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- EVALUATION OF RETAINING WALL/SLOPE ALTERNATIVES TO
REDUCE IMPACTS TO MILLER CREEK

Embankment Station 174+00 to 186+00

EXECUTIVE SUMMARY

Introduction

ThePortofSeattleisproposingtoconstructa newrunwayonthewestsideofSeattle-

TacomaInternationalAirport.Thenewrunwaymusthavea minimumseparationof2,500feet
fromtheexistingRunway34R/16LasdescribedintheEnvironmentalImpactStatementsfor

theproject.Themajorityoftheembankmentnecessaryforthenewrunwayisbeingdesigned
witha conventional2:1slope,whichisthemostwidelyacceptedapproachtoembankment

design.Incertainportionsoftheproposedembankment,however,preliminarydesigns

anticipatedthatretainingwallsand/orsteepenedslopeswouldbeconstructedtominimize
impactsonenvironmentallysensitiveareas.

Onelocationwherea retainingwalland/orsteepenedslopewasanticipatedisthearea

betweenRunwayStations174+00and186+00,whereanenvironmentallyvaluablesectionof
MillerCreekandanadjoiningwetlandecosystemexist.Recently,asthePortacquiredthe

propertiesnecessaryforconstructionof theembankmentandcompletedtopographicsurveys
of thenewly-acquiredproperties,itdiscoveredthatthesectionofMillerCreekinthisareais

somewhatcloserto theproposedembankmentthanpreviousaerialmappinghadindicated.
Asa result,theretainingwallassumedinthepreliminarydesignsforthisareawouldhave

requiredrelocationofthissectionof MillerCreekandtheembankmentwouldhaveresultedin
greaterimpactstothewetlandecosystemthanpreviouslyanticipated.

Inanefforttoavoidthisgreaterimpact,thePortconductedadditionalstudiesofvarious

alternativedesignandlayoutoptionsfortheretainingwall.Thesestudieswereconductedto
determinewhethera practicablealternativeexiststhatwouldresultinlessadverseimpacton
theaquaticecosysteminthisarea. ConsistentwithSection404of theCleanWaterAct,

practicablealternativesarethosethatachievethepurposesof theprojectandarelogistically,
technologicallyandeconomicallyfeasible.

Thepurposeof thisdocumentistodescribetheseadditionalstudiesconductedbyPortof
Seattlestaffandconsultants.TheareadiscussedinthisreportisaneastwardbowinMiller

Creek,inthevicinityofrunwaystations174+00to 186+00.FigureES.1showstheproject
area. Inthislocation,thecreekextendswithinanareathatwouldbefilledifconventional

embankmentconstructionwereusedfortheThirdRunway.

Evaluationof thealternativesandtheassociatedenvironmentalimpactsusedanorganized

processtodefineobjectives;identify,screen,andrankalternatives;assesspotentialrisks;

ExecuteSummary PageES-1
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anddevelopa recommendedalternative.Thisapproachisconsistentwiththestandard .....
decision-makingprocessusedbyPortmanagement.FigureES.2isa flowchartdepictingthe

processandinputsusedtodevelopandevaluatetherecommendedalternative.

Environmentalissuesaffectingtheselectionandanalysisofalternativesincluded:

• Thedesirabilityofavoidingcreekrelocation;

• Thedesirabilitytoreduceoravoidimpactstothecreekbufferareaandadjacent
wetlands;

• Theneedtoprotectandrestoreriparianhabitatwhileavoidingcreationofwildlife
attractantsthatareinconsistentwithairportsafety;and

• Theneedtoprotectorcreatefloodstorageandconveyancefeatures.

Theselectionandanalysisofalternativesrequireda carefulbalancebetweenenvironmental

impactsandtechnicalpracticability.Avoidanceof impactstothisreachofMillerCreekandits

adjacentwetlandecosystemwasconsidereda toppriority.Froma technicalperspective,
alternativesmustsatisfyairfieldoperationalneedsandprovideemergencyresponseaccess,

mustbeseismicallystableandeasilyconstructable,mustaccommodatedifferential
settlements,andmustbemaintainable.

Overview of the Evaluation Process

Morethan60 embankmentslope,retainingwall,andcreekrelocationconfigurationswere _

initiallyscreenedtoidentifycriticalissues.Existingsiteconditionsandfourcreekrelocation "
alignmentswereconsideredduringthescreeningprocess.

A ratingsmatrixwasusedtofurtherevaluate20retainedwallandslopegeometricoptions.
Thefollowingcriteriawereusedtocomparealternativeembankmentslopeandretainingwall
configurations:

• AvoidanceorMinimizationofCreekRelocation;

• WetlandandCreekBufferAvoidance;

• FloodplainAvoidance;

• MinimizingtheQuantityofEmbankmentFill(relatedtofilltransportandotherconstruction
impacts);

• Cost;

• Access(theneedtoprovideairportFire,Police,andmaintenanceaccessalongthe
runwayembankment);

• OperationalImpacts;
• EaseofMaintenance;

• DrainageAdaptability;
• SchedulingAdaptability;

• WildlifeAttractiveness;and ....

ExecutiveSummary PageES-2
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=-- • Aesthetics.

Aseparateratingsmatrixwasusedtoevaluate13differenttypesofretainingwallor

steepenedslopestructuresystemsthatcouldmeetgeometricandenvironmentalconstraints.
Thismatrixconsidereda rangeofwallslopetechnologyalternatives,rangingfrom
conventionalstructuresusedforhighwayandmarineterminalembankments,dams,and

specializedwallstructuresusedinminingoperations.Thefollowingtypesofretainingwalland

slopetechnologieswereidentifiedforcomparativeevaluation:

WallConcepts

• MechanicallyStabilizedEarth(MSE)Walls
• AnchoredWalls

• Criblock-TypeWalls
• CellularCofferdams

• ConcreteDam(2types)
• ConventionalCantileverWall

• CounterfortWall

• CylinderPileWall

SteepenedSlopeConcepts

• MechanicallyStabilizedEarth(MSE)Slopes
- • SoilCementButtress

• Roller-CompactedConcrete

Wallandslopeconceptswereevaluatedusingthefollowingcriteria:

• MaterialDesignUfe;
• Experience/PerformanceHistory(i.e.,relativenumberofconstructedprojectsand

durationinservice);

• TechnicalCertainty(i.e.,establisheddesignmethods);
• SeismicPerformanceCharacteristics;

• Constructability;
• Cost;

• Surface/SubsurfaceDrainage;
• DifferentialSettlementPerformance;
• EaseofMaintenance;and
• Aesthetics.

Resultsfromthevariousevaluationmatriceswerecompiledandfouroptionsselectedfor

furtherriskanalysis.Optionswereselectedtorepresenta rangeofpotentialimpactscenarios

whilecompletelysatisfyingtechnicalandairportoperationalrequirements(security,
emergencyandmaintenanceaccess.).Theintentwastoidentifyrisksandassesstheir

ExecuteSummary PageES-3
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manageabilityforeachof theoptions.Thefacilitatedriskassessmentfirstidentifiedrisks ---_
commontoalloptions.Thefollowingisa summaryof theanticipatedpotentialrisks:

• AccidentalEncroachment.Riskofaccidentalencroachmentintowetlands,creekbuffer

orcreekitself.

Seismic.Levelofdesigncomplexitynecessarytoensurea reasonablefactorofsafety.
• AestheticandAttractiveNuisance.Relativedifficultyinprovidinganaesthetically

pleasingappearanceandthepotentialofbecomingan"attractivenuisance"forgraffiti,
climbing,etc.

Acompositealternativewasdevelopedbasedonoptimizingthebenefitsassociatedwitheach

ofthefouroptionsaswellasinputfroma riskanalysis.Therecommendedalternativewas
evaluatedbyanindependentgroupofpeerreviewers,consistingof localgeotechnical

engineeringandenvironmentalconsultantsspecificallyretainedforthispurpose.

Summary of the Recommended Alternative

Therecommendedalternativeconsistsofa seriesofmechanicallystabilizedearth(MSE)

retainingwalls,infourtiers.Thisrecommendedconfigurationistiered,ratherthana singlefiat
surface,forbothaestheticandtechnicalreasons.

MSEisa methodofimprovingsoilstrengththroughincorporationofreinforcingstripsor __
sheetswithintheembankmentduringconstruction.Itiseconomicalto constructandhighly

stableduringseismicshaking.

FiguresES.3,ES.4,andES.5showtherecommendedcreekandretainingwallconfiguration
inplan,profile,andcrosssectionatthemostconstrainedsectionof thewall.Itshouldbe
notedthatthemaximumwallheightoccursina limitedarea,approximately200feet,inthe

vicinitynearestto MillerCreek.

Therecommendeddesignresultsinnocreekrelocationand,followingconstruction,a
minimumof50 feetsetbackfromtheexistingcreek.Duringembankmentconstruction,

temporaryimpactsmayoccurwithin30 feetofthecreek.

Typically,thefacingsforMSEwallsconsistofmodularconcretepanels,whichareavailablein
a varietyofshapes,textures,andcolors.Additionalfacingalternativesincludingoptionsfor

limitedplantingonwallterracesand/orfaces,oruseofa rockfacingareavailable,buthave
significantmaintenancedrawbacks.FigureES.6showsa fewexamplesofalternativeMSE

wallfacings.

AR 042363
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Evaluation of Retaining Wall/Slope Alternatives
to Reduce Impacts to Miller Creek

Embankment Station 174+00 to 186+00

Third Dependent Runway
Sea-Tac International Airport
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- EVALUATION OF RETAINING WALL/SLOPE ALTERNATIVES TO
REDUCE IMPACTS TO MILLER CREEK
Embankment Station 174+00 to 186+00

INTRODUCTION

Themaintextof thisreportincludesthefollowingsections:

Section Title Description

1 ExistingConditions
2 EvaluationofGeometricAlternatives Summaryof theretainingwall/slope

toMinimizeorAvoidCreekImpacts layoutandgeometryevaluation.
3 EvaluationofAlternativeTechnical Summaryofretainingwall/slope

Approachesto RetainingWall constructionmaterialsevaluation.
Construction

4 References

Figuresareincludedattheendofeachsection,tablesaretypicallyincludedinthetextwhere
cited.

Thisreportalsoincludesthefollowingappendicestopresentmoredetailedinformation:

Appendix Title Description
A MillerCreekRelocationSiteB Discussesthefourpotentialcreek

relocationalternativesthatwere
considered.

B SupportingInformationonWall/Slope Describesthegeometricalvariables
GeometryVariables usedto developthewall/slope

options.
C SupportingInformationonWall/Slope Describeswall/slopeconstruction

Alternatives types.
D CommentaryonMSEWallDesign SummarizesissuesspecifictoMSE

Issues retainin9 walldesign.
E GeotechnicalPeerReviewReport

AR 042373
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SECTION 1 EXISTING CONDITIONS

Background

DesignfortheThirdRunwayembankmentconsidersusinga nominal2H:IV fillslope
whereverpossiblealongthelengthof therunwayembankment.Boththe1994Preliminary
EngineeringReportandtheFinalEnvironmentalImpactStatementindicateda retainingwall

wouldlikelybeconstructedinthevicinityofrunwayStation174+00to186+00,toavoid
impactstoMillerCreek.

Assiteaccesswasobtainedinthevicinityof theproposedembankment,existingground-

featuremappingwasupdatedwithmoreaccurateinformation.Betweenstations174+00and
186+00,thelocationofMillerCreekbasedongroundsurveyinformationisapproximately80
feeteastofthelocationthathadbeendeterminedbasedonphotographicmappingat it

easternmostpoint.Thisinformationledtoa re-evaluationoftheconceptualembankment

designinthisarea.Thisreportdocumentsthedetailedprocessusedtoevaluate
embankmentconstructionalternativesto reduceundesirableimpactstoMillerCreekand
associatedwetlands.

Site Description

Theareaaddressedinthisreportisbetweenrunwaystations174+00and186+00.Thearea

justnorthofthenewrunway'smidpoint,atapproximatelyrunwaystation178+88,isadjacent
toMillerCreek'seasternmostpointbeforeittumswesttowardsPugetSound.At thispoint
MillerCreekisclosesttotheproposedrunwayalignment.

Theexistinggroundsurfaceacrosstheprojectsitetypicallyslopesdowntothewestfromthe
existingairfieldembankmenttowardMillerCreekat 10to15percent.Theareawestof12=
AvenueincludesClassII riparianwetlandthatis vegetatedwithforestshrubsandemergent

plantcommunities.

Subsurfacesoilsin theprojectarearangefromrelativelysoft,wet,organicsoilsin the

wetlands,to mediumdensemostlysandysoils inadjacentuplands,bothoverlyingverydense
glaciallyoverriddensoilsat depthsontheorderof 10to 30feet. Constructionconsiderations
for thesesoilsincludetheneedto provideanadequatefoundationfor theembankmentandto

maintainshallowgroundwater"base-flow"to supportMillerCreekandadjacentwetlands.

Becauseof theexistingtopography,this areaoftheprojectrequiresthegreatestheightof
embankmentnecessaryfor theThirdRunwayconstruction.Eastoftheprojectarea,the
horizontalandverticalpositionsforthenewthirdrunwaysafetyareaandperimeterroadhave

beenestablishedandarefixedbasedonotheraspectsoftheproject.Northandsouthofthe

projectarea,therunwayembankmentwilltypicallyslopedowntotheexistinggroundata

Se_n1 Page1-1
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nominalslopeof2H:IV formostof theembankmentlength.Drainagecollectionbencheswill ....

typicallybelocatedapproximatelyevery40verticalfeetalongthelengthof theembankment.

2H:IV Fill Slope Not a Viable Option for This Area

Constructionofa conventionalearthembankmentwithnominal2H:IV slopesthroughthe

centralembankmentareawouldrequireextensiverelocationofMillerCreekandlossofClass

IIwetlands.Substantialdisturbancebeyondtheembankmentwouldbenecessarytoprovide
a suitablechannelfortherelocatedcreek.Toavoidtheseimpacts,optionstothe2H:IV fill

slopewereidentifiedandevaluatedforapplicationinthecentralembankmentarea.

Section1 Page1-2
Exi_ngConditions

AR 042376



SECTION 2

EVALUATION OF GEOMETRIC ALTERNATIVES
TO MINIMIZE OR AVOID CREEK IMPACTS

AR 042377



- SECTION 2 EVALUATION OF GEOMETRIC ALTERNATIVES
TO MINIMIZE OR AVOID CREEK IMPACTS

Introduction

Thissectiondescribestheevaluationprocesstodevelopa preferredgeometrical

configurationoftheretainingwallandthesurroundingslopes.Theselectedgeometrical

layoutwilldeterminetheimpactstothecreekandwetlands.Theevaluationprocessfollows
theArmyCorpsofEngineers404-blguidelinesrelatingto alternativesanalysis.Theresultof
theevaluationisselectionofthemostpracticalgeometricallayoutwiththeleastimpactsto

thecreekandadjacentwetlands.

Design Criteria

Designcriteriaweredevelopedtoaidindevelopmentof thegoemetricoptions.Thedesign
criteriaareintendedtoenableconstructionofanembankmentthatwillsupportonoperational

runway,andtheyareintendedtodefinesecurity,safety,andengineeringconstraints.Table
2.1summarizesthedesigncriteriausedtodevelopthewall/slopeembankmentoptions
evaluated.

Table2.1- GeometryDesignCriteria

Description DesignStandard Rational
PerimeterRoadWidth 32feet(24feetroadwith4-foot- Toallowpassageoftwo

wideshoulders) emergencyand/or
constructionvehicles.

PerimeterRoadlocationand AssetbyThirdRunwayElevationMustmeetFAArunwaysafety

Elevation andrunwaysafetyarea areagradingstandardsand
allowairfieldaccess.

SecurityRoadWidth 28feet(24feetwith2-foot-wide Toallowpassageofone
shoulders) securityvehicleandone

emergencyvehicle.

SingleLaneSecurityRoad 16feet(12feetwith2-foot-wide Toallowpassageofone
shoulders,200feetmaximum emergencyvehicle.
distance)

MaximumHorizontalDistance 50feet Maximumdistanceemergency

fromEdgeofRoadtoAdjacent rescueequipmentcanreach.
RetainingStructure

MaximumPerimeter/Security15percent Maximumgradefor

RoadGrade emergencyvehicles.

MaximumConventional 2H:IVwith8-foot-widedrainage Maximumunreinforcedslope

EmbankmentSlope benchesevery40verticalfeet tomeetstabilityrequirements

s_ 2 Page2-1
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Description DesignStandard Rational

SecurityFenceLocation WesternedgeofSecurityRoad AsrequiredtomeetFAA

securityandpatrol

requirements.

WidthofMaintenanceStrip 5 feet(on2H:IVslope) As requiredto meetFAA

OutsideSecurityFence securityrequirements.

ConstructionImpactDistance 20feet Estimatedminimumdistance

fromToeofSlope toprovideconstruction
drainagecollectionattoeof

slope.

CreekBufferWidth Optimal:50feetoneastside,100 As presentedto federaland

feetonwestside stateresourceagencies

dudn9 permitnegotiations.

Wetlands Avoidwetlandandaquatic As requiredbytheArmy

resourceimpactstothemaximum CorpsofEngineersand

extentpracticable. EnvironmentalProtection

A_lency.

Wall Geometry Options

VariousretainingwallandslopegeometryoptionswereidentifiedtoreduceimpactstoMiller ........
Creekwhilemaintainingthe Port'saccess,maintenance,andserviceabilityrequirements.

Potentialwall/slopegeometricoptionswereconsideredincombinationwithdifferentdesign
concepts involvingalignment of Miller Creek and potential impact to the creek buffer area.

These three design variations are described inTable 2.2.

seclion2 Page2-2
GeometricEvaluation

AR 042379



- Table2.2- DesignVariables

Variable Description Identifier

WallConfiguration(fivetotal) SingleWall A
DoubleWall B

SingleWallwithBridge C
DoubleWallwithBridge D

Over-steepenedSlope S

CreekAlignment(fivetotal) ExistingAlignment Exist
CreekRelocation,Alignment1A 1A
CreekRelocation,Alignment1B 1B
CreekRelocation,Alignment2 2

CreekRelocation,Alignment3 3

CreekBufferImpact(twototal) ConstructionImpactinsideBuffer B
NoConstructionImpactinsideBuffer NB

Therearea totalof50potentialwall/slopegeometryoptionsbasedontheabovevariables.

Descriptionsofthethreedesignvariablesassociatedwiththewall/slopegeometryoptions
(wallconfiguration,creekalignment,creekbufferimpact)arebrieflydescribedbelow.The

identifyingnumberorlettersforeachvariableareusedlaterinthisreporttoidentifyeach
option.Eachof theoptionsassumesthatthesecurityroadatthebaseof thewallortheover-

steepenedslopewillbereducedfromtwolanestoonelaneforapproximately200feetinthe
mostcriticalsectionofthealignmenttohelpreducewetlandimpacts.

Moredetaileddiscussionof thecreekalignmentalternativesispresentedinAppendixA. More
detailonthewall/slopedesignvariablesispresentedinAppendixBof thisreport.

Waft ConfiRuration Variables

Fourpotentialretainingwallconfigurationsplusanover-steepenedslopeconfigurationwere
identifiedandaredescribedas follows:

ConfigurationA SingleRetainingWall

ConfigurationB DoubleRetainingWall J___

ConfigurationC SingleWallwithBridge I 'w--
(ElevatedPerimeterRoad)

section2 Page2-3
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ConfigurationD DoubleWallwithBridge 11--1
(ElevatedPerimeterRoad)

ConfigurationS Over-steepenedSlope

Asnoted,twoof thealtemativesconsideredpotentialuseofanelevatedbridgestructure

constructedontherunwayembankmenttoaccommodatetheperimeterroadwithinthe
minimumpossibleembankment-impacttotheadjacentcreekandwetlands.Thewalland

bridgeconfigurationvariablesareshownonFigure2.1.

Creek Aliqnment Variables

Theevaluationincludeda basecaseof leavingMillerCreekinitsexistingalignment,along
withfourpotentialcreekrelocationalignmentsdevelopedbyPortenvironmentalconsultants.

ThepotentialcreekalignmentsareshownonFigure2.2.Thepotentialcreekrelocation

alignmentswereevaluatedasa meansto provideadditionalflexibilitytotheretainingwall
optionswhilemakingbestuseof thetopographyinthevicinityof theexistingcreek.Thefour

potentialcreekrelocationalignments,aswellastheexistingcreekalignment,areidentifiedas ....
follows:

Exist ExistingCreekAlignment
1A CreekRelocationAlignment1A
1B CreekRelocationAlignment1B

2 CreekRelocationAlignment2
3 CreekRelocationAlignment3

Buffer Impact Variables

ThethirdvariableassociatedwiththeGeometryOptionsistheimpacttothecreekbuffer.For

designoptionsthatrequirecreekrelocation,a new50-footbufferbetweentheprojectfootprint
andthecreekwasincludedinthedesign.Theevaluationconsideredthepotentialneedfor
andconsequencesofconstructionwithinthe50-footcreekbufferinlimitedareas.The

potentialbufferimpactwouldbemitigatedbyre-establishingthecreekbufferareaatthe
completionofconstruction.Thisresultsintwobufferimpactvariationsidentifiedasfollows:

B BufferImpact
NB NoBufferImpact

Section2 Page2-4
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_- InitialEvaluation of Geometry Optlons

Aninitialscreeningwasconductedtoreducethe50possiblewall/slopegeometryoptionstoa
smallernumberthatrepresentedtherangeofconfigurationsavailablethatcouldbepermitted

andbuilt.Reducingtheoptionsbyeliminatingoverlapandunrealisticconfigurationssimplified

comparisonof theoptionsandfacilitatedthedecision-makingprocess.Theinitialscreening
wascompletedinmeetingsinvolvingstaffandconsultantsrepresentingtheThirdRunway

engineeringandenvironmentalpermittingeffort(Port,HNTB,Parametrix,andHartCrowser).
Throughthisprocessthefollowingreductionsincombinationsofpotentialalternativeswere
made:

• SinceCreekRelocationAlignments1Aand1Barevariationsofa similarcreekrelocation,
itwasdeterminedthatevaluatingonlyCreekRelocationAlignment1Awouldprovidethe

informationnecessaryfora wall/slopegeometrydecision.Theexactlocationof thecreek
alignment,if relocated,wouldbefinalizedduringdesign.

• CreekRelocationAlignments2 and3 arealsosimilaralignments;therefore,onlyCreek
RelocationAlignment3 (thealignmentwiththemoresevereenvironmentalimpact)was

includedforthisanalysis.

• BecauseCreekRelocationAlignment3 involvessignificantearthworktocreatea new
channel,therewouldbeimpactstothe50-footcreekbufferif thiscreekalignmentwere
selected.Therefore,theNoBufferImpactvariablewasnotincludedforthoseoptions

involvingCreekRelocationAlignment3.

• TheSingleWallwithBridge,NoBufferImpactOptionwaseliminatedbecauseofthehigh
roadsupportstructurethatwouldbenecessary.TheDoubleWallwithBridgeoptions

involvingCreekRelocationAlignments1Aand3 wereeliminatedduethehighestimated

costsassociatedwithrelativelyhighcreekandbufferimpacts.

Theover-steepenedslopeoptionisnotviablewiththecreekintheexistingalignment

withoutimpactingthebufferduetoinadequatehorizontalseparation.ThereforetheNo
BufferImpactvariablewaseliminatedforthisoption.

Aftertheinitialscreening,thetotaloptionsretainedwasreducedto 20.A summaryofthe
geometrydataforeachoftheretainedoptionsispresentedinAppendixB.

Ranking of Options

Anevaluationmatrixwaspreparedtoidentifyandquantifytheissuesassociatedwitheachof
these20 retainedwall/slopegeometryoptions.Thematrixfacilitatesselectionofpreferred

wall/slopegeometrybyrankingeachoptionwitha numericalvalue.Thematrixwasdeveloped

andcompletedbyPortstaffandconsultants,includingHNTB,Parametrix,andHartCrowser,
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withinputfromPortEnvironmental,AirportMaintenance,AirportOperations,andAirportFire __

Departmentstaff.Theoptionswiththehighestrankedscoreswereselectedfordetailed

analysisandriskassessment.

Theissuesthatwereincludedintheevaluationmatrixusedtorankthe20optionsincluded:

• CreekandWetlandAvoidance;

• BufferAvoidance;

• RoodplainAvoidance;
• Access;

• OperationalImpacts;
• EaseofMaintenance;

• DrainageAdaptability;
• SchedulingAdaptability;
• WildlifeAttractiveness;

• Aesthetics;

• Cost;and
• FillQuantityMinimization.

(Orderdoesnotindicatepriorityorranking.)

Eachoftheseissueswasweightedfrom1to 10,with10assignedtotheissue(s)determined ....
tobethemostimportantbytheevaluationgroup.Adetaileddiscussionofeachofthe
evaluationissuesandtheassociatedweightingfactorispresentedinAppendixBofthis
document.Basedontheoutcomeof thematrixscoringanddetaileddiscussions,fouroptions

wereselectedforfurtherinvestigationanddetailedanalysis.

Four Selected Options Subjected to Risk Assessment

Basedonreviewoftheresultsof thewall/slopegeometrymatrixevaluation,fouroptionswere
selectedforfurtherdetailedevaluationandriskassessment.Theselectedoptionsincluded

twowiththehighestoverallrankingscoresaswellastwowithlowerrankingscores,which
wereretainedtofurtherassesstheremainingcreekrelocationaltematives.

Duringtheevaluation,inputfromPortFireandmaintenancestaffenabledrefinementofsome
oftherankedoptions.Therefinedgeometricconsiderationsincluded:eliminatingthe

intermediateaccessroad,whichhadinitiallybeenincludedinthecentralembankmentareato
provideaccesstothebenchbetweenthedoublewallalternatives);andreducingthewidthof

thelowerperimeterroadovera shortlength.

Thefouroptionsselectedfromtheoriginal20 retainedoptionsforthedetailedriskanalysis
are:
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• OptionI-- ConfigurationAwithExistingCreekand

NoBufferImpacts.Asinglehighwallwithn° creek L_ _-

relocationandnobufferimpaCts.Thisoptioninvolves

a vertical,singlefacewallandavoidsallenvironmental

impactstoMillerCreek. - .....

• Option4-- ConfigurationAwithCreekRelocation

1AandTemporaryBufferImpacts.A singlewall,
withcreekrelocationalignment1Aandtemporary fconstructionimpactswithinthecreekbuffer.This

----v

optioninvolvesrelocatingapproximately145linealfeet
ofthecreekandtemporarilyimpactingthecreekbuffer

duringconstruction.

• Option5-- ConfigurationA withCreek
Relocation3 andTemporaryBufferImpacts.A °

singlewall,withcreekrelocationalignment3, and _1 _ - _
temporaryconstruCtionimpaCtswithinthecreek

buffer.Thisoptioninvolvesrelocating _- --
approximately504linealfeetofthecreekaswell
astemporarilyimpactingthecreekbuffer.

• Option7(M)--ConfigurationB withExisting
CreekandTemporaryBufferImpacts.A tiered

wall,withnocreekrelocationbutrequiringsome - jJ
temporaryconstructionimpactstothecreekbuffer jarea.Option7 isa doublewallconfigurationoption........

Themodifiedoption7(M)wasselectedoverthe
originaloption7 basedoninputfromthePortFireDepartmentto eliminatelarge

horizontalseparationbetweenthetieredwallsegments'.Theadditionofmoretiers
eliminatestheneedfora limitedaccessroadbetweentheupperandlowerwallfaces.

PlanandcrosssectionviewsforeachoftheselectedoptionsarepresentedonFigures2.3

through2.6.Table2.3summarizessomeof thegeometricaldataassociatedwitheachofthe
fourrecommendedoptions.

' Excessivehorizontalseparationbetweentierswasdeterminedundesirableduetothe=shadows"the
tierswouldcreate.Theshadowswouldpreventtire-fightingagentfromreachingportionsofthetier
surfacefromthePerimeterorServiceroads.
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Table2.3- GeometryCharacteristicsof RecommendedOptions _

Option Estimated EsUmated Lengthof Buffer Wetland .......
Maximum WallArea Creak Impact Impact')

Height Relocation
(Feat) (SF) (Feat) (Acres)

1 132 116,000 None No 3.01

4 98 92,000 140 Yes 3.65

5 62 71,000 480 Yes 4.39

7(M) 127(tiered) 130,000 None Yes 3.54

')Reportedimpactsare )ermanentfillofwetlandsinthevicinityofstation174+00to

186+00(Wetland37).

Risk Analysis

Thepotentialrisksassociatedwiththefourselectedoptionswereevaluatedandrankedas

partoftheengineeringevaluation.Potentialrisksassociatedwiththeselectedalternatives
wereidentifiedandthenrankedrelativetoeachother.

Thepotentialriskscanbedividedintotwogroups.Thefirstgroupincludespotentialrisksthat
alltheselectedoptionshare.Thosepotentialriskscommontotheoptionswereidentifiedas
seismicrisks,aestheticandattractivenuisancerisks,andaccidentalwetlandencroachment

risks.Thesecondgroupincludespotentialrisksthatarespecifictoa certainoption.Therisks ....

andassociatedrankingresultsaredescribedbelow.

Seismic Risk

Thestructuralcomponentsofa wallmustbedesignedtowithstandtheforcesofshockwaves

travelingthroughtheretainingstructurebackfillduringa seismicevent.Theabilityofthewall
facingtoaccommodatedifferentialmovementduringa seismiceventincreasesincomplexity

withwallheight.

Tieredwails,ingeneral,allowthewailsegmentstomoveindependentofeachothersothat
theoverallstructurecanbetteraccommodatedifferentialmovement.Thetieredwalls

thereforeresultinreducedpotentialfordamagetothewallfacingandtheconnectionbetween
thefacingandreinforcingelementsduringa seismiceventcomparedtoa flat,verticalface
wall.

Theriskanalysisreviewindicatedthateachoftheselectedoptionshavesomewhatdifferent
seismicperformanceissues.Assessmentoftheseismicriskinvolvedanestimateofthelevel

ofdesigncomplexitynecessarytoprovidea reasonablesafetyfactorfora particularseismic
event.Theseismicriskofeachofthefouroptionswasrankedasfollows:
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Option SeismicRank Rationale
1 4 High,flat-faceverticalwallsperformpoorlyduringseismic

events.Seismicmovementislikelytodamagethewall

facing.
4 3 High,flat-faceverticalwallsperformpoorlyduringseismic

events.Seismicmovementislikelytodamagethewall

facing.
5 2 Flat-faceverticalwallsperformpoorlyduringseismic

events.Seismicmovementislikelytodamagethewall

facing.

7(M) 1 Tieredwallallowsindependentdeformationofwall
segmentsbetweentiers.Theycanwithstandgreater
amountsofseismicmovementwithoutdamagetothewall

facing.

Rank1 representstheoptionwiththelowestrelativeseismiccomplexityandrank4 four
representstheoptionwiththehighestrelativecomplexity.

Aesthetic and Attractive Nuisance Risk

Therelativedifficultyinprovidinganaestheticallypleasingappearancewasrankedforeach
alternative.Eachoftheoptionsalsohasthepotentialofbecomingan"attractivenuisance"for

graffitiorclimbingwhichwasfoundtocorrespondtotherankingoftheaestheticrisks.

Option Aesthetic/ Rationale
NuisanceRisk

Rank

1 4 Largevertical-facewallsare9enerallyunattractive.

4 3 Largevertical-facewallsare_enerallyunattractive.
5 2 Steepslopesatbaseofwallcouldbeplanted,however,

verticalfacestillrelativelylarge.

7(M) 1 Tiersprovideverticalseparationandopportunityfor
planting.

Rank1 representstheoptionwiththeleastchallengesinprovidinganaestheticallypleasing
appearanceandtheleastrelativeriskforcreatinganattractivenuisance.Rank4 represents
theoptionwiththehighestrelativerisks.
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Accidental Wetland Encroachment Risk _.

Constructionwillinvolvetheriskofaccidentalencroachmentinwetlands,creekbuffer,orthe .....

creekitself.Thecloserthetoeofthewallistothecreek,thehighertheriskofaccidental

encroachmentandthehigherthepotentialforwaterqualityviolations.

Option Encroachment Rationale
RiskRank

1 1 Constructiontakesplacecompletelyoutsidecreek
buffer.

4 4 Constructioninsidebufferwithhighwallconstruction

adjacenttocreekbuffer.
5 3 Constructioninsidebufferwithwallconstruction

adjacenttocreekbuffer.

7(M) 4 Constructioninsidebufferwithhighwallconstruction
adjacenttocreekbuffer.

Rank1 representsthelowestaccidentalencroachmentpotential,andrank4 representsthe

highestaccidentalencroachmentpotential.

Option-Specific Risks ,.....

Afteridentifyingandrankingtheriskscommontotheselectedoptions,therisksspecificto ....
eachoptionwerelisted.Thosewereidentifiedasfollows:

• Option1
Noadditionalriskswereidentifiedspecifictothisoption.

• Option4
1. Optionrequiresa smallcreekrelocationthatcoulddelaythepermittingprocessfor

theproject.
2. Otherpracticablealternativeswithlesswetlandfillmaypreventreceivinga permitfor

thisoption.

• Option5
1. Thelargerscopeofcreekrelocationwillcausea greaterlikelihoodofpermitting

delaysandcomplicationsnotedaboveforOption4.
2. Otherpracticablealternativeswithlesswetlandfillmaypreventreceivinga permitfor

thisoption.
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-- =, Option7(M)

1. If regulatoryagenciesdonotallowtemporaryconstructionimpactsinsidethe50-foot
creekbuffer,thewallheightwillneedto beincreased.

2. Thetieredwalldesignmayprovideareasforundesirablevegetativegrowththat
couldrequireperiodicmaintenance.

3. Thetieredwalldesignandanyvegetationthatitsupportsmayprovidehabitatthatis
a potentialbirdattractantthatisdifficulttomanage.

Summary

Thefollowingobservationswereformulatedbasedontheresultsoftheriskanalysis.

1. Options1and7(M)havetheleastimpactonMillerCreekanditsadjacentwetland
ecosystem.Therefore,theseoptionsarepreferredoverOptions4 and5 onthisbasis.

2. Tieredwallconfigurationssignificantlyimprovetheseismicperformanceofthewall,and
thusreducerisk.

3. Tieredwallconfigurationspresenttheleastdifficultyincreatinganaestheticallypleasing
appearance;however,theymaycreateundesirablewildlifeorvegetativehabitat.

4. Constructionwithinthebuffer[Options4, 5, and7(M)]increasesthe riskofaccidental
wetlandencroachments.

Theproposedrecommendedalternativediscussedbelowincludesfeaturesofmorethanone
optiontobestmeettheneedsof theproject.

Recommended Wall Configuration

Option7(M)(thetieredwallalternative)isrecommendedoverOption1 (asinglehighwall).

AlthoughOption1 hasslightlylesswetlandimpactthanOption7(M),it isnotaspracticablean
alternativecomparedtoOption7(M). TheestimatedcostofOption7(M)is$2.5millionless

thanOption1 butaddsonly0.5acreofwetlandimpact.Also,a singlehighwallhas
substantialdisadvantagescomparedtoa tieredwallconfigurationwithregardto seismic

stability,settlementtolerance,andaesthetics.Thetieredwall'ssignificantseismic
performanceadvantage,byitself,constitutesa sufficientreasontorecommendthetieredwall

alternative.Also,theundesirableeffectsofa tieredwallcanbemanagedwithappropriate
treatmentsalongthetiersections.Therefore,a tieredwallconfigurationisrecommended.

Option7(M)hasa somewhathigherriskassociatedwith

potentialaccidentalwetlandorcreekencroachment.
Movingtheproposedtoeofembankmentawayfromthe

existingcreekisthebestwaytoreducethelikelihoodof
potentialencroachment.Therefore,theproposed,

recommendedwallalternativeinvolvesa slight

realignmentofOption7(M). Inordertobetterprotectthecreek,therecommendedalignment
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throughthisareacallsforthetoeof theembankmentto bemovedtothe50-footbufferedge, .........
ratherthan30 feetinsidethebufferasshowninOption7(M).Thiswillimprovethelevelof

safetyandconfidenceinbeingabletoavoidpotentialwetlandorcreekencroachmentduring
construction.Thefinalrecommendedalternativeisdepictedinplan,profile,andsectionviews

onFigures2.7,2.8,and2.9.

Constructionof theproposed,recommendedalternativeenablesMillerCreekto remaininits
currentchannelwithconstructioncompletelyoutsideoftheminimum50-footcreekbuffer.

Approximately20 feetofthecreekbuffermaybetemporarilyimpactedduringconstructionfor
erosioncontrolfacilities.Temporaryconstructionimpactstowetlandsarediscussedindetail

thereporttitled=WetlandImpactandFunctionalAnalysis"(Parametrix,Inc.April1999).The
temporaryimpactsareanticipatedtoincludeinstallationofsiltfencing,drainageswales,or

sedimentationponds.Thesefacilitieswillremovedandthearearestoredaftertheyareno

longernecessaryforconstruction.
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A. SINGLEWALL B. DOUBLEWALL

J

C. SINGLEWALLWITHBRIDGE D. DOUBLEWALLWITHBRIDGE
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FIGURE2.1
S. OVER-STEEPENEDSLOPE WALLCONFIGURATIONALTERNATIVES
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SECTION 3 EVALUATION OF ALTERNATIVE TECHNICAL APPROACHES FOR
RETAINING WALL CONSTRUCTION

Introduction

Givena preferredgeometricdesign(Section2) a varietyofwallorslopetreatmentsare
availabletomeetthedesigncriteria.Thissectiondescribetheevaluationprocessusedto

selectpreferredwallstructuretypefroma broadlistofretainingstructuresusedin thistypeof
application.

Identification and Evaluation of Alternatives

Alternativeswereidentifiedfromstaffexperience(over90 yearsofcombinedengineering

experienceforthesixstaffwhocompiledthe listof alternatives);reportedexperienceof

engineeringorganizations(i.e.,WashingtonandCaliforniaStateDepartmentsof
Transportation,USArmyCorpsof Engineers,etc.);andvarioustechnicalpublications.

Atvarioustimesduringthereviewprocess,additionalinformationwasobtainedfromcontacts
withotherconsultants,constructionrepresentatives,andvendorswhoprovideproprietary

retainingwallcomponents.

Alternativestoa conventional2H:IV embankmentincludeda rangeofoptionstoincreasethe

slopeof theembankmentto70degreesormore,aswellasdifferenttypesofretainingwall
structures,as follows:

Slopes
• MechanicallyStabilizedEarth(MSE)Slope;
• SoilCementButtress;and

• Roller-CompactedConcreteButtress.

Walls

• MechanicallyStabilizedEarth(MSE)Wall;
• AnchoredWall;
• CribWall;

• CellularCofferdam;
• ConcreteDam;

• CantileverWall;
• CounterfortWall;and

• CylinderPileWall.
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Summary Descriptions of Alternatives Considered

Base Case

Thebasecaseconsideredfortheembankmentwasa conventionalcompactedsoilfill,

constructedwithnominal2H:IV sideslopes.Finalaverageslopeofthefill wouldbe
somewhatflatterthan2H:IVbecauseof theneedto includerunoffcontrolbermsandroads

forsafetyandoperationalaccess.

Conventionalembankmentslopesconsistof unreinforcedsoiland/orrockfill. Thefill is placed
insuccessiveliftsandcompactedto providestrengthanduniformity.Conventionalsoilslopes

aretypicallyaround2H:IV,whichisconsidereda practicallimitfor maintainingvegetation
usedfor surfaceerosioncontrol.Somehighwayembankmentslopesareconstructedat 1-

1/2H:1V,androckfill slopesrangingupto 45degreeshavebeensuccessfullyusedforboth

damsandhighwayembankments.Rockfill slopescanreduceoreliminatetheneedforpost-
constructionsurfaceerosioncontrol.

Over-steepened Slopes

Severaltechniqueswereidentifiedto increaseembankmentslopesbeyondtheconventional
valuesnotedabove.

MechanicallyStabilizedEarth(MSE)ReinforcedSlopes.MSEslopesare composite

slopesofcompactedsoilandlayersofsteelorpolymer(i.e.,geosynthetic)reinforcement.
Theseslopescanbebuiltinexcessof70degreeswiththepropercombinationofbackfill
materialandreinforcementstrengthandspacing.Figure3.1showstherangeinreported

slopeheightsandinclinationsfora numberofMSEslopesconstructedaroundtheworld.

MSEslopesthatexceed70degreesininclinationareregardedbytheFederalHighway
Administration(FHWA)andothersas"walls"andarediscussedlaterinthisreport.

GeotextilesusedforMSEslopereinforcementcanbewrappedat theslopefaceandplanted
witha varietyofplantmaterials(referredtoasgreenscaping).Alternativesincludecoarse

stoneretainedbymesh,leftunplanted,oruseofconcretefacings(whichmaybeeitherpre-
castunits,pneumaticallyappliedshotcrete,orpossiblycast-in-place).

SoilCementandRollerCompactedConcrete(RCC).SoilcementandRCCcanbeusedto
constructslopesgreaterthanconventionalcompactedsoilorrockembankmentsduetothe

strengthincreaseresultingfromthemixture.

• SoilcementconsistsofsoilamendedwithPortlandcement(flyashorlimearepossible

substitutes).Forsoilcement,theadditiveisgenerally4 to8 percentofthemixbymass.
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Soilcementis mixedin thefield by blendingthesoilandadditivein liftsby harrowingprior
to compaction.

• RCCis predominantlygravel-andcobble-sizedmaterial,blendedwithsandandPortland

cement.Cementcontentvariesdependingonstrengthrequirementsbut istypically
greaterthanusedfor soilcement.RCCis mixedin a batchplantundercontrolled

conditions,thenspreadin liftsandcompactedafterdeliveryin transitmixtrucks. RCC

canachievea "naturalangleof repose"between40 and45 degreesat edgeswhere

compactionis avoided(Corps,1992);however,noinformationwasavailableon

maximumattainableslopesfor RCCwhenedgecompactionis performed.

Retaininq Wall Alternatives

Thefollowingretainingwallstructuretypeswereevaluatedforapplicationinthisproject:

• MechanicallyStabilizedEarth
• AnchoredWalls

• CribWalls

• CellularCofferdam

• Concrete"Dam"

• CantileverWalls

• CounterfortWalls

• CylinderPileWalls
• ConcreteArchWalls

• OtherProprietaryWalls

Mechanically Stabilized Earth (MSE) Walls

MSEwallsarea compositesystemof compactedsoiland reinforcingelements,whichmay

havea prefabricatedconcretefacing,or befacedwithgeotextilesas describedabovefor
MSEslopes.Insomeapplications,theconcretefacingis appliedafterthe endof construction,

especiallyin areaswheresettlementis a concern.The reinforcingelementsare typicallywire
mesh,metalstrips,andpolymer(plastic)sheets(geotextiles)or grids,collectivelyreferredto

as geosynthetics.Thereare a numberof examplesof thesewalls (orcombinationsof these

walls)constructedinexcessof 100feet inheight,seeFigure3.2.

Anchored Walls

Anchoredwallsconsistofwallandanchorcomponents.

Thewallsmaybepre-castmodularunits,cast-in-placeconcretepanels,cylinderpiles,or

soldierpiles(typicallywideflangesteelsections)withlagging.The anchorsaretypically

cablesor steelrodsattachedto ananchoror to rowsof anchors,behindthewall. Forretaining
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a soil fill, theanchortypicallywouldconsistof a massiveconcreteblock,referredto as a
"deadman,"that is buriedwithinthe backfillas constructionproceeds.Typically,theanchoris

pre-stressedduringconstructionto limitdeformations.

Anchoredwallshavecommonlybeenconstructedin excessof 80 feet;however,theseare

typicallyfor excavations(i.e.,to retainthecut face).Limitedinformationwasavailablefor

heightsof fill retainingwalls,maximumheightsof less than 40feetaretypical.

Crib Walls

Cribwallsare a typeof gravitywalltypicallyconstructedof shop-fabricatedcellularunitsthat
are fieldassembledand filledwithsoilor rockforstability.Theactualcribbingwhichformsthe

individualcellscan bemetal,precastreinforcedconcrete,or timber.Thesewallsare generally
lessthan30 feetwhenusedto retainconventionalcompactedearthfill, butcanbe much

higher(upto around50 feet)whenthe backfillis MSEreinforced.

Cellular Cofferdam

Cofferdamsarea typeof gravitybuttressthatconsistsof a seriesof sheetpile (orequivalent)

k circularcellsthatinterlockto forma wall.

Individualcellsarefilledwithgranularmaterialto providedaddedsupport.Cofferdamshave

beenconstructedwithover75feet of exposedheight,typicallyin marineterminalapplications.

Concrete "Dam"

Concretedamsaremassiveconcretegravitybuttresses.Aconcretedam canbe constructed

usingcast-in-placeconcretewithadjustableformsor by usingRCC.A largenumberof dams

havebeenconstructedin excessof 100 feet,typicallyfor impoundingwater.

Cantilever Walls

Cantileverwallsgenerallyconsistof a verticalreinforcedconcreteslabstructurallyconnected

to a baseslab,whichprovidesresistanceto overturning.Conventionalcantileverwallsare

typicallyusedto retainfill slopesinmostsituationsupto about35 feet (WSDOT,1990).

Counterfort Walls

Counterfortwallsare a specializedtypeof cantileverwallwhich hasverticalstiffeningribson
thebackor frontsidesto strengthenthe connectionbetweentheverticalwallslab andthe

baseslab.Thesewallscanbe up to about50 feet in height(WSDOT,1990).

AR 042403
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Cylinder Pile Walls

Cylinderpile wallsconsistof a seriesof individualpilesplacedsideby sideforminga

continuouswall.Thesewallsare typicallyusedto retainexcavations,wherethecylinderpiles
areconcretecastin shaftsdrilledintothesoil.Typicallythepiles are inclosecontactor

overlapping(tangentpiles)forstiffnessandto eliminatetheneedfor lagging.

Individualpilesmaybe6 to 12feet indiameterdependingon the requiredwallheight.
Anchorsgroutedintothesoilbehindthewall are sometimesusedto reducewall movements

at increasedheights.Facingistypicallyusedto improveaesthetics.Reportedexperiencefor

cylinderpilewallsis around20 to 40feet in heightwithoutanchorage,to morethan 100feet
with tiebackanchors.

Concrete Arch Wall

Concretearchdamsare shapedto impoundwaterby loadtransferintotheadjacentground.

Thesestructurestypicallyrelyonfavorablylocatedmassiverockabutments,butpossibly

couldbe foundedon verydenseglaciallyoverriddensoiland transferloadwithground
anchors.

To ourknowledge,thesewallshavenotbeenused insoil retentionapplications,but forwater

storagetheyhavebeenusedto heightsof exceeding250 feet.

Other Proprietary Walls

V.E.R.T.wallsconsistof a seriesof pilesspacedin rows,whichprovidesstabilitythrough

eartharchingbetweenthepiles.Eachpilerowisoffsetfromtheadjacentrowto contributeto

the"archingeffect"thatenablesthiswallsystemto retainsoil.Thisproprietarysystemisused

to retainsoilexcavations;noexperiencewasreportedforapplicationto embankments.

Modularblockwalls,or segmentretainingwalls,consistof interlockingelementsthatare

connectedto forma gravitybuttress.Reinforcementof backfillusinggeosyntheticsistypically
usedfor this typeof wallsat heightsgreaterthan 10feet.

Combined Alternatives

Thewallalternativesdiscussedabovemaybecombinedalone or incombinationwithone

another.Forexample,variouscrib andvendor-proprietarywallsare oftencombinedwithMSE
reinforcedbackfillto achievegreaterheights.

Othercombinationscouldbedevelopedby usingoneor morewall typesin tiers.Onthe

Seattle1-90projectforexample,cantileverwallswere locatedboth upslopeanddownslopeof
cylinderpile wallsto increaseoverallheightof a retainedcut.
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Composite Slopes and Structures

Wealsoconsideredcombinationsofconventionalembankmentslopeswithover-steepened

slopesandretainingwalls.Thiswouldbe typicallyinvolveMSE-typesystems,wherethe

distinctionbetweenan over-steepenedslopeanda wallis conventionallybasedon inclination

less thanor greaterthan70 degrees,respectively.

Ranking of Alternatives

Initial Evaluation Criteria

An initialevaluationof the variousretainingwall andover-steepenedslopealternativeswas

performedusinga weightedrankingmatrix.The goalof the rankingwasto identifypreferred

wall/slopealternativesfor further,moredetailedconsiderationof designandconstruction

issuesandperformanceinapplicationssimilarto the projectconditions.

Theinitialevaluationcriteriaincluded:

• RelativeCost;

• MaterialDesignLife;

• Experience/PerformanceHistory(i.e., relativenumberof constructedprojectsand
durationinservice);

• TechnicalCertainty(i.e.,establisheddesignmethods);
• SeismicPerformanceCharacteristics;

• Constructability;

• Surface/SubsurfaceDrainage;
• DifferentialSettlementPerformance;

• Easeof Maintenance;and
• Aesthetics.

Toprovidea meansof effectivelyscreeningthe alternatives,eachof the keyfactorswas

assigneda weightingvaluefrom 1 to 3 basedon relativeimportance(e.g.,aesthetics= 1,
technicalcertainty= 3).

Thisanalysiswasrepeatedconsideringthreedifferentwall heightranges(i.e.,0 to 40feet,40
to 80feet, andgreaterthan 80feet) to addresswall heightlimitationsfor someof thewall
alternatives.

Initial Evaluation Rankinq Factors

Rankingof thealternativeswastypicallyaccomplishedby assigninga valueof 1 to 3 (i.e.,low,
medium,or high,respectively),to the performanceratingfor eachof theevaluationcriteria
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namedabove.A valueof 0 wasusedin thescoringif the wall/slopealternativewasnot

applicablefor thegivenheightrange.Theweightingwas incorporatedintothe matrixby

multiplyingtheweightingvaluetimestheperformancerating.A "TotalRankedScore"foreach

wall/slopealternativewasthen determinedby summingtheweightedvaluesforall the
variables.

Initial Rankinq of Alternatives

Theresultsof the initial rankingprocessare showninTable3.1

• MSEwallsandMSEslopeshadthe highestTotalRankedScoreforeachof the height
ranges.

• The concretedam,rollercompactedconcrete,andsoilcementover-steepenedslopes

alsoscoredrelativelywellfor all heightranges.

The selectedwall/slopeheightandconfigurationdependson theoutcomeof theevaluationof

preferredprojectgeometry,whichwasdiscussedearlier in this report.

Horizontalconstraintsfor theoverallslope(basedon creekandwetlandenvironmental

values,andaccessrequirements)wereconsideredin thefinal evaluationprocessto help

narrowthenumberof wallalternativesbasedon performancewithina particularheightrange.

If thetieredwallgeometryis acceptable,the0- to 40-foot-highcategorywouldbe
appropriate;

• If a verticalwallis needed,the >80-footcategorywouldbe appropriate;and

• If slopescanfitwithinthegeometricconstraints,thesealternativesmaybe preferableto
wallsin someregards.

Basedon thewallalternativematrixevaluationandgeometriclimitsdeterminedas discussed
previously,the MSEwalls,MSEslopes,andRCCslopeswereretainedfor thefinal selection
process.
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Table3.1- Resultsof InitialRankingof Wall/SlopeAlternatives

WallHeightinFeet

0to40 I 40to80 >80
TotalRankedScore

!MECHANICALLYSTABILIZEDEARTHWALL 50 45 39

ANCHOREDWALL(e.g.,Deadman,Bulkhead,or 38 28 21

OtherAnchorageSystem)

CRIBWALL 41 0 0

CELLULARCOFFERDAM 37 28 2

CONCRETEDAM 32 34 32

CANTILEVERWALL 42 6 6

COUNTERFORTWALL 42 25 6

CYLINDERPILEWALL(i.e.,withorwithout 39 28 12

anchorage)

CONCRETEARCHWALL 25 3 3

OTHERVENDORWALL(i.e.,"V.E.R.T."wall) 34 22 6

REINFORCEDSOIL(MSE) 51 49 51

SOILCEMENT 38 33 23

ROLLERCOMPACTEDCONCRETE 41 40 38

The matrixevaluationfor all the criteria,all the wall/slopetypes,andthe 0- to 40-foot,40- to

80-foot,and>80-footheightrangesareincludedin AppendixC.

Geotechnical Issues Relative to Wall Stability

Existingsubsurfaceinformationobtainedfromreviewof existinggeotechnicalmappingand

angerboringswherepossiblegenerallyindicatesthereare relativelygoodfoundation

conditionsalongmostof theproposedembankment.Verydensesoilswithhighshear
resistanceandhighbearingcapacityhavetypicallybeenencounteredwithinabout15feetof

the groundsurface.Localareas,includingwetlandsandexistingfills, mayoccasionallyhave
compressiblesoilsto depthsapproaching30feetor more.

Soil conditionsovermostof thesite willprovidegoodembankmentsupport.Foundationsfor

retainingwallsandover-steepenedslopeswill locallyrequiresubgradeimprovements.There

are a numberof alternativesfor improvingthecompressiblesoilsto providegoodfoundation

support. HartCrowserreviewedalternativesfor constructingwall/slopefoundation

improvementswithHNTBandPortstaff in November1998,for a rangeof soiland

groundwaterconditions.Fromthatanalysis,it wasconcludedthat foundationimprovements

couldbe accomplishedwithina limiteddistance(40feetor less)outsidethefootprintof the
variouswallalternatives,to limitimpactsto wetlands.
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HartCrowseraccomplishedpreliminaryanalysesof subgradesettlementbelowthe
embankment.Theanalysesindicatedlittlepotentialimpacton baseflowto wetlandsand

MillerCreekdue to settlementundertheembankment(HartCrowser,1999).Theproposed

wall/slopealternativesare anticipatedto requirefoundationimprovementsandproduce
settlementsandbaseflow impactsovermoreor lesscomparableareas.

Fourteenexploratoryboringswereaccomplishedin February1999to supportongoingdesign

efforts,in threerepresentativeareas,includingthe areadiscussedin this report.Boringsin

wetlandswereaccomplishedunderthe"Nationwide6" permitprocess,alongwithborings
adjacentto wetlands.Theboringsincludedcollectionof soilsamplesand in situteststo
provideinformationon strengthandwatertransmissioncharacteristicsof the soils.Resultswill

beusedfor designandconstructionplanningto avoidand/ormitigateimpactsto wetlands.

Aspartof thegeotechnicalcollectionof informationandanalysisof site conditionsand

wall/slopealternatives,HartCrowserconsultedwithUniversityof WashingtonProfessors

RobertHoltz,PhD,P.E.,andSteveKramer,PhD,P.E.,whoare recognizedexpertsin MSE
andseismicengineering,respectively.

Initialstabilityanalysesforbothstaticandseismicconditionsindicatetheproposed
recommendedalternative,thetieredMSEwall, is well suitedforconditionsat thesite.
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APPENDIX A MILLER CREEK RELOCATION SITE B NEAR EMBANKMENT
STATIONS 174+00 TO 186+00

Introduction

Thethirdrunwayembankmentincludesfill activitiesandconstructionofa retainingwallthat
couldimpactMillerCreeksouthof South160thStreet.Dependingonthespecificproject
design,a portionofthecreekmayneedto berelocated.Theproposedrelocationproject
would:

1. Movethecreekwestto anareaoutsidetheimpactareaassociatedwithconstructionof
theretainingwall;

2. Providemitigationfor lostfloodplainareaandstoragevolume;
3. Reducelong-termimpactstoaquatichabitatbyconstructingin-streamhabitatfeatures

andcreekhydraulicsthatprovidefishhabitat;and
4. Protecta newstreamwith50-footbuffersontheeastsideand100-footbuffersonthe

westside.

Thepreferredalternativefortherelocationprojectwouldmeetthefollowingcriteria:

• RelocateMillerCreekawayfromtheimpactareaassociatedwithconstructionandlong-
termmaintenanceoftheretainingwall;

• Minimizeimpactsto wetlands,riparianvegetation,andthestreambank;

• Minimizetheareaof landdisturbance;

• Providemitigationfor lostfloodstorageandconveyance;and

• Minimizeamountofpermanentin-channelhabitatlossand replacelosthabitatthrough
mitigation.

Fourpotentialcreekrelocationalignmentsareevaluated.Alignments1Aand1Bwoulddivert
thecreekwheretheexistingchannelsplitsintotwoseparatechannelsasit flowsaroundin-

channelwoodydebris.Thenewchannelwouldfollowthewestedgeof theexistingfloodplain.
Alignments2 and3 woulddivertflowupstreamofthepointwheretheexistingchannelsplits
andwouldberelocatedto a depressionthatis separatedfromtheexistingcreekbya small
hill.Eachoftheproposedalignmentsarediscussedinmoredetailbelow.Floodplainimpacts
cannotbedetermineduntilthepreferredwallalternativeisselected;therefore,mitigationfor
floodplainimpactsisnotevaluated.

Dominantvegetationin theproposedrelocationareaincludesredalder(Alnusrubra),willow
(Salixsp.),Himalayanblackberry(Rublisdiscolor),andreedcanarygrass(Phalaris
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arlindinacea).Astandof blackcottonwood(Populusbalsamifera)anda standof westernred

cedar(Thujaplicata)occurona smallhill locatedwestofthepotentiallyrelocatedchannel
segment.

Alignment 1A

Alignment1Awouldcausetheleastimpactsto MillerCreek.Theproposedchannelwouldbe
locatedapproximately40feetwestof itspresentlocation(at itseasternmostpoint).Thenew

channelwouldbe 100feetlong,replacing140feetof existingchannel.Constructionofthis
alignmentwoulddisturbapproximately0.2acreandremoveapproximately240cubicyardsof
earth.

Adverseimpactsto vegetationandexistinghabitatassociatedwiththisalignmentare
expectedto beminimal.Vegetationremovedwouldincluderedaldersaplingsandsmall
willowshrubs,blackberry,andreedcanarygrass.Thisalignmentwouldnotdisturbthe
westernredcedarorblackcottonwoodtreeslocatedto thewest,andit wouldprovide
opportunitiesto re-establishnativevegetationin theriparianzone.The requiredexcavation

(widthanddepth)is minor,therebyreducingimpactsto existingstream-sidevegetation.

Alignment 1B

Alignment1BwouldhavemoreimpactonMillerCreekthanAlignment1A.Theconstructed
channelwouldbelocatedapproximately55feetwestof itspresentlocation.Theproposed
channelwouldbe140feet longreplacing200feetof existingchannel.Onelogweirwouldbe
usedto matchexistingchannelslopes,andto maintainin-channelvelocitiesequalto orbelow
existingconditions.Constructingthisalignmentwoulddisturbapproximately0.5acreand
removeapproximately1,300cubicyardsof earth.

Alignment1BwoulddisturblesslandareathanAlignments2 and3, butcausemore

disturbancethanAlignment1A.Thisalignmentwouldalsohavemoreimpactsto existing
vegetation.Theproposedroutefollowstheedgeoftheexistingfloodplainwherevegetationis
predominantlyalder,willow,Himalayanblackberry,andreedcanarygrass.Thisalignment
mayrequirea relativelysteepslopealongitswestedge,andmayrequireremovalofa
westernredcedartree.Alignment1Bwouldprovideopportunitiesto re-establishnative
vegetationin theriparianemergentzone;however,moreof theexistingriparianvegetation
andstreamshadingmaybetemporarilylost(thanAlignment1A).

Alignment 2

Alignment2 wouldhaveintermediatelevelimpactsonMillerCreek.Theconstructedchannel
wouldbelocatedapproximately85feetwestofitspresentposition.Theproposedchannel

wouldbe240feetlong,replacing370feetofexistingchannel.Thisalignmentwouldrequire
threeweirstomatchexistingchannelslopesto keepin-channelvelocitiesequaltoorbelow
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existingconditions.Constructionof thisalignmentwoulddisturbapproximately0.6acreof
landandremoveapproximately2,400cubicyardsofearth.

Alignment2 woulddisturbmoreareathanAlignments1Aand1B;it wouldalsoimpactthe
standofwesternredcedarandmayrequireremovalof severalof the largertrees.Mostlikely

itwouldnotimpactthelargestandofblackcottonwoodlocatedat thedownstreamendofthe

project.Theareadisturbedbythisprojectispredominantlycoveredby Himalayanblackberry
andreedcanarygrass,sodisturbancewouldprovideanopportunityto replacethesenon-

nativespecieswithnativevegetation.Wheretheexistingcreekchannelwasnotfilled,itcould
provideadditionalfloodstorageandbackwaterhabitat.Thisalignmentwouldrequire
significantexcavationandreplantingof riparianvegetation.Streamshadingfromexistingred
cedarwouldbetemporarilylostuntilthevegetationmatured.

Awetlandlocatednearthedownstreamendofthenewchannelmaybeimpacted.This

wetlandhasnotbeensurveyeddueto accessrestrictions,butimpactscouldinclude
conversionofforestandshrubwetlandto channelhabitat.

Alignment 3

Alignment3 wouldhavethegreatestimpactsonMillerCreek.Theconstructedchannelwould
belocatedapproximately110feetwestofitspresentposition.Theproposedchannel,which

wouldbe280feetlong,wouldreplace480feetofexistingchannel.Thisalignmentwould
requirefivelogweirstomatchexistingchannelslopestokeepin-channelvelocitiesequalto
orbelowexistingconditions.Constructionofthisalignmentwoulddisturbapproximately0.7
acreoflandandremoveapproximately2,700cubicyardsofearth.

Alignment3 wouldcausethelargestareaofvegetationdisturbance;however,thisalignment
wouldnotimpactthestandofwesternredcedarorthegroveofblackcottonwood.
Constructionwouldprovideopportunitiesto replaceHimalayanblackberrywithnative
vegetation.Someremovalof nativespecieswouldberequired,butthesespeciescouldbe

replaced.Wheretheexistingcreekchannelwasnotfilled,it couldprovideadditionalflood
storageandbackwaterhabitat.Thisalignmentwouldrequiresignificantexcavationand
replantingoftheriparianvegetation.Streamshadingwouldbe lostuntilthevegetation
matured.

Awetlandlocatednearthedownstreamendofthenewchannelmaybe impacted.This
wetlandhasnotbeensurveyeddueto accessrestrictions,butimpactscouldinclude
conversionofforestandshrubwetlandtochannelhabitat.
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APPENDIX B SUPPORTING INFORMATION ON WALL/SLOPE GEOMETRY
VARIABLES

Introduction

Todeterminethepotentialwall/creekoptionsavailable,threegeneraldesignvariableswere
identified.Thewall/creekoptionsweredevelopedusingvariouscombinationsofthethree

variables.Thethreedesignvariablesidentifiedare:

1. WallConfiguration;
2. CreekLocation;and

3. CreekBufferImpact.

Wall Configuration Variables

Fourpotentialretainingwallconfigurationsplusoneover-steepenedslopeconfigurationwere
identifiedandaredescribedasfollows:

A.ConfigurationA- SingleWall.ConfigurationA involvesconstructionof a singlewall
paralleltothethirdrunwaycenterline.Thetopelevationofthewallis determinedbythe
perimeterroadelevationanddoesnotvarybetweencreekrelocationalternatives.Thebottom
ofthewallisdeterminedbythelocationof theexistingorrelocatedcreekedge.

B.ConfigurationB- DoubleWall.Thisconfigurationis similarto thesinglewall
configurationexceptwherehorizontalseparationis adequatethesinglewallissplitintotwo
wallsoflesserheight.Likethesinglewallconfiguration,thetopof thedoublewall

configurationis againsetbytheperimeterroadalignmentandthebottomelevationis
determinedbythelocationof thecreekedge.

Whilethedoublewallconfigurationreducesthewallheightofthe individualtiers,it doesnot
reducetheoverallwallheight.Theseparationbetweenthewalltierscouldalsonecessitatean

intermediatemaintenanceandemergencyroadbetweenthetwotiers,dependingonthe
horizontalseparationofthetiers.Introductionofanintermediateaccessroadwouldincrease
thefill quantitiesnorthandsouthofthecriticalareaor increasethelengthof thelower
retainingwallnecessaryuntiltheroadties inwitheitherthePerimeterRoadorSecurityRoad.

C.ConfigurationC- SingleWallwithElevatedPerimeterRoad.ConfigurationC isa
departurefromtheconstraintsofConfigurationsAandBwhichprovidegradingandfillto
allowtheperimeterroadto beconstructedat gradeontherunwayembankment.By
constructingtheroadwayona supportingstructure(piers,cantilevers,etc.)theembankment
canbereducedbymovingthetopcatchlinefurthereast.Thisallowsadditionalhorizontal

distancebetweenthetopofthefillandtherealignedcreekforthe2H:IV fillandreducesthe
maximumrequiredwallheightaccordingly.
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D.ConfigurationD- DoubleWallwithElevatedPerimeterRoad.ConfigurationD
combinesthecharacteristicsofbothConfigurationBandConfigurationCandprovidesa
doubleretainingwallwithanelevatedPerimeterRoadstructurethroughthecriticalarea.

S.ConfigurationS- Over-steepenedSlope.Afifthalternativeinvolvesconstructionofa
slopesteeperthan2H:IV.Thiswouldbeaccomplishedbyinstallingsoilreinforcementat
intervalswhilethefillisbeingplaced.Theslopefacingcanbea varietyoftreatments.

Creek Alignment Variables

InadditiontoleavingMillerCreekinitsexistingalignment,fourpotentialcreekrelocation
alignmentsweredevelopedbytheThirdRunwayProjectTeamEnvironmentalSupportGroup.

Thepotentialcreekrelocationalignmentsattemptto provideadditionalflexibilityto the
retainingwalloptionswhilemakingbestuseoftheexistingtopographyin thevicinityof the
existingcreek.Thefourpotentialcreekrelocationalignments,as wellastheexistingcreek
alignment,areasfollows:

Exist-- ExistingCreekAlignment.MillerCreekflowsfromnorthto southroughlyparallelto

theproposedThirdRunway.BeforeturningwestandcrossingundertheHighway509,the
creekmeandersto itsclosesthorizontalpositionto theproposedrunway.Theexistingcreek

alignmentcomeswith180feet(horizontally)oftheproposedperimeterroadsurroundingthe
runway.

1A-- CreekRelocationAlignment1A.Thiscreekrelocationalignmentcallsforthe least
linealfootageofcreekrelocation.Approximately145linearfeet (LF)of creekalignmentwould
belostwhileapproximately95LFof creekwouldbereestablishedslightlywestof thecurrent
creekalignment.Thiscreekalignmentallows210feetof separationhorizontallybetweenthe

perimeterroadandtheproposedcreekedge.

1B--CreekRelocationAlignmentlB. Thiscreekrelocationisa variationof Relocation
Alignment1Awitha slightlygreaterlinealfootageof existingcreekbeinglost (195LF)anda
correspondingincreaseinthe linealfootageofreestablishedcreekbed(130LF).Thiscreek
alignmentallows215feetof separationhorizontallybetweentheperimeterroadandthe

proposedcreekedge.

2-- CreekRelocationAlignment2. Creekrelocationalignment2 movesthecreekfurther

fromthenewrunwaythanalignments1AandlB. Approximately384LFof theexistingcreek
bedwouldbelostandapproximately250LFof reestablishedcreekwouldbeconstructed

roughly100feetwestoftheexistingalignment.Thiscreekalignmentallows260feetof
horizontalseparationbetweentheperimeterroadandtheproposedcreekedge.
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3-- CreekRelocationAlignment3.Creekrelocationalignment3 issimilartoalignment2 but
therealignedcreekbedismovedslightlyfurtherwest.Thisalignmentresultsinapproximately
500LFoflostcreekbedandapproximately285LFofreestablishedcreekbed.Thisalignment
allows290feetofhorizontalseparationbetweentheperimeterroadandtheproposedcreek
edge.

Buffer Impact Variables

ThethirdvariableassociatedwiththeGeometryOptionsistheimpacttothecreekbuffer.
Eitherconstructionwillbeallowedtotakeplacewithinthe50-footcreekbufferandthebuffer-
areawillbereestablishedatthecompletionofconstruction,ornoconstructionactivitywill
occurinsidethe50-footbuffer.Thisresultsintwobufferimpactvariationswithinthe
IntermediateOptions.

B-- BufferImpact.Thebufferimpactvariationallowsconstructionaccess,TESC,and
placementofembankmentwithinthe50-footcreekbuffer.Atthecompletionofconstruction
theembankmentinsidethebufferwouldbeplantedwithsuitablebufferplantmaterialsand
accesswouldberestricted.

NB-.-NoBufferImpact.Thisvariationprovidesforanun-impactedcreekbufferduring
construction.Noconstructionactivitywouldbeallowedwithin50-feetoftheexistingor
relocatedcreek.

Retained Options

Basedontheabove-describeddesignvariable,50differentwall/creekconfigurationoptions
areavailable.Twentyoftheoptionswereretainedforevaluationafteraninitialscreeningby
Portstaffandconsultants.TableB.1summarizesthegeometricaldataassociatedwitheach
ofthe20retainedoptions.
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TableB.1- Summaryof GeometricalDataforRetainedOptions

Option Wall CreekRelocation Buffer Max.Wall FaceArea FillQuantity Additional
Configuration Alignment Impact Height Reduction Wetland

(orSlope) Disturbance
Channel LF Y orN FT SF CY Acre

1 A SingleWa, Exist 0 N 132 116,000 723,000 0
2 A Exist 0 Y 110 97,000 655,000 0.54

3 A 1A 140 N 120 101,000 675,000 0.27
4 A 1A 140 Y 98 92,000 664,000 0.65

5 A 3 480 N 62 71,000 552,000 1.39
6 B DoubleWail Exist 0 N 2 x 75 140,000 764,000 0
7 B Exist 0 Y 2 x 65 128,000 633,000 0.54

8 B 1A 140 N 2 x 70 133,000 652,000 0.27
9 B 1A 140 Y 2 x 59 121,000 641,000 0.65
10 B 3 480 Y 2 x 41 101,000 582,000 1.39

11 C Single Exist 0 Y 94 104,000 768,000 0.54
Wall/Bridge

12 C 1A 140 N 105 109,000 791,000 0.27
13 C 1A 140 Y 82 97,000 773,000 0.65

14 C 3 480 Y 46 73,000 644,000 1.39
15 D DoubleWa,& Exist 0 N 2 x 67 144,000 550,000 0

Bridge

16 D Exist 0 Y 2 x 56 123,000 498,000 0.54
17 S Over- Exist 0 Y 0.58:1 313,000 611,000 0.54

Steepened

Slope

18 S 1A 140 N 0.41:1 312,000 649,000 0.27

19 S 1A 140 Y 0.73:1 340,000 583,000 0.65
20 S 3 480 Y 1.28:1 339,000 448,000 1.39

Matrix Evaluation

Amatrixwasdevelopedtoaidinevaluatingtheadvantagesanddisadvantagesofthe20

retainedoptions.Basedondiscussionsandinputfromstaffandconsultantsrepresentingthe
ThirdRunwayengineeringandenvironmentalpermittingeffort(Port,HNTB,Parametrix,and
HartCrowser)aswellasinputfromtheAirportOperations,Maintenance,andFire

Departments,itwasdeterminedthatthefollowingissueswillinfluencethewall/slope

geometryselection.Eachoftheissueswasweightedandincorporatedintotheevaluation

matrix.ThefinalevaluationmatrixisshownonFigureB.1.Thescoringofeachissueis
describedbelow.
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Cost.Theoptionswiththe leastestimatedinitialconstructioncostoftheretainingwallor

slopewerescoredhigherthanthosewithhigherconstructioncosts.Unitcostswerebasedon
anaveragecostpersquarefootforMSEwallsorslopes.Theunitcostswereincreasedasthe
heightofthewallincreasedbasedonthegraphshownonFigureB.2.Thetotalrelativecosts
ofeachoptionareshownonFigureB.3.

FillQuantityMinimization.The2H:IVfillslopeoptiondiscussedearlierwouldresultin the
greatestquantityoffillmaterialnecessaryforthethirdrunwayembankment.Eachofthe
retainedoptionswillresultina reductionoffillquantitybasedonthequantitynecessaryfora
2H:IVslope.Theoptionsresultingina greaterreductioninfillquantitynecessaryweregiven

higherscores.

CreekRelocationandWetlandAvoidance.Betweenrunwaystations174+00and186+00,
thewest-sideembankmentistypicallylocatedinoradjacenttowetlands.Designoptions

(steeperslopesor increasedwallheights)thatreducethewesternlimitof theembankment
willalsoreducetheimpacttowetlands.

Therecommendedwall/creekalternativemustbeconsistentwithSection404regulatory

requirementsto avoidandminimizewetlandimpacts.Toachievethis,theevaluationmatrix
consideredthepotentialwetlandimpactsas wellas thefeasibilityandthepracticability(cost,
logistics,etc.)ofeachretainedoption.Thesefactorswereevaluatedto determinetheleast
environmentallydamaging,practicalalternative.

Thoseoptionsresultingin theleastlinealfootageof creekrelocationandtheleastimpactto
existingwetlandswerescoredhigherthanthoseoptionsrequiringa longercreekrelocation
andlargersquarefootageofwetlandimpacts.

BufferAvoidance.Theoptionsresultingin the leastimpacttotheexistingcreekbufferwere

giventhehigherrelativescores.Therankingcriteriaconsistedof:

P, Acreageof existingcreekbufferimpacted;and
•. Avoidingtheexistingbuffercompletelyis preferableto re-plantingthebuffer.

FloodplainAvoidance.AlloftheoptionswillimpacttheexistingMillerCreekfloodplain.
However,thoseoptionsthatminimizethevolumeoflostfloodplainwerescoredhigherthan

thoseresultingina greatervolumeoflostfloodplain.

Access.Althougheachoftheoptionswillaccommodatetheneedformaintenance,security,
andemergencyaccess,someof theoptionsresultinfeweraccessconcerns.Itwas
determinedthatthemostcriticalaccessrequirementistheabilityoftheAirportFire
Departmenttoprovidefiresuppressantcoveragewiththeirexistingequipment.Therefore,
thoseoptionsthatresultin"shadows"orhavelargehorizontalseparationwherefire
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suppressantwillnot reachwerescoredlowerthanthoseoptionsthatallowunrestrictedfire
suppressantplacement.

OperationalImpacts.A highretainingwallorslopewill requiresomemaintenanceefforts
andspecificfireandrescueprocedures.Discussionswereheldwith representativesfromthe
airportmaintenancedepartmentandfiredepartmentto quantifythoseimpacts.Harderto
quantify,however,aretheimpactsof a highwall,slope,orbridgeonairsideoperations,such

arepotentialradarreflectionandwindshearimpacts.

Therearefewexistingexamplesof highretainingwallsconstructednearrunways.Thereare

afewairportsconstructedonbluffsthatapproximatetheconditionsof a retainingwall.In
somecases,thecliffs,bluffs,orwallsneara runwaydocreateturbulenceduringcertainwind
conditions;however,theeffectsaregenerallymanageable.

Constructionofthewallisnotanticipatedto createundesirableradarreflectionbecauseofthe

wallslocationwestof andbelowtherunwaygrade.Thosefacilitiesthatareto beplaced
furtherwestofthewall(theASR)arealsonotanticipatedto bedetrimentallyeffectedbythe

wallorslope.

Theoperationalimpactsofthewalltowindshearandradarreflectionweredeterminedtobe
negligibleforeachofthewall/slopeoptionsandtheevaluationissuewasnotincludedin the
finalevaluationmatrix.

Easeof Maintenance.Eachof theretainedoptionswill requireperiodicinspectionand
maintenance.Someoptions,however,areexpectedto requirelessroutinemaintenancethan
others.Thoseoptionswithfewermaintenancerequirementswerescoredhigherthanthose

thatwillrequiregreatermaintenanceefforts.Theassumptionsthatimpactedtheranking
included:

• Roadsat boththetopandthebottomof a structureareanticipatedto bepreferableto a
singleroad;

• Accessroadscloserto proposedstructuresarepreferableto roadsthata furtheraway;
and

• Over-steepenedslopescanbetteraccommodatefacingrepairor replacementinneeded.

DrainageAdaptability.Eachof thewall/slopeoptionscanbetailoredto meetthe
requirementsassociatedwithcollection,storage,andtreatmentofsurfacewaterrunoff.
However,thoseoptionsthatmoreeasilyaccommodatetheanticipatedstormdrainage
featuresweregivena higherrelativescore.Theassumptionthateffectedtherankinginclude:

• Doublewallswill requireanintermediatecollectionsystem;

Steepslopeswillrequirebenchesor intermediatecollectionsystem;
• Bridgeswill requirespecialrunoffcollectionattheabutments;
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• Wallswillrequirefoundationdrainage,over-steepenedslopeswillnot;

• Greaterhorizontalsurfaceareawillresultina highervolumeofstormwaterrunoff;and
• Wall/slopeconfigurationwillnotsignificantlyimpactconveyancefromtheairfield.

SchedulingAdaptability.Phasingandconstructionsequencingwillbeanimportant
componenttotherunwayembankmentprogram.Thoseoptionsthatcanbemoreeasily

adaptedtoconstructionovermultipleyearsweregivena higherrelativescore.The

assumptionsthatimpactedtherankingareas follows:

• MSEwallscanbeconstructedtoanyheightina givenconstructionseason;

• Slopedbenchesbetweenwallsegmentsortiersincreasetheschedulingcomplexity;
• Bridgeconstructionaddsschedulingcomplexity;and

• Over-steepenedslopeshaveseasonalconstraintsforTESCmeasures.

WildlifeAttractantAvoidance.Theoptionspresenta varietyofconcernsregardingpotential
habitatcreationforwildlifeunsuitableinanairportenvironment.TheAirportEnvironmental

Groupwasconsultedtoquantifythepotentialforcreationofundesirablewildlifehabitatthat

couldbeprovidedwithineachofthegeometricaloptions.Thoseoptionswithlesspotentialfor

creatingwildlifehabitatweregivenhigherrelativescores.Theassumptionsusedforthe
rankingprocessareasfollows:

• Thegreaterthequantityofvegetatedslope,thegreaterthepotentialforhabitatcreation;

• Thereisnosignificantdifferencebetweentheeachof thewall/slopeoptionsforraptor
attractiveness;and

• Thebridge,if selected,wouldbeconstructedtoeliminatepotentialbirdroostingand
nestingareas.

Aesthetics.Opinionsontheaestheticvalueof eachof thegeometricaloptionscanvary
widely.However,itwasgenerallyassumedthatthoseoptionsresultinginlesssquarefootage

ofwallsurfacewouldbemoreaestheticallypleasingaswouldoptionsthatprovidea greater
areaof plantedmaterial.Thoseoptionsthereforeweregivena higherrelativescore.Other

assumptionseffectingtherankingare asfollows:

• Singlewallsover100feethighhavelowvisualattractiveness;
• Vegetatedslopeshavehighvisualattractiveness;

• Mixedstructuretypesresultinlessattractiveness;
• Reducedwallmassismoredesirable;and

• Greaterwallseparationisvisuallymoreattractive.
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APPENDIX C
SUPPORTING INFORMATION ON WALL/SLOPE ALTERNATIVES
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Typical Hei.qhts

TableC.1- MSEWalls>90FeetinHeight.

Vendor Height Notes
inFeet

i

TAI 131 TsingYi,HongKong(6 tiers)
TAI 125 Tokushima,Japan(3tiers)

TAI 122 Freeport,Indonesia( FullVerticalWall)
Hilfiker 104 RoyalOakMines,BC

TAI 98 KennedyPkwy,Atlanta,GA
TAI 98 Coccau,Italy(4tiers)
TAI 92 LesRoches,France

Hilfiker 91 MineraEscondida,Chile

TableC.2- MSEWalls70to90FeetinHeight.

Vendor Height Notes
inFeet

TAI 89 Izmir,Turkey(+69-footsurcharge)
TAI 79 Nice,France(built1978)

TAI 79 Nice,France(built1974)
Hilfiker 76 RoundMountain,NV

Hilfiker 72 KennecottEnergy,WY
Hilfiker 72 SantaBarabara,Chile

Hilfiker 72 CrippleCreek,CO
TAI 72 Menton,France(built1968)

TAI 72 Adelaide,SouthAustralia

Anchored Walls

Advantaqes

• Anchorscanbeprestressedto limitmovementsduetolateralearthpressureoffill behind
thewall.

• Readilydesignedto preventdeep-seatedfailures.
• Narrowbasewidth.

Disadvantaqes

• Limitedcasesofhighwalls>40feet.
• Mayberelativelyexpensive.
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• Highwallexamplesareforcut-typesituations.

Unknowns

• Highwaltexamplesfor fill-typesituations.

Typical Wall He(qhts

Limitedinformationsuggestswallsontheorderof30ft.havebeenconstructedandare
performingsatisfactorilyintheSeattlearea.

High Wall Examples

• 25-footanchoredcylinderpiles(WSDOTManual).
• MilitaryHandbook1025/4showsmanymarinebulkheaddesigns40to53feettall.
• 55-footwallwithbaseanchors,ChuckanutDrive,northofSeattle.

Crib Walls

Advantages

• Relativelylowcost.
D. Cantoleratemoderatesettlement.

• Basewidth(50to 60percentof wallheight).

Disadvantages

• Cribwallsusuallyeconomicalforwallheights< 30feet.

Unknowns

• Highwallexamples.

Typical Wall Heiqhts

• 15to35feet,dependingoncribmaterial.MSEreinforcementof thebackfillenableswall

heightsgreaterthan50feet.

Hiqh Wall Examples

• CaltransHighwaymanualallowsconcretecribwallsupto50 feettall.
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Cellular Cofferdams

Advantaqes

• Willgenerallyfailas interlocksyieldundershearstressbeforeundergoingcatastrophic
failurebyslidingoroverturning.

• Cantoleraterelativelylargemovementswithoutdamage.
• Goodseismicstability.
• Lateraldeflectionsupto 13percentofexposedheighthavebeenreported.

Disadvantaqes

• Typicallydesignedformarineapplications.
• Stabilitycanrequiredeepembedmentandwidecells.
• Maximuminterlocktensiononunloadedsideof cofferdambecomescriticalfor taller

structures.

• Noacceptedanalyticalmethodforcomputingmaximuminterlocktensionontheunloaded
sideofthecofferdam.

• Extremelydifficultto drivelongsheetsforlandinstallation.

Unknowns

• Methodof installingtongsheetsonland
• Acceptedmethodologyforanalyzinginterlocktensioninsheetpiles.
• Acceptedseismicanalysismethods.

Typical Wall Hei,qhts

• 40-to 80-foot-highwallsaredocumentedformarineapplications.Smallerwallsmaybe
moretypicalofcellularcofferdamconstruction.

Hi.qh Wall Examples

• 80feetexposedheightcofferdamat Tridentsubmarinedrydock.
• 57feetexposedheightcellularcofferdamat Portland,OR,shiprepairfacility.
• 40to 50feetexposedheightcofferdam,Williamson,WV,riverembankment.
• 47feetdouble-walledreinforcedearthcofferdamusedin lieuof RCCto reducecosts.

Concrete Darn/Concrete Gravity Walls

Advantaqes

• Donotrequirehigh-qualitybackfill.
• All-weatherconstruction.
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• Proventechnology.

Disadvantages

• Relativelyhighcost.
• Relativelywidebasewidth(60to70percentofwallheight).
• Notsettlementtolerant.

• Densesoilorrockrequiredforfoundationmaterial.

Unknowns

• Recentexamplesoftallgravitywallsforretainingsoil.

Typical Wall Heiqhts

• Wallheightsinexcessof100feetaretypicalforthistypeofconstruction.

Hiqh Wall Examples

• MilHandbook1025/4showsmanymassconcretemarinequaywallsfrom40to50feet
tall.

• 150feetmassconcretewallattheComerfordDam,ConnecticutRiver.
• 110feetunreinforcedconcretewallsatEisenhowerandSnellLocksontheSt.Lawrence

Seaway.

Cantilever Walls

Advantaqes

• Relativelynarrowbasewidth(50to60percentofwallheight).
• Experiencewithtiersapplicableforlargefill construction.

Disadvantaqes

• Relativelyhighcost;but,generallyeconomicalforheights<20feet.
• Cannottolerateappreciablesettlement

• Seismicstabilitymaybeanissueforhighwalls.

Unknowns

• Wallexamplesinexcessof35 feet.

Typical Wall Heiqhts

• 20to35 feetwallheightisrangelistedbyWSDOTandCaltransmanuals.
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Hiqh Wall Examples

• Notavailable.

Counterfort Walls

Advanta,qes

• Relativelynarrowbasewidth(50to60percentofwallheight).
• Applicableforlargefillconstruction.
• Walldeflectioncanbeminimized.

Disadvanta.qes

• Relativelyhighcost.
• Notsettlementtolerant

Unknowns

• Examplesofwallsover50 feettall.

Typical Heiqhts

• Reportedlyareroutinelydesignedto50 footheights(MilitaryHandbook1025/40.

Hi.qh Wall Examples

• MilitaryHandbook1025/4showscounterfortmarinequaywall50feettall

Cylinder Pile Walls

Advantaqes

• Deepembedmentwilllimitdeep-seatedfailures.
• Relativelynarrowbasewidth.

Disadvantaqes

• Deepembedmentneededforstability
Relativelyhighcost.

• Typicallyreservedforcutsituationsinconstruction.

• Largediametercylinderpileswouldberequiredtolimitdeflectionsforhighwallsections.
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Unknowns

• Cylinderpilewallsusedin fill-typesituations.

Typical Wall He_qhts

• 20to25 feetofexposedheightis typical.

Hiqh Wall Examples

• 20to40 feetexposedheightcylinderpilewallforI-5Seattleusedincut-type
construction.

• 41feetexposedheight,anchoredcylinderpilewallforhighwayinCincinnati(cut-type

construction).

Concrete Arch Walls

Advantaqes

• Designandconstructionarewell-documented.
• Highwallexamplesexistworldwide.
• Longevityhasbeendemonstrated.
• Seismicperformanceiswellunderstood.
• Narrowbasewidthforthinarchconstruction(<20%ofstructuralheight)

Disadvantages

• HighCost.
• Typicallyrockfoundationrequired,suitabilityofdensesoilfoundationunknown.

• Typicallykeyedintorockabutments.

Unknowns

• Examplesofconcretearchwallssupportingsoil.

Typical Wall Heiqhts

Concretearchdamshavea heightthattypicallyrangesfrom50to300feet.

High Wall Examples

_, Morethan24examplesofU.S.concretearchclamsgreaterthan100feethighwere
identifiedina cursoryreview.
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Other Proprietary Walls

Advanta,qes

• Modularblockretainingwallscanbeveryeconomical.

• Assemblyofmodularblockretainingwallsreadilyaccomplishedby inexperienced
contractors.

Disadvantaqes

• Proprietarydesignsystemsmaynothavebeensubjectedtoextensivepeerreview.
• Relativelysmalldifferentialsettlementscancausemodularblockwallstofail.
• Failuresofmodularsystemshavebeenreportedforrelativelylimitedwallheights.

Unknowns

• Validityof vendorperformanceclaims.
• Seismicperformancecharacteristics.

Typical Wall Heiqhts

• Mostexamplesfromvendorsshowwallslessthan20feettall.

H_qh Wall Examples

• 45feethighLock+LoadwallinSurrey,BC,with1H:10Vbatter.

MSE (Reinforced) Slope

Advantaqes

• Relativelylowcost.
• Cantoleratelargesettlements.
• High-qualityfill isnota requirement.
• Landformcontouring,usingvariableslopeanglesandnativevegetation,simulates

naturalslope.

• Cantoleratelargehorizontalandverticalstrain.

Disadvantaqes

• Generallyrequiresmorespacethana wall.

Typical Slope Heiqhts

• Variableuptoatleast150feet;typicallybasedongeometricconstraints.
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Hi,qh MSE Slope Examples

• 150feethigh1H:IVslopeinSouthAmericaby Tensar(G.Sander).
• 141feethighslopeforHelsellResidencelandsliderepair(compositeslopeof 1.6H:1V

and1.8H:1V).
• 115feethigh1H:lVslope(Hottz,et al, GeosyntheticEngineenng).
• 85feethigh0.2H:lVslopewithwiremesh/concreteaggregatefacingby Hilfiker(E.Aziz).

• 80feethigh1H:lVslopeinSouthernCaliforniausingan80ft. deep"shearkey".
• 65feethigh1H:lVslopeforSpanishHillsCountryClub,Ventura,CA.
• 55feethigh0.5H:lVslopeforRt.236,SantaCruzMountains.
• 50feethigh0.75H:1Vslope(53°)fordeveloperin Pittsburgh(J. Paulson).
• 36feethigh0.2H:lVslope(80°) retainingparkinglot inLeeds,U.K.(TAI).

• 30feethigh0.5H:lVslope(63°)withvegetatedfacinginPittsburgh.

Soil Cement

Advanta,qes

• Maybeusedto improvestrengthoverconventionalembankmentmaterials.

Disadvantaqes

• Thoroughmixingiscriticaltoachieveuniformsoilpropertiesthroughoutthefill.
• Weatherlimitedconstruction.

• Bindersmayinterferewithsurfacevegetation.
• Constructionratemaybelimitedbytimerequiredforcuringthemix.

Unknowns

• Seismicperformancecharacteristics.

Typical Waft Heiqhts

• Notavailable.

Hi.qh Wall Examples

• 82feet,30degreeslopeabovea 35-footcribwall,usingquicklimeandfilterfabric.

Roller Compacted Concrete

Advanta,cles

• Higherstrengthscomparedtosoilcement.
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• About25to50percentcheaperthanconventionallyplacedconcrete.
• Rapidconstructionbutmaybeweatherconstrained.

Disadvantaqes

_. Relativelynewtechnology-oldestRCCgravitydamdatesto 1980.

Unknowns

• RCCusedinsoilretentionstructures.

Typical Wall Heiqhts

RCCdamsrangefrom50toover300feetinheight.

Hi,qh Wall Examples

• Morethan25examplesof RCCgravitydamsover100feet inheightwereidentified
duringa cursoryreview.
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APPENDIX D COMMENTARY ON MSE WALL DESIGN ISSUES

ThisappendixsummarizesMSEwalldesignissuesintheareasof:globalstability,reinforcingmaterials,facing
materials,contractingissuesandspecialgeometricconsiderations.

Global Stability

1. Doesa higherwallchangethenatureoftheglobalstabilityproblemorwillconventionalanalysesworkwith
appropriategeometricconsiderations?

Severalsources(Holtz,Aziz,Mclntosh,Paulson)indicatedconventionalanalysisforglobalstabilityis

unchangedwithwallheight.Typicalpracticefor MSEwallshastheownerassureglobal(external)
stability,andthevendoroftentakingresponsibilityfor internalstability.Accordingto theCorpsof
Engineers,conventionalstabilityanalyses(similartoa gravityretainingwall)canbeused,andforMSE
walls>30feethigh,theCorpsstatesthatslidingfailureof thereinforcedmassmaybethemaindesign
issue.

2. Forslopingground(upwardbehindthewall)isitfeasibleto benchtheslopebehindthewallandincreaselength
ofthereinforcedzonewithheight,ordoestheconventionalpracticeofhavingallthereinforcementthesame

lengthneedtobefollowed?

EarlyFHWAguidancehadallthereinforcementthesamelength,butthis is notstrictlynecessaryand

variablelengthsareshowninsomearticles.Loadontoeandbaseslidingresistancerequiregood
foundationmaterials.

3. Forslopinggroundalongthefaceofthewall,canreinforcementlengthvarywithdifferent"H"?

Yes,needto setreinforcingverticalspacingthesamealongthebackof thewall,andsurveyduring
constructionsobackfillof adjacentsectionscanbecontinuous.

4. Whereunsuitablesubgradeexistsbelowthewallorthereinforcedfill,canitbe improvedsolelybelowthe
wall/fillorisitevernecessarytoimprovethegroundinfrontofthewall?

Noexampleswerefoundof toebermsbeingrequiredandat leasttwosources(HoltzandPaulson)

indicatedreinforcementbeyondthetoewasnotconventional.Preferencewas foroverexandreplace
softsoilswithreinforcedfill, Paulsonraisedquestionaboutshearstrengthof stonecolumns,HC

possibleconcernwithdifferentseismicresponsefor improvedfoundationrelativeto adjacentglacially
overriddenmaterial.
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Reinforcing Materials - Are there reinforcing material property issues that may
limit wall height?

1. Stiffnessof reinforcingelements(yieldstrengthovertimeorcreep).

Holtzandthepolymervendorssaycreepisa manageableproblem,butMclntoshandAzizarevery
specificthatonlysteelprovidesnecessarycreepresistanceforwallsabove60feet. Polymerproduct

creeptestdatareadilyavailablefor10,000to 15,000hours,(somelonger?)designguidancesuggests
limitsonextrapolation.

2. Strengthof reinforcingelements.

Azizsaidthatoverstressingof lowerlevelsof polymerreinforcinghasbeena problemandthathehasa

generalproblemwithconventional"batch"QAfor polymerproducts.Paulsoncitescompositepolymer
productshavehighertensilestrengththansinglepolymertype(PEC).Typicallyspecifiedstrengthof
materialandlayerspacingarevariedbythedesignerfor overallcosteffectiveness.

3. Strengthofreinforcedsoilcomposite.

Qualityof backfill(compactedsoil)typicallycontrolsstrength.Lengthof reinforcingzonevariedto
increasetotalstrengthwherelowunitshearvaluesarea concern,ranging0.65 Hto 1.2H;typical

vendorquoteis0.7H

Installationdamageriskisquantifiedindesignprocess.

4. Corrosionordegradationofreinforcingovertime.

Widelyacknowledgedto bea seriousissueforsteel.Canbeapproachedbyoversizingsection,special
metalsandcoatings,galvanizing.BackfillsoilneedsQA/QCforcorrosioninducingproducts,alsoneed

to considerlongterminfiltration.

Polymerproductsgenerallyregardedasbeingsusceptibleto sunlightUVbutvery durableonce
installed.Reactiontofuelspillsreportedlynota problem.

Manyof Hilfikerhighwallsarespecialusestructureson privatelandwithfixeddesignlifespecified

(e.g.,"20-yeardesignlifebasedonnormalcorrosioncriteria").
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Facing Materials - Are there facing materials or detailing issues that may limit

wall height? Such as:

1. Horizontalload(over-stressingduetocompaction).

ProblemidentifiedbyAzziz,notidentifiedininitialliteraturereview.Requiresfurtherevaluation.

2. VerticalLoad(crushingof bearingpads).

Accordingto TXDOT,compressedcorkbearingpadshavenotperformedadequatelyfortallwalls.
Neopreneworkswellbutis relativelyexpensive.Ononetall wall,injectionmoldedpadswereusedthat
crushedundertheweightof thefacing;however,noseriousconsequenceswerenoted.(McClelland)

3. Stiffness(seismicPwaveflex).

Thepredominantfailuremodeseemsto betopplingatthetop ofthewallunderseismicloading.To
minimizethispotential,reinforcementlayersshouldbeusedcloseto thecrest,withadequate

connectioncapacityandanchoragelength.IntheNorthridgequake,twowallsdidnotdevelopthis
failure,likelytheresultofgoodreinforcementatthecrest.(Bathurstet al.,1997)

A RECOstudyofwallsintheNorthridgequakeshowedthatstifffacingelementscouldbedamagedby

movementsofflexibleelementsnearby.Facingpanelsthatwereembeddedat thegroundsurface
sufferedsomeminorconcretespallingattheinterfacewithflexiblepanelsabovethem.Thisdamagedid

notaffectthestructuralintegrityofthewall,whichwasestimatedto haveexperiencedaccelerationsof
0.63to 0.91ghorizontal,and0.35to 0.62gvertical.(Frankenbergeretal.,1996)

ShakingtabletestsbyMatsuoetal.,showedthata wallwithcontinuousfacingexperienceda larger

displacementthana wallwithdiscretepanels,an "unexpected"result.Horizontaldisplacementatthe
top ofthewallwasabout3 timesgreaterforthecontinuousfacingwall.(Matsuoetal.,1998)

4. Stiffness(differentialsettlement).

RECObuiltanMSEwallforthenorthernI-5/I-405interchangeinWAina peatbogthatwas
overexcavatedandfilledwithquarryspalls.Evenso,thewallexperiencedsettlementsupto 3 inches,

butwasflexibleenoughto accommodatethis.(Grabner,1999)

5. Easeofinstallation/replacement(panelsize,connectiondetail).

Widerangeof detailsindicatesneedto consultwithvendorsto addressthis.

6. Doweneeda stifffacing?Ifsowhataretheeffectsofinstallingfacingaswallconstructionproceedsvs.
applyinga facadelater?
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A numericalstudybyRoweandHofoundthatfacingstiffnesshasa muchlesssignificanteffecton

horizontaldisplacementthanthereinforcementstiffnessandbackfillfrictionangle.Theyfoundthat

reducingfacingstiffnesswillinducea largertotalforceonthereinforcementlayers,buta smallerforce
attheconnectionbetweenthefacingandthereinforcement.Furthermore,a decreaseinfacingstiffness

willdecreasetheforceinthetopreinforcementlayers,thusdecreasingstrainatthetopof thewall

(forceslowerdownareincreased,leadingto largerstrainsinthelowerpartofthewall).(RoweandHo,
1998)

BathurstandHatamisummarizepreviousnumericalmodelingshowingthatstiffwallstendto maximize
theforcesattheinterfacebetweenthefacingandthe reinforcement,whilesegmentalwallsattenuated
theforcesbetweenthereinforcementandfacingunderseismicloading.(BathurstandHatami,1998)

7. Potentialdecoupling(differentialhorizontalmovementrelatedtoseismicPwave).

ShakingtabletestsbyRamakrishnan,etal.,showednodecoupling(neitherfailureinthekeys,norover-
ridingofthekeys)fora segmentalconcreteblockwall.Theblockfacedwallmovedlaterallyaftera
seismicforceof 0.45g'swasapplied,comparedto thewrappedfacedwall,whichmovedaftera seismic

inputof0.25g.Theauthorcomparedtheresponseof thesegmentalwallto a cantileverbeamsupported

bythegeotextiles.(Ramakrishnan,1998)

BathurstandAlfaroshowed,withshakingtabletests,thatsegmentalwallswith"fixed-face

construction"(i.e.,connectedwithkeysor pins)sustainedthelargestaccelerationbeforesignificant
displacementoccurred,incomparisonto segmentalwallswithfrictionalinterfaceshearproperties.

(Ramakrishnan,1998)

8. Howbeneficialordetrimentalisvegetation?

Subjectto furtherstudy,vegetationdoesnotappearto haveanydetrimentalimpactonstabilityor
structurallife.

AR 042448
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Contracting Issues - What is typical industry practice or preference with respect
to contracting?

1. Typicalpracticesare:

Ownerspecsgoal:type,sizeandlocation,andsometimesperformancecriteria(deflection,installation
tolerances)andcontractorsshopforcompetitivedesign&supplybidsfrommanufacturers;

Mostsystemsarepatentedandthereforedesignedbythevendor.Thereareseveralspecialty
consultants(Aziz,Christopher,Holtz,Macintosh)whoworkforvendorsand/orowners.

or

Ownerspecsdetaileddesignwithoptionforcontractorto providealternateproposal,andcontractorsshopfor

alternatedesignandsupplybidsmaterialsto seeif theycanfindanythingcheaperto buildthanthespeced
design.

Thismayproducemarginalproposalsforcheapercomponentsbasedon limitedanalysis,andrelated
problemsofreviewandappeal.

CaltransHighwayDesignManual,Chapter200.Caltranshaspre-approveda numberof proprietary

systems.Intheirscheme,Caltransprovidesonefully-detailed"Statedesigned"systemasa basisfor
payment,andsomealternatives(whichincludethe pre-approvedproprietarysystems)aspartofthe
contractbidpackage.Contractors& vendorsarefreeto proposealternativesystems,whichallows
vendorsto introducenewsystemsthatmaynotalreadybepre-approved.(WSDOT?).

Problemwithreviewtimeforvendororcontractorproposals,"new"/proprietarydesignmethods,

2. Recommendedapproach:Ownerpre-qualifyvendor(s)andcompletespecificdesigns,andspecsrequire

contractorto buildas specedwithsupportof thepre-qualifiedmanufacturerduringconstruction.

Thisprovidestimefor detaileddesigninteractionbetweenOwner'sengineersandvendor(s)and
enablesalltheattorneysandinsurancecompaniesto sortoutrealproductliabilityissueswiththe

Ownerandthevendor(s).Involvementofwithmorethanonevendorprovidespricecompetition.

3. ShouldOwnerpre-qualifyspecialtywallconstructioncontractors?

Mixedresponses,typicallysteel- no,polymer- yes
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Are there special geometric considerations for "walls" in the 70 to 150 foot height

range?

1. Howmuchhorizontaloffsetdoesit takefortheretainedfill to actas a seriesof lowwallsratherthana single

highwall?

Globalstability (probablyseismic)typically controlseffectof upper wallon lowerwall relatedto setback
distance.Superpositionof surchargeloadsisapplicablefor internalstabilitywithin0.5H : 1.0Vzone

belowupperreinforcedmass.

Aestheticsimproveswithsetbacks.OnesysteminHongKongusedoffsetsof 1.5mfor 4.5to 6.5m
sections,ona 24mproject.A 30mwallfora NationalParkServiceProjectinAtlantaused2msetbackfor

10msections,foraestheticsonly.Thedesignwasanalyzedasa verticalwall.

Tierscanbevegetatedforappearance,useof a specialconsultantonwallvegetationwasmentionedby
Paulson.

Also,usingtiersof limitedheightreducesloadandcontactstressproblemsonthelowercoursesof

masonryfacingblocksorpanels.

2. Whataretherelativeeffectsofputtingthetoeofthewallatthe topof a slopevs.thetoe of a slopeatthe topof
thewall?

Botha questionof globalstability,andinternalstability(dueto thesuperimposedload).Generallyslope

abovewallis partof designheight.

3. Doeswallbattermattermuch?

Somefacingpanelinstallationsystemsrequiresomebatter.Forinstance,the bottomrowis battered5/8

inchper5 feet,allowingforsomelateraldisplacementto mobilizethe resistanceof thereinforcement
(Foster).Notclearifthisbatterismaintainedforallsubsequentrows.

Batterreducestheoreticalloadonface butconventionalpractice(FHWA)isto designreinforcedfill

slopessteeperthan70 degreesasverticalwalls.

ShakingtabletestsbyMatsuoetal.,showedthata batteredwallexperiencedlargerhorizontal
movementsmid-height,andsmallerhorizontalmovementsatthetop ofthewall, comparedto a vertical

wall.(Matsuoetal.,1998)
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I!1SHANNON &WILSON. INC._q GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS

HNTB-SEATTLE600 - 108th Avenue IN-E,Suite 400 __
Bellevue, WA 98004

Attn: Mr. Robert T. Maruska

RE: PEER REVIEW, SEATrLE-TACOMA INTERNATIONAL AIRPORT
THIRD RUNWAY, WASHINGTON

As part of the Third Runway Construction Project at SeaTac Airport, a 135-foot-tail retaining

wall would be required near Station 179+00. At this location, Miller Creek is at its furthest

eastern limit. At HNTB's request, we have completed a peer review of this proposed retaining

wall. In the process, we have attended two meetings (March 16 and 22, 1999) and reviewed

plans, elevations, boring logs, test pit logs, Generalized Geologic Cross Section B-B, and Draft

Document "Evaluation of WalVSlope Alternatives to Reduce Impacts to Miller Creek,

Embankment Station 174+00 to 186+00." The above documents were prepared by HNTB

and/or Hart Crowser, Inc.

The design team reviewed and evaluated several alternative wall types. Based on the results of

the review and evaluation, a Mechanically Stabilized Earth (MSE) retaining wall appears to be

the most appropriate for this site. We concur with this assessment. Both tiered walls and single

face walls have been proposed. The former would be more appropriate in our view, particularly

ifa precast concrete facing is to be attached to the wall. Shorter panels (say, 35 to 40 feet in

height) would be lighter, easier to handle or lii_ to respective tier levels, and could accommodate

more differential settlement than longer, heavier, single-wall panels. The following presents a

discussion about design and contract issues, instrumentation, and construction considerations,

among others.

Design Issues

Base Stability

Preliminary subsurface explorations indicate that there is a potential presence of soR soils

andexcess hydrostatic pressure at the base of the wall. These conditions could have an adverse

400 NORTH 34TH STREET-SUITE 100 W-8625-01
P.O. BOX 300303
SEATTLE. WASHINGTON 98103206.632.8020FAX206.633._777
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SHANNON &WILSON. INC.
Attn: Mr. Robert T. Maruska
March 27, 1999
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impact on base stability and settlements of the proposed wall. Additional explorations would be

completed to better define subsurface conditions; a test trench is recommended. Mitigation

measures could include removal of soft soils and structural fill replacement, or soil improvement

(such as soil-cement treatment and vibro replacement). To maintain base stability, the removal

of soft soils and replacement with structural fill would be more effective. Settlements and slope

stability, including both global and local, would require detailed analyses.

MSE Wall Reinforcement

Welded wire (steel) or polymers are typically used as reinforcement within the wall

backfill. Polymers have the potential to creep under high stress levels, which is a distinct

possibility for this high wall. A thorough evaluation of various polymer creep potential (percent

strain with time) would be necessary in conjunction with a reasonable design factor of safety.

Wrapped-face construction procedures and inspection would be critical for a polymer-reinforced
MSE wall. Permanent walls similar in height to that being proposed reinforced with polymers

have yet to be constructed, whereas MSE walls reinforced with welded wire have been

constructed to heights of greater than 135 feet.

The concern with welded wire is corrosion potential. A detailed analysis of corrosion

potential is described in FI-IWA Demonstration Project 82 Ground Improvement (Working

Draft - June 1996). We recommend that this information be reviewed and incorporated into the

design. Based on our experience, a non-corrosive type backfill (high resistivity and pH between

5 and 8) would not have a significant impact on the long-term performance of a welded wire

reinforced MSE wall. Our preference would be to construct an MSE wall reinforced with

welded wire rather than polymers at this site.

Wall Facing

Various types of facings could be used, such as exposed welded wire, shotcrete, or

preeast concrete panels or blocks in various shapes. (We understand that an exposed face is

unacceptable.) Concrete blocks attached to the reinforcing would be placed in lifts as the wall is

being constructed. Detailed settlement analyses would be required to estimate the magnitudes of
the total and differential settlements. The amount of settlements should meet established criteria

so that high stress concentrations where successive blocks are in contact would not occur.

W8625-01.LTR2.DOC/pec/jbb W-8625-01
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Stresses would be significant for the blocks installed in the lower portion of the wall. Elastic

spacers may be required at these contact points. Vertical precast concrete panels, on the other

hand, would be attached to the walls after they have settled, decreasing the potential of

overstressing.

The panel-to-wall connection details would require a thorough evaluation. In addition,

the behavior of panel wall connections during a strong ground motion event are not well

understood. We suggest reviewing the recent work of R.J. Bathurst (Royal Military College,

Kingston, Ontario), or retaining him as a consultant.

Drainage

Adequate drainage would be key to the long-term performance of this retaining wall.

The Draft Document referred to earlier recommended subdrains behind the base of each bench or

wall tier. We agree with this recommendation. Consideration should also be given to a vertical

drainage layer located beyond the reinforced zone if the backfill used in this zone is rather

impervious.

Seismic Design

We understand that seismic design would be based on various earthquake (EQ) levels,

and that a site-specific ground response analysis would be completed by Professor Steve Kramer

of the University of Washington. The earthquake levels would be: (1) probability of an EQ

being exceeded during design life of the wall, (2) low probability of exeeedance during design

life, and (3) a rare EQ. The analysis would include a pseudostatic analysis for the internal and

external stability of the wall under seismic loading conditions, and a displacement analysis using

Newmark's Method. A Fast Lagrangian Analysis of Continua (FLAC) method of analysis is

also proposed to evaluate static and seismic performance of the MSE wall. Site-specific time

histories would be required for the FLAC seismic study. This latter approach would also provide

some insight into the behavior of the wall panel connection during a strong ground motion event.

We concur andsupport the proposed seismic design approach.

W8625-01 .LTR2.DOC/pe_j bb W-8625-01
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Contract Issues

Considering the sensitivity andheight of the proposed MSE wall, it is our opinion that a pre-

qualified list of MSE wall vendors should be included in the bid documents. The HNTB design

team should complete the majority of the design, including reinforcement width-to-height ratios,

subgrade bearing capacity, sliding resistance, earth pressures, estimated total and differential

settlements and wall lateral displacement, and structural fill and drainage material properties.

The design criteria should be incorporated into the plans and specifications for the vendors to

complete their design. The Design Team and Owner should interview prospective vendors prior

to the selection of the prequalified vendors. The vendors should probably complete a

preliminary wall design (preferably for a small fee) as part of the interview prequalification

process.

Hart Crowser should be involved with developing the plans and specifications and in the

prequalification process. Based on our experience, this would ensure that the desired materials

and gradations for drainage and reinforcing backfill, degree of compaction, compaction testing

and frequency requirements, and edge or facing construction are included in the documents.

Instrumentation

As a minimum, we recommend that a row of permanent inclinometer casings be installed behind

each wall tier. The bottom of each inclinometer casing should be embedded at least 10 feet

below the top of each successive wall. The inclinometer casing for the lowest wall should be

installed at least 10 feet into the underlying undisturbed bearing soil layer. The purpose of the

inclinometers would be to accurately document and record wall deflections during construction,

including rate of movement and long-term performance. Rate of movement could be used to

evaluate whether potential wall deflection has stabilized in order to proceed with construction or

to access the need for mitigation measures. Two separate rows ofinclinometers should be

considered for redundancy. Additional instrumentation could include extensometers to measure

lateral movement within and beyond the reinforced zone.

W8625-01.LTR2.DOC/pec/jbb W-8625-01
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Survey points should be established on the walls (tops and sides) to monitor and record

movements. Readings should be taken on a regular basis and be made available to the Owner

and Design Team the next day.

Construction

An experienced representative from the MSE vendor should be onsite full-time during wall

construction. In addition, a full-time, experienced representative from Hart Crowser, preferably

an engineer, should also be onsite during construction. The purpose of this level of construction

observation is to evaluate and document that wall construction is being completed in full

accordance with the plans, specifications, and intent of the geotechnical report(s).

Partnering should be considered prior to construction. Based on our experience, this is an

effective method of developing team relationships, cooperation, and mutual respect between

owner, designer, and contractor to achieve a successful project for all. Team goals could be

developed, such as open communication, good-faith negotiations, a quality project within

budget, and a profitable and successful project, to name a few.

Test Wall

Constructing a test wall is being considered for this project. In our opinion, design and

construction of a stable 135-foot MSE wall could be achieved with current engineering state-of-

practice and available technology. A test wall should be used to better understand specific

aspects of wall design, such as reinforcement strength, spacing, and length through a detailed

instrumentation program. Test wall results would be used to confirm design criteria or

assumptions and for economizing the actual wall design. The costs to build and instrument a test

wall may not result in a significant cost savings for the actual wall. Additional effort in

designing this critical MSE wall would probably be more cost-effective, in our opinion.

Mitigation

Consideration should be given to developing mitigation measures in case wall deflections

become excessive. Adequate instrumentation would be key in determining whether mitigation

measures are wan'anted. Mitigation could include additional precast panels and/or tieback

anchors to reduce bulging of the reinforced wall.
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We appreciate the opportunity to participate in this unique and challenging project. If you have

any questions, or if we can be of further service, please do not hesitate to call me at

(206) 695-6801.

Sincerely,

SHANNON & WILSON, INC.

_ffom£M._rt_'wski,i'?E.
Vice President

TMG:JW/tmg

co: Peter M. Douglass, Inc.
Hart Crowser, he., Michael J. Bailey
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