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Effectsofrainstormsonwaterandsedimentrunofffollowingthe1996wildfireBuffaloCreekColoradoRDJarrettUSGeologicalSurveyLakewoodColoradoTWBrowningColoradoWaterConservationBoardDenverColoradoAbstractAbasinwidemonitoringapproachprovidesimportantinformationtoassesstheeffectsofwildfireonwaterandsedimentrunoffassesstheeffectsofwatershedrehabilitationactivitiesdeterminewatershedrecoverytimeandhelpmanageforestecosystemsTheapproachisflexiblerequiresminimalresourcesandcomplementscomprehensiveinstrumentedmonitoringinashortamountoftimeTheapproachwasappliedtothemountaincommunityofBuffaloCreekColoradowhichhadacatastrophicwildfireonMay181996Subsequentrainstormsproduced9floodslargerthana1OoyearprefireconditionsfloodaswellasnumeroussmallerfloodsRatesoffloodrunoffin1997wereaboutthesameasin1996whichindicatepersistenteffectsfromthefireandminimalwatershedrecoveryOnJuly121996about130mmofrainfellinanhourandwasabouta1OOOyeareventThisextremerainstormproducedafloodabout10timeslargerthanthe100yearprefirefloodOnSandDrawandothersmalltributariesinburnedbasinsnearthecenterofthestormpeakdischargeswerelargerthanthe1OOOyrfloodUnburnedbasinsinareasofmaximumrainfallhadminimalwaterandsedimentrunoffStudyresultswereusedtohelptheNationalWeatherServicedeterminethresholdrainfallamountsthatcouldproduceflashfloodingintheBuffaloCreekareaLargequantitiesofsedimentcontinuetobetransportedinburnedareastreamssincethefireMostofthissedimentisdepositedinStrontiaSpringsReservoirwhichisamajorwatersupplyforDenverlocatedafewkmdownstreamfromtheburnedareaInvestigationsofalluvialsedimentsindicateatleast10wildfirefloodsequencesduringaboutthepast2500yearsintheBuffaloCreekareaStudyresultsindicatethatprehistoricfiresandsubsequentincreasedrunoffpriortofiresuppressionofthelastcenturycontributetocyclicalgeomorphicinstabilityIntroductionWildfireisanaturaloccurrenceinthistinderdryclimateButwhenhumansputthemselvesinharmsswayanaturalphenomenoncanbetransformedintoanaturaldisasterDenverPostFirefightStartsatHomep4GJuly201997CommunitiesareencroachingintoforestedmountainareasinmanypartsoftheUnitedStatesparticularlyattheurbaninterfacenearmetropolitanareasinthewesternUnitedStatesThisgrowthhassignificantlyincreasedtheriskofnaturalhazardstopeoplelivinginorvisitingforestedareasFloodsanddebrisflowsparticularlyinrecentlyburnedwatershedsposeaseriousthreattohumanlifepropertyandtheenvironmentCaliforniasuffersanaverageannualbilliondollarsincostsandlosestowildfiresWeiseandMartin1995IncreasedrisksremainforseveralyearsordecadesuntilburnedareassufficientlyrecovertoprebumconditionsEvenstadandRasely1995RecentwildfiresandassociatedfloodanddebrisflowhazardsinsouthernCaliforniaFlorsheimetai1991WeiseandMartin1995HelenaMontanaParrett1987YellowstoneNationalPariMeyeretaI1995Ewing1996StormKingMountainColoradoCannonetaI1995theWasatchMountainsinUtahEvenstadandRasely1995BoiseIdahoBandelierNationalMonumentNewMexicoandMesaVerdeNationalPariColoradoallin1996emphasizethepotentialriskforlossoflifepropertydamageandcostsassociatedwithhazardmitigationandwatershedrehabilitationTheeffectsoffloodrunoffsedimentdeliverygeomorphicchangeswatershedrecoverytimeandthelinkagesamongthemarepoorlyunderstoodforburnedwatershedsWatershedsedimentandecosystemmodelsmaynotbeapplicablewithoutmodificationsforassessingchangesduetoburnedareasWeiseandMartin1995ThefocusofthisstudywastodevelopaflexiblecostefficientmonitoringandanalysisapproachthatcanbequicklyimplementedfollowingwildfireswherevertheymayoccurResearchwasundertakentomonitoranddeterminetheriskofhazardsandtohelpmitigatetotheextentpossiblelossoflifeandpropertydamagefromwaterandsedimentrunoffrelatedtowildfireareasExtensivecoordinationwasmadewiththevariousgovernmentagenciesinvolved1



withhazardmitigationparticularlytheNationalWeatherServiceNWSAnintegralpartofourresearchfocusesonhelpingtodeterminethresholdrainfaliconditionswhichwillchangewithtimethatcouldcausehazardousfloodinginburnedareasAdditionalresearchobjectivesareto1determinethelengthoftimeforthebasintoreturntoprefireconditions2assesstheeffectivenessofwatershedmanagementpracticesusedtomitigatewaterandsedimentrunoff3compileliteratureonwildfirehazardmitigationand4developapaleofloodbasedmonitoringprogramthatprovidesdataneededforsubsequentecologicalandforestrehabilitationactivitiesLimitedresourcesprecludeextensiveinstrumenteddatacollectioneffortsTherealsoisalikelihoodfloodsmaynotoccurininstrumentedbasinsMonitoringneedstobeginimmediatelyafterawildfirebecauseimportantdataarelostshortlyaftereachstormandhazardmitigationeffortsMonitoringinburnedandunburnedareasconsistsofdeterminingrainfallamountspeakflowsandchannelagradationanddegradationThestudyapproachwasappliedtothecommunityofBuffaloCreeklocatedabout50kmsouthwestofDenverColoradofig1OnMay181996anintensewildfirenowknownastheBuffaloCreekwildfireburnedabout50km2offorestFollowingthefirerainstormsproducednine1OOyearorlargerflashfloodsprefireconditionsTwopeoplewerekilledandseveralmilliondollarsinpublicandprivatepropertydamagewerecausedbythelargestfloodonJuly121997ColoradoWaterConservationBoard1997AdditionallyaboutfivemilliondollarswerespentfightingthefireandonwatershedrehabilitationeffortsUSFSwrittencommun1998ColoradoisthefirststateintheNationtocreateastatewidewildfirefireassessmentmapwhichoutlinesareasmOstvulnerabletocatastrophicwildfiresUSFSwrittencommun1997BuffaloCreekislocatedinamoderatefirehazardareathusillustratingthepotentialhazardsinotherwildlandurbaninterfaceareasBackgroundWildfireswhichchangefloodandsedimentproductionareanaturalprocesscriticaltomaintaininghealthyecosystemsandhaveoccurrednumeroustimesinthewesternUnitedStatesduringaboutthelast8000yearsWeiseandMartin1995MeyeretaI1995In1997wildfiresburnedmorethan25000km2inthewesternUnitedStateswhichwasthemostareasince1952NationalInteragencyFireCenterwrittencommun1997SubstantialresourcesaredirectedtowardsmitigationofwaterandsedimentrunoffinburnedareashoweverlittleisknownabouttheeffectivenessofwatershedrehabilitationpracticesMoststudiesdonetoassesstheeffectsofwildfiresonwatershedhydrologyhavebeenforchaparralvegetatedareasdenselowevergreenoaksinsouthernCaliforniaegFlorsheimetaI1991WeiseandMartin1995FewerstudieshavebeendoneforotherforestecosystemsandmostofthesefocusonsedimentrunoffegWhiteandWells1981Parrett1987MeyeretaI1995CannonetaI1995Ewing1996BecausesouthernCaliforniahasdifferentvegetationandsoiltypesthanotherforestedareasintheUnitedStatesstudyresultsmaynotbetransferableormayneedtobemodifiedfordifferentforestecosystemsHydrophobicwaterrepellentsoilconditionsoftendevelopafterawildfirefromthecombustionofvegetationanddecomposingorganicmatterwhichproducesaliphatichydrocarbonsthatmoveasavaporthroughthesoilandsubstantiallyreduceinfiltrationUSFS1979aHydrophobicsoilsdecreasedvegetationcoverandreducedsurfacestoragefollowingwildfiresdramaticallyincreasethepotentialforextremefloodingandsedimenttransportanddepositionUSFS1979bFiresuppressionactivitiesmakeitdifficulttoestimatethenaturalfrequencyoffiresfromhistoricalfirerecordsOnegoalofstateandfederalegUSFSBLMandNPSforestmanagersistobalancemaintaininghealthyforestecosystemsandminimizinghazardstothepublicandpropertyInthelate1950saftermorethanhalfacenturyofactivefiresuppressionwhichincreasedthethreatofcatastrophicwildfiresgreateremphasiswasplacedonprescribedburninginforestlandstoreducethebuildupoffuelwoodWeiseandMartin1995Since1984prescribedburninghasbeenusedonanaverageof1200km2peryearinUSnationalforestswhichhaveatotalareaof773000km2USFSwrittencommun1997Theeffectsoffireintensityonwaterandsedimentrunoffandtheecosystemarepoorlyunderstood2



StudyAreaThecommunityofBuffaloCreekislocatedinthefoothillsoftheColoradoRockyMountainsofunincorporatedJeffersonCountywithinPikeNationalForestneartheconfluenceofBuffaloCreekandNorthForkNFSouthPlatteRiverfig1Thecommunityatanelevationofabout2012mconsistsofseveralhundredhomeswithinamontaneforestpredominantlylodgepoleandponderosapinedouglasfirandaspenTopographyisruggedandsolfsareshallowmoderatelywelldrainedandcomposedofcoarsesandygravelColoradoWaterConservationBoard1997Bedrockonaverageisabout1mbelowlandsurfacebutisexposedonmanysteeperhillslopesAccumulationoforganiclitterduffonunburnedforestedareasaveragesabout60mmTheclimateissemiaridandmeanannualprecipitationisabout400mmmuchofwhichfallsassnowfromaboutOctoberthroughAprilManystreamsareephemeralinthestudyareaandflowintoBuffaloCreekandtheNFSouthPlatteandSouthPlatteRiverswhichprimarilyarefedbymeltingsnowpackandtransbasinflowdiversionsFloodflowsinthevicinityofBuffaloCreekcanresultfromintenselocalizedthunderstormsgeneralizedrainstormsandspringsnowmeltJarrett1990LongtimeresidentsreportednosignificantfloodingintheBuffaloCreekareainatleast70yearsThe1996wildfiredrivenbystrongwindsburnedmostvegetationandproducedhydrophobicsoilsinmuchoftheburnedareamakingtheareamoresusceptibletofloodingColoradoWaterConservationBoard1997MethodsNosystematicprecipitationstreamflowandsedimentmonitoringnetworksexistedinBuffaloCreekpriortothewildfireThereforedatacollectionconsistedofdeterminingrainfallpeakflowandsedimentologicdataformoststreamsintheBuffaloCreekareaRainfallbucketsurveydatawereobtainedthroughouttheBuffaloCreekareaforeachrainstormInadditionpaleofloodandsedimentologicdatawereusedtoestimaterainfallamountsandspatialvariabilityJarrett1990In1997fourrecordingprecipitationandthreestreamflowgageswereplacedintheBuffaloMorrisonandSpringCreekbasinsbytheUSGSincooperationwiththeDenverWaterDepartmentJohnMoodyUSGSwrittencommun1997Inearly1997theNWSprovided13BuffaloCreekresidentswithnonrecordingprecipitationgagestoassessthespatialvariabilityofrainfallmonitorfloodpotentialandassessrefinerainfallestimatesfromDopplerradarNWSWSR88BecausefewgageswerelocatedintheburnedareaandverylocalizednatureofconvectivestormsbasinwidemonitoringcontinuedforeachrunoffeventPaleofloodhydrologyisthestudyofflOOdtransportedsedimentsandbotanicinformationfrompastfloodspreservedinstreamchannelsandisparticularlyusefulinprovidinghydrometeorologicdataforungagedbasinsJarrett19901991MoststudiesinvolveprehistoricfloodsbutthemethodologyalsoisapplicabletostudyingmodemfloodsRainfallamountsonsparselyvegetatedhillslopesburnedorunburnedcanbeinferredfromtheamountofhillslopeerosionrillsgulliesandheadcutsmaximumsizeofsedimentstransportedanddepositionalcharacteristicsThepaleofloodrainfallestimatescanbecomparedwithothersourcesofrainfalldatagagedbucketsurveyandradarortheycanproviderainfalldatawhennoothersourceexistsBecauseofthehazardsandflashynatureoffloodsinburnedareaspeakdischargeswereestimatedusingtheslopeconveyancemethodBarnesandDavidian1978forstreamsintheBuffaloCreekareaaftereachrainstormSiteswereselectedprimarilywherebedrockisexposedacrossthechannelAfewsiteswerelocatedinalluvialchannelsreachesselectedwererelativelystraightanduniformwhichreducespotentialerrorsduetochannelchangeInsuchreachesnetchangeintotalflowareaprobablyaresmallforonefloodalthoughsedimentloadsmaybelargeCrosssectiondatawerecollectedforchannelsinburnedandadjacentunburnedbasinsMonitoredbasinsrangefromabout01km2tothetotalburnedareaofabout50km2TheburnedareaislocatedjustupstreamfromtheSouthPlatteRiveratSouthPlattestreamflowgagingstation06707500shownonfigure1whichhasatotaldrainageareaof6680krn2Thefloodofrecordis53m3Iswhichresultedfromsnowmeltsincethegagewasinstalledin1904Peakdischargedatawereestimatedfor75subbasinsinthestudyareahavingdifferentbasincharacteristicssuchasvegetationcoverbumintensitywatershedaspectandslopesediment3



sizesandwatershedrehabilitationmeasuresOnsitedataalsowerecollectedforsubsequentstormsthatproducedrunoffMonitoringisplanneduntilwaterandsedimentrunoffinthebumedareahasretumedtonearnormalForbumedandunbumedbasinsdataalsowerecollectedtoaestimatehillslopeerosionbestimatechannelagradationanddegradationcapproximatevolumesofchannelandalluvialfandepositsanddidentifypastfireandflooddepositsequencesinthealluvialstratigraphyThismonitoringcomplementssedimentstudiesbeingconductedbyotherUSGSandUSFSscientistsandhelpsvalidatechannelchangeestimatesfromaerialphotographstakenbeforeandafterthefireResultsandDiscussionMosteffortshaveconcentratedonmonitoringnumerousfloodsandprovidingpreliminaryinformationforhazardmitigationandforestmanagersResultsarepresentedforthestormandfloodofJuly121996theeffectsofthefireonfloodingandassessingwatershedrehabilitationeffortsJuly121996StormandFloodMaximumrainfallfrombucketsurveydatafortheJuly121996stormwasabout80mminanhourinthecommunityofBuffaloCreekandheadwatersofSpringCreekfig2BeforeadditionalrainstormstheextentoffreshrillandgullyerosionwascomparedtorainfallbucketamountswithoutgagedrainfalldataHillslopeerosionthenwasusedtoestimaterainfallinareaswithoutrainfalldataHillslopesbumedorunbumedwithsparsevegetationandlessthanabout25mmrainhadsomesedimentmovementandminimalrilldevelopmentfig3aHillslopesthatreceivedabout50mmofrainhadrillsabout75mmdeepand50mmwidefig3bHillslopesthatreceivedabout75mmofrainhadnumerousgulliesupto05mdeepandameterwidefig3cNumerousgulliesuptoameterdeepand3mwidefig3dweredocumentedabout5kmsouthofBuffaloCreekneartheheadwatersofSandDrawSpringCreekShinglemillCreekandSpringGulchThegullieswereusedtoinferamaximum1hrrainfallamountofatleast115mmRillandgullyerosiondatawereusedtographicallydisplaycomparisonsandtodrawanisohyetalmapfig2Rainfallamountsdecreasedrapidlyoutsidethebumedareaandthestormcoveredabout50to75km2TherainfallisohyetalpattemestimatedfromNWSWSR88radarbytheNationalweatherServicewrittencommun1996duringtheJuly121996stormisalsoshownonfigure2TheNWSestimatedthemaximumrainfallwasabout80mmHenz1998analyzedDopplerradarsignaturesandupperairobservationsfortheJuly12stormHisapproachdiffersfromtheNWSradarestimateinthatinterpretationshavebeenvalidatedwithgroundtruthrainfalldataforanetworkintheDenverareaduringaboutthepast15yearsHenzestimatedmaximumrainfallofabout130mminaboutanhourwiththecelllocatedneartheheadofSpringCreekwithsimilarisohyetalpattemsbutorientedslightlydifferentfig4Henzspreliminaryresultshadthestormfootprintlocatedabout3kmsoutheastofthepresentcenterinSpringCreekHenzMeteorologicServiceswrittencommun1997Howeverthegeomorphicrainfallestimatesindicatedalackofrainfallfig3aandessentiallynorunoffinHenzspreliminaryestimatedareaofmaximumrainfallAreashavingextremefloodrunoffnextsectionwerenotlocatedbelowHenzspreliminarystormfootprintHenzusedourresultstobetterlocatethestormfootprintfig4ThereforeitappearsthatgeomorphictechniquesprovidegoodestimatesofrainfallamountsandverygoodestimatesofspatialvariabilitywhencomparedwithHenzsestimatesfromDopplerradarHenzsrainfallestimatesareconsideredthemostreliablefortheJuly121996stormbecausetheyarebasedonThegeomorphicrainfalldataalsoprovidevaluableinformationtoassessthereliabilityofradarestimatedrainfallwhichareusedforflashfloodforecastingandotherpurposes4



The100year1hrrainfallisabout55mmfortheBuffaloCreekareaMilleretaI1973Diller1997analyzed24hrannualmaximumrainfallvaluesfor50stationsnearBuffaloCreekhavingasimilarclimateregimeHeconductedaregionalrainfallfrequencyanalysisusingthemethodofLmomentsHoskingandWallis1997Theregional1hrrainfallfrequencycurvedevelopedbyDillerfig5iswithin5percentoftherainfallfrequencyrelationofMilleretal1973Therecurrenceintervalwasabout1000yearsfortheJuly121996maximumrainfall130mminabout1hrinBuffaloCreekMaximumwaterdepthsasmuchas4moccurredwithin30minutesofthestonnsonsetinBuffaloCreekfig6SpringCreekandtheNFandSouthPlatteRiversHighwatermarksHWMsgenerallyweregoodtoexcellentandcomprisedofcharcoalleafandneedlelittersiltbentgrassandwashlinesHWMswereusedtoestimatethewaterslopeandflooddepthforeachcrosssectionPeakdischargeestimatedwiththeslopeconveyanceSICmethodusuallyislessaccuratethanestimatesusingmultiplecrosssectionsHoweverestimatesprovidedherereflectanaverageofseveralSICestimatesalongareachofchannelTheseestimatesprobablyaremoreaccuratethanasingleSICestimatebecauseofagoodagreementofestimatesalongachannelTheSICuncertaintyindischargeestimatesiscausedprimarilybynvaluesbulkingofflowwithsedimentanddebrisandchannelchangesEstimatesofuncertaintiesareshowninparenthesesThepeakdischargeestimatewas450m3s120forBuffaloCreekneartheNFSouthPlatteRiverfig1site1fig6ThisestimatereflectsrunofffromtheburnedareainBuffaloCreekanditstributariesnotablySandDrawSpringGulchShinglemillCreekandMorrisonCreekSandDrawwithadrainageareaofabout36km2figs1and7site2hadanestimatedpeakdischargeof200m3s125Theestimatedpeakdischargewas510m3s125forSpringCreekupstreamfromitsconfluencewiththeSouthPlatteRiverfig1site3MaximumfloodingoccurredinSpringCreekbecausethebasinhasslopesgreaterthanabout30percentextensivebedrockexposurehydrophobicsoilsmaximumrainfalloccurredinitsheadwatersandthestonnmovedfromwesttoeastdownthebasinTheSouthPlatteRiverstreamflowgagingstation06707500measuresthecumulativerunofffromthe1996bumareafig1site4butprincipallyfromBuffaloandSpringCreeksTheSICestimatedpeakdischargewas325m3s120reflectingattenuationoffloodpeaksfromBuffaloandSpringCreeksTheJuly121996peakstageintheSouthPlatteRiveratSouthPlattegagestillingwellwas152mlowerthanexcellenthighwatermarksHWMsprobablyduetoaninsufficientsizeintaketofillthelargevolumestillingwellThepeakdischargeusingtheincorrectgageheightestimatedduringthestonnfromtheratingcurvewasonly81m3sitislikelytheentirefloodhydrographissuspectIncorrectgagerecordingsareaseriousconcernforflashflooddetectionandissuingwarningstothepublicLargequantitiesofsedimentsweremobilizedonhillslopesandinchannelsintheburnedareaduringtheJuly12thfloodegfigs3cand7AdistinctblackbumboundaryonrocksinprefloodsurfaceswasusedasareferencetoestimatethegeneralsurfaceerosionfromsheetwashCarewastakentoestimatethegeneralerosionratherthanthelocalerosionaroundtherockInadditionpillarsofsoilwerepreservedundersomesurfacerocksandmetalobjectsontheburnedareasAboutahundredhillslopemeasurementsthroughoutthestudyareasuggestanaverageofabout10mmoferosionTheareaofmaximumsheetwashwaslimitedtotheheadwatersofShinglemillCreekSpringGulchSandDrawandtheupperthirdofSpringCreekegfigs3cand3dandwasusedtohelpdefinetheareaofmaximumrainfallfig4Locallysmallstreamsproducedupto6mofscourprimarilybyheadcuttingfig3cHundredsoftreessomeaslargeas075mindiametertoppledintothefloodwaterswhichexacerbatedflooddamagesSedimentsmovedonhillslopesrangedfromsilttocobblesizedmaterialand25mdiameterbouldersweretransportedinsomechannelsfig8Thedistinctblackbumboundaryonundisturbedtreesandrocksinchannelsfig9wereusedtodefineprefirechannelbedlevelsandestimatetheamountofchannelchangeManytributariesdegradedduringtheJuly12thfloodfig9althoughlocallyagradation12moccurredalongBuffaloSpringandShinglemillCreeksandonalluvialfansattributaryjunctionsinburnedareasManynewfanshaddimensionsofabout100mx30mx15mfig7September1996reservoirreleasesincreasedflowsintheNFSouthPlatteRiverthatwerecapableoftransportingsedimentsfromtheBuffalo5



CreekfantoSouthPlattewhichproducedaboutameterofagradationinpoolsFormanybumedbasinsthelocationofexposedbedrockorfirmgroundusedtoestimatedischargechangedforeachstormwithin100mofothersitesduetoshiftingchannelsThereforeafixedstreamflowgagingstationmaynotproducereliablerecordswithouttheuseofacostlycontrolegweirflumeormayneedtobemovedFloodtransportedsedimentsanddebrisinSpringCreekdammedtheSouthPlatteRivertoadepthofabout3mwhichcausedbackwaterpondingandreducedthepeakflowfromSpringCreekThepeakflowwas240m3s20intheSouthPlatteRiverdownstreamfromSpringCreekfig1site5about270m3slessthantheSpringCreekpeakflowWithoutthispondingandattenuationoftheSpringCreekfloodthepeakflowattheSouthPlatteRivergagecouldhavebeenaslargeas595m3sEffectsoftheBuffaloCreekWildfireTwoapproacheswereusedtoestimatetheeffectofthefireonfloodrunoffFirstJuly121996flooddataforseverelybumedandunbumedbasinswhichhadsimilarrainfallamountswereplottedagainstcontributingdrainageareafig10Peakdischargefromseverelybumedbasinswas2040timeslargerthanforunbumedbasinsUnbumedbasinswithinareasofmaximumrainfallhadminimalrunoffwhichlikelyreflectsrainfallinterceptionbytheduffinunbumedareasinadditionbasinslopesinunbumedareasgenerallyare20percentorlessSlightlybumedareaswhichmighthavesimilarrunoffasprescribedbumwatershedshadsubstantialfloodandsedimentrunoffbutlessthanmoderatelyandseverelybumedbasinsAnumberofseverelybumedbasinsinareasnearmaximumrainfallhadunitdischargespeakdischargedividedbydrainageareaofabout60m3slkm2themaximumunitdischargeisabout40m3slkm2forallpreviousColoradofloodsJarrett1990Sincethefirerainstormshaveproduced9floods5in1996and4in1997largerthantheestimated100yearprefirefloodFEMA1986moststormswereprecededby5to10mmofrainfallContinuedfloodingfromsmallrainstormsandhavingsimilarrunoffasin1996indicatethatlittlewatershedrecoveryhasoccurredbythefallof1997FloodfrequencyrelationsforSandDrawandtheSouthPlatteRiveratSouthPlattewithcorrespondingJuly121996peakdischargesareshownonfigure11TransbasindiversionswereassumedtobenegligibleonlargefloodpeaksandhencetheupperendofthefrequencyrelationfortheSouthPlatteRiverOnJuly121996peakdischargesinsmallburnedbasinssuchasSandDrawSpringCreekSpringGulchandShinglemillCreekwereabout10timeslargerthanthe1OOyearfloodOnSandDrawandothersmalltributariesinbumedbasinsnearthecenterofthestormpeakdischargesexceededthe1OOOyrfloodThesecondapproachcomparedflooddataforbumedareasinBuffaloCreekwithotherColoradoFrontRangefoothillextremefloodsresultingfromabout150to175mmofraininaboutanhourinsimilarbasinsslopessoilsvegetationthatwereunbumedfig10MaximumrainfallonJuly121996forBuffaloCreekinbumedareasissimilartolargerainfallamountsforunbumedbasinsinColoradoMaximumpeakdischargesfortheJuly121996rainstormproducedfloodpeaksabout15timeslargerthanfloodsinunbumedbasinselsewhereintheColoradoFrontRangefig10Anumberofseverelybumedbasinsinareasnearmaximumrainfallhadunitdischargespeakdischargedividedbydrainageareaofabout60m3slkm2themaximumunitdischargeisabout40m3skm2forallpreviousColoradofloodsJarrett1990ThecombinedpeakdischargeforBuffaloCreekandSpringCreekisabout960m3s50km2contributingbumedareawhichisgreaterthanthe1976floodof883m3sintheBigThompsonRiverMcCainetaI1979fromacontributingareaofabout250km2ClearlythewildfirehadamajorroleintheseverityoffloodinginBuffaloCreekBecausetheareaofmaximumrainfallwaswithinthebumedarearainfallrunoffmodelingisnecessarytoestimatepotentialfloodrunoffwithoutthefireEffectsofWatershedRehabilitationWatershedrehabilitationeffortsutilizedtohelprestoretheBuffaloCreekbumedareaincludeaerialandgroundseedingbondedfibermatrixsoiltillingcontourtreefellinglogandstrawbalecheckdamsanduntreatednaturalrecoveryCaseyClapsaddleUSFSwrittencommun19966



ExtensiveeffortstomechanicallybreakuphydrophobicsoilsandslowwaterandsedimentrunoffbeganverysoonafterthefireMosteffortswereinbasinsposinggreatestrisktothepublicSandDrawSpringGulchandShinglemillCreekAmoderatefloodonJune121996CaseyClapsaddleUSFSwrittencommun1996andthesevereflashfloodonJuly121996washedoutmostoftheinitialrehabilitationeffortsSmallamountsofwaterwereappliedtoburnedareassimpleinfiltrationtestsin1996and1997Generallynowaterinfiltratedandsmalldropletsofwaterformedindicatinghydrophobicsoilsin1996Duringthewetspringof1997appliedwaterinfiltratedrapidlyevenonverysteephillslopes30YoHoweverafterthesoilsdriedinfiltrationwaslowduetoreformedhydrophobicconditionsorotherfactorsDatamonitoringinthisstudycomplementsaninstrumentedpairedbasinanalysisbeingconductedbyCaseyClapsaddletoassesstherehabilitationeffortsusedinShinglemillCreekandMorrisonCreekbasinsburnedareawasleftuntreatedDespiteextensiverehabilitationeffortsinburnedareasmallerrainstormsafterJuly12in1996andin1997producedsimilarratesofrunofffig10OnAugust311997a63mmrainfallinabout30minutesovertheheadwatersofSandDrawproducedaflashfloodofabout34m3sfromabout15km2whichreflectpersistentconditionsthatexacerbateflashfloodpotentialandminimalwatershedrecoveryNaturaldebristreesandsedimentpresentinmanychannelsappearedtohelpslowwaterandsedimentrunoffformanyeventsInadditionsmallrunoffeventsasmuchas3m3sfromburnedhillslopesthatreachedchannelshavingthick3mpeagravelsedimentssuchasinSandDrawofteninfiltratedinashortdistanceLongtimeresidentsindicatedthatsincethefirestreamsintheburnedareahavemoreflowthatusualBaseflowsassmallas02m3saftertheJuly121996floodwerecompetenttoinciseanderodemuchofthenewalluvialfansManyfanshadseveralagradationdegradationcyclesforsmalleventspeakflowsof12m3ssincethefirewhichreflectschannelinstabilityLowertributariesreachesthatagradedonJuly121996generallyhaddegradedbyaboutameterbytheendof1997buthillslopeerosioncontinuestocontributesedimenttochannelsSedimentfromtheburnedareacontinuedtobetransportedthroughtheNFandSouthPlatteRiverstoStrontiaSpringsReservoirAbout75percentofDenverswatercomesthroughthereservoirwhichhasacapacityofabout974hm3FromMay1996toOctober1997about031hm3ofsedimentwashedintothereservoircomparedtoabout014hm3inthe13yearssincethereservoirwasbuiltDenverWaterDepartmentwrittencommun1997SnowmeltrunoffintheNFandSouthPlatteRiverslikelywillcontinuetomovelargeamountsofwildfireproducedsedimentstowardsthereservoirGeomorphicinvestigationsofalluvialsedimentsintheburnedandunburnedin1996areasindicateatleast10firesfloodsequenceshaveoccurredinthestudyareapriorto1996fig12AtleastonepaleofloodwaslargerthantheJuly121996floodandrunoffafterseveraloftheprehistoricfiresproducedmuchthickeralluvialdepositsthanfollowingthe1996wildfireRadiocarbondatingoforganicmaterialinalluvialsedimentsinaBuffaloCreektributaryindicatedthatthesesequencesspanaboutthelast2500yearsJohnElliottUSGSwrittencommun1997AdditionalinvestigationswillhelpdeterminethelongtermfireandfloodhistoryintheregionwhichcouldhelpforestmanagersdeveloppolicyforprescribedbumsandothermanagementpracticesStudyresultscanbeusedtodevelopandverifyhydrologicandsedimentbudgetmodelsforburnedwatershedsInconjunctionwiththeNWSstudyresultsandrainfallrunoffmodelingwasconductedtohelpdeterminethresholdrainfallamountsforflashfloodconditionsTheseresultswereusedtorefineflashfloodwarningsparticularlytominimizethenumberoffalsealarmsthatcancausecomplacencyofthoseatriskTheColoradoWaterConservationBoard1997preparedanemergencyresponsehazardmitigationandawarenessplanforgovernmentofficialsresidentsandvisitorsintheBuffaloCreekareaStudyingonlytheBuffaloCreekareacannotprovideanswerstoallquestionsaboutwildfirehazardsinotherforestecosystemsThusadditionalpaleofloodstudiesareneededforburnedwildfireandprescribedbumwatershedsthiscenturyintheRockyMountainregionThesecouldincludebutarenotlimitedtoStormKingMountainColorado1994BlackTigerinBoulder7
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