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ESTADO

3.0 WATER SUPPLY SYSTEM SEISMIC VULNERABILITY

This seation describes watser systom components, their vulnar-
abllity to esrthquakes, snd sarthqueke mitigation measures. The
section ls divided Into five subsections including sources, treat-
ment plants and pumping statione, pipelines, storage tenks and
raservoirs, and system monitoring and control. The first four
subsactiona ara further divided into system component types
within their respective group. Esch system group componant ls
desoribed, and selsmic demage snd mitigation altermnatives
presented.

31 SQURCES

This subsection includes sgurces of water supply Including
watersheds, dams, and walls,

3.1.4 Watershade

3.1.1.1  Description. Watersheds are sress whare surface
water genersted from reinfall and snow melt is gathered.
Usually watersheds feed a natural stream of river, Water is then
sithar impounded behind a dam or diverted for immadiste use.

3.1.1.2  Selsmic Demage gnd Mitigation Alternatives.
Landslides in watersheds can result in extreme turbidities when
ground surfaces that are usually stabilized by vegetation bacome
exposed, and are subject to erosion. it may be possible to
stabilize areas susceptible to landslides, but will likely be very
expensive. Acoess 1o slide areas may bs very difficult during
emargancy response.

Watershede are also subject to contamination by hazardous
materials. Pipelines carrying potroleum products sometimes
travarss watershods, and may break In an earthquekae.
Highways or rellfoads may also cross watarsheds. Trucks or
tank cars may carry hazardous chemicals that could spill in both
earthquake and non-sarthquake conditions. The most effective
way to control releass of hazardous matedals is to keep them
out of the watershad. Close monitoring and practiced
emergency response plans may become cruciel if a epill occurs.

tf watear from a watershed becomes unusable, system
aperational flexibility bacomas important, Allarnate suppliss or
alternate intske sitos {above tho source of the contamination)
are useful. For axample, the City of Everatt, Washington can
draw water directly from thair river source, or take it from a
largs off-stream impoundment, Liman, Costa Rica resctivated
their groundwater supply after tha 1991 sarthquake raised
turbidity in the watarshed.

Treatmant flaxibiity may allow traatment of morae turbid raw
water supplied. Operatung a plant at iowar loading rates endfor
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sdding edditional or differont coagulants may sllow the plsat to
produce water with scceptable drinking water quality. While
theas siternatives may be mors sxpansive than “normal” opere-
tion, they may silow the purveyor to get through the dissstler,

Photographs 3-1 and 3-2. Wstershed providing water to Liman,
Costa Rice water trestment plant had extensive landsiiding,
resulting in turbidily increases in the Rio Bannano 1o 2,400 NTU.

In addition to Casta Rica, non-earthquake landslides have ceused
emergency situations in both the Portland, Oregon Bull Run



watarshed and the Centralia, Washington watershed,

Emergancy responss was crucial In both thess instances,
Alternata suppliee would have besan beneficial in both cases.

312 Damsfintakes

3.1.21 Poscription. Dama retaining water for water
systema are ususlly sarthfill, rockfill, or concrets with gates,
spillways, conduits, tunnels, and intake structures. Earthfill
dems include sn impervious core, typicsily a olay material,
transition zones, draing, and sand filters adjscent to the core.
Grout Is frequently provided under the impendous core in the
foundation material, and in the sbutments to prevent weter
penstration through crecks and fizssures in bedrock or flow
through permesble native solls. Rackfill dema typically have
concrete linings to prevent water ponetration. Types of con-
crate dams include gravity and srch.

Water intake structures aseocisted with storage reservolrs are
typleally tower-type structures that are vuinersbls to Inertiel

effects, pnPesttioment and landslides at the bottoms of the —

reservoirs. Toppling of these towers allows coarse sediment 1o
snter the distribution eystem, plugging pipslines and causing
sxtensive damage to valves, pump bearings, and sesls.

3.1.2.2  Jeismic Domaege and Mitigation Alternatives. Most
enginearsd, machanically compacted earthfill dams have
parformed wall in sarthquakes. Earthfill dems constructed
pradominantly with clayey solls have performed well. Earthfill
dems experiencing fallures ln past sarthquekes Include dams
constructed of hydraulic fill using saturatad, poorly compacted,
fine-grain cohesionless material; dams constructsd on natural
cohasionless, deposits that are not as dense ss the smbank-

mants; or dameaswhg-with unusually steap embankments., —

Dam smbankments may respond to soll feilures by cracking
{usually at the crest or near the crest and abutments}, spreading
or settling, or by slopa stability fsilures or zonel separations.
Liquefaction may occur in saturated zones of cohesionless
materials that ara loose or marginslly compacted, such as
hydraulic fills.
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Photographs 3-3 and 3-4. Neor colispse of the Lower Van
Norman Reservoir dsm, snd collapsed intake tower in San
Fernando.

Current design of aarthfill dams typically uses dynamic anslyses
for afl but small dams, Investigations should be made to assure
stable foundations. These analyses are used to detarmine the
liquefaction or strain potential of embankmants and foundations,
and to estimate the satdement of embankmants,

Conservetive crest datails include providing transition end shell
zones that extend to the crost to control any seepage that
develops through cracks, end providing camber for static and
dynamic settamant. Reduction of embankment slopes and
slinination of esmbankment saturauon through hnings can reduce
suscaptibility to smbankmant failures.

Earthqueke-induced landslides may block water outlat features
ar spillways or cause wavas that overtop the dam and cause
srosmon Where ¢cracks are opened in the embankment or
foundation, tha dangar of piping oxists if cracks ramain open.
Saisrmuc design practicas for earthfill dems include providing

smple frashoard to allow tor settiemant and othar movemants,



adequate spillway capacity for maxdimum storms, and using wide
cores constructed of material resistant to cracking.

Both soll and rock foundations may be damaged by fault
tupturs, resulting in lose of continuity or integrity of internal
design features (a.g.. draine and impervious zones), and water-
relensa festurss {e.g.. conduit and tunnels). A thorough lnvesti-
gation should be conducted by e seismologist/gectechnical
engineer to Kientify feult structures and their activity.

Rockfill dame have performed waell, with some damage to
matetial naar the orest of the dem. Settement of rockfill dams
e alec & possibility.

Concrete dama havs also preformed wall with little known
damage. Cracking of dame and foundstion fellures are possible.
Sasismic-resistant design of concrete dama includes thorough
foundstion exploration and treatment, and selection of & good
geomaetrical configuration, Dynamic snalyses similar to those
used for earthfill dame may be used to check designe, and to
determmine stressas and oracking potential of deme and dem
sppurtenances, Stabilization of existing dams can be achieved
by buttressing, dreining, or reduction in reservoir storage.

3.1.3 Walls
3.1.3.1  Description. Groundwater Is withdrawn using wells

or infiltration galleries. A well system s genetelly composad of
seven slements:

1) Aguifer

2}  Waell casing and screen

3) Pump and mator

4)  Power supply

5) Elsctrical equipmont and controls

8} Connecting piping. valves, and appurtenancaes

7} The well house structurs.
The well system may of may not ba located in & wall house.
Discussion in this section will ba Emited to items 1 through 3,

above. Itoms 4 through 7 will be discussed in Section 3.2
(Troatment Plants and Pump Stations).

Woalle typically consist of steel casings panatrating groundwatar
squifers. Modern well casings sra invlalled with concreta slurry
woll soals around their pariphery to keep surface water from
running down the annular space between the caging and the
ground. Oider wells sometimes do not have well geals. The
casings are fitted with acroans in the watar-bearing formation to
sllow water 1o enter the casing. Some older walls ware
constructed by cutting slots in the casing rathar than using
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screans. Municipsl wolls ususlly use vertical turbine purnps
instafied below the water tabla. The pumpe can be driven by
submarsible motors ettached diractly ta the bottom of the pumg,
ar by line shafte connected to the motor at the well head. Line
shaft pumps can aleo use right-sngle drives, snd be powsred by
internal combustion engines.

3.1.3.2  Soismic Demage and Mitigation Altornadyes. The
geohydrology of aquifers can change thelr production cepacity.
Shallow squifers sesm to be impacted more than desper
squifers, ss occurred in private wells in the Santa Cruz
Mountaine in the Loma Priets earthquake. Aquifers csn be
contaminated by raw sewage from nearby sewers {Clty of Sen
Femando, 1871 San Fernando sarthquske), septic tank atfluant,
or hazardous matenisls finding their way into the aquifer through
permaable layers or slong an unsealed well casing.
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Photograph 3-5. Septic systern conteminated s shallow well
resulting in liness in many children south of Limon Costa Rica.

Aquifer gachydrology is almaost impossible 1o control. Providing
oparational flexibility to uss alternative water sources is
recommended. Aguifer contamination can be controlled by
providing woll seals and a wall haad protaction program. Septic
systems should not be located naar wells. Nearby sewers
should bo designed to be seismic resistant.

Well casinos and pumps;wii-mavsmith-oarthquske wave
passage with tha surrounding soils. This movement can result
in physically braaking or disconnacting pumy's, motors, and/or
discharga linas that do not have flaxible couplings. Soils
surrounding tha wall can consolidate resulting in the apparent
extansion of tha well caging out of the ground, Connecting
piping can break,



Bagulo, Philippines.

Photograph 3-7. Settienent around well casing resuited in
leaking well discharge pipe in Landers sarthquake.

Pumps should ba constructed of steel rather than cast iron,
sllowing them to absorb enargy from shaking. The pump
discharge head (on the top of the welll should bo siso be steel
rather than cast iron, Provide flexibility between the well cesing
and surrounding building slab, and the well casing snd connect-
ing piping.

The wall casing, pump discharge line {upcomer], and line shaft
can ba bent, crushed, or shearad off by ground dieplacament or
wibration. Submersible pumps are not dependent on thae line
shaft and are, therafare, more relable. If the casing is bent,
withdrawal of the pump, regardless of typs, may ba mpossible.
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Photograph 3-8. Well casing bent 15 degress from vertical as &
result of laters! spresding in Dagupen, Philippines.

Avoid aress where lateral spresding is fikely to occur, such as
areas wiinersble to liquefacton on & slope or near a free fece. if
they cannot ba svoided, stabilize the sres or sirengthan the well
casing to rasist lstersl ground movement. Usa of heavy woell
casings or double casings to the depth whars liquefaction is
axpected may limit damage by allowing movement of the outer
casing, but not the inner casing where pumping equipment is
instalied.

Well water can become turbid, but typically only for a period of
several houre or less. Walls may start sanding lﬁ'umping sand).
This typically occurs in wells with slotted casings, and not with
propedy designed screens. This can result in pump dasmage or
motor burmn-out. Usa well screons rather than slotted casings, &
practice currently used for most municipal wells in the United
States,

Walls can algc become contaminated whan the wall head is
flooded. This occurred in Nicaragua in 1992 when s tsunamis
flooded wells with weater cantaminated from latrines.

32 TAEATMENT PLANTS AND PUMPING STATIONS

This subsoction inciudes treatment plant and pump station
facilities, and components of well facilities similar to pump
stations. Each type of faciity is descnbed. They are then
divided into common facility component groups to describe
typical ssismic damage and mitigation siternstives. Common
facility componant groups include process tanks end structuras,
squipmant and piping, elactncal power and instrumentation, and
buildings and structures. In addition, following fecility
descrptions, foundation and geotachnicael feilures are discussed.
Thig subsacuon conciudes with a discussion of facility opere-
tional flexibility and redundancy.



azA Description

Water treatment plants are prowasd to enhanca tha water
quality of drinking water supplies for public hesith snd sssthetic
reasons. Treatment plants can be categorized as surfsce water
or groundwater roatment plants. Surface water plants are
designed to remove turbldity and pathogens, and ususlly provide
disinfection and corrosion control, Thelr raw water source is
ususlly watersheds, rivers, snd/or impoundmanta.
Groundwator treatment plants are typioally used to remove iron
and/or manganese or othar organic and inorganic contaminants,
or softan watar, Thoir water source is wells or springs.
Treatment plants oftan use chemicals for coasgulation {e.9., slum
ot farric chloride, polymer), pH adjustmant and/or corrosion
control {s.g., caustic or ime), disinfection or oxidstion (e.9..
chiorina gas, hypoohiorite, ozons, or potassium permanganats),
and othar miscelianeous uses {0.g., fiuoride or sctivated carbon).
Typical water trutment_plant components are listed below, In
addition, many watar treatment plants may include raw water or
treated water pumping stations.
3.2.1.1  Process Tanks and Structures.

. Prosedimentation tanks

. Aeration tanks

. Repid mixing tanks

. Rocculators - paddles or baffies

. Sedimentation tanks/clarifiers

. Fiiters - gravitylpressure

. Water storage tanke/clear wells

. Backwash water tanks/siudge storage

. Channels and pipe galieriss.
3.2.1.2 Equipment_and Piping.
. Yard piping
. Plant piping
. Water pumps, blowers, and compressors
. Chemical feed pumps/equipment

. Chamicael tanks

. Small water or fuel tanks

3.5

. HVAC squipment
o Lobloffice equipment
. Stotage shelving.
3.21.3  Blactric Powar and Instrumentation.
. Substations
. Transformens
. Control cabinate
. Conduit/csble trays
. Computers/computesr floors
. Telemetry equipment

. Emergency genarstors - starting, fuel, cooling. and
sxhaust systeme

. Control canter

. Lighting.

Bulidings.

. Operstions buildings

. Maintenance buildings

. Chlorina buildings

- Builuings covering othar process units.

Pumping stations include stations adjacent to reservoirs and
rivers, and booster stations intended to increase hasd. Pumging
stations typically comprise shear-wall-type buildings, pump end
maotor units, pipes, valves, and assoclated electrical, machanical,
and control equipment. Verticel turbine and horizontal split case
pumps sre the two primary types of pumps used, Often an
emergancy power supply comprising s standby diessi generstor,
battery rack, and diesel fusl tank is included in pumping stations
to operate in emergency situstions when electric power fails.

Well facilities include squipment and piping, elactricel power and
instrumentation squipmant, and buildings deecribed in this
section.

3.2.2 Foundation and Gaotechnical Failures and Mitigation

Altarnatives

Tank structures and channeigfiarge conduits in water treatment
plants are vulnerable to differential settloment. increassd lataral



80il pressures, and fiotation. Landslide may siso be & concem at
particular sites.

Differential setdement is most likely when s structure is founded
on soile subject to densification or soils/foundations that are
inconsistent across the structure. Differing supporting fill thick-
noss of using different types of foundation across a structure
are sxamples,

The tecility should ba located so as to avoid solls that may
denslfy. Structures should be founded on & consistent founde-
tion throughout. Otherwise, structures ehould be designad ta
resist axpected scile failure or with provision to accommodate
the expected mavemant.

Earthquakes will increase lateral soll pressures on inground
structurss. Mathods developed by Mononobe and Okebae (ASCE
1983) provide direction on accounting for increased active soll
prassures, Passive 30il prossures may be activated when
liquefaction-induced lateral spreading occurs. Refaer to Chapter
2.0 for a discussion on liquefaction mitigation.
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Photograph 3-8. inside of Jensen Water Trestment Plant cleer-
well damaged as s result of gectechnical feilure.
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Photograph 3-10. Ground erscking above clesrwell.

Liquetsction may ceuss underground structures in areas of high
groundwater ta float or subside differantially. Refer to Chapter
2.0 for a discussion on liquefactdon mitigution.  Keaping tank full
offers some mitigation from flotation.

Photograph 3-11. FRoating wastewater tank resulting from
frquefaction in Nigatas,

Pounding damage or permansnt movement batwean adjacent,

but unattached or itnadequatsly attached structures, may rasult
n the opamng of axpangion ounts 1n basing. Prowide flaxibdity
betwean such structuras.



Photograph 3-13. Water treatment plant tenk beffle coNepsed in
Baguio, Phifippines.

Process tank baffles and other imynersed and floating sloments
have baen domaged from the sffects of very significant hydrau-
kic loading acting on the slement.

Photograph 3-12. Construction joint opened slonyg wastewster
channel in Sante Cruz during the Loms Priste esrthqueke;
lesking caused exteasive undermining of the structurs.

3.2.3 Procees Tanks and Buuctures

Reinforced concrete process tank structures have parformed
well in the United States in earthquakas whare they were not
subjocted to geotechnical failure. [n ssveral serthquakes outside
the United States, kghtly reinforced concrate baffles have failed.
Naw concrete structures should be designed in eccordance with
tha new American Concrete Institute, Concrete Environmental
Engineering Structures, ACI 350, Photograph 3-14. Hydraulic loading heavily damaged reactor/
clarifier rnechanism st Rinconeds Water Trestrment Flant.
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Photographs 3-17 and 3-18. Focculetor batfles and clarifier
inclined plates damaged in Limon, Coste Rica Water Treatment
Flant

Y

Phatograph 3-16. Aerisl view of Rinconada plant shows &
number of falled launders in three tanks, The fourth tank was
out of service and was not damaged.,

) >
Photograph 3-18. Repaired Bocculator wooden baffles had been

broken ke match sticks at Monteving Water Treatment Flant in
the Loma Priets sarthquake.

Similar damage has occurred st wastewater facilitiss to second-
ary clarifier baffles and floating wastewster sludge digesters.
Sloshing water has pushed rectangular sccess hatches out of
their frame allowing them to drop to the bottom of the besin,
Damaged baffles fslling to tank bottoms nesd to be removed
befare sludge colisctar mechanisms can be operatad.
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Photograph 3-20, Damsged baffles in secondary clerifier from
Loma Prieta esrthqueke,

Photographe3-20Y3-22, and 3-23. Sludge digester fioating
cover maved, bending guide rafl, and bresking guide wheel in
Lome Priets esrthquake.

Photograph 3-24. Sloshing water pushed access hatches out of
their framas, causing them to fall into the pimary . 'astawaler
tank at Pelo Alto in the Lorma Frieta sarthquake. Mat. “¢s had to
remavad before the slydge coilector could be operated
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Bafflas and othar immereed slements should be designed to
sither withstand the large loading or, more reasanebly, to bresk
away and be quickly replaced. Break-away eloments should be
sscured tc kesp them from falling to the tank bottom and
Jamming sludge collector mechanisma. (Kennedy/Jenks/Chilton
1980a) Thare is no reasonsble approach to accommodate slosh-
ing for flosting digester covers. i

3.24 Equipment snd Piping

Yard piping is vulnersbie where It interfaces structures, partice-
larly when diffarential settiement ccours. This is of greatest
concem whan structures are pile supported end the plping ls
direct buried. Provide flexibility st interfaces using double
flexible couplings In series or propriatary flexible joints,

Photograph 3-26. Broken plant plping at Olive Viaw Hospltal in
San Fernando sarthquake.

Photograph 3-26. Cracking from diffecential ground gettiement
sround @smpaﬂod treatment plant structure.

Rod-supported plant piping swings, braaking at weak points Photograph 3-27. Fipe support providing suppo}r int thrae ortho-
such as threaded connactions and cest ircn valves, Support gonal directions.

plant piping in threa orthogonal directions in accordance with
UBC and Shoaat Metal and Air Conditioning Association
(SMACNA) requiramonta. Equipment and pipe connections
move rslative to each othar, and will cauge tha system to bresk
st the weak point. Prowido flaxible connections. Flexibility
should be provided in connections and piping where they span

acrogs axpansion jotnts or batween structures on diffarent
toundations.



Photograph 3-28. FRexible coupling on both suction snd
discharge of sswage pump.

Photograph 3-29. Rexible joint in pipe whaeras it crosses & flexi-
bla joint in the building structure.

Pipe appurtenances such as air relases valves raspond as

inverted pandulums, amplifying ground motions, and brasking.
Anchor them.
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Photograph 3-30. Heavy air relesse valve supported on small
diamater pipe broke off in Loma Prista sscthquake.

Pipe, pipe supports, and equipment may be demaged by relative
ssttemant of bullding end sssociated aquipmaent, or by differen-
tial movement betwesn two segments of the supporting building
structure. Support pipelines off a single structuras.

in general, snchored equipment performs wall, even if the
anchorage is not designad for the level of design saismic
loading.

Unanchared or inadequately anchored equipment may slide or
topple, damaging the squipment, or causing sttached piping and
conduit to fail. Check for overturning. Equipment with a fow
center of gravity has less of s tendency to overturn, but may
still alide. Anchor the equipmant in accordance with UBC load-
ing criteria. Anchored equipment has an excellent performance
history in sarthquakes, sven if snchors are undor-designed,



Photograph 3-31. Dry chemical fesders toppled in Limon, Costs
Rica Water Treatment Plant, damaging one feeder. Photo shows
installation after repair.

Use cast-in-place anchors when possible, Chemically bonded
drifled anchors are acceptable for floor installations, but pull out
in fire: they should not be used overhead, Drilled wadge
anchors are acceptable for floor and wall installations, but
should not ba used gvarhead. Drilled wedge anchors should not
be used for rotating aquipmant as they &uy work loose. Do not
use self-drilling, drilled slaeve, or powdar driven anchors.

Hotizantal pumpa and their motors, and engines and attached
generators, should be mountsd on & singio foundation to prevent
ditferantisl movement. Vartical turbine pumps hanging in tanks
should be avoided if possible—or designad for seismic loads, as &
minimum.

Emergency genarstors require functionafity of 8 serias of support
systems. Vibration isolators not designad for seismic loading
ars vulnarabla. Use snubbers on vibration isolated beses or
anchor diroctly to the floor. Review the vulnarability {i.e.,
anchoraga, support, flexibility) of fuel, cooling, starting (i.e..
batteries or compressed air), and exhaust systems.

Photographs 3-32, 3-33, and 3-34. Spring vibration on emaer-
gency generator damaged in Whittier sarthquake.




Photograph 3-36 and 3-36. New Zeasland designed snd U.S.
manufacturad snubbers, raspectively, on vibration isolated equipmaent.
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Photograph 3-37. Fuel tank bounced around, severing piping,
and draining, in Baguio, Philippines water booster pump station.

Earthquske ground motions are ampiified by building structures,
Tha higher in the building the equipment is located, the higher
the sarthquake load it experiences. Use UBC for ancharage
design. Heavy squipment loads mwust be taken into account in
the building design. Heavy squipment, such as siudge-process-
Ing equipment. should be located az low as possibls in the
building.

Hazardous chemical aquipment and piping should be protected
from falling debris.

Chlorine cylindars {150 Ib) topple. breaking connecting piping.
Restrain them top and bottom. Chiorine containers (1 ton)
toll/slida, bresking connacting piping/pig tails. Anchor them
with chain binders or nylon straps. Alternatively, use sodium
hypochlorite systems. Gasesous chlorine containment and stabili-
zation in the 1991 Uniform Fire Code (UFC) are recommendad,
Provide Chlorine Institute repair kite stored outside the potential-
iy hazardous aroa.



chein.

Photograph 3-39. Compressed gas cylinders restrsined with

chains top and bottomn at Seattie Metro facility,
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Photograph 3-40. Unrestrained chiorine ton containers can skp
off the stack, severing the pig tall.
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Photograph 3-41 Chionne ton containers restrained with
double-chein binders successfully road out Loms Priets sarth-
quake in Sants Cruzr.

Large horizontal tanks such as chlorine, liquid naturel gas, pro-
pana, diasal, or surge tanks may slids, bresking connecting
piping. Prowde adaquats load transfer from the tank to the
foundation, parvcularly longrtudinally. Restrain them to saddies
to prevant shppage and rupturs of attached piping.



Photograph 3-42. Large propsne tanks may slip longitudinalily,
bresking coanecting plping.

FPhotograph 3-43. Collapsed horizontal fuel tanks without sde-

quate longitudinal saddls support structures in Limon, Costa
Rica.

Chlorine avaporators are pardculary heavy. Thay sre often not
installed with sdequate anchoraga making full use of the bolt
holss provided by the manufacturer. Anchor them.

Provide secondary contsinment for hazardous chemicals.
{natall fail-safe control devices or: chemical faed aystema.

Locate vacuum control valves as close to chiorine tanks as
possible.

Chemical tanks may slide or toppla, breaking connecting piping

and draining their contents, Anchor in accordenco with the tank

manufacturar’s directions.

Photograph 3-44. Unanchared chemical tanks may siide,
breaking cannecting plping.

Buried tanks and manholes may fioat in Hquefisble material.

Photograph 3-45. Buried fuel tanks in Dagupan, Philippines
floated in liquefied soil.

The logs of squipment and email tanks without ¢ross bracing
may bend and collapss. Provide croas bracing on the logs.



Provide lateral support for HVAC equipmaent that may t}thoqwiu
fall to floor, n some instances, failed HVAC squipment has
blocked agress routes. The HVAC system may ba oritical for
ventilation of areas with hazardous atmosphere.

Phatograph 3-48. Unbraced tank legs buckled in San Fernando
sarthquake.

Photograph 3-48. Feiled support for HVAC unit in Loma Friets
sarthqguske,

Laboratory equipment, chemicals, and other supplias should be
secured. Office equipment/computers may slide on ta the floor.
Anchor them to the desk. Fila cabinet draware may roll opan.
and topple. Use latching file drawers, and tie adjacent fils
cabinets together.

Photograph 3-47. Braced legs on tank supporting structure in
Japan.



Photograph 3-48. Flaxiglass shelf retainers for chemical storage
at Rinconada Wacter Treatment Flant kept chemicals on sheif
during Loma Friets sarthqueke.

Photograph 3-50. HRie cebinet drawaers opened and cabinets
toppled in Lome Priets sarthqueke.

Raisod computer ficors not specifically designed for lateral
sgiemic loading are vulnerable to collapsa. Ona slternative ig to
positively anchor the computer itself to the fioor.

Photograph 3-52. Base isolated computer floor at Japsness
waler treatment plant.

Storaga shelving may topple and/or stored matarals fall to the
floor. Design/evsivate pallat racks in accordance with UBC
raquiremeants. Provide lips 1o keep stored maetasrial on the shelf.



Photographs 3-53 and 3-64. Stacked rolis of paper fell on cer in
Uman, Costa Rica.

Photograph 3-55 and 3-568. Auto parts store shelving over-
turned in Erzincan, Turkey serthquske.

Suspended celling panels and fight fixtures are vulnarable to
collapse. Support Eght fixtures direaty from the fixed celling.
Upgrade the suspended ceiling ss appropriate.

3256 Blactrical Powsr and inatrumentation

Provide smargency powar supphas for critical system slemants.
Assumae slectrical powaer will be out of sarvice regionally. Work
with the focel power utility distnct to get priority sarvica for
critical facilides.

Photograph 3-67. Emergency generstor used at Pelo Alto

Wastewater Treatment Flant following Loma Friets power
outage.

Unenchored transformar units may slide/toppie. Pole-mounted
transformors that are anchored may algo fall, or tho pole itself
may topple dua to soil hguefaction. Work with the local power
company to anchor trangformars and asesce the iquafaction
suscaptibihity of the site.



Photographs 3-68 and 3-69. Unanchared transformer (at large Photographs 3-60 and 3-6, Unanchored pole platiorm trans-
wastewsater pumg station] vuinerable ta such earthquake forces former toppled in Erzincen, Tu. key. Pole with transformer
as in Costa Rica. toppled as & reasult of liquefecton el its base in Coste Rica.



Photograph 3-62. Anchored transformer at East Bay Photograph 3-63. ‘Cabinet with no anchorage vulnersble to
Municipality Utility District trestment plant, overturning.

Unanchored electrical cabinats may topple or slide. Anchor
them to floor; attach them to the wall with angle clips.

Photograph 3-84 Cabiner instalied with angle brackets tiaing 1t
back to the wall,



