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Executive Summary

The Seattle area is prone to earthquaken any of multiple faults in the region, including ®Beattle FaulZone
(SFZ) anthe Cascadia Subduction ZofE@SZ)A large earthquake originating on the SFZ or a great CSZ interface
event will cause strong ground shaking, permanent ground deformaliiquefaction, landslides, tsunamis,

andor seiches which could potentially impadrainage andvastewaterinfrastructure and disrupt&attle
PublicUtilitesQ F 6 Af A& (2 LINEathgRakes &igidathy it the GSZ deS&pNddapI&xé zore
occur more frequently, but are typically not as damaging as large SFZ or CSZ inteifapeakes.
Wastewaterinfrastructure isespeciallyulnerable to earthquakes because of the extensive netwoflbelow
groundmainlines pump stationsstoragetanks, anccombined sewefacilities.Breaksor loss of gradén the
collection systemor danage to pump stations couldad to sewage backups in homes and potential releases of
untreated sewage into the environmeriDrainage mainlines are alsosseptible to earthquakénduced

damageln the event of strong earthquake ground shakiggattle Pulit Utilities SPU couldfacesignificant
challengesn responding teassess and repair their damagassets due to damaged roads, bridgeswer lines
andother lifeline infrastructuresystems.

The Seismic Risk Assessment Team (T,aam$isting of the SPtdntributorsanda team ofconsultans led by

Brown and Caldwelperformedl RS a1 (2 LJ | & adBaindgdy &g wiast@v@tenginlineshiastewater

pump stationsandcombined sewer overflow (CSfagilitiesto identify those that areat higher risko damage
andfailureduringa seismic evenilhe desktop assessmenwasbased on two earthquake scenarios: (1)

magnitude 7.0 earthquake occurring on the Seattle Fault Zone (M7.0 SFZ) and (2) magnitude 9.0 earthquake
occurring on theCascadia Subduction Zone (M9.0 CSZ). Scenario descriptions, ground shaking, permanent

ground deformation, and tsunami/seiche inundation dat& based ordata previously developed by thenited

States Geological Survay§Gyand Washington Department ofatlral ResourceONRand technical work

O2YLX SGSR F2NJ YAYy3A [/ 2dzyieKeltdD&dI wSHIAC RISy DBBSRF ¥ R5 WBX
2018aan®01&y FyR {t! Q& 2 dSNJ {eanSYy {SAaYAO {{(dzRe o6{t!

The results of the esktopassessments were used to develop likelihood of failure sc&fes then combined
the likelihood of failurescores with scores representing potential consequences of failure and scores
representing equity considerations. The comlunésk scores werthen used tocategorize highisk facilities
andmainlinesfor subsequent plannindgseismic riskcoringdata from this assessmeignot intended to inform
specific facility upgrades, retrofits, or improvement projects; howeités,intended tocharacterize he general
seismic risk of therainage andvastewater system and timform the development of th&hape Our Water
Plan

1
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1. Introduction

Seattle Public Utilities (SPU) is prepa®igpe Our WateA50yearPt | Y  F 2 NWafeiSRediliéntes Q &
supporttheir Drainage and Wastewater (DWW) Line of Business. The Shape Our Water Plan will provide
citywide recommendations for projects, programs, and policies that will better equip SPU to be a community
centered utility and be more resilient to daguakes, future changes in the climate, regulations, and the
economy.

The Shape Our Water Plartludesa comprehensive, mulStakeholder, engagement effort to provide a

communityd K| LISR @A aAz2y | yison Bnfydelsf TR Shap&kKCur Watel Pya@uill direct near and
long-term investment in the partnerships, programs and projects that will improve the performance and
NEAAEASYOS 2F {SIFHdGfSQa RNIAYI3IS YR ¢ &aiSdicfiorSNI & e a
the community.

1.1 Seismic Risk

The Seattle area is prone to earthquaken any of multiple faults in the region, including Beattle FaulZone

(SFZ) anthe Cascadia Subduction Zof@@S2Z)A large earthquake originating on the SFZ or a greatr@iSiace

event will cause strong ground shaking, permanent ground deformgliurefaction, landslides, tsunamis,

andor seiches which could potentially impaadrainage and wastewatér y ¥ NI & (G NUzOG dzZNB | y R RA
to provide essential serviceBarthquakes originating in the CSZ deep intraplate zone occur more frequmrritly

are typically not as damaging as large SFZ or CSZ interface earthquakes.

Wastewaterinfrastructure isespeciallyvulnerable to earthquakes because of the extensive netwoflbelow
groundmainlines pump stationsstoragetanks, anccombined sewefacilities.Breaksor loss of gradén the
collection systemor damage to pump stations coukhd to sewage backups in homes and potential releases of
untreated sewage into thenvironment.Drainage mainlines are also susceptible to earthqtiakleced

damageln the event of strong earthquake ground shaki8@\couldfacesignificant challengeis responding

to assess and repair their damagaskets due to damaged roads, bridgaower lines andother lifeline
infrastructuresystems.

1.2  Purpose and Objectives

Thepurpose2 ¥ G KAa GFajl Aa G2 LISNF2N)Y | puRbstafoistondoined 4 S&3a Y S
sewer overflow (CS@gcilities anddrainage and wastewatanainlinesto identify those that areat higher risk

in a seismic event and prepare initial preliminary gskires These outcomes will be used to categorize high

facilities andmainlinesfor subsequent planningseismic riskcoringdata from this assessmergnot intended

to inform specific facility upgrades, retrofits, or improvement projects; howeavesjntended tocharacterize

the generalseismic risk of therainage andvastewater system and tmform the developmenof the Shape

Our Water PlanFigurel-1 provides a summary flowchart for the seismic risk assessment process.

3
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Seismic Risk \ Section 2 Review data and adapt
ra Mmethods from SPU Wate
Assessment /

System Study

I.d?ntify backb?ne Section 3PEEE el Section 4 e
Infrastructure for hazard mapping hazard mapping
wastewater services

2

Likelihood of failure for
pump stations and CSO
facilities based on
geotechnical hazards

Likelihood of failure for
pump stations and CSO
facilities based on
inundation hazards

Likelihood of failure for
wastewater and drainage

mainlinesbased on
geotechnical hazards

Assess capacity, high

use, transportation, Consequence of failure

and environmental scores
impacts

N Section 5
of failure scores

Combined risk Preliminary Seismic
scoring Risk Ratings

Figurel-1. Summary flowchart for the seismic risk assessiethtrelated report sections

Section 6

Racial and Social Equi

Index Equity scores

The desktop assessmeisthased on two earthquake scenarios: (1) magnitude 7.0 earthquake occurring on the
Seattle Fault Zone (M7.0 SFZ) and (2) magnitude 9.0 earthquelteing on the Cascadia Subduction Zone

(M9.0 CSZ). Scenario descriptions, ground shaking, permanent ground deformation, and tsunami/seiche
inundation dataare based ordatapreviously developed by thdnited States Geological Surv&sSGpand
WashingtonDepartment of Natural Resourc@@NR)and technical work completed for King County Wastewater
CNBFHIYSY(KEaBRaAA2WOAADASY OBDRROYSE an31ée JENR { i pzR& &I GS
Seismic Study (SPU 20)8
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2. Background

{t! Q& 5 2fBusiheksypBvidedrainage andvastewater services to a population of approximately
747,300 and coveran area of roughly 84 square miles.

{t) Qa 02t tshandldle/sanitangewes;ially combinedwastewater and stormwatesewers and

partialy separated wastewatesystems | LILINREA Yl G6St & w1t LISNOSYyid 2F GKS /
sanitary (mostly in the norérn parts of the city, 33 percent is fully combined (mostly in the central core), and

40 percent is partially separatechfpughout the southern parts of the city but also in several northern basins).

2.1  System Overview

SPU operates a complex wastewater collection system network consisting of 1,423 miles of separated and
combined sewemainlines and maintenance holes, 67 pump stations, aBg&mitted CSQutfalls in Puget

Sound, Lake Washington, and the Duwamish Watgri@aualyze 2019Map A-1 (in Appendix Aprovides an
2O0SNDASE 2F {t! Qa ol aiSeliSNI aeaitasSyz AyOfdzRAYy3 YAyS3
{LXAG 26ySNBKALI 2F (GKS gFaidSeliSNI aeadasSy O2y i NROdzi S
systemtypicallydo not exceed 1,000 acres, discharging into trunk lines ownedpetatedbyY A y 3 / 2 dzy (i & Q
Wastewater Treatment Division (KCW®D) { t | Q& mainiingédametaisSaxge from 4 inches to 12 feet;
however, 8inch and smaller diametanainlines comprise wer 60percentof the network andmainlines greater

than 12inches comprise less than p&rcent2 ¥ { t | Qa niathlinéinventarNd G A G &

¢KS | @SNI IS | IS naiflinef is hofedhand8b yedrsS and theSmédian year for wastewater
mainlineingtallations is between 1930 and 1940. According to | SR2ategic Asset Management PIEGPU
201%), the first wastewatemainlinenetwork in Seattle was constructed in 1883 and thessnlines were
YIRS 6AGK | YAEGdINBE 2F Q124 SIo¢R +ANINK FASIRI OFf yf 26 YIA WIS 2
and by the turn of the century more than 30 miles of wastewaainlinehad been constructed. Vitrified clay
pipe continued to be the dominant material installed until the end of World War thdmid-1940s, concrete
pipe became the primary material for constructing wastewatsinlines, and it continues to be the most
common material used today. Rougl3¥ percent of themainlines are made of vitrified clay ark¥ percent of
the mainlines are nade of concreter reinforced concrete piperhe remaining 7 percent are made of other
materials, including asbestos cement, ductile iron, cast iron, brick;deghity polyethylene, and polyvinyl
chloride.

SPU currently owns, operates, and maintains 67 wastewater pump stations that receive wastewater from

enclosed gravity sewer basins and then convey the wastewater by force main to a point where it can be
discharged y 12 Y/ 2 ¢5Qa& NI I A 2yhterceptgrS Wiil@ thafirstbdmp Stiblayvas A Y
O2yaidNHz2OGSR Ay MpHdpE Yzald 2F {t! Qa ¢l aidSel (SN LzyL)
MBTNA® | YI22NAGe 2F {S1dGt85Q4 61aiS6l GSNI Aa O2y@se
and operated by KCWTD.

SPUWurrentlyowns, operates, and maintains 42 CSO facilibedetain and regulate combined sewer flows that

exceed the conveyance capacity of the collection system during wet we&B€).facilitiesonsist of storage

detention ppes or tanks, flow control structures, and associated electricahagchanical equipment. CSO

facilities vary in storage volume from 3,000 gallons to 2.6 miadlfons(SPU 2018aPlder CSO facilities tend

5
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to be passively controlledvithout operable fatures, while newer CSO facilities are more often actively
controlled to regulate flow.

DrainageMainlines. SPU also operates a complex drainage collection system consisting of draiziagines,

inlets, maintenance holes, catch basins, surface and stazRistormwater control facilities (e.g., ponds, vaults,

filters, and swales), stream culverts, green stormwater infrastructure (GSlI), ditches, astremm culverts.

While this study focuses on the wastewater system, draimagilineshave also been uded in the analysis

because the approach tmainlinescan be applied to both drainage and wastewatesinlines Map A2

6! LISYRAE !0 LINPZGARSA maflin@ ISNIBASE 2F {t! Qa RNIAYIl 38

2.2  Wastewater System Backbone

Critical components of the wastewater collection, conveyance, and treatment system usually include:
1 treatment plant structures that are required to provide some minimal level of treatment
1 trunk lines, large diameter conveyang®inlines and associated pop stations

1 small diameter collectiomainlinesand associated pump stations needed to connect to critoaimunity
facilities (hospitals, emergency shelters, etc.)

1 certain support facilities (laboratories, maintenance shops, etc.)

Together, these critidaomponents make up the wastewater system backbone. Following a major earthquake,

the backbone system is intended to experience minimal damage so that the wastewater system will be capable

of providing service to critical community facilities in suppdrsloort- and intermediateterm community

recovery goals.

{AYyOS Y/2¢5 LINPGARSaA GNBFGYSYyGd FyR GNMzyl tAYS AyidSN
primarily of infrastructure components necessary to collect and convey wastewater from aidtinahunity

facilities to the interceptors owned by KCWHP.Lhas identified a list of approximately 740 critical community
facilities, including: hospitals, police and fire stations, shelters, schools, libraries, childcare centers, et cetera.

This list ofcritical community facilities wassedto define facilities that should be supported by the wastewater

system backbone. SPU then identified a wastewater system backbone based on the following criteria:

1 Mainlines that service a critical community facility

1 Al mainlines downstream ahainlinesthat serve a critical community facility up to a KCWTD interceptor or
other agency sewer main

1 16wastewaterpump stations (WWPS) that are required to satisfy shemtl intermediateterm community
needs following a majoearthquake.

1 18CSO facilitiesCSO mainline detention systems, consisting of circular or rectangular mainlines, the
majority of which comprise CSO facility storage assets.

AppendixB discusses the mapping of wastewater system backboamlines, and MaB-1 (in AppendixB)
shows the wastewater system backbomitical facilities, and component§able2-1 provides a summary of
SPU wastewater system assetsluded in the backboné backbone for the drainage system was not
developed as part of this project.
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Table2-1. Summary ofMWastewaterSystem Backbone Infrastructu

Component Backbone Description

A 0.1 miles of combined force mains

A 113miles of combined mainlines
Mainlines A 2 miles of sanitary force mains

A 177 miles of sanitary mainlines

A 0.8miles of CSO detention mainlines

A 16 pump stations
A 18 CSO facilities

Facilities

2.3 Review of PreviouS$tudies

The Seismic Risk Assessment Team (T,aam$isting of the SPU contributors amteam of consultants led by
Brown and Caldwell (identified at the beginning of this Technical Memorandewi@wed previous reports and
planning documents to obtaindzkground information for the seismic risk assessm8RtU has taken a

proactive approach to managing their wastewater system assets, developing asset management plans, capital
improvement plans, and condition assessments. The Team identified the follawiey documents used to

inform the seismic risk assessment:

1 Seattle Public Utilities Sewer Pump Station Prioritized Capital Improvement Plan Report (Davido Consulting
Group, Inc. 2015)

Seattle Public Utilities Strategic Asset Management Plan Update WatsteCollection Pipes (SPU 2015a)
Seattle Public Utilities Wastewater Collection Pipe Criticality Criteria and Rating Scale (SPU 2015b)
Seattle Public Utilities Critical Pipes & SSO Map (SPU 2016a)

Seattle Public Utilities Pipe Criticagi§coring, Procas & Current State of Data (SPU 2016b)

Seattle Public Utilities Strategic Asset Management Plan (SAMP) Update Wastewater Pump Stations and
Force Mains (SPU 2016c)

1 Seattle Public Utilities Asset Management Plan (AMP) Combined Sewer Overflow Facilitid1 U
1 Wastewater System Analysis (Aqualyze 2019)

= =4 =4 -4 -

The Team also reviewed previous seismic risk studies and available seismic and tsunami hazard data as the basis

for this preliminaryseismiaisk assessment. Key documents include the following:

1 Seattle Pubc Utilities Water System Seismic Study Summary Report, including geospatial data for seismic
hazards (SPU 2018b)

T wSO2YYSYyRIGA2ya G2 9yKIFIyOS (KS wSaiatAiSyode IyR w
Treatment FacilitiesTask 500 Preparedness andcBeery Recommendations (HDR 2018a)

T wSO2YYSYRIGA2YA (2 9YyKIEyOS (KS wSartAasdyode |y
Treatment FacilitiesTask 600 Resiliency Recommendations (HDR 2018b)

w»

puf
(s}

w

1 Tsunami Hazard Map of the Elliott Bay Area, Seattle, Washinijlodeled Tsunami Inundation from a
Seattle Fault Earthquake (Walsh et al. 2003)
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The followingparagraphs describe the relevance of the previous studies and the associated available data.

Geotechnical and TsunarilazardMiapping. For the Water System Senic Study (WSSS) (SPU 2018b), SPU
evaluated the risks and vulnerabilities of their potable water system when subjected to two different

earthquake scenarios: M7.0 SFZ and M9.0 CSZ (SPU 2018b). The seismic risk assessment for the wastewater
system (descriéd herein) is based on the same earthquake scenarios and corresponding geotechnical hazard
data sets as the WSSese data include:

Peak ground acceleration (PGA)

Peak ground velocity (PGV)

Spectral response acceleration parameter at short periods @€xand period)
Spectral response acceleration parameter at a period of 1 second
Liguefaction susceptibility and probability

Liguefactionrinduced permanent ground deformation (PGD)

Landslide susceptibility

Landslideinduced PGD

Fault rupture PGD (M7.0 SHZ\W)

=A =4 4 -4 -4 -4 -4 -5 -2

TheWSSS&lso considered the potential impact from a tsunami generated by a M7.3 SFZ scenario earthquake.
The extent of tsunami inundation in the area around the Elliott Bay coast of Puget Sound, associated with this
scenario eventwas based on a pwious State of Washington Department of Natural Resources (DNR) study
(Walsh et al. 2003). Note that a M7.3 SFZ scenario earthquake was used for the tsunami risk assessment instead
of a M7.0 event, based on the available tsunami hazard data. Since thé&/&elSystem Seismic Study was
completed, previous tsunami modeling studies have been updated and additional studies have been conducted
by DNR that consider a larger portion of the South King County Puget Sound coastline than was considered in
the 2003 stidy (WGS 2019 and DNR In Preparation). These more recent studies were used as the basis for the
tsunami inundation hazard considered in this seismic risk assessment. A detailed inventory of the geotechnical
seismic hazard and tsunami hazard GIS datafil@gded by SPU and/or obtained from DNR is provided in
AppendixC

Seismic Vulnerability of the Regional Wastewater Systdm2018, KCWTD completed a seismic resilience and
recovery studyor their wastewater system (HDR 2018a and 2018b). The KGWdevaluated the expected
performance of their wastewater conveyance and treatment systems when subjected to two scenario

earthquakes: M7.2 SFZ and M9.0 CSZ. The former scenario is similaMd.6h8FZ scenario used in the Water

System Seismic Stu@@PU 2018b) and the latter is equivalent. The KCWTD study also included development of
mitigation strategies to address the identified seismic and tsunami vulnerabilities. As described above, the SPU
02ttt SOGA2Y &a2aidSY RSt A QJSwancedndtiednieht SySteris.(Sihce th&k SPU¥MNd2 ¢ 5 C
Y/ 2¢5Q4 aédadsSvya Ydad dZ GAYFGSt@ FdzyOlAazy Fa 2yS Ayl
methodology used for this SPU wastewater seismic risk assessment has been generally consigtesit weu

for the KCWTD study.
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Preliminary Risk Scorindgn 2019, SPU completed thgastewater System Analysis (Aqualyze 20d®jch

evaluated the conveyance capacity of the wastewater collection system and identified potential risk areas. As
part of this study, SPU developed prioritization criteria and alvased scoring system. The scoring system used
the following equation:

TheConsequence Scotagkelihood ScoreandEquity Scoresach had values ranging from 1 to 5, which results in

Risk Scoramnging from 2 to 30This preliminary seismic risk assessment has used a similar approach to

calculating seismidskscores As destdbed in Section 6, thaskscoresdeveloped as part of this projeete
consideredoreliminary andt 02 y OSLJidzl £ ¢ 06SOlFdzaS (KSé& N8B olaSR 2y |
benefit of a detailed structural analysis,-site assessments or verifigans.
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3. Preliminary Geotechnical Hazard Review

As specified in the objectives for this assessmesmigchnical hazardata were reviewed for the followintgvo
earthquakescenari®: a magnituder.0 event on theSeattle Fault Zoneé&SfFX anda magnitude9.0 interface
event on theCascadia Subduction Zor@SY. Each of these earthquake scenarios are briefly described below.

M7.0 Sattle Fault Zone. The SFZ is an easgst trending, south dipping, largely concealed thrust fault that
crosses theentral Puget Sound near the latitude of Seattle (Bro@tex. 2001 and 2004)t produces a broad

zone of active deformation, about 4 to 7 km wide, that separates bedrock to the south from thick sequences of
sediments that fill the Seattle Basin to therth (Blakelyet al.2002) At the ground surface, the central SFZ
deformation zone is defined by fault scarps and warped shorelines near Seattle (e.g., 8elk8003;

Haugerud 2003; Kelsey al.2008) Paleoseismic studies suggest that these slines had been uplifted as

much as 8neters (m) during a single large, regional earthquales, ¢ M7) above the soutldipping SFZ thrust
about 1,000 years ago (AD 900 to 930) (Bucketal. 1992; Atwater 1999; Kelseyt al.2008) Based on
paleoseismistudies, the recurrence interval for a large rupture is about 5,000 to 6,000.yHasnagnitude of

the selected M7.0 scenario event is representative of one of these large SFZ @venth excavations and
shoreline studies across the noftlipping surlce fault scarps also indicate that: (a) they ruptured several times
during the late Holocene Epoch producing modessiteed earthquakes (i.e., ~M6 tadpand also possibly

during the AD. 900 to 930 event (Nelson et al. 2003; Kelsey et al. 2008; Nelsinz014) and (b) their rupture
areas were small compared to the master fault rupture area during the AD 900 to 930 earthquake €Kalsey
2008) The recurrence interval for these smaller, moderateed SFZ earthquakes is on the order of about
1,000years and, unless centered on a portion of the fault beneath the city, would result in lower ground shaking
and impact to the wastewater system than the selected M7.0 scenario event.

M9.0 GascadiaSubduction Zone. The CSZ is created by subduction of trendie Fuca Tectonic Plate beneath

the North American Plate off the coast of western North America from southern Canada to northern California
Paleoseismic studies provide conclusive evidence that the CSZ generates great earthquadasr(xemately

M8 to M9) that actively deform this 1,000 km of coastline (eAdgwater and HemphiHaley 1997Clague 1997
Goldfinger et al. 2008nd 2012)Geological evidence from the coastal Pacific Northwest and written records
from Japan strongly suggest ththe last great event that ruptured along the entire length of the subduction
zone (M9) occurred about?B years ago on January 26, 178atake et al. 199&\twater and HemphilHaley

1997 Clague 1997Yamaguchi et al. 199Based on paleoseismic studi¢ise recurrence interval for a great

M9 rupture is about 500 year$he magnitude of the selected M9.0 scenario event corresponds to a great
earthquake that ruptures the entire length of the CEXtensive coastal and offshore studies have refined the
rupture model and some include rupture of the CSZ along segments that have shorter recurrence intervals (as
short as ~200 years) and correspondingly smaller (i.e., ~M8+) earthquake magnitudes (Gat&h@e12).

10
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As previously indicate geotechnical &zards considered in the seismic risk assessment include:
1 Ground Motions for each scenario event:
- Peak ground acceleration (PGA)
- Short Period (~0.2 second) Spectral Acceleration
- 1.0-Second Spectral Acceleration
- Peak ground velocity (PGV)
1 Liquefactioninduced permanent groundleformation(PGD) and probability
1 Landslideinduced PGD and probability
1 Fault ruptureinduced PGD (M7.0 SFZ only)

The data sets for each of these hazards are the same as deesdoped by SPU anded in theWSSS

Descriptiors of thesegeospatiadata setsare provided inAppendixC Citywide maps of hazard data are
provided in Appendix Bt KS&S RIGF aSia 6SNB fINBStfte oFaSR 2y ao6S
time they were developed for the SPU WSSS (i.e., circat@@/18) and were peer reviewed. As such, these

data sets provide a technidglsoundand convenient basis for the current wastewater seismic hazard

assessment.

Since development of the WSSS geotechnical hazard sets, there have been uptietedatebaseand
proceduredo develop the geotechnical hazard seffiese updates may be considered qualitatively in the
current hazard assessment and should be considered quantitatively in potential/futurspsitific hazard
assessments and/or mitigation desi@ he updates relative to this review of the WSSS geotechnical data sets
are summarized as follay

Ground Motion Data Sets:

T Number of Ground Motion Prediction Equations (GMPES) used for the M7.0 Scenario eMeaiground
motion data sets are the average of five N@/&st2 GMPEs. Currently the U.S. Geological Survey (USGS)
only uses four of the five NGAest2 GMPEs in the latest seismic hazard maps from the National Seismic
Hazard Mapping Project (NSHMP); theyndo use the Idriss GMPE because of its lack of site factor
adjustments for relatively so#oil sites (Peterson et al. 2020). The impact of excluding this GMPE on the
M7.0 scenario ground motions may be relatively small (it was reported to impact the Rgkind
motion estimates by three percent [Peterson et al. 2020¢pending on how this issue was handled in the
WSSS data set.

1 Seattle Basin AmplificationAs shown irFigure3-1, much of Seattle lies within a sedimentary basin whose
southern edge is formed by bedrock uplift on the SFZ. Constructive interference of seismic waves within a
sedimentary basin, such as the Seattle Basin, amplifies ground motion relasites@utside the basin.
Amplification is especially pronounced for lepgriod motions (i.e., about 1 second and longer). Basin
amplification was not considered in developing the WSSS datasets for estimateechriispectral
acceleratiorand PGMor neither the M7.0 nor the M9.0 scenarios. Therefore, these values in those datasets
are not conservative, and may be low in areas of the basin north of about South Spokane Street. To address
basin amplification in the 2018 USGS National Seismic Hazard Map$SGS has developed a set of basin
amplification factor values specifically for the Seattle Basin to use with theWéx2 GMPEs (Peterson et
al. 2020). This set of values result in a basin amplification factor of approximately 1.5 for shallow crustal
earthquake sources, such as the SFZ. Peterson et al. (2020) indicates that for great CSZ interface events,
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basin amplification factors on the order of 2 to 3 may be expected but use a factor of 1.5 in the 2018
National Seismic Hazard Maps. Consequentlyfahewing amplification factors are applied to locations
within the Seattle Basin:

- M7.0 SFZ ScenarieSecond Spectral Acceleration and PGV basin amplification factor = 1.5
- M9.0 CSZ ScenarieSecond Spectral Acceleration and PGV basin amplificationr fa@&o

T 7 T T S s T e T T

47.9°N

47.8°N

47.7°N

47.6°N

47.4°N i i i ] = i i &) = e i i

Figure3-1. Geologic definition of the Seattle Basin
SourceWorth et al., 2018
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Liquefaction susceptibility and derived data sets:

1 The liquefaction susceptibility map and the derived PGD and probatfilRGD data sets are based on
liquefaction susceptibility mapping from the Washington State Department of Natural Resources, which are
based on geologic mapping in Seattle done primarily before the year 2000. In 2005, Booth et al. published a
new geologienap for the City of Seattl@he significant increase in geotechnical data available was the
maindriver for an update of the liquefaction susceptibility and potential mappsmpnsored by the Seattle
Department of Construction and Inspection (in conjumetwith the University of Washington)he results
of the updated mapping were not yet available at the time this geotechnical hazard review was conducted.
While the revised mapping will likely not result in large changes in areas identified as begfiblesto
liquefaction, there will be some modest revisions to the locations and the relative susceptibility of some of
the geologic units. This updated mapping should be considered in potential/futuremitfic hazard
assessments and/or mitigation slign.

1 The WSSS liquefaction susceptibility data set does not include the completion of major infrastructure
projects designed to limit the impacts of liquefaction. Specifically, the SR 99/Alaskan Way improvements in
South of Downtown (SODO) and the downto@eattle Elliott Bay Seawall Project were designed specifically
to reduce the impacts of liquefaction. Liquefactimtiuced PGD for SPU facilities near and landward of
these projects are likely conservatively oxestimated. As a firsbrder approximatiorto include the effects
of these infrastructure projects, the estimated P@Bsreduced by approximately 90 percent in the
following areagPerkins and Malinak 2018Shannon & Wilson 20183eeFigure3-2):

- Waterfront between pier 62 (north) and South Washington Street (south)
- East side of SR99 between South Main Street (north) and South Massachusetts Street (south)

1 The WSSS liquefactidmduced PGDwvasbased on an assumption of a frégce depth of no more than
10feet below the water level. This assumption is unconservative for some locations and results in an
underprediction of PGD along the Duwamish Waterway and Elliott Bay. As@diespproximation, the
following free face depth below the water lewgére used (sed-igure3-2):

- 30feet: Duwamish waterway betweerf'Avenue South Bridge (south) anough Spokane Street
bridges (north)

- 50feet: East and West Duwamish waterways north of the South Spokane Street baddé&dliott Bay
east of the intersection of Fairmount Avenue Southwest and Harbor Avenue Southwest, to Pier 91
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4. Preliminary Tsunami and Seiche Hazard Review

Several SPU wastewater system pump stations and backinaidinesare located in areas that may be
susceptible to inundation from an earthquakeduced tsunami or seiche. This section provides an overview of
the tsunami and seiche hazards potentially impacting SPU wastewater system backbone assets and describes
the appraach used to conduct a preliminary tsunami and seiche vulnerability assessment.

4.1 Tsunami Hazard

A tsunami is a type of water wave that can be generated by earthgumkesed ground movement or a

landslide that rapidly displaces a large volume of waterkist 2 LISy 2 OSI| y > | idigandrdlly Y A Qa
relatively small, but as the tsunami wave reaches land, the wheaeacteristics change. The wave runup may
inundate low-lying areas near the shoreline and further inland, depending on topography. Tstunaumpi flow

velocity can approach 20 miles per hour (ASCE 2017).

I /a0l RAI {dzoRdzOlGA2Yy %2yS 6/ {%0 SINIKIldz2 1S oAttt 3AS
coastline, but tsunami modeling results indicate that the impact of the tsunami gégetby a M9.0 CSZ

earthquake will be minor for the Puget Sound shoreline in Seattle (City of Seattle 2019). Models simulating the
tsunami generated by a M9.0 CSZ earthquake predict that Kellogg (aléowHyingwildlife preservein the

Duwamish Rivenyill experience the most significant impact on the City of Seattle Puget Sound showéiinh

would be subjected to approximately 15 inches of inundation depth (City of Seattle 2019). Note that there are

no SPU wastewater backbone system assets locatd€etiogg Island. Future sea level rise could potentially

result in additional areas of the City of Seattle Puget Sound shoreline being impacted by the tsunami generated
by a M9.0 CSZ earthquake, but this has not been considered as part of this selsagsessment.

However, the tsunami that is likely to be generated by a Seattle Fault Zone (SFZ) earthquake (master fault
rupture scenario with a 5,000 to 6,08@ar return period) will significantly impact the Puget Sound shoreline
around Seattle, includinSPU wastewater system assets. Cycles of significant tsunami wave inundation are likely
to continue for several hours after the earthquake. Historical evidence suggests thdbattunami was

generated by a M7.3 SFZ earthquake that occurred aroundd9D0(Walsh et al. 2003, City of Seattle 2019).

A tsunami could also be generated by an earthquiakieiced or norearthquakeinduced landslide (e.g., 1965
Tacoma Narrows, ancient Lake Washington landslides, etc.). The inundation extents for this sypeusfi tare
expected to be more localized and the hazard associated with potential landsideed tsunamis has not
been considered as part of thégismicrisk assessment.

Based on postsunami observations from the 2010 Tohoku tsunami in Japan, $sisnaed that abovwgrade
buildinglike facilities in the tsunami inundation zone will likely lose their functionality for mawetlysars, or
even be a total loss:igured-1(a) shows an example of a building that collapsed due to tsunami-gewerated
forces andFigure4-1(b) shows an example of a building that overturned due toésni wave and buoyaney
generated forces.

Another major tsunami hazard is associated with the debris that is transported by tsunami iFdere4-2

shows examples of timber log, vehicular, and boat/ship debris that can be carried by tsunami waters and result
in impact damage to buildings and can create a significant logistical challenge for the transportation system and
for debris removal after the evénAdditionally, when tsunami waters recede, they can cause scour that

damages building and bridge foundations, buried pipelines, and roadwayEitaee4-3).
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As described in Section® the tsunami inundation extents used for this preliminary tsunami vulnerability
assessment were determined by a recent DNR tsunami study conducted for the South King County Puget Sound
coastline based on a repeat of the M7.3 SFZ earthquake that occuwadda900 A.D. (WGS 2019 and DNR In
Preparation)Map D11 (in Appendix D) shows mapping of the tsunami inundation zdhe. northern boundary

of the DNR tsunami study area was located just to the north of the Lake Washington Ship Canal. There are a few
SRJ wastewater pump stations located to the north of this northern boundary of the DNR tsunami study area.
The tsunami risk for these pump stations was based on engineering judgement.

i Rt nen —

(a) Collapsed building (b) Overturned building

Figured-1. Examples of building damage due to tsunami inundation

Source: Degenkolb Engineers

(a) Timber logsource: Degenkolb Engineers (b) Vehiclegsource: Degenkolb Engineers

(c) Boats/shipgsource:Degenkolb Enginegrs

Figured4-2. Examples of tsunami debris
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(@) Foundation and pipelines exposed adjacent to buildings (b) Pipelines exposed adjacent to road

Figured-3. Examples of pipelines exposed by tsuAacdhiced scour

Source: Degenkolb Engineers

4.2 Seiche Hazard

A seiche is a standing wave that occurs on inland water bodies and can be generated by strong winds or
earthquakes. This standing wave is characterizegregiominantly vertical movement of water near the
shoreline and little to no vertical movement near the middle of the water body, similar to sleglpagnotion

in a bathtub or swimming pool. An earthquakeluced seiche is excited by the lepgriod conent of the

ground motion, so can result from both nearby and distant earthquakes (up to several thousand kilometers
away).

Historical evidence points to multiple past seiche events in Lake Union and Lake Washington, but they have not
caused extensive darga. The 2002 Denali, Alaska earthquake triggered a seiche in Lake Union that caused
minor damage to at least 20 houseboats (Barberopoulou et al. 2004 )féat 8eiche was reported on Lake
Washington in 1891, resulting from an earthquake near Port Ang€liggs of Seattle 2019). Despite the historical
occurrence of seiche events in the Seattle area, there has been very limited scientific study to characterize the
expected seiche associated with a M9.0 CSZ or M7.0 SFZ earthquake. One study of the seithe lhelze

Union indicates that a wave height of at |le8s28 ftmay result from a M8.0 CSZ earthquake and suggests that a
M6.7 SFZ earthquake may cause a seiche with a wave height that does not &jxoglees(Barberopoulou

2006). Geotechnical basin gfification effects and the shape of the lake have been reported to contribute to

the seiche hazard in Lake Union (Barberopoulou 2006). The seiche literature does not discuss historical evidence
of seiche events in smaller bodies of water within the Cit$eattle (e.g., Green Lake, Bitter Lake, etc.).

Due to a lack of comprehensive seiche data, the approximate extent of the seiche inundation zone for Lake
Washington, Lake Union, and the Lake Washington Ship Canal has been assumed to correlate wih the are
inundated by a water level 8 feet above a high operating level of 18.5 feet (North American Vertical Datum of
1988, NAVDS88). This assumed increase in water level was selected based on the historic repefoof an 8
seiche on Lake Washington in 189te same seiche inundation extents have been assumed for both the M9.0
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CSZ and M7.0 SFZ scenario earthqualkgs.high operating level is consistent with the elevation used for other
recent SPU studies (Brown and Caldwell 2020).

The topographic data used tetermine the approximate extent of the seiche inundation zone was based on a
digital elevation model (DEM) dataset developed for the City of Seattle by Quantum Spatial using topographic
surveys collected and compiled by King County and the Puget S@#R Consortium. The DEM is based on a
2-foot grid resolution and projected into the State Plane coordinate system, North American Datum of 1983.

Since there is only very limited SPU wastewater system backbone infrastructure located adjacent to the
Duwamsh Waterway, the potential seiche hazard for the Duwarki&iterway has been neglected. It is
recommended that the seiche vulnerability assessment be updated in the fitsaglditional earthquake
induced seiche modeling data becomes available.

! Light Detection and Ranging (LIDAR) is a remote sensing method that uses an airborne scanmargkfeter to
YSIadaNE GFNARF6ES RAaAGEHYOSa (2 GKS INRdzyR & dASHF ND&® WAAK[
resolution digital surface models.
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5. Likelihood of FailureAssessment

The Teanperformed desktopanalyses andssessmerstto develop likelihood of failure scores fdrainage and
wastewatermainlines wastewaterpump stationsandselectedmajor CSQacilities Section 5.1 describes the
assesment of potentiaimainlinefailures due to geotechnical hazards based on location and attribute data from

{t! Qa 3S 2 Seédlion R debcribRsthie hs®essmenit potential failures apump stations ananajor CSO

facilities due to geotechnical hazarand potential structural deficiencigs 8 SR 2y |y Sy 3Ay SSND
available drawings, as well estinami and seiche hazards based on inundation mapping.

5.1 Wastewater and Drainag®ainlines

The Team performed a desktop assessmertrainage and wastvater mainlinesusing fragility analysis
methods and tools developed for theySSESPU 2018bRepair rates were calculated and used to assign
relative likelihood of failure score¥sunami and seiche hazarcEncauselocalizedscourthrough sustained flow
around structuresSQustained flow scour depth and area exterst recommended by ASCE 7 (2d4mainly
applicablearoundthe perimeters of a buildingor anabovegrade structurelt would be overly conservative to
estimatedamaging potential of sustained flowscouron mainlineson a community scald-or this preliminary
assessmentsunami and siche hazatswere not considered fomainlines assuming all are sufficienthuried
(i.e., function is not likelyo be impactedoy surface floodingHowever, in a futureletailed study of an
individualabovegradefacility, scour damage ohainlinesnearthe facilityshould be considered.

5.1.1 Mainline Fragility

The American Lifeline Alliance (Ap#geline fragilityequations were used toalculaterepair rates for drainage
andwastewatermainlines(although tle ALAdocument is 20 years olthe equations aregeasonable and

appropriate for thisdesktopanalysis) The ALA equationgsereRS @St 2 LISR Ay (GKS '[! R2 0dz
CNI IAfAGE C2NNdZ I A2y a ARARDEINdIn®MNIetedt ivorkSogangedu and NI a ™
h Qw2 dzNJ .Shisaecunrenpéveloped estimates of repair ratéssed ora regression analysis pipeline

break datafrom past earthquakefor buried pipesconstructedwith various materials and joint types. Damage is
calculated as theumber of breaks, or repairs required, per 1,000 feet of pipdiree, mainlinefor SPU systejn

The repair rate associated with seismic wave propagafidd) is calculated as follows:

Y'Y O T8I pP YK Ow Eq. 51

where,RRgvis the number of repairs per 1,000 feet caused by seismic wave propagation basedpaakhe
ground velocity (PGV) associated with the earthquake, Enid a constant dependent on theainlinematerial,
diameterand joint type.

The repair rate associatetith permanent ground deformatiorRRcg isdeterminedfrom:
Y'Y O pdte 0 OG Eq. 52

where,RRa is the number of repairs per 1,000 feet caused bypghenanentground deformation (PGD)
associated with the earthquake, at@isa constanthat dependson mainlinematerial and joint type.
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Table5-1 lists thek; andK; fragility ccefficients used for this study. The ALA valueki@and K. were used

where appropriate. Since the ALA equations used to perform this evaluation were published in 2001, many of
the Ky andKxvalues were updated. The values farand K used in this repdrrepresent the most current post
earthquake observations, results of laboratory testing, subsequent analysis and engineering judgement.

Table5-1. Fragility Coefficients for ALA Equations with Sources

Material K Ko Sources
Acrylonitrile Butadiene Styrene 1.0 1.0 |Engineering judgmeat
Asbestos Cement 15 1.5 |h Qw2 &L &@P020
Brick 0.7 1.3 | City of Portland2016andHDR 201&
Cast Iron 1.0 1.0 |SPY2018b
Concrete (reinforced, Digreater than or equal to 48.) 1.0 1.0 |HDR201&
Concrete (unreinforced) 1.3 1.3 |City of Portland2016
Corrugated Flexible Plastic 0.3 0.3 |Engineering judgment
Corrugated Metal Pipe 0.3 0.3 |Cityof Portland 2016andHDR 201&
Corrugated Rigid Plastic 0.5 0.7 |Engineering judgment
Ductile Iron 0.5 0.5 |SPy2018b
High Density Polyethylene 0.05 0.05 |h Qw2 0L &@R020
Other 1.0 1.0 SPUY2018b
Polyvinyl Chloride 0.5 0.5 |SPy2018b
Reinforced Concrete Box (C50) 0.5 05 |hQw2m0p S
Reinforced Concrete Box (CSO on gdiles) 0.25 0.25 |h Qw2 doup S
Reinforced Concrete Box (n@@50) 0.8 0.8 |HDR201&
Reinforced Concrete Pipe (DIA greater than or equal tm3{ 1.0 1.0 |ALA 2001
Reinforced Concrete Pipe (DIA lésan 48in.) 1.0 1.0 |SPY2018b
Steel 0.5 0.5 SPUY2018b

a.Engineering judgement based on K values&inlines with similar properties.
b.K values based qmoperties other than material and size.

Figure5-1 shows the relative proportions @hainlinematerials comprising the drainage and wastewater
mainlines More than ® percent of drainagenainlines are made of reinforced concrete pigsut only 13
percent of wastewatemainlines are made of reinforced concrete pipepproximately 44 percent of
wastewatermainlines are made of unreinforced concrete and 34 percamt made of vitrified claylhese
mainlines are typically more susceptible to earthquake damage than reinforced concrete pipe. That is why
vitrified clay pipe andunreinforced concrete pipe have highdé andK; valuesthan reinforced concrete pipe.
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Figure5-2 shows the relative proportions ohainlinesizes by diameter for the drainage and wastewater
systems. Roughly 50 percent of drainagainlines are 12 inches dess in diameter, while approximately 83
percent of wastewatemainlines are 12 inches or less in diamet&pproximately 8 percent of the backbone is
less than 12nchesin diameter Most of the backbonenainlineis (unreinforced)concrete, reinforced aacrete
or vitrified clay pipe making it vulnerable to earthquake damage.mainlineis assumed to have unrestrained
joints.

Backbone Mainlin&aterials

Drainage MainlineMaterials Wastewater MainlinéMaterials

4% 8%

7%

m Concrete
m Ductile Iron Pipe

H Reinforced Concrete Pipe

m Other Materials

m Concrete

m Reinforced Concrete Pipe
m Vitrified Clay

m Other Materials

m Concrete

m Reinforced Concrete Pipe
m Vitrified Clay

m Other Materials

Drainage Mainline Diameters

Figure5-1. Mainlinemateriak comprising the drainagendwastewater systems

Wastewater Mainline Diameters Backbone Mainline Diameters

m less than or equal to 12 in
m 13 in through 24 in

m 25 in through 36 in

m 37 in through 48 in

® 49 in through 72 in

m greater than 72 in

m less than or equal to 12 in
m 13 in through 24 in

m 25 in through 36 in

m 37 in through 48 in

m 49 in through 72 in

H greater than 72 in

m less than or equal to 12 in
m 13 in through 24 in

m 25 in through 36 in

m 37 in through 48 in

® 49 in through 72 in

m greater than 72 in

Figureb-2. Mainlinediametess for the drainageandwastewater systems

Note:non-circular shapesuch asvalandrectangularare included and grouped based on the width dimension.
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5.1.2 Repair Rates and Likelihood of Failure

The Team combineapairrates associated wittvave propagationRcy) andrepair rates associated with
permanent ground deformatiorRRcp). While these values could simply be added togethleis wouldlikely
overestimatethe total number ofmainlinefailures.Evaluations byALA(2001) and more recent work by
.2YYSltdz | YR hitdicaedabtlBCheraentoi rephirs due to PGWay be assumed to beaused by
leaks and nomainlinebreaks.Converselymost repairs required due to permanent ground deforroatinvolve
total mainlinefailure and nofustleaks.Therefore 20percentof the PGVWbasedrepairratesand 80percentof
the PGDbased repair rategepairswere added as recommended by FEMA (2020), to ohtain

Y'Y ™ Y'Y ™ Y'Y Eq. 53
The Teanthen calculatedcombined repair ratesSRRombined based on the results for botbarthquake scenarios
using the estimated return periods for each earthquake

P e 3 P« 3
Y U|T[T[T[YY h 8 UT[T[YY h 8
p P
VIt TT ML T 1T

Eq. 54

After the combinedepair rateswere calculatedusing Equation 8, the Teamassignedikelihoodof failure
scores tarepair rate rangedy examining the relationship between repair rates and permageotind
deformation

Figure5-3 showsa plot of Equation £ using ak: value of 1.3PGDof more than 6 inchesnay beconsidered to
causemainlinefailuresin gravity piping systenmmade ofconcrete, cast iroyor vitrified claypipes often

because thestypes of pipes have joints that either pull apart or breAkcordinglythe Team assigned a

likelihood of failure score of ® any gravitymainlinewith a combined repair ratestimate greater thar2.5

repairs per 1,000near feet.As shown in Figure-3, a repair rate of 2.5 repairs per 1,000 linear feet corresponds

to a PGD of 6 incheAs the equation foRRepin ALA (2001) tends to overpredRReo G f 26 t D5 6 h Qw
2019 and 2020), in future studies, it should be amended so that a sensitivity analysis is performed for PGD

values less are than 6 inch@shis analysis will refine tHRRcpand help refine the weighted repair rate

(RRweighted. TheTeam then assigned three additional scoring thresholds:

1 Acombined repair rat®f 2.0repairs per 1,000 linear feet results in a score .of 4
1 Acombined repair rat®f 1.5 repairs per 1,000 linear feet results in a score. of 3
1 Acombined repair ratef 0.5 repairs per 1,000 linear feet results in a score.of 2

Mainlines with combined repair ratelselow 0.5 repairs per 1,000 linear feet receive a minimum score of 1
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Repair Rates (per 1000 ft)

—FEquation 5-2, K2=1.3

2 4 6
Permanent Ground Displacement, PGD (inches)

8 10

Figure5-3. Graph showing the Riglues for every PGD value from zero to 120 inches

A PGD of 6 inches is considered to be adequate movement tonzaniseefailure

Thegravitymainlinerepair rate threshold$or likelihood offailure scoring are generally highéhan thosefor
pressuried mainlines givenin the Water SystenSeismicQudy (SPU 2018)ecause gravity systems can leak
and still functionwhereas pressurized water systems with leakisbe impaired invater deliverydue to loss of
pressure Given that some drainage and westater mainlines are pressurizel.e., force mains)he Team
selected a different set of repair rate thresholids pressurized systentbat are similar to those described in
the Water SystenBeismiStudy(SPU 2018b).

Table5-2 summarizes the combined repair rate ranges used for likelihood of failure scoring.

Table5-2. Likelihood Scores Based on Repair Rates

Likelihood Score GravityMainline Force Main
1 0.00 <RRombined< 0.50 0.00 <RRombined< 0.025
2 0.50< RRombined< 1.50 0.025 < RRombined< 0.05
3 1.50< RRombined< 2.00 0.05 <RRombined< 1.50
4 2.00< RRombined< 2.50 1.50< RRombined< 2.50
5 2.50 <RRombined 2.50 <RRombined
23
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5.2  Wastewater Pump Stations and CSO Structures

The Team performed a desktop assessment of the vulnerability of wastewater pump statiosslectddCSO
structures basean review ofavailable drawigs andhe geotechnical hazards data described in Section 2.

Sixtysevenpump stations were evaluated usittge desktop analysiapproach describeth Section 5.2.1Eight
major CSO facilities, osisting of multiple large cadt-place concrete structures, were also evaluated using the
desktop approach described in Section 5.2.1. Other CSO facilities, consisting primarily of large dieinétes
and a flow control device, were evaluated using thainlineassessment approach de#ed in Section 5.1.

In preparation for this assessment, the Team reviewed relevant sections &edibency and Recovery Study
(KCWTD 2018) amtlater System Seismic Stu@PU 2018b) tadopta generallyconsistent technical approach.
Thus, the likelihood of failure is interpreted based on impacts to system operations, similar to descriptions used
in the Water System Seismic Sty@PU 2018bDamage that might require repair or replacementer the long
termwas consideredb be of relatively low impact ithe facility could continue to operate after the earthquake
With this in mind, likelihood of failure on a 1 to 5 scale can be descabfdlows:

1 1is consideredow likelihood of failure; thedcility is expected to remain operational
1 5is considerethighlikelihood of failure, thedcility is not expected to be operational

1 Scores ranging between 1 and 5 have an intermediate likelihood of failure and it is less certain as to whether
the facilty will remain operational.

¢tKS {t! Qa ¢ aisSégl h&agsSoismlitidsvhichlwérdelyfiaied dreyideated at discrete
locatiors. SPU providethbulated geotechnical hazadhtafor each pump station and CSO facititie. This data
was extacted from the mapped data described in Section 3, and Appendices C and D.

5.2.1 Geotechnical Hazardsnd Potential Structural Deficiencies

To perform these assessments, the Team reviewed original design dramhiegshey were available. Most of

the structures are below ground structures. Data collection forms from Federal Emergency Management Agency
(FEMAP-154 Rapid Visual Screening of Buildings for Potential Seismic HéZEMA 20180 | YR G KS da ¢ A
checklists provided in ASCE¥ASeismic Evaluaticend Retrofit of Existing Building&SCE 2017) were not

specifically developed for these types of buried structures. ASCE TCLEE Mono@am22 Screening

Checklists for Water and Wastewater FacilifEELEE 200@jovides relevant and useful guidanioe these

assessments. The rapid assessment used for these structures was based upon fundamental earthquake
engineering principles and key considerations contained in the checklists of AACEAd ASCE TCLEE

Monograph 22They wergocused on the follwing issues:

1 Landslidesnduced by earthquakes can cause severe damage to pump stations or CSO facilities if they are
located withinalandslide areaAll facilities located within a landslideisceptibilityzoner based on
mapping by SPU and Harp et(@006x were given a likelihood score ofdbie to landslide riskAll other
facilities were assumed to have a likelihood score of 1 due to landslidét isknportant to recognize that
regional landslide susceptibility maps were used as the basisdmrasg landslide likelihood scores for this
desktop analysis. However, this does not mean that a particular site located in an area identified as being
susceptible to a landslide can or will slide during an earthquake. Futurspstgfic evaluations cddiresult
in changes to the landslide likelihood scores assigned as part of this desktop analysis.
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The risk of floatatiorwas evaluated for pump stations orajor CSO facilities within liquefiable zones. The
analysis assumed: 1) that the soil providexfrictional resistance in the vertical direction against floatation;
2)if a structure had a wet well, it was assumed to be empty; 3) groundwater elevation was considered to be
equal to the highest possible water level of the closest water body. It vBasaakumed that excess pore
pressure at the bottom of a pump station or CSO facility did not contribute to uplift force acting on the
structure.Depending on the excess pore pressure assyradtifferent factor of safetyegardingflotation
would be obtaird. Sincean estimate of excess pore pressure was not used explicitly, conservative
assumptions wereised(e.g., no soil frictional resistance and weight of the structure alone) to provide a
reasonable estimate of vulnerability to floatatioBtructures wih a safety factor greater than 1 were
determined to be safe from floatatioM.able5-3 provides the likelihood of a failure scopasedupon the
structuresfactor of safetyagainstfloatation. Any structure with a high likelihood @btation is considered

to have a high risk dbssof functionality.

Table5-3. Vulnerabilityto Floatation

Floatation Safety Factor Range Likelihood Score
SPx1.0 1
1.0>SPkFx0.9 4
SF<0.9 5

Structural failuredue to damage from seismic forceshe Team evaluated the structures to determine if

the structures had a clear load path among structural components (roof slab, perimeter and interior walls,
and foundation), and if they had any obvious structural deficiencies or lacked ductility dwsutbaient

design considerations and/or poor detailirigach structure was evaluated to determine if the structural
deficiencies could lead to the facility losing its ability to fulfill its intended function. The impact of
liquification on the structuralntegrity was also considered in this evaluatidhese evaluations and
engineering judgement were then used to assign a relative score ranging from $tro&ures with

identified risks are discussed in more detaifppendix E

Mainline connection falure. The Team evaluated thiésk of damage to the influent and effluent piping due
to PGD. The influent and effluentainlines were assumed to be segmented with bell and spigot joints
unless shown to be continuous on the drawings. The amount of PGD wvassis used to determine if the
mainlinewas likely to fail by being pulled apart at a segmented joint or rupturerhalinewall of a rigid
pipe. The flexibility of the piping system was considered during the evaluation.

Table5-4 and Table5-5 list the criteria used to determine the loss of facility functionality.

Table5-4. Vulnerability of Connection Piping with Little or no Flexibility

RigidMainline Connections oMainline Connections with Littleor no Flexibility

PGD {ncheg Likelihood Score
<1 1
1"to 1.5 2
15't0 2.5 3
25t04" 4
25
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>4 5

Table5-5. Vulnerability of PipingConnection with Flexibility or

Multiple Joints Connectind/ainline to Structure

Mainline connections withflexibility and multiple joints connectingnainlineto structure

PGD (inches) Likelihood Score
<1' 1
1"to 2.5 2
25 to 4" 3
4"t0 6" 4
>6' 5

The Team alsevaluated the rislof damage due to enainlineconnecting two structuresA mainline
interconnecting two structures can result in damage to both ieenlineas well as the structures. In areas with
no liquefaction, the differential movemeietween two structuresluring the earthquake can damage the
mainlineor the structure. If the area is subject to liquefactimducedPGD amainlineboth rigidly and flexibly
attached to two structures can be damaged or broken by differential ground movement.

Table5-6 lists the criteria used to determine the loss of facility functionality.

Table5-6. Vulnerability ofMainline Connecthg Two Adjacent Structures

Lilgs:éigiod ConstructionDetail and GeotechnicaHazards
1 If mainlinehas at least one joint or flexible coupling in rliguefaction zone
2 If mainlinehas joins or flexible couplingin nonliquefaction zone
3 If mainlinebetween structures has no joints or flexible couplings in-fiquefaction zone
4 If mainlinebetween structures has no joints or flexible couplings in liquefaction zones withR@Dnches
5 If mainlinebetween structures has no joints or flexibleuplings in liquefaction zones with PGR5 inches

A seismic assessment of nongttural componentsvithin a facility is typically conductealith a site visitFor

this preliminary desktop assessmestudy, site visitdo the pump stations and major C3&zilitieswere

explicitly excluded from the scopAlthough nonstructural assessmenas not performed, the Team anticipate
that electrical conduiatnd communication cable entering and exiting from facilitrekquefaction areaould
experience damagdue to differental movement betweerthe facilities and srrounding soil

5.2.2 Tsunami and Seiche Hazards

The general approach implemented to consider the risk associated with earthdu@kesd tsunami and seiche
inundation is shown ifrigure5-4. The extent of the assumedunami and seiche inundation zones are described
in Sections 4.and 42, respectively. Likelihood scores were assigned to wastewater pump statioimsajor
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CSO facilitiebased on their proximity to the tsunami and seiche inundation zoRas\p statiors andmajor

CSO facilitiekcated in the mapped tsunami inundation zone or in the mapped approximate seiche inundation
zone were assigned a Likelihood Score equal Ruip stations andgnajor CSO facilitiecated outside the
inundation zone were assigd Likelihood Scores that decreased with increasing distance between the asset and
inundation zone boundary (s€able5-7).

The potential damage that may be experieddsy assets in the tsunami or seiche inundation zones includes:

1 Pump station wet and dry wells may be filled with water, resulting in damage to electrical components,
pumps, and other moisture sensitive components

1 Above grade pump station components (elézl enclosures, generators, etc.) may experience damage
from wave and debris impact, as well as damage from the components being submersed in water

1 Pump stations andchajor CSO facilitiemay experience tsunamor seicheinduced scour, where soil is
removed from around the component tgustainedflowing water, that may result in loss of support and
damage to buried components.

Wastewaterpump stations ananajor CSO facilitiethat are located in an area that may be subjected to
inundation from a tsunami or seiche may also be in an area that is expected to experience significant
earthquakeinduced PGD. These assets may be damaged by PGD prior to inundation by the tsunaimé.or seic

Table5-7. Summary of Tsunami and Seiche Likelihood Scoring Criteria

Approx. Distancel) from Inundation Zone Boundary (fee
Likelihood Score

Tsunami Seiche
1 150 <D 150 <D
2 100 <D>KL50 100 <D >KL50
3 50 <D>K100 50 <D >K100
4 10 <DX60 10 <D X650
5 DXK10 DXK10
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- GIS FILES FOR TSUNAMI
INUNDATION EXTENT
FOR M7.0 SFZ (FROM
WA DNR)

»

TASK 4.3
TSUNAMI/SEICHE
HAZARD REVIEW

A 4

- GIS FILES FOR APPROX.
SEICHE INUNDATION
EXTENT FOR M9.0 CSZ &
M7.0 SFZ

DETERMINE DISTANCE FROM TSUNAMI &
SEICHE INUNDATION ZONE BOUNDARY TO
WASTEWATER PUMP STATIONS &
SELECTED CSO FACILITIES

-GIS FILES FOR
WASTEWATER PUMP
STATIONS & SELECTED
CSO FACILITIES

TSUNAMI — M7.0 SFZ

SEICHE — M9.0 C5Z & M7.0 SFZ

DETERMINE TSUNAMI & SEICHE
LIKELIHOOD SCORES

- SEICHE INUNDATION
LIKELIHOOD SCORES FOR
WW PUMP STATIOSN &
SELECTED CSO FACILITIES
FOR M9.0 CSZ (RANGE 1-5)

LIKELIHOOD  DISTANCE FROM TSUNAMI LIKELIHOOD  DISTANCE FROM SEICHE
SCORE INUNDATION ZONE (FEET) SCORE INUNDATION ZONE (FEET)
1 D> 150 1 D> 150
2 100< D <150 2 100< D <150
3 50<D<100 3 50< D <100
4 10<D<50 4 10<D<50
5 D<10 5 D<10

- TSUNAMI/SEICHE
LIKELIHOOD SCORES FOR
WW PUMP STATIONS &
SELECTED CSO FACILITIES
FOR M7.0 SFZ (RANGE 1-5)

Figure5-4. Summary flowchart for the tsunami/seiche preliminary hazards review process
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5.3  Likelihood of FailurResultsSummary

A single overalllikelihood of failure score is needed feach mainline, pump station, and major CSO facilie
ALAfragility approach used for mainlingssulted in a single weighted score as described in SestibiThe
assessmentfor the pump stations and major CSO facilifi@sscribed in Section 5.2esulted in several
componentscoresbased on different potential modes of failuné/hile all earthqakes producavidespread
ground movemenbr shaking not allearthquakes will triggelandslides, tsunamis, or seichewhich suggests
that the component scores for thosgpes of failures could be weighted less thaotential structural failures
However, he Teanoptedto not weight orfurther adjust for thecomponentlikelihoodscoresdue tothe
uncertainty associated various modes of failarelthat such adjustment factors are not readily available.
Furthermore, he risk scores developed for this study are intended to flag potewntiakerabilitiesfor follow up
and further studyTherefore, the maximum component score was used as the overall combined scprarfpr
station and major CSO facility assessme@tmpment scores are listed ifiable5-8.

Table5-8. Combining Scorer Likelihood of Failurdor Pump Stations and Major CSOdcilities

Component Score Scoring Range Notes
Landslide 1-5 Based on susceptibilitpapping
Floatation 1-5 Based on susceptibilitpapping
Structural Failure M7.0 SFZ 1-5 Based on engineering evaluation of vulnerability to shaking
Structural Failure M9.0 CSZ 1-5 Based on engineering evaluation of vulnerability to shaking
Failure atMainline Connection 1-5 Based on engineering evaluation of vulnerability to shaking
Inundation and Scour Tsunami 1-5 Based on availabli@undation mapping
Inundation and Scour Seiche 1-5 Based on approximate inundation mapping
Overall combined score 1-5 Maximum of all component scoreabove

29
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Figureb-5 summarizesthe likelihood of failure score®r drainage and wastewater mainlindsigure5-6
summarizathe likelihood of failure scores for pump stations and major CSO facilities.

Wastewater Mainlines

5% 3.40%
P ﬂlf

14%—\

76%

ml 2n3m4m5

DrainageVainlines

5% 3.85%
et
19%‘\

68%

ml 223m4m5

Figure5-5. Summary ofikelihoodof failure scorindor mainlines
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Pump Stations Major CSO Facilities*

v
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m]l 2m3m4m5 m] 4 mb5

Figureb5-6. Summary ofikelihoodof failure scorindor pump stations andhajor CSQacilities

*Eight major CSO facilities, consisting of multiple largerepkice concrete structures, were evaluated using the desktop approach described in Section
5.2.1. OtheCSO facilities, consisting primarily of large dianmegenlineand a flow control device, were evaluated usingrithalineassessment approach
described in Section 5.1.
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The following appendices provide additiomigtails on the likelihood of failure scoring:
Appendix F: Example Calculation Kéainline Likelihood of Failure Score
Appendix G: Likelihood of Failure Maps Ntainlines

AppendixH: Example Calculation for Pungtation Likelihood of Failure Score
Appendixl: Likelihood of Failure Data for Wastewater Pump Stations
AppendixX Example Calculation for CSO Facility Likelihood of Failure Score
AppendixK: Likelihood of Failure Data fiorajor CSO Facilities

= =4 =4 -4 -4 A
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6. Preliminary Seismic Risk Scoring

SPU developed an approach to calculating risk scores based on factors of consequence, likelihood, and equity.
{O2NAY3 YSIiK2RA& FYR ONARGSNAI 4SNP RSASssthdllFRMevbrd SR 2
(SPU 2007), sthdubject matter expertise, and a review of past prioritization criteria developed and applied by

SPU (SPU 2020)he basic equation for calculating risk scores is:

YQIYBET Beéei QnovRe HOQUME WOHET O] 6 Q¥@E | Q
where the sum of all consequence scores does not exceed 5; the likelihood score ranges between 1 and 5, and
the equity score ranges between 1 and 5. The resultant maximum risk scoraN$80.the component scores
were developed, sring methodologies from existing and previous studies were considered, as well as the
method developed for th&Vastewater System Analysi&/(WSA (SPU 201%ndDrainageSystem Analysi®SA

(SPU 2020)he following sections describe the scoring process based on component scores for the
consequence, likelihood, and equiByppendixL provides examples of risk score calculations.

6.1 Consequencé&core

Consequenceefers to the potential damages émpacts that could result frorfailure of the asset during a
seismic eventConsequencecores were calculateldy summingcomponent scores for variousiteria asshown
in the equation belowComponent scores were allocated to make sure the total consexpisoore does not
exceed the maximum of.5
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Each asset category (wastewater mainlines, drainage mainlines, wastgwatgr stations, ananajor CSO
facilities has unique characteristics that were accounted for in the consequence criteria.

1 Capacity.The capacity criterion is based on how much wastewater or drainage flow may be impacted by an
asset/facility failure. For walewater mainlines and drainage mainlines, it is defined by the diameter of the
mainline. For wastewater pump stations, it is defined by the average daily operating inflomafesrCSO
facilities it is defined by the storage volume.

1 Highuseareas. Thehigh-use area criterion is based on whether a sewer overflow or flooding from an
asset/facility failure is likely to impact an area where many pedestrians are present relative to other areas of
the city. For all asset categories, it is defined by if the#facility is within the high use area boundary.

1 Criticalfacilities. The critical facilities criterion is based on whether a critcahmunityfacility may be
impacted by an asset/facility failure. For wastewater mainlines, wastewater pump statimhmagor CSO
facilities it is defined by if the asset/facility is in the system backbone that provides wastewater service to
the criticalcommunityfacility (see Section 2.2 and Appendix B for additional information). For drainage
mainlines, it is definedy if the asset is within 100 feet of the critic@mmunityfacility parcel boundary.
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1 Major transportation route. The transportation impacts criterion is basedsmow and ice routes for
Seattle Department of Transportation, which are indicative ofrttagor arterials within the cityin addition,
lines associated with freeways (e.g., Interstate 5, Interstate 90, and State Route 520) were selected from the
I A G @& Q &geodaladdSeShis&riterion was applied only to wastewater and drainage mainlines because
they are located within roadways. Wastewater pump stations @uajor CSO facilitiegre all in areas where
there is limited impact to transportation.

1 Environmentalimpact. The enironmental impacts criterion is based on whether a sewer overflow would
impact a water body or wetland. For wastewater mainlines, it is defined by if the asset is within 50 feet of a
water body or within 20 feet of a wetland. For wastewater pump statiarsraajor CSO facilities is
defined by if the facility has an outfall to a water body. For drainage mainlines, this criterion is not included
because it conveys only stormwater flow.

The consequence score is the sum of the criteria scores shown esTaibthrough 64.

Table6-1. Consequencé&coing for Drainage Mainlines

Scoring Criteria Measurement Score
Mainline diameter isk48 inches 2.0
Mainline diameter isk36 inches and < 4i8ches 1.5
Capacity
Mainline diameter isk14 inches and < 36 inches 1.0
Mainline diameter < 14 inches 0.5
Highusearea Impact occurs in an identified higlse area 1.0
Critical facilities Mainline is Wlthln 100 feet qf crltlcap'mmunltyfgcmty. parcel 1.0
boundary and impacts service to critic@mmunityfacility
Major transportation route Mainline is impacts major transportation route 1.0
Environmental impact Not used 0.0

Table6-2. Consequencé&coing for Wastewater Mainlines

ScoringCriteria Measurement Score
Mainline diameter >14 inches 1.0
Capacity
Mainline diametenKl4 inches 0.5
Highusearea Impact occurs in aidentified highuse area 1.0
Critical facilities Malnllne_ls in §3_/stem backbone and impacts service to critical 1.0
communityfacility
Major transportationroute Mainline is impacts major transportation route 1.0
. Within 50feet of water bodies (lakes, creeks, rivers, Puget So@iel)
Environmentalmpact 1.0

within 20feet of wetlands
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Table6-3. Consequencé&coing for Wastewater Pump Stations

ScoringCriteria Measurement Score
Average annual infok mnn Dt a 2.0
Average annual inflow50 GPMand <100 GPM 15
Capacity
Average annual inflow25 GPMand <50 GPM 1.0
Average annual inflow <25 GPM 0.5
Highusearea Impact occurs in an identified higlse area 1.0
Criticalfacilities Pump Station serves criticedbmmunityfacility 1.0
Major transportation route |Not used 0.0
Environmentaimpact Pump Station overflows to waterbody 1.0

Table6-4. Consequencé&coing for Major CSO Facilities

ScoringCriteria Measurement Score

Storage Volume2,000,000 gallons 2.0
Capacity Storage volumex 1,000,000 gallons and < 2,000,000 gallo 1.0

Storage volume 4,000,000 gallons 0.5
Highusearea Impact occurs in aidentified highuse area 1.0
Criticalfacilities CSO Facility serves criticammunityfacility 1.0
Major transportation route | Not used 0.0
Environmentaimpact CSO Facility overflows to waterbody 1.0

6.2 LikelihoodScore

The risk increases with the probability, or likelihotight a failure will occurSection 5 describes thaesktop
analyses and assessmentedto develop likelihood of failure scores for wastewater pump statiomajor CSO
facilities, drainagenainlines and wastewatemainlines

6.3 EquitySore

The equity score is used to acknowledge that areas of racial and socioeconomic disparity are at a relative

disadvantage to recover from a sewer overflow or floodjnd. !  LINE GARSR G KS /A& Qa wl (

Composite Index geospatial mapping whitets polygons representing 136 census tracts throughout the city. In
these data, tracts were assigned an index based on racial diversity, demographics, health outcomes, and
socioeconomic factor®atawere derived fromstudies bythe U.S. Census Bureau, @&n for Disease Control

and Prevention, Washington State Department of Health, and Public ld8aitittle & King Countifhe range of
indices was divided into five equity categories which reflect levels of disadvartagdracts categorized as

having thehighest level of disadvantage were assigned a score of 5. The areas categorized as having the lowest
level of disadvantage were assigned a scorg (@fable6-5).
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Theequity score is based on the Racial and Social Equity Index developed by OPCD. The composite index
includes measures of race, English speaking ability, national origin, socioeconomic disadvantage, and health
disadvantage. The index is mapped by census &mad ranges from 1 (low) to 5 (high) racial and social equity

disadvantage and priority as shownTiable6-5.

Table6-5. Equity Scores

ScoringCriteria Level of Disadvantage Score
High disadvantage and priority 5
Medium-high 4
Equity Medium 3
Medium-low 2
Low disadvantage and priority 1

This element could have been incorporated into the consequence criteria. However, SPU decided to provide the
equity score separately and let it laesignificantfactorin calculating the final score.
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7. Results Summary

The Teantalculatedrisk scoregor mainlines pump stations, and major C$&zilitiesas described in Section 6
Risk scores for mainlines werealculated forreachmainlinesegment. Risk scores for pump stations amagjor
CSO facilities were assignedeach facilityas a gi (not individual components)

Risk score ranges were assigned for each asset category: wastewater mainlines, drainage mainlines, wastewater
pump stations, ananajor CSO facilities. Each asset category had a different sample size and risk score
methodolagy which was considered when assigning the risk score range. Relative risk categories (low, medium,
high, etc.) were assigned based on the assigned risk score ranges as sheawie7Al.

Table7-1. Risk Categories and Scores

Risk Score Range
Relative Risk Category Major
Wastewater Mainlines | Drainage Mainlines| Wastewater Pump Stations Figilitﬁ:esso
Very Low 0-4 0-5 none none
Low 4-6 5-7 0-9 none
Medium Low 6-8 7-10 9-12 0-12
Medium 8-10 10-12 12-15 12-15
High 10-14 12-15 15-19 15-19
Critical >14 >15 >19 >19

Risk scores fatrainage mainlines are shownkigures 71 through 74. Risk scores for wastewater mainlines
pump stations, and major CSO facilities are shown in Figdsahrbugh 78. Similar maps are provide in

Appendix M.
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Figure7-4. Riskscoredfor drainage mainlinesortheast
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In summarizing the results, the Team found tBa& percent of wastewater mainlines, 2.4 percent of drainage
mainlines, 21 of 67 wastewater pump stations, and 3 wfdor CSO facilities were categorized as either high or
critical in terms ofisk.Figures P through 712 illustrate the distribution ofelativerisk scoing categoriegor
drainage mainlines, wastewater mainlines, pump stations, and major CSO facilities, respectively.

20,000

Total of 39,64 vastewater mainlines
18,000 16,112
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Figure7-9. Dstribution of total risk scores for wastewater mainlines
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Figure7-10. Distribution of total risk scores for drainage mainlines
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Figure7-11. Distribution of total risk score for wastewater pump stations
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Figure7-12. Distribution of total risk score for major CSO facilities

Eight major CSO facilities, consisting of multiple largerepkice concre structures, were evaluated using the desktop approach described in Section 5.2.1.
Other CSO facilities, consisting primarily of large dianmetigdineand a flow control device, were evaluated usingrth@lineassessment approach
described in Sectidnl.

As described in previous sectigtikelihood of failure scoresere based orassessmentpertainingto two

earthquakes: M 9.0 Cascadia Subduction Zone and M 7.0 Seattle Fault Zone earthquakes. The effects of
transient and permanent ground deformatieffects on the wastewater and drainage systems are estimated for
both types of earthquakes. Simultaneously, the risk scoring assumes that flooding from tsunami and seiches, as
well as landslides, will occur. However, is unlikely that all these factrsogur at the same time with the

intensities assumed in the study. The risk scoring, therefore, tends to be conservative with an emphasis on low
lying facilities near the waterfront. Many pump stations are near the waterfront in locations of low elevatio

and high water table. These locations are especially vulnerable to flooding from tsunamis and seiches, as well as
liquefaction effectsThe Team evaluated the basis for thigh-riskassessmentsas summarized below
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1 Fourteen and 12 pump stations, regpiely, are in the inundation zones for seiches and tsunamis and
received the highest likelihood scores of 5 (see Tableard 15 of Appendix I).

1 Eleven pump stations received the highest likelihood rating of 5 because they are located in mapped
landdide zones (See Tabké lof Appendix I).

1 Four pump stations received the highest likelihood rating of 5 because of potential liquefadicced
floatation (See Tableq).

1 Twentyseven pump stations received likelihood scores of 5 relateddimlineconnection failures.

Thescores irthe risk categorie®f consequence, likelihood, and equdye shownin Figures 713 through7-16
andare summarized belowRisk score maps, by relative risk category,moxidedin Appendix M.

1 Fourpercent ofboth wastewater and drainage mainlines had@sequencescore of 4 or greatewhile
89 percent of the wastewater mainlines and 87 percent of the drainage mainlines lilealinood score of 2
or less Additionally, 3.3 percent of wastewater ainlinesand2.4 percent of drainage mainlinegere
categorized as either high or criticdhe wastewater and drainage mainline relative risk category distribution
indicates that as severity increases, there is a decreasing number of assets in eaeh rislatategory.

1 Wastewater pump stations amtiajor CSO facilitiehavethe highestdegree ofvulnerabilityduringa seismic
event(seethe expandediscussiorbelow). As showrin Figure7-15andFigure7-16, amajority of both
pump stations %7 of 67 andmajor CSO facilitiess(of 8 had alikelihood score of 5, signifying a likely
impact during a seismic event.

1 With regard to equity24 percent of wastewater mainlines, 34 percent of drainage mainlines, 10 of
67 pump stations, and 3 of @ajor CSO facilities fell in the highest priority/mossadvantaged category of
the equity score.

The results show that the pump stations are particularly vulnerable to earthquake effects and associated
tsunami or seiches. As indicatedrigure7-15 Error! Reference source not foundmany wastewater pump
stations have a high likelihoadf failure, which is somewhat offset by lower consequences and relatively low
equity.
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Figure7-13. Distribution ofconsequence, likelihood, and equity for wastewater mainlines
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Figure7-14. Distribution of consequence, likelihood, and equity for drainage mainlines
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Figure7-15. Distribution of consequence, likelihood, and equity for wastewater pump stations
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Figure7-16. Distribution of consequence, likelihood, and equity for majorf&Si@ies

Eight major CSO facilities, consisting of multiple largerepkice concrete structures, were evaluated using the desktop approach described in Section 5.2.1.
Other CSO facilities, consisting primarily of large dianmeterlineand a flow catrol device, were evaluated using thainlineassessment approach
described in Section 5.1.

Going forward, efforts to mitigate earthquake risks should include pump stations and major CSO facilities with
high risk scores near the waterfront. Focusing loese areas will also address concerns associated with sea level
rise and flooding related to climate change.
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8. Conclusionaand Recommendations

¢KS LiJdzN1J32asS 2F (GKS 62NJ] &adzyYYlFI NAT SR Ay (KAardnageBrid2 NIi &
wastewater mainlines wastewater pump stationgndcombined sewer overflow (CSO) facilitsesthat those at

higher risk in a seismic event could be identified. In additionskaekesare provided in the report, and will be

used to categorize highsk facilties andmainlinesfor subsequent planning.

The report is based on two earthquake scenarios: (1) magnitude 7.0 earthquake occurring in the Seattle Fault
Zone (M7.0 SFZ) and (2) magnitude 9.0 earthquake occurring on the Cascadia Subduction Zone (MB& CSZ).
seismic risk assessment for the wastewater system is based on the same earthquake scenarios and
corresponding geotechnical hazard data sets as the WSSS. These data include: peak ground acceleration (PGA),
peak ground velocity (PGV), spectral respoaseeleration parameter at short periods (~0.2 second period),

spectral response acceleration parameter at a period of 1 second, liqguefaction susceptibility and probability,
liguefactioninduced permanent ground deformation (PGD), landslide susceptiltglitgslideinduced PGD, and

fault rupture PGD (M7.0 SFZ only). The investigation also considered the potential impact from a tsunami
generated by a M7.3 SFZ scenario earthquake as well as seiches generated in Lakes Union and Washington.

{ t |ri€kdpased scoring systemiasused to evaluate the risks associated with seismic hazards. Risk scores were
developed for wastewater and drainageainines as well as pump stations amdjor CSO facilities. The risk

scores were developed from likelihooayrsequence, and equity scores. 3.3 percent of wastewater mainlines,
2.4 percent of drainage mainlines, 21 of 67 wastewater pump stations, and B1ajo8 CSO facilities were
categorized as either high or critical in terms of ris&sets reeivinghigh ard critical risk scores should be

prioritized for more detailed evaluations and possible upgra&®dJ should consider the following
recommendations for additional planning.

1) SPUshouldconsiderdevelopng resilience goaldor the two earthquake scenarigsconducting
detailed seismic assessmeto understand expected performance of thdrainage and wastewater
systens and developng associated recoveryimeframes, anddeveloping administrative and
constructionstrategies to address the identifiedeismic and tsunami vulnerabilitiedVhile this seismic
risk assessment has identified high risk facilities mag¢hlines it does not answer questions related to
60 SELISOGSR aSAaYAO LISNF2NXYIFyOS 2F (KS gfake! Q& 4|
scenarios, (b) estimated timeframe for SPU to restore its wastewater collection services, and (c)
L2 GSyaAlrt 3r LA 0SG6SSy NBEO2@SNE SELISOGFGAZ2ya ol 2
service area and expected restoration timeframe for system.

2) SPU should considgrerforming more detailed evaluations tonitigate earthquake riskgor pump
stations and CSOs withigh and criticalrisk scores especially thosenear the waterfront. Many pump
stations are near the waterfront in locationslofv elevation and high water table. These locations are
especially vulnerable to flooding from tsunamis and seiches, as well as liquefaction effects. Focusing on
these areas will also address concerns associated with sea level rise and flooding retditedt®
change.More detailed investigations should include s#eecific investigationt® verify physical
conditions andefine geotechnical and structuralssessmerst

3) SPU shouldonsidercollaboraing with KCWTD ta@onfirm that post-event level of services goal and
recovery of the SPU system will be compatible with those of KCWTD, and pace and sequence of SPU
system postevent recovery align with those of the KCWTD systdpetailed assessmendf pump
stations and CSOs shalinclude(a) development of performance objectives based on their post
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4)

5)

event level of services goals, (b) sigpecificseismic hazard study to quantify geological hazards,&c)

site visit to assess seismic performance of nonstructuramponents including assessment of

mainlinesand conduitsat their interface with facilities,and (d) detailed structural analysisf facilities.

SPU wastewater system delivers collecgetl 8 § S G SNJ 12 GKS Y/ 2¢5Qa O2y @
systens. To supportsocialands 02 Y2 YA O Yy SSRa Ay tKiX § t{!th@ Y& ¢&EBSNIIA OS
systems mustunction as one intgrated system.

SPU shouladonsidercoordinating across Lines of Business (DWW and Water) wafith appropriate

City Departments and privatservice provides (e.g., communications, energytp enhance their

understanding of dependencies between the various infrastructure systems and develop coordinated
recommendations for resilience improvementSPU wastewater infrastructure is often-loxated with,

or otherwise dependent on other infrastructure systems (roadways, water pipelines, gas pipelines, etc.).
As{ t ! Q& 2 I (i SNJ btheyClty DRfartnieniginkl grigaiesevice providersontinue to

develop and implement resilience improvements for theirtegss, it will be important for all these

agencies to establish an open dialogue, and for BRI line of busines® make appropriate

refinements to the definition of the wastewataystembackbone on a routine basignderstandng

how others depend othe wastewatersystem or how restoration of systeraervicesould impact

other systemswill inform actiongo improve the robustness dfackbone system.

SPU should consider refining ¢hALA pipelineanalysisused inthis studyfor more detailed
assessments of specific infrastructur@/hile reasonable for a higlevel desktop assessmerie ALA
guicelines forrepair ratesfor drainage and wastewatanainlinesare nearly20 years oldAs part of
future detailedinfrastructureassessment, more refinadainlineanalysigincludingthose CSO facilities
primarily consisting of largdiametermainlines) shouldbe considered to refleceffects ofsoilstructure
interactionon mainlineperformanceas appropriateSncethe majority ofmainlinebreaksare caused by
permanentgrounddeformation a sensitivity analysishould beconductedfor permarent ground
deformationvaluesthat areless than 6 inches. This analysis iélp refine theestimates forepair
ratesandimproveassessed likelihood of failure of SPU mainlines
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9. Limitations

This document was prepared solely for Seattle Public Utilities in accordance with professional standards at the
time the services were performed and in accordance with the contract between Seattle Public Utilities and
Brown and Caldwell dateflugustl4, 2A.9. This document is governed by the specific scope of work authorized
by Seattle Public Utilities; it is not intended to be relied upon by any other party except for regulatory
authorities contemplated by the scope of work. We have relied on informatianstructions provided by

Seattle Public Utilities and other parties and, unless otherwise expressly indicated, have made no independent
investigation as to the validity, completeness, or accuracy of such information.

Further, Brown and Caldwell makeswarranties, express or implied, with respect to this document, except for
those, if any, contained in the agreement pursuant to which the document was prepared. All data, drawings,
documents, or information contained this report have been prepared exalysfor the person or entity to

whom it was addressed and may not be relied upon by any other person or entity without the prior written
consent of Brown and Caldwell unless otherwise provided by the Agreement pursuant to which these services
were providel.
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Appendix A:System Maps
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This appendix was developed by SPU (Hailoermeyer) to document the development of GIS data for the
Wastewater System Backbone. Backbone features are described in the Seztidth2. report. The names of
GIS feature classes are showitatics. Map B1 at the end of this appendix shows thadkbone facilities.

System Backbone Features

WW System Backbone & WW Detention Mainline Backbone

GIS feature class modified for System Backbone Map. SobveéWé Mainline (Permitted Us@ature class and
DWW Mainline Detention Linésature class. Sourdeature classes were filtered for SPU combined and sanitary
wastewater mainlines. It excludes drainage mainlines and mainlines owned by private parties or other agencies.

The mainline features included in the WW system backbone were identified as thénmegaiconnecting each
critical customer to a point of connection with a King County Interceptor or other agency sewer main. It was
developed by conducting the following GIS spatial analysis.

1. Select the parcel containing a critical customer. Each criicgtbmer is identified by a point based on their
address.

2. Select all the side sewers that connect to these parcels. The side sewers are now the start of the
downstream traces (flags).

3. Identify the termination point for the traces where the SPU system gatesa KC interceptor. A point was
created where an SPU mainline intersects a KC mainline (end barriers).

4. Trace is run using the existing mainline system geometric network. It selettaialines starting at the
GFEFIe £20FGA2ya WYRzyQAYY S@EBRY KAR2 ¢y & D NBINA S NJ

5. Results were reviewed manually. Any erroneous mainlines identified during the traces were removed by
manually editing the feature class.

GIS Reference Features

CriticalFac_revGIS feature class from Wastewater System Arml{déntifies the location of 741 critical
FILOATAGASA 6 A G Oheexcéption i€ the PolBa\BBingBREngBMNI#Irg dutside of the service
boundary.Categories of critical facilities include emergency services, high population, human services, medical,
protective, support, transportation, and vulnerable population. Primary use of critical facilities is identified by
GKS FTGOGNROdzGS Gt NAYIFNEB) aS¢ o

WW PumpStation: GIS feature class identifying the location of 67 SPU wastewater pump stations (WWPS).
Feature class does not identify the location of ®nponents (e.gstructures, 1&C, etc.).

CSO FacilityGIS feature class identifies the location of 42 @SOOA f AGeé aAdSa Ay {t! Qa &
does not identify the location of sutomponents (e.gstructures, 1&C, etc.).

DWW Mainline End Points (not displayed due to scal8PU GIS feature class of maintenance holes, catch
basins, plugs, teesutfalls, reducers, pump stations, water quality structures, et al. Feature class is included as a
reference but not shown in the figure due to the scale.
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WW Mainline (Permitted Use)Source i©DWW Mainline (Permitted Ustature class and filtered famombined
and sanitary wastewater mainlines. Source identifies King County sewer main and sewer main owned by private
parties or other agencies to show interconnections with other sewer systems. It excludes drainage mainlines.

DWW Mainline Detention LinesGIS feature class of mainline detention systems. These are circular or
rectangular mainlines, majority of which comprise CSO facility storage assets. Feature class attributes include
dimensions (width, height, length), shape (circular, rectangulgdtream and downstream invert elevation and
depth (rim to invert elevation), material, etc. It excludes drainage detention mainlines.

Other GIS Feature Classes:
Arterial Names

Arterial Streets

King County Stree{freeways)
Freeway/Highway Symbols
CityLimits_Purple

Wateranno

=4 =4 -4 4 A -—a -

WaterBody_Poly

System Backbone GIS Attribute Description

The following is a description of attribute data for select GIS system backbone feature classes. A subset of
attributes is described as relevant to seismic assessment.

WW Sysém Backbone Attribute Data Fields

MNL_USE -IMainline permitted use (sanitary or combined)

MNL_PIPE -Mainline shape (i.e., circular, etc.)

MNL_MATE_dMaterial description (i.e., asbestos cement, cast iron pipe, concrete)
MNL_LENGTgHength of Mainline (feet)

MNL_WIDTEMainline width

MNL_HEIGHMainline Height

MNL_SLOR®ainline slope

MNL_UPS_[DQfMainline upstream depth (measured as Rimn@aintenance hole to Invert of mainline)
MNL_DNS_D[OfMainline downstream depth (measured as Rim of maintenance hole to Invert of mainline)
MNL_UPS_EMainline upstream elevation (NAVD88)

MNL_DNS_[EMainline downstream elevation (NAVD88)

MNL_INSTAMainline installation date

MNL_PUMP_dMainline is flagged as a pump station force main

=4 =4 =4 4 A4 -4 -4 -4 -4 -4 -4 -2 -

WW Pump Station Attribute Data Fields
1 MNLEP_DE ¢Pepth of structure (rim to floor)
1 MNLEP_CVcRIim elevation (Also referred to as curve elevatidAVD88)
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Appendix Cinventory of GeospatiaHazard Data

Water System Seismic Study Geotechnical Seismic Hazard and
TsunamiSeicheHazard GIS Data
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This appendix provides a summary of the geotechnical seismic hazard data and the associated calculation
method to develop these data that were used in the SPU Water System Seismic Study (SPU 2018b). These data
and/or calculatios methods have also been used as the basis for the geotechnical seismic hazard data used in
the SPBhape Our Water drainage ancstewater system seismic risk assessment.

GroundShaking Intensity

As part of the SPU Water System Seismic S¥#BSS), ground motion prediction equations (GMPES) were used
to estimate grouneshaking intensity measures within the SPU service area and other areas where SPU water
system pipelines and facilities are located (SPU, 2018b). The gshakthg intensity masures calculated were
those that are commonly used to evaluate the performance of buried pipelines and above grade facilities [peak
ground acceleration (PGA), peak ground velocity (PGV), spectral response acceleration at short$eaods (
spectral esponse acceleration at a period e&cond §)]. The grouneshaking intensity values within the

service area were estimated using the SERA computer program argpsitdic values of the average seismic
shearwave velocity from the surface to a depth30 meters Ys0) for the location of each grid point (spaced at
2,000 ft in both orthogonal directions). The GMPEs used for each scenario event are briefly described below.
This SPU DWW seismic risk assessmemttheesame groungshaking intensity measas as were used for the

SPU WSSS.

M7.0 SFZ Scenario

The groundshaking intensity measures for the M7.0 SFZ scenario earthquake were calculated using the average
of the five Next Generation Attenuation Models for the Western United States {N€zt2) GMPESPU,

2018b).The following GIS files have been provided by SPU associated with gatoakidg intensity for the

M7.0 SFZ scenario earthquake:

1 M7.0 SFZ Peak Ground Acceleratigile NameM7_SFZ PGA_ KRIGGED.shp - GIS shape file
containing geospatial disbution of PGA associated with a M7.0 SFZ scenario earthg[idd: This file
was created for the water system project by SPU using existing M7.0 SFZ scenario gridded data and a kriging
procedure to estimate values for locations based on PGA datgatead grid points.]

1 M7.0 SFZ Peak Ground VelocdfBile NameMapSeries_SFZ7.mpk ) - GIS map package file containing
geospatial distribution of PGV associated with a M7.0 SFZ scenario earthfiN@tiee This file was created
for this project by SPU using existing M7.0 SFZ scenario gridded data and a kriging procedure similar to the
one previously used for PGA.]

1 M7.0 SFZ Spectral Response Acceleration at Short Pe(leiisNameMapSeries_SFZ7.mpk )-GIS
map package file containing geospatial distribution of spectral response acceleration at short periods
associated with a M7.0 SFZ scenaanthquake [Note: This file was created for this project by SPU using
existing M7.0 SFZ scenario gridded data and a kriging procedure similar to the one previously used for PGA.]
1 M7.0 SFZ Spectral Response Acceleration at a Period of 1 S€EdadNameMapSeries_ SFZ7.mpk ) -
GIS map package file containing geospatial distribution of spectral response acceleration at a period of 1
second associated with a M7.0 SFZ scenario earthqiidkee: This file was created for this project by SPU
using existing M. SFZ scenario gridded data and a kriging procedure similar to the one previously used for
PGA]

C1



Shape Our Wat
Seismic Risk Assessir

M9.0 CSZ Scenario

The grouneshaking intensity measures for the M9.0 CSZ scenario earthquake were calculated using the 2012 BC
Hydro GMPEs (SPU, 2018b). THieidng GIS files have been provided by SPU associated with gshakihg
intensity for the M9.0 CSZ scenario earthquake:

1

M9.0 CSZ Peak Ground Accelerat{ile NameM9_CSZ PGA_KRIGGED.shp- GIS shape file

containing geospatial distribution of PGA asated with a M9.0 CSZ scenario earthqudkiete: This file

was created for the water system project by SPU using existing M9.0 CSZ scenario gridded data and a kriging
procedure to estimate values for locations based on PGA data at adjacent grid points.]

M9.0 CSZ Peak Ground VelodiBile NameMapSeries_CSZ9.mpk ) - GIS map package file containing
geospatial distribution of PGV associated with a M9.0 CSZ scenario earthiiNatke This file was created
for this project by SPU using existing M9.0 CSasoamridded data and a kriging procedure similar to the
one previously used for PGA.]

M9.0 CSZ Spectral Response Acceleration at Short PetiatisNameMapSeries_ CSZ9.mpk ) - GIS

map package file containing geospatial distribution of spectral response acceleration at short periods
associated with a M9.0 CSZ scenario earthquikete: This file was created for this project by SPU using
existing M9.0 CSZ scenario gridded datd arkriging procedure similar to the one previously used for PGA.]

M9.0 CSZ Spectral Response Acceleration at a Period of 1 S¢EdmtNameMapSeries_CSZ9.mpk ) -

GIS map package file containing geospatial distribution of spectral response acceleratiperiad of 1

second associated with a M9.0 CSZ scenario earthq{id&te: This file was created for this project by SPU

using existing M9.0 CSZ scenario gridded data and a kriging procedure similar to the one previously used for
PGA]

2018 USGS Probadistic Ground Motions

The 2018 United States Geological Survey (USGS) Probabilistic Ground Motions were used as tisbakimgnd
intensity measures (2 percent probability of exceedance in 50 years) to approximate the seismic hazard that will
be specifiedn ASCE-22 and a future edition of the Seattle Building Code. In the SPU WSSS, these ground
motions were only used to evaluate buildiie structures, so PGV was not required.

The following GIS files have been provided by SPU associated with gufwakiich intensity for the 2018 USGS
Probabilistic Ground Motions:

1

2018 USGS Probabilistic Peak Ground Accelergifole Name2018 _USGS_2475_PGA)sHpIS shape file
containing geospatial distribution of PGA associated with the 2018 pP®G&bilistic seismic hazard.

2018 USGS Probabilistic Spectral Response Acceleration at Short PéFielBlameus5hz250pts.shp
GIS shape file containing geospatial distribution of spectral response acceleration at short periods
associated with the 2B USGS Probabilistic Ground Motions.

2018 USGS Probabilistic Spectral Response Acceleration at a Period of 1 $Eitethme:
us1hz250pts.shp GIS shape file containing geospatial distribution of spectral response acceleration at a
period of 1 secondssociated with the 2018 USGS Probabilistic Ground Motions.
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Liquefactionrinduced Permanent Ground Deformation

The calculation procedure implemented to estimate liquefaciiimtiuced permanent ground deformation (PGD)
for each earthquake scenario in thBl3 WSSS is described below. This calculation procedure was provided by
SPU (Bill Heubach, SPU WSSS Project Manager) and was developed for the WSSS in consultation with New
Albion Geotechnical (NAG 2017). For each buradlinesegment, a GHased approah was used to calculate
the liquefactiorinduced PGD based on the worstise liquefaction susceptibility and largest value of PGA that
the mainlinesegment crossed.he associated probability of liquefaction was estimated based on this wasst
liquefadion susceptibility and largest value of PGA (using the table provided in Step 6, bélsw§PU DWW
seismic risk assessment ddhe same calculation procedure for estimating the magnitude of liquefaetion
induced PGD for backbomeainlinesegments anddcilities as was used for the SPU WSSS.

For each locatiomfainlinesegment), the liquefactioimduced PGD was calculated as follows:

1. Determine liquefaction susceptibility from Washington Department of Natural Resources (DNR) liquefaction
susceptibilitymh LJ® b23S GKFIG GKS | NBSF Ot aaA¥fASR o6& 5bw | &
R2gylt2ey {SrGGtSzT {2dz2iK 2F 52¢yi26y 6{h5h0 FyR II

2. C2NJ SI OK &a0SylINAR2 od6atodn {C¥% | YR hSpREn DU {»%O&K IRISS STNAvt

3. Calculate the vertical PGIhndexPGL) and horizontal PGDndexPGL) as follows (note units are in feet):

0 "00
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p
where, MSF =magnitude scaling factor (accounts for size of earthquake)

=1.19 for M7.0 SFZ scenario earthquake

= 0.627 for M9.0 CSZ scenario earthquake

andb, ¢, INdexPGL).max, and PGL).maxare determined from Tables-Cand G2.

TableG1. Values for Inde¥GDv

Liguefaction Susceptibility

Parameter
Very High High| Moderate to High Moderate | Low to Moderate| Low
PGLD)-max 1.20 |0.85 0.60 0.28 0.13 0.04
b 0.25 |0.25 0.25 0.32 0.32 0.32
c 2.4 -2.6 -2.8 2.4 2.4 24

G3
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TableG2. Values for Index PGDh

Liguefaction Susceptibility

Parameter
Very High High | Moderate to High| Moderate | Low to Moderate| Low
PGL}-max 11.00 | 8.00 5.50 2.00 1.25 0.50
b 0.230 |0.275 0.300 0.320 0.340 0.360
c -3.10 |-3.30 -3.50 -3.70 -3.75 -4.00

4. The horizontal PGD #@fected by the distancelf to a free face (e.g., riverbank or coastline) and the height
(H) of the free face. Determine the closest distance to either the Puget Sound, Lake Washington, Duwamish
River, Lake Union, Ship Canal, or Green Lake. If the disageeater than 500 feet, then set the horizontal
PGD PGLX L)] equal to zero and also set the vertical PGD caused by soils that move horizaPG.L)) |
equal to zeroOtherwise:

- Estimate the height of the free fackl)(to be equal to the ground elation minus the mean water
elevation of the nearest body of water plus 10 feet to account for the height of the free face height

below the water line.
- fUHX modpxE GKSY
PGL(L) = Index PGL
elseifHY mModpI GKSY
PGLY(L) = Index PG, * exp{-1.5 *[logio (L/H) Z0.176]}
1 If /H<1,then
PGL)L) = PGDy-max * 0.6
elseifUHx MZ (GKSy
PGL)L) = PGDy-max * 0.6 * expf0.92 * [(L/H) -1]}

5. The total PGDRGR:a) is:
0 "00 "0¢ QOO 0 "00) 0 "000D
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6. The probability ofiquefaction is calculated from the following table (using linear interpolation):

Table G3. Liquefaction Probability

Liguefaction Susceptibility
PGA/MSF

Very High High Moderate to High Moderate Low to Moderate Low
0.0 0.00 0.00 0.00 0.00 0.00 0.00
0.1 0.02 0.00 0.00 0.00 0.00 0.00
0.2 0.36 0.26 0.02 0.00 0.00 0.00
0.3 0.76 0.60 0.10 0.04 0.00 0.00
0.4 0.89 0.72 0.30 0.08 0.002 0.00
0.5 0.93 0.76 0.45 0.10 0.003 0.00
0.6 0.95 0.80 0.50 0.14 0.006 0.00
0.7 0.95 0.80 0.50 0.15 0.01 0.00
0.8 0.95 0.80 0.50 0.15 0.01 0.00
0.9 0.95 0.80 0.50 0.15 0.01 0.00
1.0 0.95 0.80 0.50 0.15 0.01 0.00

The following GIS files have been provided by SPU associated with susceptibility to liquéfiactiea PGD:

71 Liguefaction SusceptibilityFile Nameliquefaction.shp- GIS shape file containing geospatial distribution of
liquefaction susceptibility.

M7.0 SFZ Scenario

The following GIS files have been provided by SPU associated with liquefadtioad PGD foihie M7.0 SFZ

scenario earthquake:

1 M7.0 SFZ Liquefaction PGEile NameDWW_Mainlines_SF7_FOS h@IS shape file containing
geospatial distribution of liquefactiemduced PGD for wastewater backbone systeainlinesand facilities
associated with a M7.8FZ scenario earthquaKlote: This filevascreatedfor this projecty SPU (Nathan
H.) usinghe procedure described above.]

M9.0 CSZ Scenario

The following GIS files have been provided by SPU associated with liqguefadtioed PGD for the M90SZ

scenario earthquake:

1 M9.0 CSZ Liquefaction PGEile NameDWW_Mainlines_CSZ9 FOS)shpIS shape file containing
geospatial distribution of liquefactiemduced PGD for wastewater backbone systeainlinesand facilities
associated with a M9.0 CS£sario earthquake[Note: This filevascreatedfor this projectoy SPU (Nathan
H.) usinghe procedure described above.]
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Landslidelnduced Permanent Ground Deformation

The calculation procedure implemented to estimate landsliiuced PGD in the SPU VB3Sdescribed below.

This calculation procedure was provided by SPU (Bill Heubach, SPU WSSS Project Manager). For each buried
mainlinesegment, a GH8ased approach was used to calculate the landshdieiced PGD based on the lowest
factor of safety of dlof the landslide zones and largest value of PGA thatrthmlinesegment crosses. This SPU
DWW seismic risk assessmeisedthe same calculation procedure for estimating the magnitude of landslide
induced PGD for backbomeainlinesegments and faciliteas was used for the SPU WSSS.

For each locatiomfainlinesegment), the landslidenduced PGD was calculated as follows:

1. Landslide Factor of Safetffhe landslide factor of safety is taken from the Harp, et. al. map as follows:

TableG4. Landslide Factor of Safety

Factor of Safety Harp et al. (2006) Map Grid Category
0.00 to 0.75 1
0.75t0 1.00
1.00to 1.25
1.25t0 1.50
1.50to0 1.75
1.75to 2.00
2.00to 2.50
2.50 to 3.00

© [0 | N |0 (O WD

3to4
4106

[N
o

=
=

Greater than 6

If the mainlineis in grid categories 7 through 11, a landslide is not considered possible unless the
mainlinelies in an area defined by the City of Seattle, King County, or Washington State Department of
Natural Resources (DNR) maps as susceptible to landslide, ime@isie the factor of safety is assumed to
be between 1.75 and 2.0.

A factor of safety less than 1.0 implies that the slope will slide if the slope is saturated, even under static
conditions. For these areas (grid categories 1 and 2), it was assumedehaothability of sliding during
an earthquake is equal to 1.0 and that the landsiioguced PGD is equal to 200 inches.
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2. Landslide ProbabilityThe simplified Newmark sliding block model is considered:

k,= FS-1)gsinh

where:

ky = the ground acceleration that triggers landsliding

FS= the factor of safety

g = the acceleration due to gravity

h = the slope angle

The probability density function of the factor of safety is assumed to be uniformly distributed between
the lower boundand upper bound for each range. Similarly, the slope is assumed to be uniformly
distributed between 30 degrees and 60 degrees. Monte Carlo simulations were run to determine the
landslide probability as a function of PGA for each factor of safety as shdiva table below (for
example, there is a 0.1 probability of landslide at 0.0179g for the 1.0 to 1.25 factor of safety range):

TableCGh5. Landslide Probability as a Function of Peak Ground Acceleration and Factor of

LandslideProbability Factor of Safety
1.0to 1.25 1.25t0 1.5 1.5t01.75 1.75t02.0 | 2.0to25

0 0.000 0.000 0.000 0.000 0.000
0.1 0.0179 0.181 0.326 0.468 0.654
0.2 0.0347 0.206 0.360 0.510 0.721
0.3 0.0522 0.223 0.386 0.547 0.771
0.4 0.0691 0.240 0.410 0.582 0.821
0.5 0.0858 0.257 0.434 0.613 0.865
0.6 0.102 0.275 0.458 0.643 0.912
0.7 0.119 0.297 0.484 0.674 0.965
0.8 0.137 0.323 0.515 0.710 1.03
0.9 0.161 0.355 0.554 0.757 1.11
1.0 0.215 0.432 0.648 0.864 1.29
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3. Landslideinduced PGDThe Makdisi and Seed (1978) methodology was used to estimate the landslide
induced PGD. Given that a landslide would occur, the PGD would not necessarily be a function of the factor
of safety. However, it was assumed that lower PGDIa&/generally occur for slopes with a higher factor of
safety. The assumdd/kmaxVvalues for each factor of safety range are indicated in the table below. These
assumedk,/kmaxvalues are somewharbitrary butwere chosen so that the peak displacemefutsthe 1.0
to 1.25, 1.25to 1.5 and 1.5 to 1.75 factor of safety ranges produced PGD rates of repairs that were towards
the maximum value. Thig/kmaxVvalue for the 1.75 to 2.0 factor of safety category was chosen to produce a
large but not maximum ratefaepair.

Best fit equations below were fit to the curves shown (see marked up Makdisi and Seed plots for assumed
M7.0 SFZ and M9.0 CSZ relationships) below to estimate PGD.

TableG6. Values foky/Kmax

Factor of Safety ki Kmax
1.0to 1.25 0.177
1.25t0 1.50 0.354
1.50to 1.75 0.530
1.75t0 2.0 0.707

M7.0 SFZ Scenario:

PGD= 398.1 * exp{ 6*(ky/ kmax) ] 1¢0.9868 * exp F (1¢ky/ Kmax)]
M9.0 CSZ Scenario:

PGD= 3162 * exp{ 7.75*(ky / kmax) ] J¢1.362 * exp F (1¢Ky/ Kmax)]
Notes:

9 4 equals the minimum ground acceleration needed to trigger a landslide
1 PGD values in above equations are expressed in centimeters

For each earthquake scenario, the landslidéuced PGD values are fixed for a given factor of safety
category.
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Figue G1. Estimation of landsliieduced PGD
(from Makdisi and Seed, 1978)

The following GIS files have been provided by SPU associated with general susceptibility to {enisiete
PGD:

1

Landslide Susceptibilit¢File Nameharp.gdh - GlSgeodatabase file containing geospatial distribution of
areas of known or potential landslides [from USGS @yilEnReport 2008139 (Harp, et. al. 2006)].

Landslide ProbabilitfFile NameDWW_Mainlines_CSZ9_FOS.shp and DWW _Mainlines_SF7_FaO&Shp
shgpe file containing geospatial distribution of landslide probabi[i§ote: This filavascreatedfor this
projectby SPU (Nathan H.) usitige procedure described above.]

G9
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M7.0 SFZ Scenario

The following GIS files have been provided by SPU associatednd#tideinduced PGD for the M7.0 SFZ

scenario earthquake:

1 M7.0 SFZ Landslide P@Elle NameDWW_Mainlines_ CSZ9 FOS)shpIS shape file containing geospatial
distribution of landslidenduced PGD associated with a M7.0 SFZ scenario earthdbike: This filewas
createdfor this projectby SPU (Nathan H.) usitige procedure described above.]

M9.0 CSZ Scenario

The following GIS files have been provided by SPU associated with |lamislided PGD for the M9.0 CSZ

scenario earthquake:

T M9.0 CSZ LandskdPGO(File NameDWW _Mainlines_ CSZ9 FOS)stpIS shape file containing geospatial
distribution of landslidénduced PGD associated with a M9.0 CSZ scenario earthdiake: This filavas
createdfor this projectby SPU (Nathan H.) usitige procedure described above.]

FaultRupture-iInduced Permanent Ground Deformation

M7.0 SFZ Scenario

No GIS shape file is available for the geospatial distribution of fault rijptdreced PGD associated with a M7.0
SFZ scenario earthquake. In the SPU Water System Seismic Study, it was #ssuapguoximately 310 feet

of discrete surface displacement could occur anywhere in either Zones A or B of the Seattle Fault Zone (SPU
2018b and LCI 2016). The number of repairs resulting from the fault ruptdueed PGD was relatively small,
comparirg to the overall number of repairs for the scenario. Therefore, the effects associated with the fault
rupture-induced PGD were discussed but not reflected ingbismicaisk assessment. A similar assumption will

be made for this SPU DWW seismic risk asseat

The following GIS files have been provided by SPU associated with fault riqutuced PGD deformation for
the M7.0 SFZ scenario earthquake:

1 Seattle Fault Zone fFile NameSeattle_fault_hazard_zones.9hIS shape file indicating geospatial area
of primary Seattle Fault Zone (Zone A).

1 Seattle Fault Zone Eile NameSeattle fault_hazard zones.shIS shape file indicating geospatial area
of back thrusting (Zone B).

M9.0 CSZ Scenario

Fault ruptureinduced PGD resulting from a M9.0 G8&nario earthquake is not applicable to this SPU DWW
seismic risk assessment.

G10
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Tsunami Hazard Data

1 M7.3 SFZ Tsunami Inundation Extents for Elliott BBEjye NameTsunami_HazardV10_3.mpkslS map
package file indicating geospatial area of tsunami inundefior Elliott Bay, associated with a M7.3 SFZ
scenario earthquake (WGS 2019).

1 M7.3 SFZ Tsunami Inundation Extents for South King County Coast of Puget Folendame:
Seattle L1 SFL_data.gdBIS geodatabase file indicating geospatial area of tsumamdation for the
South King County coast of Puget Sound, associated with a M7.3 SFZ scenario earthquake (DNR In
Preparation).

Gl1
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Appendix D:SeismidHazardMaps

Map D-1.
Map D-2.
Map D-3.
Map D4.
Map D-5.
Map D-6.
Map D-7.
Map D-8.
Map D9.

M7.0 SFZ 0.1s Spectral Acceleration
M7.0 SFZ 0.3s Spectral Abzmation
M7.0 SFZ 1.0s Spectral Acceleration
M7.0 SFZ Peak Grourtceleration
M7.0 SFZ Peak Ground Velocity
M9.0 CSZ 0.1s Spectral Acceleration
M9.0 CSZ 0.3s Spectral Acceleration
M9.0 CSZ 1.0s Spectral Acceleration
M9.0 CSZ Peak Ground Acceleration

Map D10. M9.0 CSZ Peak Ground Velocity
Map D-11. Liguefaction Susceptibility

Map D12. Landslide Susceptibility

Map D-13. Tsunami Hazard Area

Map D14. Seiche Hazard Area

D-1
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Appendix EDetails from FacilityAssessments

Desktop assessments based on available drawings.
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7

Pump Stations 02, 05, 07, 09, 10, 13, and2@zA f & Ay GKS wmpona 2NJ Wninglan GKSa&.
and each have a wet well. PS 02, 05, and 13 haveoorlyayer of rebar in the perimeter walls designed to

resist external pressure. There is just one layer of rebar on the tension face of the interior wall separating the

wet well from the equipment room of the pump stations. Additionally, the length oBfajzes for rebar of this

era is typically insufficient. All of these pump stations lack ductility and potentially lack adequate strength (when
unreinforced faces experience tensiamdcould result in pump station damage due to shaking. See Etle

andE2.
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Figure EL. Plan andection viewsf PS 05howingthe rebar placement within the outer and center wall

Pump Stations 09 and 13 are especially vulnerable because they also are in liquefaction zones. The amount of
movement they may experience is listed in Apper@ikoreover, Pump Station 09 is also at risk of failure due

to floatation. Thus, he piping andstructures are at risk of being severely damaged by the earthquake scenarios
described in SectioB. There is no splice between the upper wall and lower wall in PS 20. This significantly
NERdzOSa (KS LlzyL) adl A2y Q& gdratking aRdiz@paratibribétéeen theRvally | 1 S a
segments. This pump station is at risk of being severely damaged by the earthquakes considered i.Section

See Figur&2.
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Figure B. Sectiorviewof PS 2@howing little or no splice where wall thickness desrbetween lower and upper wall
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Pump Station 06Built in 1930, his pump station is rectangular in plan, amas only one layer of rebar on the

inner face of the perimeter walls. Ti@rizontalrebar does noterminate withhooks at thewall corners. One

wall is adjacent to a stairwell. The stairwell will prevérg adjacentank wall from transferring gload to the
soilmaking the load unbalanced and significantly increasing the risk this structure will be severely damaged by
the earthquake scenariadescribed in Section. Zhe structurgotentiallylacks adequate strength (when
unreinforced faces experience tensiamnd a clear load patto transfer the load to the adjacent so8ee

FigureE3.
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FigureE-3. Sectiorviewof PS 0&howing theebar placement within perimeter walls of the structure

Pump Stations 22Built in 1952, Pump Station 22 is square in plan. Although there are two layers or
reinforcement in walls, reinforcement was designed or improperly detailed such that some wadislgan
effectively resist oubf-plane forces in one direction. The inner layer horizontal rebar hook at wall corners is
improperly detailed, potentially resulting in severe spalling of corner concrete and will be ineffective in resisting
out-of-plane bendilg. The center wall only has one layer of effective reinforcement (the other rebar is
ineffective due to its length and improperly detailed rebar hodkje roof appears to be adequately attached to
the walls with wall rebar.
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Overall, the structure does ndtave adequate strength and ductility and is at risk of being severely damaged by
the earthquakes considered in Secti®8nSee Figuré-4.

Inner layers or rebar have 4
inadequate development
length

Ineffective hooks
provided on inner
wall bars

Ineffective hooks provided
/ on this wall bar. The other
J:=4 / layer or reinforcement
=4/« does not have adequate
development length

FigureE4. Plarviewof PS 23howing ineffective hook at inner wall corners of the structure

Pump Station 25Castructed in 1952, Pump Station 25 is a dagplaceconcretestorage tank with an inside
diameter ofl6feet. An interior concrete wall divides the tank between its wet well and equipment room. The
structure has two layers of rebar on the perimeter wallle rebar in the interior wall is detailed to resist the
wet well loads using a moment connection at the tank wall, however, the rebar does not have adequate
embedment length to be a moment connection. The wall is improperly designed and is at sevefedamage
under the earthquake scenarios considered in Sec®iorhis structure will likely perform poorly due to its lack
of adequate strength and ductility in the interior wall. See Fidgu®e
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Figure E5. Plan andsection viewsf PS 25howingthe rebar placemenof theinterior wall
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Pump Stations 49 and 58uilt in 1961, Pump Station 54 is rectangular in plan with approximate dimension of
17.5ft by 13.5ft with an overall height of 32 feet. There is an interior wall that separates the wéfrnaal the
equipment room. The interior wall is not attached to the tank walls, roof, or floor with rebar. Only a concrete
key connects the interior wall to the perimeter walls and floor. This pump station is located in a liquefaction
zone with an anticiped PGD of 12 inches. The roof is not connected to walls and there is no rebar in the
3-foot-thick base slab. The tank perimeter walls have no connection to the base slab except for a concrete key.
Theinterior wall could perform poorly under the earthquake scenarios considered in this report. The roof slab is
not restrained by perimeter walls, resulting in potential horizontal displacements in both direcTibisscould

cause the pump station to become inopbéta due to soil or debris entering the pump stati@werall, this

pump station is at risk of being severely damaged by the earthquakes considered in Section

Built in 1960, Pump Station 49 is also rectangular in plan with approximate dimensiond by 2fft and an

overall height of approximately 18 feet. Similar to Pump Station 54, the interior wall separates the wet well from
the equipment room. The interior wall is not attached to the tank perimeter walls, roof, or floor with rebar. Only
a key canects the interior wall to the walls and floor. Although this pump station is not located in a liquefaction
zone. The middle wall cousdill perform poorly under the earthquakes considered in this report. See FitBes
andE7.
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FigureE6. Planview of PS54

The center wall is connected to the outer walls with only a key.
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Figure E7. Sectiorviewof PS 49

The center wall is not connected to the walls making the middle wall more vulnerable to displacement.

Pump Station 7Built in 1963, lhis pump station is about 20 feet deep with an inside diameter of 13 Aget.

interior wall separates the wet well from the equipment room. The interior wall is not attached to tank

perimeter walls, roof, or floor with rebar. Only a concrete key conndetdnterior wall to the perimeter walls

and floor. This pump station is also located in a liquefaction zone with an anticipated PGIba¥fe26 The roof

Aa y2i O02yySOGSR (G2 GKS gl f tcd 4AKRAOINDG aNGter adlE eSS ¢A &/
no connection to base slab except for a concrete key. The span is short but the interior wall could experience
damage in the earthquake scenarios considered in Se8tairthis report. The anticipated ground movement

could easily move theoof making it possible for soil or debris to enter the structure. See Fig8re
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Figure BB. Plarviewof PS 71

The center wall is connected to the outer walls with only a key.

Pump Stations 11, 21, 55, and 78l the pump stations appear to lm®nstructed of large hollow precast

concrete segment(s)Yhe roof is not attached to perimeter walls with rebar and could be displaced from the
walls of the structureThe precast concrete riser joints do not provide resistance to uplift force resultny fr
overturning due to lateral earth pressures on the pump stations. Because these pump stations are in a
liquefaction zone, the joints could separate. The roof slab is not restrained by perimeter walls, resulting in
potentially large horizontal displacemerkither could cause the pump station to become inoperable due to soil
or debris entering the pump station. These pump stations will likely perform poorly in the earthquake scenarios
considered in SectioBof this report.

Pump Stations 38, 71 (weir striure), 72, and 73All these pump stations have walls that are easplace. The
roof is not attached with rebar and could be displaced from the perimeter walls of the structure. Because this
structure is in a liquefaction zone, the roof movement couldseathe pump station to become inoperable due

to soil or debris entering the pump station. These pump stations will likely perform poorly in the earthquake
scenarios considered in Sectidwf this report.

Pump Stations 01, 06, and 2These three pump stens have anainlinethat is rigidly attached to two
adjacent structures. Theseainlines have a moderate risk of failure when not located in liquefaction zones,
which applies to Pump Stations 01, 06, and 20. Since tnesdinesare short and stiff, thenainlines are
vulnerable to differential movement between the structures. The piping shown in Ag@idustrates this
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issue. These pump stations will likely perform poorly in the earthquake scenarios considered in Befttios
report.
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Figure B9. Sectiorviewof PS 1

Severamainlines interconnect the two wet wells making thainlinevulnerable to damage.

Pump Stations 04, 17, 21, 36, 37, 38, 42, 44, 45, 50, 54, 55, 61, 62, 63, 65, 70, 71, 72, 73, 74, 75, 76, 78, 114, and
118.These pump stédns are located in liquefaction zones. The piping leaving and entering the structures is not
designed to accommodate the anticipated PGD. The vulnerability of the piping systems suggest these structures
are at severe risk of being inoperable after theteguake scenarios considered in Sect®uwf this report.

Many of the structures may sustain damage, but should remain functional. However, they may not be able to
operate due to the anticipated ground movement affecting electrical conduit duct banks raotier
nonstructural issues, which were not assessed for this study.
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Pump Stations 09, 36, 37, 39, 50, 70, 78, andTdese pump stations are at risk of failure due to floatation.
Pump Stations 9, 37, 39, and 70 have wet wells. The wet wells were assoiine empty in this evaluation. No
equipment load was added.

CSO Facilities 2 and 3, Tanks 168 and Taaks 168 and 169 are 1fifbt-diameter posttensioned tanks. The
tanks were constructed in 1987. The tanks were designed per the 1979 Uniforrm@@lolile. Based on review
of the design drawingseveraldeficiencieshave been identifiedThere is inadequate load path from perimeter
wall to the foundation. Roof slab is not adequately attached to perimeter Wadiddition, the shear
reinforcement deails of interior concrete columns are not clear, requiring a future field investigation to confirm
construction detailsBased on the findings of actual construction details, a structural analysis will then be
performed to determine if interior columns arable to deform with the rest of the structure without experience
brittle shear failure Considering the era of construction, the design earthquake and the importance of the
structure, it is recommended these tanks be evaluated using a Tier 3 evaluation per ASCE 41. Seéigure
4 L8 BEYowD

@

SEC PLAL O SHT

AN Sz

SEE DET.A/3> |
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Figure ELO. Sectiorviewof Tanks 168 and 169
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CSO 2 an8 Control BuildingThe Control Building is 18" x 29:4" Cement Masonry Block Building (CMU) and
was constructed in 1987. The building consists of a series of CMU panels that are joined together with welded
connections. The building foundation has amstwall foundation.

Based on review of the available drawings, a number of deficiencies have been identified. The CMU panels were
joined together using welded connections. These connections lack ductility and may not have adequate
strength. The roof diaplagm is constructed of precast hollow planks without any topping slab, and will have
inadequate strength to resist seismic forces associated with the earthquake scesarabsan untopped precast
concrete diaphragm cannot function as cross ties in theatiion perpendicular to hollow plank€onsidering

the importance of the structure, the era of construction and design earthquakes being evaluated, it is
recommended this structure be evaluated using a Tier 3 evaluation per ASCE 41. The connectiontbetween

roof and masonry walls should also be evaluated. See FigtiréandE12.
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Figure EL1. Plan andection view ofhe CSO 2 and&®ntrol buildings
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CSO 28o0x ConduitThere are several box conduits shown in the Lake Washington North CSO 24 Project. The

box conduit with the deficiency is shown on Drawing No1BC, BEL1-C, BEL2-C and B&3-C. The conduits

were constructed in 1988. These box coniddi KI @S (62 OKiy¥oSNRSI KRG miHKRE K i ®
were built with some corner rebar improperly detailed. The inner bar hooks at the corners do not have proper
embedment, resulting in reduced conduit ductility. This lack of ductility mtiesse structure vulnerable to the
earthquakes described in secti@n

The incorrect placement of the bars is shown or1BC. See Figure13.
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Figure EL3. Boxconduit with wall to floor corner rebar shown to have hooks detailed improperly

CSO 2Manholes 12, 13, and 2-hese three manholes structures are installed on a single slab. The manholes
are connected to 144hchmainlines, each with a concrete bulkhead. Aingh mainlineinterconnects the

manhole structures as well as the th-diametermainline There are two joints between thmainlineand
manhole structures. The close proximity of the structures and significant stiffness associated with these large
diametermainlines make this combination of structures ammhinlinevulnerable to differential movement. This
connection was rated a moderate risk under the earthquake scenarios described in Sauftibis report. See
FigureE14.
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CSO Facility 2Rake Washington North 7Zand 96inch DiameterMainlines. There are several areas along the
mainlinealignment where the cover over the top of tineainlineis les than the diameter of thenainline This
lack of cover makes it vulnerable to floatation. If thainlinefloats, it will render the CSO facilityoperative

FigureE15 shows two profiles where the cover is less than the diameter ohta@line
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FigureE-15. CSO 22ake Washington North 7a@nd 96inch-diametermainlines

Profile 1 and 2 show locations where the cover overilac6and 72inch-diametermainling respectively, is less than anainlinediameter, making them
vulnerable to floatation
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Appendix FExampleCalculationfor Mainline
Likelihood ofFailureScore

1
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Example CalculationDrainageMainline 2213885

20990 e ——

g
2.

Figure FL. Location of drainageainline2213885 for example likelihood calculation
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Identify O X | Identify O X | /Identify O x
Identify from: I <Top-maost layer=> ;I Identify from: I <Top-maost layer=> ;I Identify from: I <Top-maost layer=> ;I
=) DWW _Mainlines_SF7_FOS [=- DWW _Mainlines_CSZ5_FOS [=)- Seismic Risk Scores
i... Geattle Public Utities i... Geattle Public Utities . Drainage

B B B
Location: | 1,252,326.441 212,759,895 Fest | || Location: [ 1,262,326.441 212,690.942 Fest | *|| Location: [ 1,262,328.411 212,675.182 Fest |
Field Value ~ 1| Field Value ~ 1| Field Value
MEM_LAST _WO_IPNUM 4567 MEM_LAST _WO_IPNUM 4567 OBIECTID 48806
MxM_LAST _WO_CLSFCTN STRUCTURE INSPECT MxM_LAST _WO_CLSFCTN STRUCTURE INSPECT SHAPE Palyline
MEM_LAST _WO_STATUS CLOSE MEM_LAST _WO_STATUS CLOSE FEA_KEY 2213385
MNL_MXM_LCTN_ID <null= MNL_MXM_LCTN_ID <null= RR_1000ft_SFZ7 2,309079
MEAR_FID 388 MEAR_FID 388 RR_1000ft_CSZ3 2.087398
MEAR_DIST 922.827094 MEAR_DIST 922.827094 RR_1000ft_2events 2.107551
MEAR_ELEV o] MEAR_ELEV o] Likelihood_score 4.215102
PIPE_ELEV 40 PIPE_ELEV 40 MML_FEA_KEY 2213385
LAT 47.572583 LAT 47.572583 serve_crit_fac o]
LONG -122,365142 LONG -122,365142 pipe_diam 2
LIQ_SUSCEFT very high LIQ_SUSCEFT very high greater_14in_diam 0
FGA_G 0.658 FGA_G 0.245 high_use_area 1]
MSF_SCEMARIO 1.19 MSF_SCEMARIO 0.627 mjr_transpo_rte 1
PGA_MSF 0.552941 PGA_MSF 0.397129 near_h20 o]
PGED_VMAK 1.2 PGED_VMAK 1.2 Consequence 3
PGD_V_INDEX_B 0.25 PGD_V_INDEX_B 0.25 Likelihood 4,215102
PGD_V_INDEX_C -2.4 PGD_V_INDEX_C -2.4 Equity 3
INDEX_PGD_V 1.044561 INDEX_PGD_V 0.902716 Risk_Score 15.645306
PGD_HMAX 11 PGD_HMAX 11 SHAPE_Length ©579.414232
PGD_H_INDEX_B 0.23 PGD_H_INDEX_B 0.23 MML_UISE_PERMIT_TEXT Drainage
PGD_H_INDEX_C 43,1 PGD_H_INDEX_C 43,1
INDEX_PGD_H 10.319673 INDEX_PGD_H 9.29104
PGD_H_L 2.011391 PGD_H_L 1.810902
PGD_YV_L 0.000001 PGD_YV_L 0.000001
PGD_TOTAL_FT 2.2606452 PGD_TOTAL_FT 2023429
PGD_TOTAL_IN 27.19742 PGD_TOTAL_IN 24.281144
LIQ_PROBABILITY 0.940588 LIQ_PROBABILITY 0.886208
SLIDE_FOS 11 SLIDE_FOS 11
PGV_INCHSEC 57.011811 PGV_INCHSEC 22.362205
SLIDE_CERT <null = SLIDE_CERT <null =
LIQ_PGD_IN 27.19742 LIQ_PGD_IN 24,281144
SLIDE_FOS_1 11 SLIDE_FOS_1 11
SLIDE_PROBABILITY <null= SLIDE_PROBABILITY <null=
SLIDE_KYMED <null= SLIDE_KYMED <null=
SLIDE_PGD_IN 0 SLIDE_PGD_IN 0
K1 1 K1 1
K2 1 K2 1
PGV_RepairRate 0.106612 PGV_RepairRate 0.041817
PGD_RepairRate 2.859695 PGD_RepairRate 2.598793
Total_RepairRate 2.966307 Total_RepairRate 2640611
Total_MumRepairs 2.015339 Total_MumRepairs 1.794057
Ww/Backbone <null> Ww/Backbone <null>
RR_Weighted 2.309079 bd RR_Weighted 2037398 bd

|dentified 1 feature |dentified 1 feature |dentified 1 feature

Figure R2. Snapshots of GIS attribute data for drainagéline2213885
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The following steps show the likelihood of failure calculationgifamagemainline2213885
1. See Table A for reinforced concretenainlinegreater than 48 inches diameter; £1.00 and K= 1.00
2. Obtain geotechnical hazard information for ground motion (provided with SPU geospatial data):

Probability ofLiquefaction SFZ M7.0 8.940588
Probability ofLiquefaction CSZ M9.0 6.886268
PG\ez m7.6=57.011811inches per second
PG\sz we.&=22.362205nches per second
PGRrz m7.6=27.19742inches

PGRsz mo=24.28114inches

3. Calculate theepair rate associated with seismic wave propagatioréRR
Y'Y O T8I pP YR Ow Eq. 51
YY h g PEMTBIMOYXBIPPYPTD TOQPCG

YY 5 g P TBITIP YK @ QCCTIBITPYPX
4. Calculate the repair rate associated with permanent ground deformatiopsRR

Y'Y 0 p8le Al ¢ QOGN aEDN® @ 08
YY i s P8I P8T @ TWOT TTU YCU® wX B¢ C& U w Qrepairs/1000 ft

YY i s PBITT P8I T YPC UB Yp BT CB WY Xrepairs/1000 ft
5. Calculate the combineBGVbasedand PGDBbased repair rates

Y'Y ™ YY 1@ Y'Y Eq. 53
Y'Y h g T8 THMTQOPE BUWOWWNMWTY W
Y'Y ﬁ g T8 TEITPYPT B OYPX @YX owy

6. Calculate combined repair rates based on the resultbfith earthquake scenarios using the estimated
return periods for each earthquake:

=A =4 =4 =4 -4 4

P P -
YY ks =YY g
VY vl VT
p P
vt T
Eq. 54
vy TEASTOTX R SXceY
P p < X P repairs/1000 ft

o mm
7. Use the combined repair rate to determine likelihood score from Tald€lmear interpolation):

N . v o U T
UQ(IQGWOOSIQCWTC@T[XUU(BIT[ T T&PULUPTC
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Appendix G:Likelihood of Fdure Mapsfor Mainlines

Map G-1. Likelihoodof Failurefor DrainageMainlines
Map G-2. Likelihoodof Failurefor WastewaterMainlines
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Appendix H:ExampleCalculationfor Pump Station
Likelihood of Failurescore
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Example CalculationwWastewater Pump Station 73

, 3 \\\
RN

FigureH-1. Location of Pump Station #8 example likelihood calculation
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Geotechnical hazard data for Pump Station 73 are provided in Feble

TableH-1. Geotechnical Hazar®ata for Pump Station 78ample

L Permanent Ground  0.1s Spectral 0.3s Spectral 1s Spectral
Seismic - . i .
Event Deformation Acceleration Acceleration Acceleration
(PGD), inches (Sh1), g (Sha), g (SA), g
M7.0 Seattle Fault Zone 105.28 1.01 1.44 1.26
M9.0 Cascadia Subduction Zon 96.66 0.34 0.51 0.64

1 General DescriptionThis is a square 23 feet by 22.33 feet X& high with center wall for wet well, floor
is 6feet thick with no rebar. Middle wall is attached to tank walls and deeply embedded in floor. It is not
attached at roof &cept for a key.

9 Structural AssessmeniThe floor does not have rebar. The walls have 20 feet spans. All walls have hooks on
outer face but not on inner face. Roof is not attached to wall. Center wall only has one hook between wet
well wall and tanks walWalls have stirrups near the wall intersections. Roof may move relative to structure
below. Structure may crack at corners. The roof could displace from the structure. Since this pumpstation is
in a liguefaction zone it could cause the pumpstation todme inoperable.

1 Mainline Connection Assessmerthe dischargenainlineis a 12inch CIP. It is rigidly attached to the wall.

The intakemainlineis a 24inch CIRnainline It is rigidly attached to the wall but has a bell just outside the
wall to allow flexibility.

The project team examined structural and mechanicabait drawings for Pump Station 73 (see Figdr2).
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BrRdoe G {ERSmAr
PR AL o snchere ragh
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4

Cily of Seatlle

: @B HARBOR ISLAND STATION
LOWER LEVEL - SECTION (B MECHANICAL PLANS..

SCALE: Jotateor

e

FigureH-2. Example detail from dmuilt drawings for Pump Station 73

H-4



Shape Our Wat
Seismic Risk Assessir

The following are steps in the engineermgsessment:

1.
2.

Pump Station 73 is outside of mapped landslide zones; assign a score of 1.

5SUGSNXYAYS GKFG Ldzyld adrdAaz2zy Aa t20FGSR AM). Fhenda KA 3K
calculate floatation safety factor (SF) based on ratio sistang forces to buoyancy forces (liquefaction

zones). For Pump Station 73, SF = 1.13, which is greater than one; assign a score of 1.

t SNF2NY | RS&102L) FaasSaaySyd TFT2N) adNHzOGdzNI £ FI Af dz
assessment agm score of 5.

YSYyd F2NJ aidNHzOGdzNI £ FI Af dz

Q)¢
Q)¢
(0p))
ax
ax

t SNF2NY | RS&a1d2L)
assessment assign score of 5.

Perform a desktop assessment for failurevainineO2 yy SOG A2y as FyR o6FaSR 2y Sy
assgn a score of 5.

Pump Station 73 is located within a tsunami inundation zone, assign score of 5.
Pump Station 73 is not located in a seiche inundation zone; assign score of 1.

Take the highest component score from all of the above assessments and assiggrall likelihood of
failure of 5.
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Appendix I:Likelihood of Failurdbatafor Wastewater
Pump Stations

Map I-1. Likelihood of Failure for Wastewater Pungmations
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Table t1. Pump Station Geotechnical Hazard Bat

WWPSO00!: 0.00 0.76 0.94 0.60 0.00 0.39 0.51 0.56
WWPSO00: 0.00 1.35 1.64 1.05 0.00 0.35 0.45 0.48
WWPS00¢ 6.30 1.10 1.44 0.62 5.37 0.35 0.46 0.26
WWPS00t 0.00 111 1.58 0.82 0.00 0.34 0.47 0.28
WWPS00¢ 0.00 1.07 1.50 0.82 0.00 0.33 0.47 0.29
WWPSO00 0.00 0.89 1.17 0.84 0.00 0.35 0.46 0.52
WWPS00¢ 9.50 1.03 1.40 0.70 7.75 0.34 0.47 0.28
WWPS01( 0.00 1.17 1.48 0.62 0.00 0.35 0.45 0.24
WWPSO01: 7.42 0.64 0.71 0.41 9.47 0.36 0.43 0.42
WWPS01]  10.87 0.69 0.97 0.85 12.19 0.33 0.49 0.62
WWPSO01 6.18 1.06 1.29 0.53 5.37 0.35 0.46 0.25
WWPSO01¢ 0.00 0.97 1.28 0.59 0.00 0.33 0.46 0.27
WWPS01¢ 0.00 1.09 1.40 0.60 0.00 0.35 0.46 0.26
WWPS02( 0.00 0.77 1.05 0.76 0.00 0.35 0.48 0.54
WWPS02] 11.18 0.90 1.11 0.76 10.65 0.38 0.49 0.54
WWPS02: 0.00 0.73 0.94 0.66 0.00 0.38 0.52 0.60
WWPS02t 0.00 0.85 1.04 0.72 0.00 0.35 0.46 0.52
WWPS02¢ 0.00 0.65 0.74 0.42 0.00 0.39 0.49 0.50
WWPSO03( 0.00 0.62 0.69 0.41 0.00 0.39 0.49 0.50
WWPS03! 0.00 0.54 0.57 0.31 0.00 0.38 0.46 0.44
WWPSO03t 4.85 0.71 0.92 0.62 5.38 0.35 0.47 0.52
WWPS03¢  14.09 131 1.61 1.03 10.97 0.38 0.49 0.52
WWPSO03] 26.31 1.28 1.56 1.00 20.48 0.38 0.48 0.52
WWPSO03§ 52.73 1.27 1.53 1.00 42.76 0.39 0.49 0.52
WWPS03¢ 0.00 1.22 1.41 0.54 0.00 0.39 0.49 0.25
WWPS04: 5.45 1.06 1.26 0.52 4.46 0.38 0.49 0.27
WWPS04: 0.00 0.68 0.92 0.70 0.00 0.37 0.52 0.62
WWPS04< 6.36 1.19 1.36 0.51 5.32 0.36 0.45 0.22
WWPS04¢ 6.34 1.13 1.35 0.54 5.38 0.36 0.46 0.24




Shape Our Wat:
Seismic Risk Assessir

Tablel-1. Pump Station Geotechnical Hazard Détantinued)

WWPS04¢ 0.00 0.68 0.88 0.62 0.00 0.38 0.51 0.60
WWPS04 0.00 0.72 0.82 0.48 0.00 0.39 0.49 0.50
WWPS04¢ 0.00 0.75 1.01 0.72 0.00 0.35 0.48 0.54
WWPS04¢ 0.00 0.76 0.99 0.72 0.00 0.35 0.48 0.56
WWPSO05( 8.70 0.76 1.06 0.84 8.76 0.34 0.48 0.56
WWPS05! 0.00 0.63 0.84 0.57 0.00 0.34 0.45 0.52
WWPSO05: 0.00 1.27 1.49 0.59 0.00 0.39 0.49 0.24
WWPS054  12.17 0.75 1.00 0.72 13.49 0.37 0.50 0.58
WWPS05§  15.62 0.70 0.99 0.81 16.65 0.33 0.48 0.58
WWPS05¢ 0.00 0.59 0.65 0.37 0.00 0.38 0.48 0.46
WWPSO05] 0.00 0.81 1.02 0.70 0.00 0.36 0.48 0.52
WWPSO05¢ 0.00 0.80 1.06 0.75 0.00 0.36 0.48 0.54
WWPSO05¢ 0.00 0.83 1.09 0.75 0.00 0.37 0.48 0.54
WWPSO06( 0.00 0.92 1.13 0.75 0.00 0.37 0.47 0.50
WWPS06] 18.71 0.93 1.22 0.88 17.33 0.37 0.48 0.54
WWPS064 16.14 1.03 1.13 0.64 14.04 0.38 0.44 0.42
WWPS063  13.70 0.98 1.08 0.62 12.04 0.37 0.45 0.42
WWPS06¢ 0.00 0.88 1.08 0.72 0.00 0.37 0.47 0.50
WWPS06Y  27.08 0.77 1.03 0.76 28.10 0.35 0.48 0.56
WWPS06¢ 0.00 0.76 1.03 0.76 0.00 0.35 0.48 0.56
WWPSO06' 0.00 0.77 1.05 0.76 0.00 0.35 0.48 0.54
WWPSO06¢ 0.00 0.65 0.79 0.51 0.00 0.35 0.44 0.48
WWPS07(  25.60 1.04 1.22 0.51 22.58 0.38 0.49 0.27
WWPS07] 28.91 1.05 1.11 0.38 25.93 0.40 0.47 0.22
WWPS074  11.73 0.78 1.15 1.37 10.86 0.31 0.51 0.76
WWPS073 105.28 1.01 1.44 1.26 96.66 0.34 0.51 0.64
WWPS074  16.35 111 1.47 1.16 14.44 0.36 0.50 0.60
WWPS074 13.94 0.83 121 0.88 12.72 0.33 0.53 0.39
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Tablel-1. Pump Station Geotechnical Hazard Détantinued)

WWPS07¢  35.13 1.10 1.35 0.58 30.59 0.38 0.50 0.27
WWPSO07 0.00 0.94 1.24 0.88 0.00 0.38 0.51 0.56
WWPSO07¢ 6.26 1.04 1.32 0.61 5.40 0.34 0.47 0.28
WWPS08( 0.00 1.06 1.32 0.55 0.00 0.34 0.45 0.24
WWPS08! 0.00 1.08 1.26 0.48 0.00 0.35 0.43 0.22
WWPSO08: 0.00 1.01 1.09 0.38 0.00 0.39 0.47 0.22
WWPSO08: 3.68 0.77 1.03 0.75 4.20 0.37 0.50 0.58
WWPS08¢ 0.00 0.70 0.94 0.67 0.00 0.38 0.51 0.60
WWPS11¢ 3.30 0.51 0.68 0.47 5.48 0.35 0.47 0.54
WWPS11¢ 0.53 0.52 0.70 0.51 0.95 0.36 0.50 0.60
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Tablel-2. Summary ofPump StationPGDinformation

P”mp Date of . Landslide | Liquefaction PGD, inches
Station Construction GeneralDescription Zone Zone | |
Number M7.0 SFZ M9.0 CS:

There are three precast round tanks made of 10

WWPS001] 1978 manhole rings. One tank has equipment (dry we|  No No 0.00 0.00
and the others are wet wells.
This is a cagh-place round storage tank, 20' ID

WWPS002 1929 with a concrete dividing the tank imalf. Yes No 0.00 0.00
There are two round cash-place tanks. One is 18

WWPS004 1979 high and the second is 8' diameter by 18' high No ves 6.30 5.37

WWPS005 1930 Thls isa casn—plgcg _round storgge tank, 20' ID NoO No 0.00 0.00
with a concrete dividing the tanik half.

WWPS006 1930 This is a 136" x 16* 8" x 153" High castn-place NoO No 0.00 0.00
concrete vault.

WWPS007 1932 Thls is a:as'em—plgcgr_ound storagv_e tank, 26' ID No No 0.00 0.00
with a concrete dividing the tank in half.

WWPS00d 1933 Thls is a:as'em—plgcgr_ound storagg tank, 22' ID No Yes 950 775
with a concrete dividing the tank in half.

WWPso1d 1933 Thls is a:as'em—plgcgr_ound storagg tank, 34' ID No No 0.00 0.00
with a concrete dividing the tank in half.

WWPS011] 1998 Pumpstation is a concretenainline No Yes 7.42 9.47

WWPS013 1935 | TS is &astin-placeround storage tank, 18"ID | Yes | 10.87 | 12.19
with a concrete dividing the tank in half.

WWPS017 1975 T_hls |s_a:as'em—_pl_elcepump station24.5' x 23x 28 NoO Yes 6.18 537
high with a dividing wall for the wet well.
There are twrecast structures. The square

WWPS018 1987 structure is 8.33' x 4.3% 7' high. The round No No 0.00 0.00
structure is 72" ID x 17" high.

WWPS01d 1987 ;ir;t]re are two precast round tanks 6' diameter, 1 No No 0.00 0.00

WWPS020 1940 Thls is a:ast-ln-pla_cgr_ound storag(_e tank, 18' ID No No 0.00 0.00
with a concrete dividing the tank in half.

WWPS021 1988 'rl]'it;?]re are two precast round tanks 6' diameter, 2 Yes Yes 1118 | 10.65

WWPS022 1952 Thl_s is a squareastin-placel4 x 20 x 24deep No No 0.00 0.00
buried concrete structure.

WWPS025 1952 Thls is a:ast-ln-pla_cgr_ound storag(_e tank, 16' ID No No 0.00 0.00
with a concrete dividing the tank in half.
This pump station consists of one 6'x6' squeast

WWPS028 1975 in-placestructure and two 4' diameter precast Yes No 0.00 0.00
manholes.
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Table 2. Summary of Pump Station PGD Informatit@ontinued)

This pump station has a square ~6'x4' square

WWPSO030 1990 control chamber and a round ~8' diameter Yes No 0.00 0.00
structure.
WWPS031] 1987 |Thisis a 6' diameter x 22" high precast manhole; No No 0.00 0.00

This is a&astin-placeround storage tank, 17.33' I[
WWPS035 1955 |with a concrete dividing the tank in half. The No Yes 4.85 5.38
middle wall only extends 7.8' above floor

This is a squareastin-placel3 x 18 x 17 ft deep
WWPS036 1957 | buried concrete structurelt has a square sump fo  No Yes 14.09 | 10.97
the wet well.

This is a squareastin-place46 x 18.67 x 25 ft dee
WWPS037 1957 concrete structurelt has a square wet welland a|  Yes Yes 26.31 | 20.48
overflow chamber.

This is a squareastin-placel4 x 19.75 x 19 ft dee
WWPS038 1959 | concrete structurelt has a square overflow No Yes 52.73 | 42.76
chamber.

This is a squareastin-placel7.16 x 23.16 x 21 ft
WWPS039 1957 deep concrete structurdt has a square overflow No No 0.00 0.00
chamber.

This is a squareastin-placel10ft by 18.5ft by
WWPS042 1957 15.66 ft deep concrete structure. It has a square, Yes Yes 5.45 4.46
overflow chamber.

This is a squareastin-place18.66ft by 33.33ft by
WWPS043 1957 34.5 ft deep concrete structure. It has a squarey  No No 0.00 0.00
well and overflow chamber.

This is aastin-placeround storage tank, 1-& ID
with a concrete wall dividing the tank in half for 3

WWPS044 1953 wet well. The middle wall extends the full height No ves 6.36 5.32
the tank.

WWPS045 1967 This is a squareastin-placel2 ft x 12ft x 18.5 ft NoO Yes 6.34 5 38
deep concrete structure. It has a square wet wel

WWPS046 1959 Thls is aastin-placeround storage tank, 14 ID NoO No 0.00 0.00
with a concrete tank.

WWPS047 1590 Pumpstation is a 1t diameter castin-place NoO No 0.00 0.00
structure.

WWPS048 1973 This is a square cast-place 18by 18 by 22 deep NoO No 0.00 0.00

concrete structurelt has a square wet well.
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Table 2. Summary of Pump Station PGD Informatit@ontinued)

This is a square by 10ft structure with wet
WWPS049 1960 |well by 14.25ft highwith 2-feet-8-inchesthick No No 0.00 0.00
floor

This is a square Jiby 11ft structureby 16.66'

WWPS050 1961 HIGH with 1" Thick floor, no wet well No ves 8.70 8.76

WwWPsos1 1961 Rounq tank w-|th wetvell. 14' OD and 19' high. No No 0.00 0.00
Floor is 4 ft thick

WWPS053 1961 |Thisis a & diameter manhole rings No No 0.00 0.00
Pumpstation is square 17ty 13.5ft by 321t high

WWPS054 1963 |with center wall for wet well, floor is 4.75 ft thick No Yes 12.17 | 13.49

with no rebar.

Pumpstation is a Round tank. 12.83D and
WWPS055 1963 22.916ft high. Floor is 1 ft thick reinforced with 1 No Yes 15.62 | 16.65
ft of tremie concrete below floor.

Structure is precasnainlinewall. No wet well.
Structural drawings not provided. Diameter of
structure was not provided. Roof not connected
structure.

WWPS056 1984

Pumpstation is a square 14.33 x 14.33' x 21.83'
WWPS057 1964 with center wall for wet well, floor is 5 ft thick witf ~ No No 0.00 0.00
no rebar.

Pumpstation is a square 14.33 x 14.33' x 19.83'
WWPSO058 1964 with center wall for wet well, floor is 5 ft thick vhit No No 0.00 0.00
no rebar.

Pumpstation is a square 14.33 x 14.33' x 20.83'
WWPS059 1964 with center wall for wet well, floor is 5 ft thick witt ~ Yes No 0.00 0.00
no rebar.

Pumpstation is a square 14.33 x 14.33' x 20.33'
WWPSO060 1964 with center wall for wet well, floor is 5 ft thick witt ~ Yes No 0.00 0.00
no rebar.

Pumpstation is a square 14.33 x 14.33' x 17.83'
WWPS061 1964 with center wall for wet well, floor is 5 ft thick witf ~ No Yes 18.71 | 17.33
no rebar.

Pumpstation is square 14.33 x 14.33' x 20" H wit
WWPS062 1964 center wall for wet well, floor is 5 ft thick with no No Yes 16.14 | 14.04
rebar.

Pumpstation is 14.33 x 14.33' x 21.83' H with
WWPS063 1964 center wall for wet well, floor is 5 ft thick with no No Yes 13.70 | 12.04
rebar.




Shape Our Wat:
Seismic Riskssessmel

Table 2. Summary of Pump Station PGD Informatit@ontinued)

Pumpstation is a square 14.33 x 14.33' x 13.5' H
WWPS064 1964 with center wall for wet well, floor is 4 ft thick witl No No 0.00 0.00
no rebar.

Pumpstation is a square 14.33 x 14.33' x 19.3' H
WWPS065 1964 with center wall for wet well, floor is 4 ft thick witl No Yes 27.08 | 28.10
no rebar.

Pumpstation is a square 14.33 x 14.33' x 19.3' H
WWPS066 1964 with center wall for wet well, floor is 4 ft thick witl No No 0.00 0.00
no rebar.

Pumpstations is a square 14.33 x 14.33'x 13.3'

WWPS067 1964 with center wall for wet well, floor is 4 ft thick witl No No 0.00 0.00
no rebar.
Pumpstation is square 14.33 x 14.33' x 14.24' H

WWPS069 1964 with center wall for wet well, floor is 4 ft thick witl No No 0.00 0.00
no rebar.

Pumpstation is square 14.5 x 14.5' x 37' H with
WWPSO070 1963 center wall for wet well, floor is 4 ft thick with no No Yes 25.60 | 22.58
rebar.

Tank: round 13' dia x 20" higlastin-place
Concrete structure.
WWPS07L 1963 Weir: two structures 12 x 10 x 7' high square an No ves 28.91 | 25.93

13 dia x 20" high round made ofainline

This is a square 23 x 22.33' x 25.66"' H with cent
wall for wet well, floor is 6 ft thick with no rebar.

WWPS072 1965 |Middle wall is attachedd tank walls and deeply No Yes 11.73 | 10.86
embedded in floor. It is not attached at roof exce
for a key.

This is a square 23 x 22.33' x 22' H with center v
for wet well, floor is 6 ft thick with no rebar. Midd
WWPS073 1965 |wall is attached to tank walls and deeply No Yes 105.28 | 96.66
embedded in floor. It is not attached at roof exce
for a key.

Thisis a square 23 x 22.33' x 22' H with center w
for wet well, floor is 9 ft thick with no rebar. Midd
WWPS074 1966 |wallis attached to tank walls and deeply No Yes 16.35 | 14.44
embedded in floor. It is not attached at roof exce
for a key.

This is a round tank . 8.16' OD and 24' high. Roc
not connected to tank.
WWPS075 1966 Floor is 4.83 ft thick with no reinforcement Floor No Yes 13.94 | 1272

not connected to tank walls
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Table 2. Summary of Pump Station PGD Informatit@ontinued)

This is a square 13.5 x 14.5' x 21.25' H with cent
wall for wetwell, floor thickness could not be
WWPS076 1965 determined. Floor has no rebar. Middle wall is Yes Yes 35.13 | 30.59
attached to tank walls. Attachment to floor could
not be determined. Attached to roof with key onl

This is a square 18 x 18' x 39vkh center wall for
wet well, floor is 5.5 ft thick with no rebar. Middle
WWPS077 1970 |wall attached to tank floor is not shown. Wet wall  No No 0.00 0.00
walls are attached to tank wall by rebar with two
hooks.It is not attached at roof except for a key.

Structure is precast circulanainlinestructure with

WWPS078 1970 No Yes 6.26 5.40
no wet well.

WWPS080 1967 This pumpstatlon is 7.16' OD x 22' H made from No No 0.00 0.00
manhole rings
This is a square 14.33 x 14.33' x 16.416' H with

WWPS081] 1968 |center wall for wet well, floor is 3.5 ft thick with n|  No No 0.00 0.00
rebar.

WWPS082 1972 This pump_statlon is 7.16' OD x 20' H made with Yes No 0.00 0.00
manhole rings

WWPS083 1972 Thisis a 7_.16 Oanhole rings x 20' H made witl No Yes 3.68 4.20
manhole rings
This is a square 14.33 x 14.33' x 18.5' H with ce

WWPS084 1973 |wall for wet well, floor is 6.25 ft thick with no No No 0.00 0.00
rebar.

WWPS114 1953 |Thisis a 16.75x 9 x 12dstin-placestructure No Yes 3.30 5.48
This is a 8.66 x 8.66' x 16.66¢aktin-placesquare

WWPS118 1956 pumpstation with a round wet well that is No Yes 0.53 0.95

immediately adjacent

I-10
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Tablel-3. Pump StationVulnerability Assessment

Pump
Station
Number

Structural

Mainline Connection

WWPSO001

The structures are 10' diametemanhole rings with
T&G "O" ring joints. The figure shows the manhole
sections to be about 8 foot lon@.onsidering the type
of construction and diameter it is likely the manhole
rings will crack in the transverse direction due to
tension, but the structurevill remain functional.

There are rigid 4" and 8" DIP that are connected t
both the dry well & wet well and another set of
mainlines that are connected between the two wet
wells. Thesenainlines are embedded into the wall
the structures. Thesmainlines could break due to
shaking.

WWPS002

The structure has only one layer of rebar on the inn
face of the perimeter walls and one layer of rebar o
the tension face of the middle wall. This structure w
perform poorly due to its lack of ductility in the oute
and inner walls. The tank wallseasusceptible to
cracking and leaking due to the lack of ductility.

The flow into the PS comes from a IBainline It is
rigidly attached to the wall. In most cases there
appears to be a bell and spigot joint just outside tt
wall of the structure Thedischargemainlineis a 10"
CIP that has a bell and spigot joint. There is an
immediate 98degree bend and joint just outside th
structure.

WWPS004

The structures are made with two layers of
reinforcement. The amount of longitudinal reinforcir
is not ndicated.Considering the type of construction
and diameter it is likely the manhole rings will crack
the transverse direction due to tension.

There is a 6" Dhainlinethat is rigidly connected
between the two tanks. Thisainlinecould be
cracked obroken during the design earthquake.

WWPSO005

The structure has only one layer of rebar on the inn
face of the perimeter walls and one layer of rebar o
the tension face of the middle wall. This structure w
perform poorly due to its lack of ductilifp the outer
and inner walls. The tank walls are susceptible to
cracking and leaking due to the lack of ductility.

The flow into the PS comes from a 2ainline It is

rigidly attached to the wall and could be cracked ¢
broken during the design earth@ite. The discharge
mainlineis a series of cast iron fittings connecting
two 10" diameter dischargeainlines at a wye. The
dischargamainlines are rigidly attached to the wall.
The dischargenainlinewould have some flexibility.

WWPSO006

The structure ha only one layer of rebar on the inne
face of the perimeter walls. The rebar does not hav
hooks at the corner. One wall is adjacent to a

stairwell. The stairwell will prevent one tank wall frg
transferring it load to the soil. The structure does n¢
hawe a clear load path to transfer load to the soil. T
structure lacks ductility and a clear load path.

The intakemainlineis a cast iromainlinethat is
rigidly attached to both the pumpstation and the
adjacent sump structure. The cast iron discharge
mainline exits the pump station at a 48egree angle
to the wall. It is rigidly attached to the pumpstatior
wall.

WWPS007

The structure has only two layers of rebar on the
perimeter walls and one layer of rebar on the tensic
face of the middle wall. Roof only has one layer of
reinforcing. This structure will perform poorly due ta
the lack of ductility of the inner wall andof. The
tank walls are susceptible to cracking and leaking ¢

to the lack of ductility.

The flow into the PS comes from a 1Bainline It is
rigidly attached to the wall and could be cracked ¢
broken during the design earthquake. There is a 1
and 16 CI dischargenainline They are cast into the
wall. The 16" ClI has a bell connection just outside
the structure.

-11
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Tablel-3. Pump Station Vulnerability Assessmefmontinued)

Pump
Station
Number

Structural

Mainline Connection

WWPS009

The structure has only two layers of rebar on the
perimeter walls and one layer of rebar on the tensig
face of the middlewall. This structure could perform
poorly due to its lack of ductility in the middle wall.
The tank walls are susceptible to damage due to
liquefaction and lack of ductility due to rebar splice
lengths.

The intakemainlineis a 21" pipe. It is cast inth¢
wall and has a bell and spigot fitting adjacent to th
structure. The 21Mainlinehas a bell connection ju:
outside the structure. The dischargsainlineis a 10"
pipe that is rigidly attached to the wall and an
adjacent structure. It could be cracked broken
during the design earthquake due to differential
movement between the structures.

WWPS010

The structure has only two layers of rebar on the
perimeter walls and one layer of rebar on the tensig
face of the middle wall. Roof only has one layker o
reinforcing. This structure will perform poorly due tg
the lack of ductility of the inner wall and roof. The
tank walls are susceptible to cracking and leaking ¢
to the lack of ductility.

The intakemainlineis a 15" pipe. It is cast into the
wall andhas a bell and spigot fitting adjacent to the
structure. The 15Mmainlinehas a bell connection ju:
outside the structure. The dischargaainlineis an 8"
Cl pipe that is rigidly attached to the wall and an
adjacent structure. It could be cracked or beok
during the design earthquake due to differential
movement between the structures.

WWPS011

The structure is a concretmainline The roof is not
attached. Since it is in a liquefaction zone the joints
could pull part and roof be displacelloatation caild
not be determined due to inability to find dimension
of pumpstation.

There is a 1:2nch dimeter intakemainlineand two
6-inch diameter dischargmainlines. The discharge
mainlines have a coupling just outside the wall of t
pumpstation. Themainlines then enter a pump
control structure. There is only a couple of feet
between these structures. The liquefaction
movement is more than the piping is designed to
resist.

WWPS013

The structure has only one layer of rebar on the inn
face of the perimetewalls and one layer of rebar on
the tension face of the middle wall. This structure w
perform poorly due to its lack of ductility in the oute
and inner walls. The tank walls are susceptible to
cracking and leaking due to the lack of ductility.

The inake mainlineis a 10" pipe. It is cast into the
wall. The dischargmainlineis a 10" CIP with flange
joints. The dischargmainlinemakes a 9@egree
bend just outside the structure.

WWPS017

The walls bars have hooks on outer face but not on
inner face. Roof is attached to wall only with a
concrete key. Center wall between wet well wall ha
two layers of reinforcement with two hooks betweet
wet well wall and tanks wall. Structure has adequat
ductility, but the roof may move relative to the
structure.

Intake piping is a 30hainline There is a coupling
outside the wall which may provide some flexibility
The 10" dischargmainlinehas a coupling outside
the wall which will provide some flexily.

WWPSO018

Both structures are precast manhole type structure
Considering the type of construction and diameter i
likely the manhole rings will crack in the transverse
direction due to tension.

The intake piping is an 8" with a coupling outside
wall. The discharge piping is two 2" diameter
mainlines which connects the two structures. Thes
mainlines have two flexible couplings on each
mainlinebetween the structuresThe final discharge
mainlineis a 3" pipe with a flexible coupling.

I-12
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Pump
Station
Number

Tablel-3. Pump Station Vulnerability Assessmefmontinued)

Structural

Mainline Connection

WWPS019

Both structures are precast manhole type structure
Considering the type of construction and diameter i
likely the manhole rings will crack in the transverse
direction due to tension.

The intake pipig is an 6" DIP. There may be a
coupling outside the wall however it is not cle@he
discharge piping is two 2" diametarainlines which
connects the two structures. Thesaainlines have
two flexible couplings on eadhainlinebetween the
structures.Thefinal dischargenainlineis a 3" pipe
with a PVC adaptor. The PVC piping and this
connection may not perform well.

WWPS020

The structure has only two layers of rebar on the
perimeter walls and one layer of rebar on the tensig
face of the middle wall. Ti& structure will perform
poorly due to its lack of ductility in the inner wall. TH
tank walls do not have adequate splice lengths. Th
lap joint shown where the tanks outer wall thicknes
changes make this area susceptible to cracking an
reduced ductily.

The intakemainlineis a 10" ClI pipe that is rigidly
attached to two structuresThismainlineis
susceptible to damage due to differential moveme
between the structures. The discharg®inlineis an
8" ClI pipe that is rigidly attached to the watichhas
an immediated0-degreebend. It could be cracked ¢
broken during the design earthquake.

WWPS021

Both structures are precast manhole type structure
Considering the type of construction and diameter i
likely the manhole rings will crack inghransverse
direction due to tension.

The intake piping is an 8" DIP with a coupling outs
the wall. The discharge piping is two 2" diameter
mainlines. Thesenainlines have two flexible
couplings on eachainline

WWPS022

All walls have two layers oinforcement. All walls
have hooks, but the inner layer rebar hook is
embedded improperly and will be ineffective. This
rebar placement may damage the wall of the
structure. Roof is attached to wall with unhooked
rebar. Center wall only has one ineffaetihook and
one straight bar with inadequate development leng
Structure does not have good ductility.

The intake piping is an 16" @hinlinethat is
embedded in wall of the structure. The discharge
mainlineis an 8" diameter pipe that makes a-90
degree bend outside the structure and uses a thrt
block to resist the thrust. Themainlinecan pull apart
or be damaged by differential movement leten
the thrust block and vault.

WWPS025

The structure has only two layers of rebar on the
perimeter walls. The rebar in the middle wall is
designed for the beam to be a moment connection
the tank wall but the rebar only has a short
embedment at the &ank wall. This wall is improperly
designed. This structure will perform poorly due to
lack of ductility in the inner wall.

The intakemainlineis a 14" ClI pipe that is rigidly
attached to the structureThe dischargenainlineis a
8" ClI pipe that isigidly attached to the wall and ha:
an immediate 90 degree bend. It could be crackec
broken during the design earthquake.

WWPS028

The roof of the square structure is attached with re
and should perform well. The round manholes shoy
perform well lut may leak at the joints

No flexible couplings are shown for intake or
discharge piping.

WWPSO030

There are no reinforcing drawingBhe existing
structures are small enough that standard precast
structures should perform adequately.

The intake piping consists of several Bifinlines
that project inside the structure. The discharge
piping is flanged 4" line.

WWPS031

The structure is precast manhole. Considering the
type of construction and diameter it is likely the

Intake piping is @8" mainline There is a coupling
outside the wall which may provide some flexibility

1-13
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Tablel-3. Pump Station Vulnerability Assessmefmontinued)

Pump
Station
Number

Structural

Mainline Connection

manhole rings will perform adequately but may cra
in tension.

The 2" dischargenainlineshould have adequate
flexibility.

WWPS035

The structure has two layers of rebar on the bottom
perimeter tank wall (1.33 ft thick). The structure
stands about 4 feet out of the ground. The top 10 fe
of the tank has only on@yer or rebar on the outer
face of the perimeter tank wall (8 inches thick). The
is only one layer or rebar on inner wall separating
water from rest of structure. The roof is attached wi
rebar. The middle wall could perform poorly due to
lack of duetility. Since the middle wall is only 8 feet
high the risk of failure is considered low.

The intakemainlineis a 12" ClI pipe that is rigidly
attached to an adjacent manhole with a 12" valve.
Thismainlineis susceptible to damage due to
differential mowement between the structures. The
valve in adjacent structure maybe able to isolate t
structure. The dischargmainlineis a 8" Cl pipe. It
exits the structure thru a 10" pipe spool and is
chalked to prevent leakage. This connection has
some ductility.

WWPS036

All walls have two layers of reinforcement. All walls
have hooks on the outer wall and a straight bar on

inner layer of rebar at every corner. Roof is attache
to wall with unhooked rebar.

The intakemainlineis a 18" CI pipe that is rigidly
attached to the wall of the structure and enters at
degrees to the structure. Thisainlineis susceptible
to damage due to it orientation to the wall of the
structure. The dischargmainlineis a 8" pipe. It exits
the structure through a pipe spool andkes an
immediate90-degreeturn. Themainlinehas flanges
so it should not separate from wall

WWPS037

All walls have two layers of reinforcement. All walls
have hooks on the outer wall and a straight bar on
inner layer of rebar at every corner. &ads attached
to wall with hooked rebar. Center wall only has two
hooks.

The dischargenainlineis a 20" pipe. It is rigidly
attached to the wall of the structurdt exits the
structure through a pipe spool. The intak®inlines
are 36" and 21' and apjee to be cast into the wall
structure and stop at a sluice gate.

WWPSO038

All walls have two layers of reinforcement. All walls
have hooks on the outer wall and a straight bar on
inner layer of rebar at every corneFhe corner detail
does lack ductity. Roof is not attached to the walls.
The roof could displace from the structure. Since th
pumpstation is in a liquefaction zone it could cause
the pumpstation to become inoperable.

The intakemainlineis a 18" Cl pipe that is rigidly
attached to thewall. There is no information on the
type ofmainlineused. The dischargaainlineis an

8" pipe. It exits the structure through a pipe spool
and takes an immediat@0-degreeturn. The
mainlinehas flanges so it should not separate fron
wall. The materiails not called out, but it is detailed
similar to a steel pipe.

WWPS039

All walls have two layers of reinforcement. All walls
have hooks on the outer wall and a straight bar on
inner layer of rebar at every cornefhe corner detail
does laclductility. The roof is not attached to the
walls and could move relative to the structure.

There are three intakenainlines. There are two 18"
intake mainlines and one 24tnainline They
intersect the wall at obtuse angles making them
vulnerable to damagédue to shaking. They are
rigidly attached to the wall. There is no informatior
on the type ofmainlineused. The dischargeainline
is a 12" pipe. It exits the structure through a pipe
spool and takes an immediatts>-degreeturn. The
mainlinehas flangeso it should not separate from
wall. The material is not called out, but it is detaile
similar to a cast iron.

I-14



Shape Our Wat
Seismic Risk Assessir
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Station
Number

Tablel-3. Pump Station Vulnerability Assessmefmontinued)

Structural

Mainline Connection

WWPS042

All walls have two layers of reinforcement. All walls
have hooks on the outer wall and a straight bar on
inner layer of rebar atwery corner. The corner detai
does lack ductilityThe roof is attached to the walls.

The intakemainlineis a 10" pipe that is rigidly
attached to the wall. There is no information on th
type ofmainlineused. The dischargmainlineis a 6"
Cl pipe anekxits the structure through a pipe sleev
The dischargenainlineis vulnerable to being pulled
apart at joints.

WWPS043

All walls have two layers of reinforcement. All walls
have hooks on the outer wall and a straight bar on
inner layer ofrebar at every corner. Roof is attacheg
to the walls.The corner detail does lack ductilifjhe
roof is attached to the walls.

The intakemainlineis a 36" concrete pipe and is
rigidly attached to the wall. Thmainlinecan pull
apart at the joints or belamaged due to shaking.
The discharge pipe is a 10"r@inlineand is rigidly
attached to the wall. Thenainlinehas flanged
connections so should not separate from the walls

WWPS044

The structure has two layers of rebar on the perime
walls and midle wall. This middle wall is connected
the tank with a hooked bar and a straight bar. This
connection lacks ductility. The tank walls will not hag
adequate splice lengths. The longitudinal bars in th
wall do not have adequate lap lengthEhe roof is
connected to the tank walls with rebaFhe tank
should perform adequately.

The intakemainlineis a 12" pipe that is rigidly
attached to the wall. There is no information on th
type ofmainlineused. The dischargeainlineis a 8"
Cl pipe and exits thstructure through a pipe sleeve
The dischargenainlineis vulnerable to being pulled
apart at joints.

WWPS045

All walls have two layers of reinforcement. All walls
have hooks on the outer wall and a straight bar on
inner layer of rebar at every coen. The middle wall
has one hook and one straight bar. The corner deta
does lack ductilityThe roof is attached to the walls.

The intakemainlineis an 8" pipe that is rigidly
attached to the wall. There is no information on th
type ofmainlineused. The dischargeainlineis a 4"
pipe and exits the structure through a pipe sleeve
The dischargenainlineis vulnerable to being pulled
apart at joirts.

WWPS046

The structure has two layers of rebar on the perime
walls.The longitudinal bars in the wall have adequa
lap lengthsThe roof is connected to the tank walls
with rebar.

The dischargenainlineis a 8" Cl pipe and exits the
structure through a pipe sleev@he discharge
mainlineis vulnerable to being pulled apart at joint

WWPS047

The structure has two layers of rebar. There are tw
layers of rebar with hooks that attach the roof to the
pumpstation. The construction joints have twqyéas
of rebar passing through the joints. The foundation
2cé GKAOl® LG KFa 2yS f
the slab. This structure should perform well.

The two dischargenainlines are 8" CIP. They pass
through a sleeve and are not rigidly attzed to the
wall. The intakemainlineis an 8" CIP. It is passes
through a sleeve when passing through the wall a
are not rigidly attached to the wall.

WWPS048

All walls have two layers of reinforcement. All walls
have hooks on the outer wall andstraight bar on the
inner layer of rebar at every corner. The middle wa
has two hooks. The corner detail does lack ductility

The roof is not attached to the walls.

The dischargenainlineis a 8" CIP pipe and exits th:
structure through a pipe sleeveh@re is a coupling
just outside the tank wallThe intakemainlineis an
18" PSS pipe with a coupling outside the wall.
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