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Figurez)5zQzbedformzstabilityzdiagramzshowingzthezratiozofz/DthzpercentilezFroudeznumberzoverzmedianzFroudeznumberzversusz
specificzdischargezddischargezperzunitzwidthOxzIatazfromzthiszstudyzandzfromzexperimentszofz•artignyzetzalxzd0D()Oxz•irclesz
indicatezcycliczstepsmzstarszarezundefinedzsupercriticalzbedformsmzsquareszarezchutesKandKpoolsmzplusKsignszarezunstablez
antidunesmzdiamondszstablezantiduneszandztriangleszindicatezazflatzbedxz

Fr/DwFr:DKvalueszofzmorezthanz(x9zarezindicativezofzcycliczstepszinzthiszbedformzstabilityz
diagramxz Thisz alsoz appearsz toz bez thez casez whenz changingz otherz independentz
variablesmzsuchzaszgrainzsizezandzinletzsedimentzconcentrationxzThiszconstrainingzvaluez
mayzbezazhelpfulztoolzinzpaleoflowzreconstructionxz

VelocityAfieldAandAsedimentAconcentrationsAoverAaAcyclicAstep

Figurezb5zQzsnapshotzofzxKdirectedzvelocityzoverzazcycliczstepzdQOzandzsedimentzconcentrationzoverzazcycliczstepzdLO

HighestzflowzvelocitieszarezfoundzatzthezleeKsidezofzazcycliczstepzandzatzthezbottomzofzthezcurrentzatz
thezstartzofzthezstossKsidexzNegativezflowKvelocitieszKupstreamzdirectedzvelocitiesKzarezfoundzjustz
downstreamzofzhydrauliczjumpsxzHighestzsedimentzconcentrationszarezfoundzjustzdownstreamzofzthez
hydrauliczjumpmznearzthezbedzinztheztroughzofzthezbedformmzasztheznearKbedzflowKvelocityzstartsztoz
decreasex
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Bed-evolutionAandAdepositsA

Figurez95zthezevolutionzofzthezbedzoverztimemzthezblackzlineszarez-KsecondztimeKlines

²rosionztakeszplacezonzthezleeKsidezofzthezbedformmzwhilezdepositionztakeszplacezonzthezstossKsidez
inzlowKanglezbacksetzlaminationszcausingzanzoverallzupstreamzmigrationzofzthezcycliczstepsxzThez
majorityzofzdepositszarezformedzatzthezlastztwoKthirdszofzthezstossKsidex
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Unidirectionalmz overallz supercriticalmz freeK
surfacez flowz overz az sedimentz bedz leadsz toz
thez formationz ofz supercriticalz bedformsz asz
cycliczstepszandzantidunesxzForzthezfirstztimemz
az depthKresolvedz numericalz modelz isz
employedz toz simulatez thez behaviourz ofz thez
sedimentz bedz andz flowz atz thesez conditionsxz
Manyz morphodynamicz aspectsz ofz
supercriticalz flowz bedformsz arez stillz poorlyz
understoodxzThiszstudyzaimsztozprovidezmorez
insightz z intoz thez processesz associatedz withz
thez inceptionz andz evolutionmz temporalz andz
spatialmz ofz thesez bedformsmz thez focusz hereinz
willzbezonzcycliczstepsxz

ThezdevelopmentzofzbedformszcausedzbyzwaterzflowingzsupercriticallyzatzthezbeachzK
WaimeazRiverzHawaiimzdimagezbyzQuickSilverOz
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QzturbulentmzsupercriticalmzsedimentKladenzflowzoverzanzerodiblezbedziszsimulatedz
usingz MassFLOWK)Iz andz thez kernelz codez FLOWK)Ixz FLOWK)Iz usesz az
multiphasez ReynoldsKQveragingz NavierKStokesz dRQNSOz modelz inz combinationz
withzazbuiltKinzscourzmodelmzanzRNGzkKepsilonzturbulencezmodelzandzazfractionalz
areawvolumezobstaclezrepresentationzdFQVOROzthatzallowszrenderingzofzintraKcellz
geometriesxz
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Figurez05zthezsetupzofzthezsimulationzinzFLOWK)I

Methods:AtheAmodel

•zVelocityzstructurezdownstreamzofzhydrauliczjump5zhighestzvelocitiesznearzbedmznegativezvelocitieszzzz
atztopzofzflowxzz

•zShearzstresseszremainzhighmzonlyzdampenzoutzgraduallyzdownstreamzofzhydrauliczjumpx
•zSedimentzconcentrationzdropzlagszwithzrespectztozhydrauliczjumpx
•zIepositionalz lagzofzaboutz (w0z mzorz)Dzsmzmostzdepositszatzdownstreamz twoKthirdszofz stossKz z z z z z

sidezofzazcycliczstepx
•z Interactionz betweenz erosionz andz depostionz createsz lowKanglemz upstreamz migratingz backsetsmz

crossKcutzbyzerosionalzsurfacex
•zFr/DwFr:DKratioszlargerzthanz(x9zarezindicativezofzazcycliczstepzmorphologyx
•zItziszpossibleztozmodelzcycliczstepszusingzazdepthKresolvedzmodel5zMassFLOWK)IzorzFLOWK)Ix

Conclusions
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AveragedApropertiesAoverAaAcyclicAstep

Figurez:5zthezmeanzfreeKsurfacezandzbedzheightzdQOmzmedianzexcesszshearzstresszdLOmzmeanzcumulativezsedimentzconcentrationzKdepthz
integratedzsedimentzconcentrationKzd•OzandzmeanzFroudeznumberzdIOxzVersuszaznormalizedztimemzthezmeanszarezbasedzuponzthezdataz
ofz0/zindividualzcycliczstepszfromzonezsinglezsimulationxzThiszisztimezserieszdatazonzazfixedzlocationxzThezratezofzmigrationzofzthezcyclicz
stepsziszinzthezorderzofz(0Dzsecondsxz

Thezexcesszshearzstresszdropszoffzslowlyzafterzthezhydrauliczjumpmzcausingzthez
sedimentzconcentrationztozonlyzdecreaseszatzthezequivalentzofzaboutz)Dzsecondsz
afterzthezhydrauliczjumpx
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hydrauliczjumpziszveryzsuddenzatzindividualz
cycliczstepmzthisziszazmeanzline
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