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Theldiscussersicongratulatel thell Authori forl hisi clearlandi concisel descriptioni ofithell closure
problemiapplieditoljetiscourliniplungelpools.iifiisinotedithatithelpresentedisetioflequationsthas
beenisovedibyimakingithelassumptionithatitheldraglforcesi exertedibyithel fluid onithel bed
particleslarelcorrelateditolthelnearibedivelocityluslanditolalChézyiroughnessicoefiicient. [ The
formerllisidefinediasialfunctioniofithelshapelofitheljetiatlim pact,ithelincomingljetivelocitylUs,ljet
thicknesslbslandialcoefficient a.0Then,lbyimakingluselofithel Shieldsicriterion,lalcriticalishear
stresslisidefinediforithelbed,iwhichifinallylallowsicomputinglitheimaximumiscouridepth.

Althoughiseveraliqualitativelcriterialforiturbulenceleffectslonithelinitiationloflparticlelmovement
havel beenlstudiedl inl thel past] andiarel introducedt inl thell Author’slapproach,i thel approach
strictlylremainsllofiquasilsteadylcharacteriandinol reallturbulencel effectsiarellincorporatedi by
meansl ofl directl physicallylmeaningfull parameters. Also,l quasi'steadyldragl forceslonl rock
blocksidependionithellocaliformiofithelblocklcompareditolitsisurroundings Jwhichlisidifficultito
define.

Aslsuch,ltheldiscussersthavelthelfollowinglquestionsiregardingithelprecisionlandiapplicationlof
thelAuthor’slapproach:

1. Which Y valuesihaditolbelusedi(calibrated)itoimatchitheltheoreticalimodeliwithiboth
laboratoryrandiprototypelscouridata?lWereltheselvaluesiconsistent?

2. Several a factorsiarelintegralipartiofithelmodellequations.[Whatlisithelgloballerrorion
thelestimateslofitheselparametersiandiwhatiwouldibelthelinfluencelofithisigloballerror
ontthelscouridepthiestimate?

3. Alrealijetiisirarelylpurelyiplaneloricircular.(Thelbottomvelocityidirectlyldependsionithe
shapelofithelje tlatlim pact.1Also,lbasedioniBohrerietial.0(1998),lthelvelocityldecaylofia
jetlintalplungelpoolistronglyidependsionitheldegreelofidevelopmentiofitheljetiinithelair.
What isll thell errorl thatl canll bel madell onl thell scourl depthl wheni thel degreel off jet
developmentiandiexactishapelatimpactiareliunknown?

Furthermore,lthel Author correctlyistateslini hisl conclusioni thati hisimethodi shouldialsol work
whenilincorporatingirelationsithatlincludelfluctuatingipressuresiasiwelllasirockicharacteristics.
Theldiscusser’siwouldilikeltolpointioutithatisom eimajoridifficultiesimightiariselwhenidoinglithis:

1. ThelunknowniGlhaslbeenideterminedibyimakingisimplifyinglassumptionsionithelshape
ofithelscourihole.[Theselassumptionsimightibecomelinvalidiwhentapplieditolalrealirock
mass, withil complexi 3DI fracturel patternsi thatl oftenl result] ind complexi scourl hole
shapes.

2. Theluseloflalcriticaliblockistabilitylfactorithatiaccountsiforiquasilsteadylanditurbulent
forcesithatiactioniairockiblocklinlaiplungelpooliwilllbecomelcomplicateditolsolve.[Block
stabilityinotionlyldependslionibothiquasilsteadytanditurbulentiflowicharacteristicslinithe
poolinearithelbedi(Bollaerti&Hofland,12004)landlonlthelgeomechanicalicharacteristics
ofithelrockimassi (blocklshape,iheight,isidellength,density [ fissurellorientationl tol the
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flow,letc.),Ibutialsoldependsioniaidirectinteractionibetweeniturbulencelandirockimass
characteristics.0'Thellatterigenerallylchangelwithidepthlinsidelthelscourihole.lAsisuch,
thel numbert of! relevant] parametersi andil equationsl willl increasel significantyl andl a
genericlanalyticalisolutionitolthelproblemiseem sialprioriichallenging.

It hasl toll bell notedi thatl thel secondi aspecti isi actuallyl beingll studied! atl thel Laboratoryl of
HydrauliciConstructionsiofithelSwissiFederallinstitutelof TechnologyiLCHIEPFL)ibyimeanslof
prototypelscaledimeasurementsliofipressurelfluctuationsiaroundianiartificiallyirockiblockiduelto
highivelocityl jetl impingement.l Bothl thell instantaneousl blockl movementsl (displacement,
acceleration)l andl thefl turbulent] pressurel fieldd aroundi thell blocki arel beingll recordedl atl high
frequencies,lwhichishouldiallowd gaininglal betteriunderstandingl ofithel forcesiiandiimpulsions
thatlarelresponsiblelfortblockiejectionl(Federspielietial.,2009).

Finally,1theldiscussersiwouldilikel tolprovidel al fewl thoughtsiregardinglairl influenceloniscour
depth.[ThelAuthoristatesithatiseveraliworksliniliteraturerfollowithelsameltrendiasihisitheoretical
model,li.e.laldecreaseliniscouridepthiwithlincreasinglairiconcentration./Atithelsameltime,lthe
presentedl applicationl of! hisl modell (equationl (15))1 omitsl thell influencel of! thel airl because
negligiblelcompareditolthelinfluencelofithelDI0Itermiinithelequation.lAlso,lwhenlapplyinglthe
modell toll thel experimentall databank,inal airl concentrationi valueslarel mentioned.] Doesl this
meanlthatithisimodellisinotiableltolclearlyipointioutithelinfluencelofithelairlonithelscouridepth
andithatithelpotentiallerrorionitheldifferent alfactorslisimuchimorelimportantiinithelequations?

Furthermore,l thel workl byl Canepal &1 Hager( (2003)0 hasl beenl performedi atl al veryl small
laboratorylscale,iwhich,linltheldiscussers’lopinion,idoesinotiallowiquantifyinginoriqualifyinglair
entrainmentieffectsioniscouriformation.JAlso,[Masoni(1989)ifoundianiincreaselofiscouridepth
withlincreasinglairlentrainmentifollowinglym,el~I(1+€)%5,landinotlaldecreaselasistatedibyithe
Author,iwhichisithuslinicontradictioniwithithelAuthor’simodel.

Thelworkl performedibyithel discusser’siatithel Laboratoryl ofi HydraulicI Constructionsiofithe
SwisslFederallinstitutelofiTechnologyl(LCHIEPFL)ihaspointedioutithelimportancelofithelscale
ofithel problemi (Bollaert,12002;1 Bollaert] &1 Schleiss,12003;1Mansal eflal. 12006;1 Bollaertietial.,
2009).0Prototypelscalediairiconcentrationimeasurementsiduringlhighivelocityljetlimpactiinian
artificiallplungelpoolihavelshownithatithelairiconcentrationlatithelrockibediseemsitoibelrelated
tolalpressurelbuiltlupiwheniapproachingitheljet' sistagnationipointianditolalsuddenipressure
decreaselfollowingiradialljetideflectioniafteripoolifioorlimpact.

Byl applyingll thell ideall gasl law,0 pVnl =ImRTl =0 cte,l ini which pl standsl forl pressure,i Ti for
temperature,iRiforl althermodynamicl constant,imforl thelmassi of thelmoleslofithel gaslinia
givenivolumelViandintalconstantithatidependsionitheltypelofithermodynamiciprocessini=i1ifor
adiabaticlprocesses),lthel volumelreduction DViofialgiveniquantityl (mass)lofiairlislinversely
proportionalitolthelriselinlabsolutelpressure Dp.IThelamountiofiairidoesinotichange,lonlyithe
sizelofithelbubblesi changesi duelltol al variationl ofl absolutel waterl pressure.0 Thel discussers’
measurementsishowlthat,latlje tlim pactlinithelwatericushion,iverylhighiairiconcentrationsican
belreached,lbutlthat,latl theljet sl stagnation pointloni thel poolifloor,1typicallairi concentration
valuesiarelonlylbetweeni2landi81%(Bollaertletial.,:2009).0Also,lBollaert]l(2002)landiBollaert]&
Schleissl(2003)imeasurediairiconcentrationsiinsideljointsibetweeniartificialirockiblockslatithe
poolifioor.iTheselwerel foundibetweeni 10andi 100 %,li.e.lthel samel order] of magnitudelofi the
valuesmeasurediatithelrocklbedisurface.



Finally,litiwasifoundithatiairiinirockifissuresicaniproducelresonanceldynamiclpressureslinside.
Therefore fairicanthavelaltriggeringlefiectionirockiscour.

Hence,ltheldiscussersiwouldilikeltolpointioutithelim portanceloflusinglprototypelvaluesiofijet
velocitieslandipressuresiwhenideterminingithelinfluencelofiairioniscour.lfiisiobvious(that,iwhen
artificiallylaeratingialiowlvelocity(jet,Jairiconcentrationsliofi300400%maylbelreached,inotionlylat
thelpointiofim pactiofitheljetlinithelwatericushion,lbutialsolcloseltolthelstagnationipointionithe
poolfloorlitself.)Basedl onl theldiscusserslhighlvelocityljetlimpactitests,ihowever, i thislisionly
possiblelonialsmalliscalellaboratoryimodel,iforiwhichistagnationlpressuresiremainilowlduelto
thelsmalliscalelofitheimodel.

Finally,l toldissipatel thel apparentl inconsistenciesibetweenl thell Author’sl andl thel discussers’
model,lalll relevantl physicallphenomenall shouldl bel correctlyl parameterizediandl introduced.
Although thisll seemsl veryl challenging,ll thell discussersl encouragel thel Authorl toll continue
advancingitowardsialcompletelunderstandingofithelicomplexiscouriproblemiiniplungelpools.
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