn connection emptying its contents so quickly the top
imploded.

Adequate anchors will prevent uplift. Inadequate anchors may
stretch. Stretching anchor bolts sbsorb energy, reducing further
damags,
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Photographs 3101 and 3-102. Stretchad snchor boits on tenks
following San Fernanda and Seattle esrthquakes.

Structursl solytons include adding or upgrading tha anchorage/
foundation system to resist uplift, or stiffaning the tank bottom.
Figure 3-4 shows one altarnative to upgrading the
anchoragea/foundation system. Ba sure to check the structural
capacity of tank shell to transfar load and regist wrinkling. Also
limit the banding movamant on ths shall at the anchor
connaction Upgrade costa range from ¢75 000-8 250,000 per
tank for tanks renging from 0.5 to S millkon gelions in capacity.



3455  Flavated Tenks. Elevated tanks may be vulnarable
as a result of inadaquate foundation, column sizing, or cross
bracing. Thaae three slaments make up the support structure
for elevated tanks. They should be designed to be of approxi-
mate squel load capacity.

The tanks themselves are generally relisble. Usually slevated
g tanks that are damaged undargo either minor stretching of the
braces, ot oatastrophic fallura.
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Photograph 3-104. Collspsed slevated tank.
Fgure 3-4. Upgrade design for steef tank uxing suger plles. Elavated tank failure consequences may be partcularly severe

becsuse of the potentisl of falling on somaone or somaething.

Photograph 3-103. Standpipe upgrade instailed on Portiand Photograph 3-106. Hevated tank collapsed through the police
Water Bureau standpipe. station in Umingan, Philippinas.

Tha bottom stiffening siternative makas the tank act more as a Foundstions should be designed to resist ovarturning. To work
ngid body. rather than flaxing as the tank responde to the earth- as a system, individual column foundations should be tied
quske. Thae tank cen than roly on the waight of the contained togethar with grade beamas.

water to keep itﬂl&oomrtuming. The stiffarung upgrade would —

be accomplished by installing & heavily reinforced concrete slab Croes brace connactions should be designed to be stronger than
inside the bottom of the tank, and providing for load tranafer tha brace itsell. This will allow tha braca to stratchiield and

from the tank wall to tha slab. sbeorb enargy, reducing overall loading on the strycture



in & typicel slevated tank supported with muluple crass-breced
columna, they fail as follows:

. Cross-bracing member fails

. Redistributes loed to other braces resulting in &
torsional moment

. Tha domino affect takes hold sand members fail
progressively

. Columans buckls.

Tanks ysually callapes within outline of foundation,
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Photographs 3-106, 3-107, and 3-108. Tank with bent cross
brace in kmperisl Valley; collspsed slevated tank falling within
foundation perimeter In kmpecial Valley, 1878; and buckied
columns of collapsed Umingsn, Philippines tank.

An initiel upgrade is to tighten the cross bracing.

Traditionsl mitigation solutions include foundation, column, and
brecing upgrades. Grade besms may be added to the founda-
tion, cennecting individua! column foundations. Columns may
be stiffaned or repleced, and bracing sdded. Upgrades should
be undertaken to belance the foundation, column, and bracing
system.

Partial upgrades may ba emolayed, implementing the low-cost
improvemants such as grad heame and additional croes bracing.
Care must be exarcised to not overdoad members not upgreded.

Innovative designe for alevated tanks can include base isolation
(Seatde Water}, ensrgy absorbing ¢cross bracing, or tuned
dempers {U tube in tank)l. The cost of angineenng for these
innovative approaches may be more than for classic designs, bu
the ovarall project cost may be reduced.

Thae cost of a full alevated tank upgrade can ranga from
$100,000 to $500,000 for 0.1 million to 1.0 milion-gallon
tanks.



346 New Tank Deslgn Standarde
New tanks should be designed in sccardance with the latest
varsion of:

. AWWA D100, Welded Steel Tanks for Water
Starage

. AWWA D110, Wire-Wound Circular Prastrossed-
Concreta Water Storage Tanks

. usc

. Amaerican Concrete Institute 350, Environmental
Enginaering Concrete Structures

. Amaerican Patroleum Institute 650. Weldod Steel
Tanks for Oil Storaga,

36 SYSTEM MONITORING AND CONTROL

The proposed strategy to ovarcome water loss from pipeline
failure following an earthquake is to monitor sarthquake ground
motion and/or watar system pressure or flow. Based on that
information, damaged sagments of tha water systom cen be
isolated to save water. Either reservoirs can be lsolated from
damaged piping In the distribution system or damaged arees of
tha transmission/distribution system can be isolated from the
system segments that remain intaot.

3.6.1 Reasons for Using Monitoring and Control Systame

Monitoring and control systoms may be applicable beceuse 1}
water tanke have drainad from pipeline breaks in recent earth-
quakes, and 2) vulnerable pipalines are too expensive to replace.

Pipsline failure duririg earthquakes, and resulting resarvoir drsin-
age, is common, Water that is lost immediately following en
aarthquake often cannot be replaced for days as a result of

powar ocutages making pumps inoperabla or transmission system
pipeline damaga.

In the 1987 Whittier Narrows earthquake, one reservoir in the
City of Whittier, California water systam drained down approxi-
mately four feet through demaged system piping before crows
could isolste the tank. The earthquske occurred during normal
working hours. Had it accurred at night or dunng 8 weekend,
the tank would likely have drained complstaly, In tha 1389
Loma Prieta sarthquake, the San Francisco Auxiliary Watar
Supply Syatem did not provide water nesded for fire protection
in the Marina District bscausa pipelina system damage cauged
the Jones Street Tank to drain. In that samo oarthquake, the
raservoir gerving a key prassure 2one in tha Santa Cru> waler
system that served two hospitals, drained The systam .ould
not be rafilled aftor damage was isclated bocauss of a po;ver
outage. In Rio Dell, following the 1992 Cape Mendacino earth-
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quekas, & raservoir drained beceusa of & pipa lellure at & bridge
crossing. The city was without water for four days.

Replacement of water systom pipelina materisle wuinerable to
sarthquake would ba prohibitively expensive as an esrthqueake
mitigation measure. Tha Sestte water system has spproxi-
mately 2,400 km of pipelines less than or egusl to 30.56 em in
dismeter and spproximately S50 km of pipelines larger than
30.5 cm in diameter. Approximately 8 percent ara in arsas
highly wulnerable to liquefaction. The large malority of the
system Is constructed of cest iron pipa. The estimated cost to
replace the entire system with ductile iren or welded steel pipe
would be over $1.5 billion. Replsacing just the pipelines in partic-
ulary vuinorable aress would cost an estimated $100 millicn.
These costs excesd the Seatde Water Departmant’s financial
capability to replace vulnerabie pipelines.

A monitoring and control system alternative will mitigete the
offects of some pipeline damage st a cost less than replacing
wvulnerable pipelines.

352 Monltoring and Control Approaches

Esrthqueke control of a water system osn be initiated by seismic
switches triggered by a threshold pesk ground acceleration,
excess flow through & pipefine, or reduction In system pressurs.
A combination of the threes sitarnatives can also be employed.

Seismic switohes shut the system down before any flocding or
sescondary losses, such as orosion, occur, Unfortunately, they
would activate regardiess of the actusl system parformance. It
may be that pipeline damage was only moderate, and that the
water supply could kesp up with the system demand/system
teckage. If that was the cass, keaping the system in operation
would be prefersbls to shutung it down. The peak ground
acceleration triggering device thrashold should be set to the
point where significant pipeline damagae is expected.

The adventage of triggering the isolation valve using excess flow
is that it is rapresentativa of the sctual system condition, thet is,
the valve will only closs if the flow rate is high. It msy also be
usaful to monitor for non-earthquaka related pipeline failures.
Care must be used in selacting the excess flow threshold where
the isolation valve would close. It must allow for pesk demands
in addition to fire flow. It would be unsatisfactory to shut down
& systarn that is delivaring water for fire suppreesion, but is not
damagad.

The sdvantage of triggaring the isciation valve based on system
pressure is that it may better sccount for overall systam
function rather than localized flows. The disadvantage 1s that it
may not adeaquately define local system function.



System monitoring and control decisions can be performed
locally using an automated system. Local control dacisions
would be based on predefined threshold lavels, as previously
discussod. The major advantage of local monitoring and control
is good relisbility. The disadvantage is that the pradefined
threshaold valuss may not be appropriate for all situations.

For smaller systoms, it may be posalbla to incorparate manual
valva closure for systom sagmant isclation as pert of the
emergancy response plan.

Systam ststus information can be transmitted to e central
location using a Suparvisory Control end Deta Acquisition
(SCADA) system, whara control dacisions can be made either
manually or using & computer. System opoerstors can ba trained
to manually isolste transmiesion or distribution system segments
from thelr central location using the SCADA system. They
would make their decisions based on the system status informa-
tion raceived. System operators gonerally have an excellent
understanding of how their systoms operate and couid be
trained to further consider sarthqueke operating conditions.

S . T e

Yokosuks, Japan.
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Photograph 3-110. Microwster tower for SCADA system.

Photegraph 3-111. Seismic switch controling isolation valve in
Yokosuka, Japan



Tha information could be fed directly to s computer whare
control decisions could a, and transmitted back to the
remote location using DA. An intermediate alternative
would be for tha opergtol use the computer as & toal to sesist
them in making opere 'dacisions.

Tho major disadvantage of central decision making is poor
reliability of the SCADA system.

364 Control Valves

A range of control hardware ie svailsble, including s verety of
valves and velve sctuators. The primary consideration in
solection of the systam s reliability. Tha two most likely types
of velves to be used for Isolation would be globe velves and
butterfly valves. Gate valves have boan used, but are difficuit to
operate with stored snargy sources.

Globe valves, configured as pressure-raducing or altitude valves,
make use of system water pressure to actuate. They will not
operate If the system haa besn drained. They are commonly
used as altitude velves to limit the maximum water level in a
resesrvoir or as pressure-raducing valves to faed water from e
higher to a lowar oparating pressura zone. Their advantage is
the use of system pressure for activation and the likelihood that
thay are already In place and being used for other purposes.
Their disadvantage s that they will not operate If there Is no
water in the system,

Butterfly valves are used boceauss they are actuated by rotating
one-quartur turn, rether than multiple turns as required by a gate
valve. This can be achisved by pneumatic or hydraulic cylinder
actuators. Energy can be readily atored in the form of
com~ressod sir or nitrogen 10 power the actuators.

Alternatively, elactric sctustors are avallable. The system
should not be dependent on continued elactric power for
operation. Valves that raquire electric actuators require
smargency generators, Their capital and maintenance coset, and
reliability are disadvantages.

Batteries, continually racharged by trickle chargers, are useful
for cperation of SCADA systems, seismic switchaes, and
solonoide for valve piloting.

35686 keolation Configurations

Three monitoring and lsclation control system configurations are
described in this section.

3.5.5.1 Rasorvoir Isolation. Ressrvoirs can be isclated from
damaged piping in the distributon system, as shown in Figurs
3-5. An isclation valve would be installad on or neer tho reser-
voir to isolata it from the system when triggered by sarthquake
ground motion, sxcaas How, or reduced system prassure. Watar
would be saved in the rasarvoir, but the distribution systom
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would be put out of service. Opsrations statf would respond by
sssessing the trensmission and distribution systems, snd isolat-
ing damaged sreas. After thoss sress ware incisted, the
resarvolr isolation velve would be respened, restoring function to
tho undamaeged portion of tha system, This activity would
hapafully teke place quickly snd in close coordinstion with the
fire department. Potentislly, water would bae directed to areas
whare fires scupted by oparations etaff opening snd closing
sppropriate velves, Saved water could also be svailable for tank
trucks for fire fighting or drinking.

Reservoir 1solaton

)

Foure 3-8 Reservoir Bolation with earthquake vaives.

Thare sre seversl advantages to this approach. It would save
water regardiess of pipeline demage, assuming that the reservoir
remained intact. 1t would be less expansive than area isolation,
requiring only e singie valve for sach reservoir, The valve may
airesdy be in placa ag an sltitude valve and only require
additional piloting hardware.

There aro soveral disadvantages to this spprosch. Thatre would
be no water pressure available to help oparations staff locate
loaks. The entite system would be shut down during the leak
locstion process. This could tesuit in liability sssocisted with
eritical watar sarvice system contemination, or quick system
reactivation concarns.

3.55.2 |Isolstion of Fault or River Crogsings. An igsolation
vaive could be installed on either side of a pipsline section that
was highly vulnsereble, such as s fault or river crossing. This
configuration is shown in Figure 3-6. The same concerns for
resarvoir isclation are applicsble for isolation of fault crosmings
or fiver crossings.




Isolation of Fault or River Grossings
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Fgure 3-6. Isclation of fault or river crossing with earthquake
valves,

3.5.5.3 |solation of Vulnerable Areas. Predefined aroas of
wilnersble transmission/distribution system piping can be
isolated from the sress of the system that will likely remain
intact. such ae shown in Figure 3-7. Areas that are psrticulary
wuinersble to pipeline damage, such as those that are suscepti-
bie to lquefaction, would be isolated from the remaeindar of the
system. The [solstion valves would be triggersd by sarthquske
ground motion, excess flow, or reduced system pressure.

Isolation of Vulnerable Areas

Fygure 3-7. Isolation of srea with sarthquake valves where
Pipelines are vuinerabile becsuse of high liqguefaction
susceplibility.
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Tha major advantage to this approach ie that significant areas of
the system would remsin on-dine following the sarthquake. This
could mitigste lability associated with critical water service,
water system contamination, or quick system reactivetion
concems.

This typs of system may require installation and maintenance of
new valves specifically for this purpose. It also relies oo know-
ing whare the pipelines will fail. If there was significant pipeline
damaga in the arsa not isolated, the reservoir oould still drain,

356 Consldarations

Watasr system coafigurations very consldersbly. Whether or not
& water system may land [tself to monitoring snd control ls
depandent on the water system configuration, This section
describes configurations of sxisting systems.

Systems such ss the Seattle, Washington water system have
large resarvolrs feeding a few major distribution pipelines. This
may Jend itself to isolation of those resarvoirs, Aleo, the Seatts
system has one particulsr srea that Is much more vuinerable to'
fiquefaction then other aress. This ares could potentially be
isolated.

Thea City of Belleviza, Washingten system is fod by e single
major tranemission pipseline traversing ite system from north to
south, The hydreulic grade line of this pipeline is high snough to
feod the majority of the system by gravity. The system is
divided into 23 pressure zones that are fed through pressura
reducing valves that cascade water down through the system,
The Bellavue system may lend Itself to a monitoring and control
system by monitoring and isolating entire pressure zones,
Control systema could be added to existing pressure-teducing
velves. No new isolation valves would be requirsd, reducing
instelistion costs significandy.

The Memphis, Tennessee watar system is supplied by s large
nurnbesr of small well supplies and associatsd at-grade
resarvoirs. The system is extensively intertied by & pipeline
notwork. [t would be easy to laclate a storege resarvoir by
shutting down a booster pump that pumps the watar into the
system. Unfortunately, the system is so intertied that isolating &
single reservoir would not be very effective. Trying to isolate s
vuinarable section of the dist-ibution system would be difficult,
requifing a {erge number of control valves. Also, the geotech-
nical situation in the Memghis area is such that there are no
significant arsas that have a vulnerability much highar than oths!
areas. The Momphis system may lond itsalf to isolation of
paruculary vulnerable pipeline sections such as niver crossings,

3.6.7 Concams

lsolation of reservoirs or damage. segmonts ¢f a water system
following an earthquake to allow oparation of undamaged arcas
of the systema s a viable mitgation altarnative. Thors are



concerns that system segments will insdvertenty be isclated
aither when no serthquake has occurred, or whan an earthquakas
has occurred but has not done much damage 10 tha watar
system. This section addrosses those concerns.

35.7.1 iabili With Critical Service. Continued
watar supply is criticel for service coategores such as kidnay
dialysis pationts, hospitals, large computer/communications
installations, and fire sprinklar aystems. Fire sprinkier systems
may La aven more critical following an sarthquaks, The isole-
tion control systems discussed herein propose automastically
shutting down segments of a wataer system. Thaere is a concern
that thare may be lisbllity asgsociated with such systems, partic-
ulary if the shut-down occurs ae a rosuit of control systermn
malfunction. For example, a building with fire eprinklers could
buen; hospital operations could be impaired.

35.7.2 Contamination of Potable Supply. Whan a water
syatem Is shut down end drained by continued water use, there

is an Increasad probability that the system will ba contaminated
by back-siphoning through cross-connactions or infiltration of
contaminated groundwater, The probability is increased follow-
ing an earthquake if water and sewer mains are broken, which
may allow passage of sewage intoc the water main. For this
reagson, water purveyors have procedures In place to keep
systems in operation. If systems are intentionally shut down,
operations perscnnel go to great lengtha to minimize the chance
that lines are contaminated. This js & time-consuming process.

3.5.7.3 Quick System Reactivation. Filling pipelines cen be a
time-consuming procass. Nomaliy, whan a pipeline la emptied
ond being refillad, or being filiad for tha first time, it ia done very
slowly to allow esir to escape and minimize water hammaer, which
may result in pipe damage. Following the Loma Prieta earth-
quake, a portion of the San Francisco AWSS drained. The fire
department decided against refilling it quickly baceuse of
concorns over water hammer and further system damags. If o
sagment of a water system i inadvertently shut down and
drained, air release and water hammoer should be taken into
account whan refilling to minimize sny damage.

3.5.7.4 Relinbility. Thera are significant concerns regarding
monitoring and control system reliability, Systoms that are
designad only to control post-earthquake system operation may
be used only once every 25 yoars or longer. Oparations staff
aro skeplicel about maintensnce of squipment usad ragularly, let
slone squipmeant that would be used once in a lifotima, Piggy-
backing an sarthquake control system on & systom that is used
and maintained regulardy may mitigate thig concern.

Tha local maonitoting and control systern may be proforabla to &
centrelized gystern. The SCADA syatem is not only dapandent
on transmitting and receiving hardware at both snds, but on the
trangmiggion corndor connectng the two. Buned cabies are
subject 1o demage 1n earthquakes causad by iataral spraading
and fault movemant. Microwave towors for radio-based SCADA
systems ara subject to misalignment in earthquakes. Ferlure of a
SCADA eystem in the Seattle water system regulted in an
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incomect sctivation signel undar non-earthqueke conditions.
‘Alsa in Seattie, disruption of a single buried cable resulted in
water system disfunction.

Spacific hardware concerns sbout velva sticking and energy
supply reliability were previcusly addressed. The reliability of
osach monitoring and isolation control system should be
eveluatad when it is configured.

3.5.7.5 Copt. Installation of SCADA systems and isoletion
valves specifically for post-earthquake syetem control i
axpensive. [t is better to use existing velves and modify their
control stratagy to accomplish tha desired post-earthquake
system control. Ona sxample ls the Bellevue water system,
whare the system ls sarved through a seriss of pressure-
raducing velves. Seismic switches could be added to the pilot
systoms of selscted pressure-roducing velves for minimal cost.

358 Recommendstions

Lisbility, contamination, quick systam resctivation, and reliebility
all are problevis sssociated with inadvertent systom shutdown,
Insdvertent system shutdown can be mitigated by providing
improved control reliability and/or use of dual supplies/reservoire.

3.5.8.1 |mproved Control Refiabllity. Control relisbility can
be schisvad either by hardening the control system or providing
redundancy/flexibility. System hardening can include selection
of seismic-resistant systorns and selsmic-resistant design of
sach system component, such as;

. Readio telematry systems rether than hard-wired
systemns becausea of the vulnerability of buried

conduits to paermanent ground movement

. Seismic-rasistant structures housing systsm
components

. Component aquipment anchorage

. Backup powsr supplies for electine power-dspendent
systems.

Control system redundancy/Mlexibility can include:
. Both radio end hard-wited talometry systomas
. Combined seismuc and axcess-flow activated valves,
requiring both to exceed their design thrashold

before activaton

Local valve control open/close decisions with centrat
opserationa center control ovarnide

Elactne/pneL Tauc actuated operators with provision
for manual overnde ltruck-mounted valve oparetors)



. Control system with redundant componants

. Trained emergency response parsonnal with clear
system oparations understanding and communices-
tiona capability.

Photograph 3-112. Control panel on San Francsco Auxilisry

Water Supply System Isolation vaive allows both remate and
kocal control,

3.5.8.2 Use of Dual Supplies/Resarvoirs. Provision of dual or
redundant supplies/resarvoirs for sach systsm or system
sogmant, such as shown in Figure 3-8, will minimize Insdvertent
shutdown concerns. The control strategy wouid ba to isclate
one of tha supplies/reservoire and sliow the other to continue
on-fine. Two sconarios aro dascribed below;

1) An aarthquake causing significant water system
damaga

2) Inadvertant isolation systermn sctivation,

Dual Supply

*]
L ]

Figure 3-8. Dusl supply with sarthquake valve controliing one
leg is preferred,

if an earthquake causas significant water system damags, the
isolated supply/reservoir'a water would be saved untl the
damaged segments ware isclated. The supply/reservoir left on-
fine wouid be lost. Malntenance personnel would locate and
isolate laaks, and open the reservoir isolation valve.

if the isclation systom activation ls inadvertent, the entire water
system would remasin In operation served by the on-line
resarvoir. The isolated ressrvolr would be brought back on-ine
whaen tha isolation was identified by cperations personnel.

There may be an instance whers one supply/reservoir is
Inadequate to provide normal demands, but two
supplies/resarvoirs are neaded. This needs to be considersd in
design of isolation systems.



