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Subject: CommentsonRecentlyl_ccivcd Do_unent_P_rlainingto
ScattleTacomaInternationalAkpor¢I_jcct
Thkd Runway- EmbankmentFill andW_'_MSE Wall

OeoSyntcc Consu|t_s (GcoSyatec)has bccfl lcCsixcdon behalf of the Airport
CommunitiesCoalidon to l=ovid¢a technicalreviewof inwsti_tJon, analysisand design
relatingto con,muction of theembenkn_ntfill and W_ bi_,hanioally S_iliz_! Earth
0riSE) Wall cI_a_s of _ laupos_! ThUd Runway F.xpandonProjectat the 8¢alfle
Tacoma International Akport. C._oSyn_ f_t commJ_ed on proj,_t do_un_nts in a
lett_' datcd*16 FebruaW 200I. This l©ttcrsummarizes O_Syntec's comments on
documentsrelatingto th_projcctwhich were not availableduringthe tint r_vk_v. The.
new d_um¢nts_evi¢_ _ t1_following:

• '_co_hnicalEng_edngAnalysesandl_commeadatiora-ThirdRunway
Embankment- SeaClc-T_.omsIn_'natIonal Airport- SeaTac, Washington,"
Preparedfor_ by HartCruwser,December4, 2000.

• "AdditionalInformationon the Seismic I_dgn_" HartCrowserMmorandum,
hauary25,2001.

• "RcviscdMethodsandResultsof Liquef_tionAnalys_- ThirdRunway
Embankment- SeaTac,Washing_ort,"HartCrowser_cmorandum,March5,
2001.... ,--
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GeoSynteo'spersonnelin chargeof the reviewincludePa_ck C.Luole,Ph,D,,
P.E,,andEdwardKavazaniian,Jr.,Ph.D.,P.E.

Introduction

L'xearlierlettersdated16 February2001, 15 March2001, and22 June2001,
GeoSynte¢hasident_ed consistentgaps tnthe analysescarriedout by thePortof
Seattleand its cormut_antsin their effom to design this project. The review of
edditiona/documentspresentedhereinunfortunatelyfollowsthis trend. Aprojectof the

, mai_tude and impodar_eof _e ThirdRunwayExpansi_ at lhe SeattleTacoma
Intern_onalAirportrequiresa_erence to the highest of _de.,ds. The various
elementsof r_edesignprocessmustbe scrutinizedst everylevel in orderto givethe
resultings_tcture every chanceof weatheringextremeevenu;andremainingsafeand
operationalfor the econnmlclifeofthe facilityandbeyond.

In the discussionthatfollows, severalkey pointsandconcernswill be __
regarding_he analyses pz_sentedin these _:ently _'tewed clocuments. In our

.discussions,we focuson thefollowingessentialfindings:

• the seismic riskpresentedby thenumeroussourcesof potentialem_hquakesIn
the Seattleregion have not been addressedcomprehensivelyand has been
underestimatedforoneormoreof themajorsoun:es;,

• seismicstabilityanalysesandFLACdeformationanalyseshavebeenperformed
incorrectly;

• theextentof thepotentiallyliquefiablen',aterialwas notproperlyrepresented,
resultingin overestimationof post,earthquakestability;

• compositeshearstrengthsusedto representthe weakliquefiablematerialsare
beingovcre_mated, resultingin overestimationof post-earthquakestability;
and

• insufficient documentationis being providedfor a proper and thorou_
regulatorydecisiontobemade.

Wecontinueto maintainthatthePort'sconsdtantshavenotdemonstratedthat
this project as designedwill performaceep_bly when subjectedto _e seismic loads
thatarean_eipacedoverits_ef_[ life, Thefollowingssetior_provideourcommezttary
oneachof thet_e documentsreviewed,focusingontheaboveissues.
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DocumentI: "GeotechnicalEn_em'iq Ane_sa m_i Recownm_ns- 17d_
RunwayEmbankment-Semffe.TacomaInternationalAi_- Se_ec,

- _ahluFon,"Pr_paredfor_ byHartCmvaer,Decem&r4,ZO0_

CommentIA: By using_c.omoositestrcne_hsasimplemented.,theHartCrowr,er
analysis_etyo_verlgokanctentiallydaneerotm..Mopcinstabili]7mech_m_

Basedupona statisticalassumptionthatone-thirdof thesoilwouldliquifyin
the designevent,HartCrowseruses the followingequation to definethe post-
earthquakecompositestrengthof a soil layerwhichcontainsbothllqu_fiedand
unliquefiedsoftsforthe475-yexresrthquakeevent:

t

3 3

where_ is M compositesheerstrength,¢ is theresidualstrengthof thel/queriedsoil
(theone-thirdecprescnt-,theassumptionthato_-thkdof thesoilwouldliquefy),_vis
thestresscausedby theoverlyingembankmentandcomputedbaseduponthemid-
heightof theembankment,and4_is thefrictionan_leoftheurdiquefiedsoil(thetwo-

representsthestrengthcontributionofthesoilthatisassumednottoliquefy),By
applyingthisuniformslrengthvaluethroughoutth_entiresoillayer,HartCtOwsermay
besedomlyoverestimatingthestrengthat thetoe oftheslopewheretheheightof the
overlyingembankm._tis verysmall,andthereforeav is vm"ysmall.By]nc.,'easin8the
slx'engthat the toe, a potentiallyseriousFognsslve yieldingmechanismis being
ignored,

ProgressiveyieldingoccurswhenaMopofailuredoesnotoccurallatonce(the.
underlyingassumptionof limitequilibriumanalyses),butratheraportionofthefailure".... ,.
su_accweakensfirst,endasa rcsuttmorestressthatwaspreviously¢a,-'riedbyridssoiL,
is umsfcrredto otherportionsof thefaituresurge aad_¢y in turnbeginto fail
p_gresslvelydueto theincreasedstre_ea. Fortheembankment,a loos_liquefiable
zonenearthetoemayloses'lnmgthdueto theearthquake,followedbyaprolpusive
shearingof soils f_,hcr tmdemeathandup intothe©mbankmcm.Theprocesscan
perhap_b¢describedasanunzippingofthefailuresurface,prvg_cssingfromoneendto
theother.

Pro_r analysisof thismodeof failuret_uires thatthepotent_allyliquefiable
soil, or anyothersoil thatis subjectto strengthlossovertheprojectlifetimedueto
l:_.WRO3aO_ubmt_d'_GmSynlo_SuTs: foremostt.cmu"rJ.do_
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seism/eity or any other reason, be modeledin differentsegments, each with an
appm_ately selectedstrengthvalue. Therefore;ratherthanusinga sinlle c,om_site -
strengthvtl_, _e soil below the toeof theembankmentshouldbe given a residualor
nearlyresidualstrengthvalue, andhighers_ugths shouldbe appliedinclemently for
materialsunder the mid-heisht of the embankment,and materialsunderthe full
embankmentthickness.

Thispost-earthquakestremgthfonuulatietxshouldbeemployedbothforthe limit
equftiiSrimnstabilityasaessmentandfortheFLACdeformationanalyses.Infact,oneof
theprimaryadvantagesof using a numericalanalysistool llk¢FLACIs that it allows

• theengin_.rto trackprogressiveyielding.

CommeutlB: Tixe_comvo_.itestrenstthscalculatedin _e report __app¢_.to be
incorrectrelativeto the describedmethodoloav,cesultln__Jn un¢onservative_.I_h
_.t_ntthvalues.

Themethodolosymcd for calculationof compositestrengthwas discussedin
thep_viom comment.Theequationis repeatedhere:

t 2
- tan(,)r=3¢

Using ehismethodology,HartCrowserstatesin theirx_-portthatthe followingresults
were obtained"byusing one-halfof the embankmentheightto calculatethe vertical
overbln'den SU'_":

• Heightof 40 feet,St,s = 2,472psf
I_ Heightof 65 feet,Sin,= 3,885psf
• HeightofS$ feet,Smq_= 50015psf
• Heightof 115 feet(maxforStation193+19),S.s =6,709 psf

Ba._:don ourxu'td_ing of the slatedintentof thesesumlgths,the computed
vatues are inducer, and potenti_y very unconservative. The following table
dcmo_tes the correct calcutationusing Hart Crowse_'sequationfor composite
mength:

l:_Wlt0_t0_bm_?_iym¢=._xTteC0mmtntLeU_#_.dc:
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© qb IEm o'v 1:orS,,,Compositegmbaaitmcat Ver_al
RedduJt.FrictionalWeight Height(ft) Overberden
Stre_tll(lbtffr)(det,re_.)S_allth(lbCfr') IMIht(ft) StrmOb.t_,ta,) _tl_

475 32 -- 13S 40 20 . . 2700 13S0........ j ,

675 )2 135 65 32.5 4388 2053
675 .32 .-.I..3,5.t i: _ 85__ : 42,5 ._'738 26|$
675 32 I35 115 $1.$ 7763 3459

Thecomposites_ngths presentedby HartCmwserintheirreportayetheresult
of usingthe full embankmentheightinsteadof theone-halfembankmentheight(e,g.,

• calculatingoverburdenstressbasedon115_ i_steadof 57.5 f_of compactedlqli). If the
errorhas propagatedthroughoutthe analysis, then the strengthsbeln8 used arc
overestinuttedby closeto a factorof 2, potentiallyresultingin a highlyunconscrvadve
analysis,

Additionally,thevnlueof 675 psf usedfor the residualstrengthof the liquefied
matcH.Isis baseduponan _'licr liquefactionanalysis. Basedoa llquefactioaanalyses

."performedin the subsequent5 Match2OO1Mcmonmdumtiffed"RevisedMethodsfind
Results of Liquefaction Analyses," the residual strength should range from
spproximateIy400 to 600 psf,whichwouldhavetheeffectof additionally:educingthe .,

__ compositestrengthsby upto IO0psf.

Comment1C: Thex_dom distn'butionof Wst liu_uefacdonresidual.strent_.hsin the
FL_ACanalysesignore.basicg_jom,.andre.nflertheanalysisine._e_,

The ata_sticalimplementationof ]/queriedresidualstrengthsin the FLAC
analym arenotbasedon an undentandini;of thegeologyof thesite anddonot forma
basis for a sounddesign. The diaCributJonof liquefiablesoils throughoutthe site is
controlledby depodtionalprocessesand is not likely to be random, but ratherthe
systematicresultof meanderings_am chmu_elsorothersuchgeoloocal processesthat
left be/xinddeposits of loose silts and ,_u_. While thedistributionof liquefiable
depositsmay becomplex,it is notrandomandshouldnotbe modeledas such,

The soil modeldevelopedby HartCrowserforusein FLACanalysesrepresents
the potentiallyliquefiablesoil layer as a grid of cells in which loose, liquefiable
materialsire discormectedfromeachotherandsurroundedby muchstrongermaterials,
therebygreatlyreducingthemodel'sabilityto predictrealisticdeformations, Rather

I:'_W_,Q;311_ubmttUtt',(3coS_tlcSeaTJzeCamm|nt_ il2.doc
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thantherandomscat+.m'approachemployedinthe analysis,armlyp.,+atanygivencross-
sectionshouldbe baseduponthegeologicalinformationpresentatthatlocation.Where
explorationdataindicatesloose r_erial, a continuousweakseamshouldbe assumed
co_istcnt with the geologicalprocessthatcreatedthe loose deposit. Thiswill most
l_ely resultin e.,tincreasedlevel of deformation_md/orreducedfactorof safety.

HartCrowseracknowledgesthisunconservatisminthdr analysisin thck report,
slatingthat:"It is impomntto note thatif thezonesof liquefactionare not randomly
distributed(i.e., if thereis a significantzone of liquefactionin a _tical area,suchas
occurs north of Station205+00) actualdeformationswould be greaterthan these

, calculateddeformationsfor discontinuousliquefaction." Therefore,by tl_ir own
admission,thisme of a randomdistributiond' liquefiablematerielis a significantissue
with respectto the conservatism,or lackthereof, in thek analyses. Basicgeological
principleswere ignomi in the analysisandan admittailyunconservativeapproachto
charactcrlmtionof potentiallyllquefiablczoneswasemployedintheanalysts.

CommentID: Rcsul_of the_FLAC deformationanalysis are iv.d_cativeof _ther
numericalimtabilitvin_the1_ro__ramo_rextremesensitivityof_theanalysistotenacity "..
anddemandvaluesra_er thmdeformadon_thatc_tbea;_-d_asa basisfor_d_i_n. .;

TableA-8 of the reportis l_esentedhere, showingresultsforFLACdeformation
smdysesusingcomposi_strengths:

_- : _ Table A-B- Dbpltcemeutj Calculatedusi!!lEtheCompositeStrcnltthMethod
Compos_ (lLcsiduai)S_niPh _ .... Hofizoml Displacementin Feet

Psf .,, _ "toe of slope atidl_.e_htofs[ot.e topof'_lopc" . - '
4000 0.0 0,0 0,0 - .. .
2000 0.0 O.l 0.1
1750 o,I 0.3 o_
I_00 12._ IS.I 9,0
1250 unsteble unstable unmbte

f:XWltOJ_t_mlt_l_C,eoSynkcScaTs©comma_Lc_'_12
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Thedisplacementscalculatedat thctoe of theslopeareplottedin the_llowin8
graph:

" I
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Crowscr states: "Theseresultsindicatethat the compositestrengthneeds to
approximately1350 psf or [azserto keepdisplacementsto s _esonable level (on the
orderof inches)duringthedestsnlevelseismicevent." _.'" ,/,.

Ourinterpretationof the resultais that,as implemented,theFLAC enedysisis
encounteringeither numericaJinstabilities(i.e., sitltdflcantmmhcamticalerrorsa.,'c
being generatedas the programperformscalculations)or physicalinstability. The
evidenceof this is the pm_.ssion of deformationcalculations. As the strcng_ is
de,eased from2000 psf to 1750psf, anincxeasein deformationof 0.1 fl occersatthe
toe of theslope. Then,an equtva/entdecrcasein strengthof 250 psf, from 1750psfto
1500ps£, leads to an incr_se in defonnatlonfrom0.Ifl .to 12.5I_at theme of the ,

" slope. Thenext decreaseinsu_.ngthby thesameamountleadsto an"lmst_le" output,
which typicallyeithermeansthatthe programcouldnot computean answer,or the
answer it producedmadeno phFs[calsense (e,g,, it mayhave computed100 fl.of
deformation).

Presumably,*,hesame patternof instabilitywouldbe observedif the shear
strengthwasheld constantandthe seismic loadwasgraduallyincreased.Thistypeof
extremesensitivityIo seismicloadorresistanceis oneof thedrivin8 factorsbehindthe
trendtowardsPerformanceBasedDesign (PBD),whereinseismicanalysiscannot look
at a singledesignlevel butmustconsiderseismicperformanceovera sp_trum of load

I:_WR03II_qubm[ttdl_co.q_tc:SeaTacCommentL.qd__,do¢
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levels,upto andincludin8 thecollapseload. Wenote thatProfessorStereo Ksamerof
'the Univcnity of W_ington, a comui_.ut.to Hart Crowseron this proj_t, is tbe
geot¢c_ies_coo_i_torfor_ PacificEsr_loakeEngin_r_Cent_(PI_EP,.),oneof
thechempio_of the PBDd_ign n_thodology. PEER'sstatedmissionis '*todevelop
p¢_ormmw,_,basedeasthq_udceen_e_ng tcchnologiu to m_t the economic and
safetyneedsofownm andsociety,"

Insufficientinformationhasbeenprovidedto usus the validityof the FLAC
model usedin them,mlysis(includingthe constitutivemodelsemployedforthev_ous

materials and Re rationale behindsolution of pacametm). Any modeler u_ing
prosremssuch as HAC for complexanalysk must be awareof the possibilityfor
numericalinstabilitiesin theiranalysis,mustlmowhow to rccognlzeitwhen [t is there,
andmust be able to judge the effectsor'such instab_tics on the results. Therearc
acvcralotllerpro'amercesbesides_enWh thatmayproduceequallylsrgc variationsin
resultswithonly small variationsin input. A propermodelingeffortshouldincludea ,,
parame_o analysisaimed at evaluatingthe sensilivit7 of the out_oinesto the input
paramer_m,The results of the pmmeldo analysis shouldbe used to assess the .,
appropdmrangeof inputl_amcters, On a _gcr scale,thesuitabilityof the selected

"-- soil constitutivemodel(i.e., themathematics]modelthatdcs_bes thebehsviorof the • "
soil underdiffere_ stress conditions)andthe geometricmodel(i.e., thesize andshape
of the meshusedto representthephysicalconfigurationof thediiTerentmaterials)must
beevaluatedin simile-fashion.

TheresultsInTableA-8, showinglargevariationsin deformadomas a resultof.
verysm,ll changesin strength(i.e.,250 ps0, are iudleativcof a FLACmodel _hatis
ovcdy sensitive to the input paramct=_.. Therefore, the results do not pmvid_
confidencein the outcomesandshoMdnot be used as a basis for desisu, espedally .-.
given thatvariationsin strengthof2_0 psf withina givensoil depositandproportional"
variationsinseismicloadingarecommonplace.

Comment 1E: instabilityin _lol:¢su_ _o60 feet..i_ghshouldnot_.ecoal.dareda".l.es.s
s':_nificant,probl,e_"as_itcouldbare_potentiallyserious.,eff.e_ or lead to f_.ber
m'o_p.r_sive.slopefai,lu.res.

Hart Crowserstates:"Pm'ame_canalysisindicatesthatsmallvrscale instability
involvingslopesuptoabout60f_tinhdgincouldRsultfromlo_aldiscontinuous

i:_WRO3_O_bml|taJ_GcoSynl¢=SmTaoComment_ 12N_.
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CommentIF: AdditionalConc_ns ,,

• _ ourpreviousreviewof project_ w©commentedthatHartCrowserbadnot
pc_ormedstabilityanalyseslookingat potentialf_u_ surfacesthattravelalong "' ,..'i

' the weake_ materials.This issue was discussedin previouslettersby OeoSyntcc .. ,:
•"- (16February2001 - Comment7; 22 3une2001- Commeut7). As thisreportstill

does not providedooumentatlonshowing the failures'drfacasanalyzedunderthe
residualstrengthconditions,we continueto havethisverysignificantconcern.

• I_o_ (2) of TableA-2 _ that"Undraineds_n_ parameterswereused_'orthe
end-of-constnlctioncases,otlm'wlse,drainedstrengthprope_es wereused." Were
unckainedstrengthsfor thesesilt/claymaterielsalso used forthe seismic analysis,
whichshouldb_comide_d m undrained_,,_nt?

• Waterlevelsused inthe liquefactionsusceptibilitya_ysis arecomL_tentlyrefcncd
to by Hart Crowser as being conservative, and yet they discuss tl_ large
uncertaintiesin the measuredvalues. Typically,when water levels cannotbe
accuratelydetcnnine_l,it is standardcnstnccrinlgpracticeto assumethattl_y an:as
kighas canbe reasonably_'o_n. If thispracticeis _ing implemented,it should
not bcconsideredasa sourceofconservatismin theanalysis_especiallyconsldering
the significantunknownsinvolvedin thepredictionof'the effectsof embankment
constructionon the fixturewatc_elevations.

l:_WRO_80_ubm;Ital_OooSy_te_Soa'rn_C_nmantLetter|2_do_
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Doeumeat2:'_Idd/t/ana/InfonHa_onon _e SeismicDes_n_M"HartCrowser
Memorandum,January_5,_001

Comment 2A: A l._ in _0xear des't_ seismicevent_is iasu_clent £OrA.critical
lifelinefaci)i_ suchu the_Scattlc.Taco_naL_ter_oo_l Aimort.

Based on resultsof _e ProbabtlislicSeismic HazardAnalysis(PSHA)s 475
ye_ seismic event,eorresl_ndingto a 10%probabilityof exceedancein _0 yeas, was
selectedby HartCrowseru _hebasis for developingtimehistoriesforuse in design.

, As stated[nourI6 Febru_r72001letter(Comment10),wedo not believethat_s is an
appropriatedesign level event u the Seattle-TacomaInternationalAirport is an
imporumtlifelinestructurethatmintremainin sc_ce aftera sisnlficantearthquake.
The Scattleregionhashist_cally beensubjectedtoeventsof muchgreatermagnitude
thant.h.cproposedM, 7-7.5designevent.

We do not believe analysisfor a singleprobabilisticdesignlevel tdcquately
characterizesthegcismicperforma_eof any faci]ity,Fora facilityas importantas the .,''
Third Runway.we recommendthe use o£ perfmmance-bmeddesign, where the
adequacyof theproposedMSE Wailandembazdanentsue evaluatedbasedon thek " ':
performanceoverthe entirespe_ of feasibleeven_ up to themaximumcredible
event orthccollapseload. As notedpreviously,tl_PEERCenterearthquake
engineering research consortium,i_luding the Universityof Washington,have
championedthisapproachtorationalseismicdesign,Suchanc'_duationwouldprovide
a soundbasisformakingfullyinformeddecisionson project_ucs iacorpontdngsafety
concerns,envi_ranen_ concerns,andeconomicconcerts. As the akportis e key
lifelinefacilityessentialto both emergencyretponscandrecoveryeffom fotlowtnge
major seismic event, at a minimum s_nie performanceof the MSE wall and
embankmentshould be-evaluatedunder conditionsrepresentativeof the historical
"great"ear, quakesof the _egion.

Comment 2B: The_hazard_oci_d wi_.a rosierC_c_ia jnterpl_.te,eventmaybe
_undes_redicted,

The very large Cascadialnterplateevents (Mw8.5-9) arerepresentedin the
seismic hazardanalysisusinga "characteristice_chquakc"model Whilethis model
considersthehisto_icsldst_on recurrenceintez'vaisforthcearthquake,it appearsto be

(._WR0_0_SubndlUl_(_o_ntec$aT_ CommcmL_tt_IZdoc
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In_lementedsuch t_ the reoen_ of suchan eerthq_d_eis random.In _ hazard
•analysis,theC_cadiaintcrplat,ceventisrepresentedbytwocharacteristicenzthquaku:
I) Mu : 8,5 to 8.7 witha rc_arrenceintervalof 411 yem and67%wdshtin8;and2)
Mu = 8.8 to 9,0 with a re©urrenccintervalof 983 yearsanda 33% weighting The
analysisdoesnot appearto takeintoaccountthe widelyaec_tcd evidence_ggesth_
thatthe last Cascadiainterplateeventin the Seattleregionoccurredappmxhnately250
to300 yearsago. Incorporationof thiselapsedtimesincethelasteventintothehazard
analysismay significantlyincre¢_ theprobabilityof a majorCa.cadiainter#ateevent
in the near£'uture(i.e., in the50-yearperiodconsideredin theanalyds),particularly
giventhe 67%weishting to the eventwith a 411 yearrecunenceinterval There is a

, dgnificaraprobabilisdcdifferencebetweena recun'enceintervalof 411 yearswi,.hno
knowledgeof the last eventanda renun'eneeintervalof 411 yearswiththeknowledge
thatthereareonly 100to I50 yearsleft tospanthemeanrecurrenceinterval.

Comment2C: "['k¢ectiviWrateoLthe Cescadia_ubductio.nzoneJntr_!ateeventh_
beenunderestL-nated, , ".

The Gutenberg.Rich_:rparametersselected to representthe r_un'en_ of
Cascadiain_apletceventswere• ffi2,219 andb= 0.652. Thesenumbersareusedwith ,:,

-_, the Gu|enberg.R/ohterreouneaz¢law asfollows: -. "

log_., = o- bm

where_,_ is the mean annua/rateof exceedanceof an earthquakeof magt_itttdem. In
othe-worth,_ isthein'vineofthemeannumberofyem betweeneve_ of'
magnitudem (e.g., ifZm= 0.01thenI/La,= 100 yem). Incorporatingtheparametena ..
_-2,219andb -- 0.652 in therecurrencelaw yieldsrecurrenceratesof aboutI00 yem
and220 years/oreventsofmagnltude6,5and7 respectively.

However, theCascadis,intmptatesourcewas the souse for the 1949 Mw7.1
Olympiaevent, the 1965Mw6.5 Seatde-Tacomaevent,andtherecent2001Nlsq_diy
event(My,about6.7), Thatcoaes_nds tothreeeventsovcrmagnitude6.5 in 52 years, ,
which is significantlygreaterthan one event every 100 yearsas predictedby the
recurrencelawwiththe given ptrametm. Thisclearlyindicatesthat the localactivity
for this source is higher than that which was incorporatedin the PSHA by Hart
Crewse_.

t,.
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Comment 2D: Modelingof theshallow crustalsourceswi$ the Gu_nborR-Richter
n_cumncclaw includednumerousearth_kes withverylow ma_itudes, w_ch

q _,cse_ff, fect the com_tcd_entmctc_s a0d lead to an underestimat_no_t_
recuncnceintervalsz hi_hern_tu_.

t

Accordingto Hart Crowscr,thedatab_ usedto dcveloprectarencerelationships
"includedall record_ eventsof magnitudegreaterthan2.0," Dctcnn/n_on of thea
and b parametersdiscussed in Comment2C is high/y sensitive to the minimum
magnitudeusedin thedatabase,Accordingto Prof.StcvcnKramerof theUnivc_ty of
Wuhington, "In most PSHAs, the lower _cshotd magnitudeis set at values from
_bout4.0 to5.0 sinc_mal_tudes smallerthanthatseldomcausesignificantdan_e,"s:
The effect of includ_ the low magnitudeearthquakesis to skew the =ccumnce
relations_hipde_cd by parametersa and b towardsthese _ignificant earthquakes,
therebyreducingthe impactof the largerrnagn/W.deearthquakesthatare of primary
concert,

Comment 2E: The _synthetictimehistori_ do not _ thecon_butionof theM_
•"_-- 8,5-9 Cucadia intemlateeve.nt_lfin_ in a _n_erous lackof'selsmi.c__ener__in.the

IonRperiodr_mgc.
|

Neitherot _ synthc_ timehistoriespresentedcapturethecontributionto the
seismlol_zardof'theIv/,,8,5-9 Ca.scadiainterplateevent,'This_ent maydominatethe
accelerationresponsespectra(AR$)at longlxriocls(2 to 4 seconds). By not including
a time historywhich k z_'prcscut_iiveof this significantcomponentof the seismic
lumrd,HartCrowscris performinganincomplmc,andthereforepo_ntlallydangerous,
analysis. The suite of time historiesused in the analysisshouldincludea motion

"representativeof a Cascadiainterplatecvcnt, This motionmaynot raatchthe peak
pound acceleration(POA) of the design event, butshouldbe representativeof the
designARSin the longperiodrangcandshouldhavea longersignificantdurationthan
thetwosynthetictimehktodes cited;n thisrc_rt.

4q

' _'smer,S_cvcnL,(1996)OeotcchnfcatP.arcAqua_£ng_nr,eringPrenticeHall(quotefrompg123).

_'_WRO.1_mlttAAOmS_k_ _tTacCommit _ 17..do_
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Comment2F: Theuseof _e_b.,_u:keteddurationbluedon Chan_sndg.rinitszky(19773
to selectrem_,entativetlme,hist_.,esis inaumo_ria_

The"bracketedduration"wasdetinedby Bolt (1973)z andusedby Changand
Krlnitszky(1977)3 to develops setof "typical"earthquakeduratiouU soll sites. Hart
Crowserused the typiud soil bracketeddurationsrecommendedby Chang and
Krinitezkyas a basisforselectionof appropriateseed motio_ to developsynthetictime
histories for ,.he site. The databaseused in the Chang and g.riuitszk'ystudy is
inadequaterelative to the wealthof datathathas beencoUectedin the subsequent24
years,andthereforeshouldnot beusedfor a projectof this impot_mce.Fm*,.hermme,
t_xeChangand K.rinlt._kydatabaseh_ net been updatedbecausethe professionhas
movedawayfromuse of thebracketeddurationto ¢lmm_edzestronggroundmotions.
Mostcurrentseismologicalstudiesuse theslgnifimmt.dunttionof Trifm_scandBrady
(1975)4, or some derivativethereof,to characterizethe durationof strongground
motions.

Document3: "leevb_ MethodsandlCe_uluof £1quefa_onAnalysa - 7_bd Runt , "
Emlmnkeumt- SeaTac, Wask[ngton/' Hart Qewser Men_mndu_

), MmrcS5,;00z

Comment 3A: Rcdu©tionsin,__enfthshoul.d_be_conslderedfor soils.._th factorsof
.safewaRainstliq_'facti.o.o._eaterthan1,0,.

In discussingresidualexcesspore pressureswhichare generatedin soil during
an ear_uake andr_,.ain ia thesoil fora periodof timeafterwards,Seed andHarder..
(I989)_haves_sted:

z Bolt,B.A. (1973), q3mtieu ofS_$ GrouudMotiot%"Pr_, 5thWorldCon_eme onF.&'thquake
_Sineerlnf, Rome,Italy.

3 Cluing,F.K,andK.,'bu'tszky,E.L.(1977)"Duration,spectredcontent,s_ p_om_umtperiodofm'on$
motionearthquaketccordsfl'omwe_em UnitedStates,"MiscellaneousPaper_-73-1,U.S. ArmyCorps
of _'_ms, WaterwaysExperimentStation,Vicksburg,Mississippi.

' Triftmc.,M,D.andBrady,AO., (1975),"A Studyof theDuntlonof Str_8 _artl_qu_kaC.ro_ Motion,"
Bulletino]'_w_eL_olagiea/_ ofAmlu'ko,VoI.65, pp.$81426.

s Seed, [LB.midflardcrL.F. (1990)"SP1"-BaIcdAnalysisof CyclicPonePressureOetterationend
UndrainedResidualStren_h"Proceedingsof theH. BoltonSeedMemorialSymposittm,Volume2,
BiTechPeblisheraLid.

I;_,WlU)3110%Submitl_coSyntocS_ITacGommlmtL_tt_r#2,dO_
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,,.itappearsthata reflableanalysiscanbepwfomedbycomiderin8
that:

I.Soilekmen_withlowfactorsofsafety(againstliquefaction](FSt<_.
LI)wouldachieve¢ondiaonswhereinsoilliquefacaonfailure_hould
be conadtred to havebeen "triuered", and undrainedresidual
strengths (S_)should be assigned to these zon¢_for further arability
and deformationanalyses,

2, Soil elements with a high factor of iafe_d (IS _ L4) would auff¢
• relatively minor cyclic pore pressure generation, and should be

asxlgned some large fraction of their static strength for further
stabilityand deformagonanalyses.

3. Soil elements with interraediatefactors of safety (FS = L! to L 4)
should be axjigncd strength values somewherebetween (though in "'
some c_es including) the values appropriateto ¢ondtttom ! and 2
above. Whetherthemvalues assigned should be nearer to theinitial •
static strength or to the residual tmdratnedstrength iz a function of
FS_ whetheror not the so_iis judged to bs strongly contractivein

-.- unidirectional shearing (and thus poteNt'ally vulnerable to
"progrezzive"failure), and llvels of uncertaintyInvolvedin voMoux

steps of the analysisup to thispoint (for anyspecificcase).

In the azudysesby Halt Crow_er,it apl_ats thatreducedstz_gths ate only
consideredfor mat_als that h_vea faGtorof safety _einst Ii_efsction (l_t) < 1.0.
This [eaves the raag¢ of materialswith F$1 between 1,0 sad 1.4 at f-u]lstrtmgth,
therefore ignoring potentially dangerous stability conditions resulting from an
earthquakeevent.

Comment3B; Theextentof eotentidliouefaction_mavhavebeentmdetestimated,
_whichcmfldin. ,turn Ie_t to #ignificantoverestimationof t_he_abiiltv of .the_
embankmentsand MSEwails.

We continueto questionthe use of the ChineseCriterionfor eliminaiionof
potentiallyliquefiablematerials. As we have statedbefore, thereate soils thst ere
commoMyfoundin the Seattlearea(e.g., glacial soils with high "non.pImtic"fi_s

IAWR_5$0_ubmlu_OeoSyntecSnTx Comment_ 12.do_
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¢mf,_,nt)thatmay be susceptibleto liquefaction,andyet would be identifiedas non-
liquefiable_:ling to this screening method. Failure to identify poten_lly
liquefiablesoils in the found_dn materielsis a potentiallyfatalflaw in the se]srai©
stabilitya._essment.

Comment3C' P,e_ltsof cooepene._tionte_e!nfI_CPT).can_'ovidevalue.reimieht
inm_the;]iqu_aefiOn_st_©ep_b!Ijt_of_asite. andyet.._s..dp,t_ wasnot incl,u._pdJr_tb¢

HartCrowserstates:"Cone l_netmmctertests a_complir_dby HartCrow_'r
otherssupportedinterpolationof the standardpenetrationtest(SFF)results,butare

not[ndudcdin the_nnlysispresentedin thisdraftmemorandum."

H_ Crowserdoes not explain why the Clrr datawas not includedin the
,_tehaseused forliquefactionanalysis. CFTscanFmvidea significantamountof data
andarebothsuitableandwidely usedfor liquefactionanalysis. CPTdatah generally .,
recognizedu morerepeatableand,in theabsenceof energymeasurementsmadeduring
SPTtesting,motereliablethanSPT,4A_=HartCrowserhasstatedon seve:aloccasions

theyhaveattemptedto expandthedatabaseof samplesforthe liquefactionanalysis ; "
• in orderto improvethe statisticalvalidityof the outcomes,andyet they have not

includedthewealthof ifformationthatis typicallyprovidedbyCPTs.

E_WR_lO_mitlsl_G_n_ SesT_:_ram_t I_tlw II._Q

AI_
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Conclusions

In a 3 May 2001 Memot_dum for Record,MuffyWalkerof the US Army
Corpsof E_ (USACE)asksthefollowingquestion8:

"... does the info___A_onprovidedby the Portsupporttheirconclwions
th_ the walls are viable,sate opdom and there will be no net adverse
effectsons_sm flows and/orwetlands?"

"... does the geological infommtionprovided support_e conclusion
rege.,dingthe typesof subgnJ:leimprovementswhichneedto bemadeend

' theseismicstabilityoft.hewall7"

"underextzemeearthquakeconditions... _enmovements[to the Wetland
37 Wail]cause a strucU_ failureto the well andallow fill matedtl to
slough out potentiallycausing im_ to wetlands_d MilledWalkcr
Creeks?"

• Thrm_aha seriesof previouslettersas well as thisone, GeoS_tcc hasidentified ,
persistentSapsin the analysescarriedout by the Portof Seattle'sco_r_Itentsin their
effom to designthis project. The gapswe have identifiedshow that these que_ons
havenotbeenadequatelyaddressedforeitherthe wailsorthe embankments.Wehave
raisednumeroussubstantivequestionsaboutthe design analysesthathave not been
satisfactnrilyenswe_ by thePort'sco_ultant. Onbehalfofthe AL,portCommunities
Coalition,we ask thatpriorto regulatorycmificafionorapprovalof the proposedThird
RunwayProjectthePortof Seattlebe t_luiredto respondto the issuesreisedin these
lettenandthatwebegnnredtheopportunity_ providefdlow.upreviewand_mment
onthatre_nse.

PatrickC.Lucia,Ph.D.,P.E. EdwardKavazanjian,1r.,Ph.D,,P.E.
Principal Principal

co: PeterEglickHelsellFettermanLLP
KimberlyLocksrd,AirportCommunitiesCoalition

I:_Wl_80_Sebmltu_eoS_tecSctT_¢CommeutLetter#l.doG
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